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Voorwoord. 
 
Deze lecturenotes en het kollege “Bouwtechniek voor de Tropen” (ON 365) zijn allereerst 
bedoeld voor studenten die het certificaat programma Technology & Development Studies van de 
TIW studierichting Technologie en Beleid hebben gekozen. In de afgelopen jaren is gebleken dat 
ook “gewone” bouwkunde-studenten er interesse voor hebben om het vak te volgen additioneel 
aan hun MSc studie programma.  
 
De geboden stof is slechts een inleiding.  
Degenen die in een tropisch land gaan werken, zullen nog heel wat moeten bij studeren. De 
opgegeven literatuur is daarbij een hulpmiddel, zoals bijvoorbeeld de “Overseas Building Notes” 
die weer herdrukt en gebundeld zijn. (Bibliotheek: RAE 80 BUI, bouwkunde en leeszaal) Bij de 
onderwerpen hebben wij getracht extra relevante literatuur aan te geven.  
 
De voorkennis die voor dit kollege vereist is omvat de basis van de Nederlandse bouwkunde, 
uitgedrukt in vakken als bouwtechniek, constructief ontwerpen en bouwfysica uit het eerste jaar, 
en hout en grondmechanica en funderingstechnieken uit het tweede jaar.  
 
Deze lecturenotes bestaan grotendeels uit de hoofdstukken die zijn overgenomen van het 
voormalige dictaat van dr.ir.Jules Janssen. (dictaatnr 7859 - 1999)  In de loop der tijd zijn 
aanpassingen en toevoegingen aangebracht mede door het opnemen van bijdragen van studenten, 
die ten behoeve van dit vak samenvattingen hebben gemaakt van meer recente literatuur. Hun 
bijdrage aan de verbeteringen was waardevol. De bijdrage van Robbert Jobse, die gedurende het 
afgelopen jaar mijn studentassistent was, aan de verbeteringen en vertalingen van gedeelten van 
de lecturenotes is hierbij bijzonder gewaardeerd. 
 
In dit concept van de lecturenotes wordt veel Engels gebruikt; Dit is met opzet gedaan, omdat 
men in het buitenland weinig met het Nederlands terecht zal kunnen. In de toekomst zal het 
gehele dictaat in het Engels geschreven zijn.Van speciale termen is de Nederlandse vertaling 
gegeven.  
 
Opmerkingen en voorstellen tot verbetering zijn altijd welkom. 
 
 
 
 
Dr.ir E.L.C. van Egmond – de Wilde de Ligny 
Juni 2006 
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Preface 
This course and these lecture notes are meant for those students who follow the courses in the certificate 
program "Technologies in developing countries"' and for students of the MSc courses of the Faculty of 
Architecture and Building Engineering as well as for those interested in the particular aspects of building 
in tropical areas.  
 
This course and the lecture notes should be seen as an introduction to the issues that generally have a 
much broader scope. The compulsory literature and exercises for this course are meant as a first step to 
gain familiarity in this subject. Students who have the intention to start a professional career in tropical 
areas will discover that they have to gain more in-depth knowledge on various aspects concerning design 

and engineering in the tropics. Other literature sources are for example the “Overseas Building Notes” 
which have been re-printed. (Library: RAE 80 BUI)  
 
The course finds its theoretical basis in the generally accepted principles and guidelines for design, 
engineering, building physics, and building project execution. This means that students are required to 
have gained basic knowledge and understanding in subjects such as building technology, structural design 
and building physics (1st Year BSc architecture and engineering) as well as subjects like Timber structures 
and foundation technologies (2nd Year BSc architecture and engineering) This course and the lecture notes 
are meant to systematically pass on to the student the particularities for design, engineering, and project 
execution in the tropics. The course has a rather practical orientation. 
 
The course covers various aspects of building construction in tropical areas. Issues that are discussed in 
this course are grouped under the following themes: 

- Introduction to the tropics 
- Building project execution in the tropics 
- Coping with nature in design and engineering in the tropics 
- Building materials, durability and maintenance in the tropics  
- Building components and installations in the tropics 

 
The course is given in English for several reasons. One of these is that whilst working abroad the language 
that is used is most often English. Next to that by teaching in English it facilitates foreign students to 
follow the course.  

 
These lecture notes are still in draft form and some of the text is still in Dutch. For this reason we have 
made an appendix in which the Dutch text parts are translated into the English language. Much of the text 
is taken over from the lecture notes prepared by Dr. Ir. J. Janssen (1999) In the course of time students 
have contributed to the contents of these lecture notes by means of summaries of more recent publications, 
which were rather valuable. Many thanks for the contributions of these students. In particular thanks for 
the contribution made by Robbert Jobse, who was my student assistent this year and who did quite some 
work in up-grading and translating part of the notes.  

 
Any comments and additional information that you may have are highly appreciated. 
 
Dr.ir E.L.C. van Egmond – de Wilde de Ligny 
Juni 2006 
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1 Effective design and engineering for building in the tropics 

1.1.1 Introduction 
The common picture of tropical countries is formed by elements such as the sounds of ocean waves 
crashing on a beach, the smell of coconuts and sea salt in the air, the sight of palm trees swaying in a 
gentle breeze, the taste of exotic drinks and tropical fruits, the feeling of the sun’s warmth all around, the 
‘mañana’ mentality of Latin Americans, the leisure-going mentality of Africans, the ever smiling Asian 
people. On the one hand, these are only caricatures of reality, but on the other hand, these elements appear 
to be correct to a large extent. It is a environment that highly differs from the environment familiar to 
architects and engineers from European and North American non-tropical countries. The question is 
whether and to what extent these differences have an impact on the efficacy of design and engineering in 
tropical countries.  

 
Evidence showed that the specific characteristics of a country have an impact on the efficacy of 
technology utilization in processes of building construction.1 In any building construction project 
architects and engineers need to be -or at least become- familiar with the client’s needs and intentions as 
well as the characteristics of the country’s environment. Executing construction projects in foreign 
countries means that one has to carry out tasks in an environment with particular characteristics different 
from those in one’s home country. Building construction in tropical countries differs in various respects 
from the practices in the European and American non-tropical countries. There is ample evidence of work 
by architects and engineers from non-tropical countries in Europe and the Americas who designed 
buildings and civil works in tropical countries without taking into account the particular country 
characteristics. People engaged in building design, engineering and construction overseas need to have a 
full understanding of the causes and consequences of the country characteristics and the so-called national 
character of the overseas customers to lead their overseas building projects to a success. And this entails 
more than only being familiar with the caricature of the country.  
 
The following sections give an introduction about the major factors that can have an impact on effective 
design, engineering and construction in tropical countries. These will be further elaborated in the chapters 
that follow. 

1.1.2 Geographic aspects  
The tropics2, also called tropical zone or torrid zone, refers to all the land and water of the earth situated 
between the Tropic of the Cancer at lat. 231/2°N and the Tropic of the Capricorn at lat. 231/2°S. This is 
about 40% of the total surface of the world. Many so-called developing countries are located in this 
tropical zone. Toward the northern and southern limits are low-latitude savannah, steppe and desert 

climates (with decreasing seasonal rainfall). The most important deserts are located between lat 15° and 

35°N in a more or less unbroken area stretching out as far as from the Atlantic Ocean over Northern 
Africa and Northern India to Central China. The second largest desert is located in Central Australia. In 
the South Western part of the USA, Mexico, Chile, Peru, the Western part of Argentina and South-West 
Africa are other desert areas. Dry riverbeds and wadi’s indicate the occurrence of rains once in a (little) 
while although these have little meaning since the water is generally drained away rather fast. An 
overview of extreme geographic elements in the tropics can be found in Table 1-1.  
 

                                                      
1 The process of building construction can be seen as the translation of a client's needs and intentions: first into documents and 
other information and later into a physical item in a certain country environment. The construction process involves all necessary 
activities and the interactions between the parties involved in construction with the objective to establish a building and/or a built 
environment responding to human needs. (Ofori 1990)  
2 The word Topics is derived from the Greek word “Tropicos” which refers to the farthest points at the north and the south of the 
equator where the sun can be seen directly overhead at noon 
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Mountains The highest mountains in the world like the Andes, the African highlands, the 
mountains in New Guinea, the Himalaya, the Rocky Mountains are located exactly 
at the border areas of the tropics. In Latin America the Andes reach 7000 m 
(Aconcagua 6959 m), in Africa the mountains reach 6000 m (Kilimanjaro 5895 
m), in Oceania the height can be 5000 m (Carstens-point at New Guinea 5030 m, 
Mauna Kea at Hawaï 4210 m). 

Rivers and 
waters 

The longest rivers in the world (Nile 6671 km, Amazon 6518 km) as well as the 
rivers with the largest water mass (Amazon 120.000 m3/sec; Congo 39.000 
m3/sec; Ganges-Brahmaputra 39.000 m3/sec) can be found in the tropics. 
The Angel waterfall in Venezuela has a height of 976 m and is the highest one 
in the world. (The Niagara falls are ‘only’ 49 m!) 

Volcanoes The active volcanoes can be found in the tropics with exception of some in 
other regions such as the ones in Iceland. 

Oceans The deepest oceans are located in the tropics  
Pacific Ocean (179,7 Million km) Marian Depth: 10863 m. 
Atlantic Ocean (106,4 mil. km2) Puerto Rican depth: 9220 m. 
Indian ocean (73,4 mil km2,) Sundanese depth: 7455m.  

Table 1-1: Extreme geographic elements in the tropics 

1.1.3 Meteorology in the tropics 
The climate at different places on earth is a composition of various meteorological phenomena such as 
wind direction, speed and distribution of air pressure, temperatures and solar radiation on the earth. This 
climate is determined by the topographical conditions as well as by the influence of human intervention on 
the earth surface. 
 
The latitude of the tropics is an indicator for some of the major characteristics of its climate. As for wind 
directions and the distribution of the pressure around the world, studies indicated that the air movements 
that originate in the northern and southern hemisphere meet each other in a so-called inter tropical 
convergence zone. This inter-tropical convergence zone moves away to the north of the equator during the 
summer months of the northern hemisphere and to the south during the summer months of the southern 
hemisphere. The strongest movement can be experienced through the Monsoon winds in East Africa, 
India and South East Asia. The development and frequency of thunderstorms and tropical typhoons follow 
the same pattern. The average annual temperature of the tropics is higher and the seasonal change of 
temperature is less than in other zones due to the fact that the rays of the sun reach the entire tropical zone 
more directly than areas in higher latitudes. The seasons in the tropics are not marked by temperature but 
by seasonal rains -called monsoons- in combination with trade winds that take water from the oceans and 
create these rains. 
 
The latitude is only one of the many factors determining the climate in the tropics. Other factors that 
determine the particular climate in tropical areas are distance from the ocean, prevailing wind conditions, 
and elevation. Roughly two major climate types can be distinguished in the tropics: 
 
Hot and dry climate: temperature fluctuations day/night, high degree of evaporation; 

Hot and wet climate: rainy seasons, hardly any temperature fluctuations, and high humidity. 

 
As a result, from the fact that temperatures hardly change in the areas around the equator, the mean daily, 
monthly or annual temperatures give in-sufficient information of the weather characteristics in these areas. 
More can be learned from the highest and lowest temperatures at these places. The highest temperatures 
can be found in the dry areas of the northern hemisphere. Temperatures of 50 0C or even higher in the 
shadow are no exception. The humidity in these areas is generally rather low. This makes that the high 
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temperatures can be reasonably bearable. The temperature is generally lower in the hot and humid zones 
because of the smaller amount of direct solar radiation (due to the clouds). On the other hand, the 
temperatures here are less bearable due to the high degree of humidity. 

1.1.4 Flora and Fauna 
The distribution of flora en fauna highly differs between the various tropical zones. The world’s largest 
regions of tropical rain-forest climate (Amazon and Congo basins) are located within the tropics. These 
lush rain-forest regions, whose immense vegetation growth is attributed to monsoon rains, contain some of 
the most prolific regions on earth for a wide variety of flora. The fauna on the other hand is rather limited 
in these areas. Mangrove areas can be found near the coasts and estuaries. In the dryer regions (savannah- 
and steppe areas) the opposite is true. The African savannah- and steppe areas have the richest fauna in the 
world. However, in the very dry regions neither flora nor fauna can be found in abundance. 

1.1.5 Demography 
The world population is still growing, and this is particularly the case in tropical countries. Africa seems to 
be an exception; the continent can be described as sparsely populated. Asia is the most densely populated 
continent and the largest part of the Asian people live in the tropics. Some regions have the highest 
population density in the world (the valleys of the Ganges and the Brahmaputra in India/Bangladesh). The 
population in Latin America grows faster than in other continents. The composition of the population is 
rather diverse here. Next to the approximately 30 million Europeans who moved to Latin America during 
the last 150 years the continent also had an influx of people from Asia and Africa (slave trade).  

1.1.6 Urbanisation and infrastructure 
At the threshold of the 21st century, cities and towns keep on growing in the world. Within five years, half 
the world’s population will live in cities. Within a generation, the majority of the developing world’s 
population will live in urban areas, and the number of urban residents will double, increasing by over 2 
billion inhabitants. By 2030, the urban population will reach 4.9 billion - 60% of the world’s population 
(see Figure 1-1). Population growth will mainly take place in the cities of developing countries, whose 

 

Figure 1-1 Urban and Rural Populations in the World, 1950-2030 
United Nations Population Division, 2003 

http://www.un.org/esa/population/unpop.htm 
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population will double to nearly 4 billion by 2030 - about the size of the developing world’s total 
population in 1990.  

 
The developing world has been predominantly rural but is quickly becoming urban. In 1950 only 18% of 
people in developing countries lived in cities. In 2000 the proportion was 40%, and by 2030 the 
developing world will be 56% urban. Figure 1-2 shows the percentage of the population living in urban 
areas for several country groups. While the developed world is more urban, estimated at 76% urban in 
2000, developing countries have much faster urban population growth—an average annual growth rate of 
2.3%, which far exceeds the developed world’s urban growth rate of 0.4%). Rapid urban growth in 
developing countries reflects substantial migration to cities from rural areas and also natural population 
increase (the net effect of births minus deaths) among city residents. On average, of these two sources of 
urban population growth, natural increase plays the greater role. Among developing countries, excluding 
China, for example, an estimated 60% of urban growth between 1960 and 1990 was from natural increase 
and 40% from in-migration from rural areas and the expansion of urban boundaries. Some cities, however, 
are growing two or three times faster than the country’s overall population, reflecting massive migration 
to cities. For example, Dhaka grew in population by an average of nearly 7% per year from 1975 to 2000 
compared with an annual average of 2.1% for Bangladesh as a whole. In the same period, the population 
of Lagos grew at an average of 5.6% per year compared with 3% for Nigeria as a whole.  
 
Urban transition offers significant opportunities to improve the quality of life for all individuals, but 
whether this potential is realised depends critically on how cities are managed and on the national and 
local policies affecting their development. Across all countries, urbanisation accompanies sustained 
economic improvement over time and, when well managed, can be an important contributor to broad-

 

Figure 1-2:  Percentage of population residing in urban areas, 1950, 1975, 2003, 2030. 
United Nations Population Division, 2003 

http://www.un.org/esa/population/unpop.htm 
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based social welfare gains. The development of urban areas is also closely linked to the rural economy 
through the exchange of labour, goods, services, information and technology, capital, and social 
transactions that benefit residents in both locations. However in the two most urbanised regions, Latin 
America and Europe/Central Asia, over half of the poor already live in urban areas. By 2025, two-thirds of 
the poor in these regions, and one-third to one-half of the poor in East and South Asia, will reside in cities 
or towns.  
 
The nature of urban poverty is more than an income or employment issue, it is also characterised by 
squalid living conditions; risks to life and health from poor sanitation, air pollution, crime and violence, 
traffic accidents, and natural disasters; and the breakdown of traditional familial and communal safety 
nets. Urban populations are also particularly hard hit by macro-financial shocks, such as the recent crises 
in East Asia and Russia. Urban environmental degradation has immediate effects on poor urban residents 
but it also has serious national and global impacts. 

Africa  
Africa showed a pattern of urbanisation without growth over the last 35 years. This is a unique 
phenomenon, even across poor countries and poor growth performers. No other region has experienced 
such high rates of urbanisation with such a low growth performance. Over the 1970-95 period, the average 
African country’s urban population grew by 5.2% per annum while its GDP declined by 0.66% per year. 
This implies urbanisation occurred without generating the resources (public or private) and employment 
opportunities to accommodate this surge in population. Today, up to two thirds of African urban dwellers 
live in informal settlements with inadequate transport, water, sanitation, electricity, and health services. 
Housing finance systems are non-existent or limited to upper income sectors. Crime is a major problem in 
many African cities, and is worsening with increased poverty and deteriorating living conditions. 

East Asia and the Pacific  
The figures in the Table 1-2 show the high urbanisation rates in many countries in East Asia and the 
Pacific. 
 

Urban 

Populations in 
Millions 

Urbanisation 

Levels 

Percentage 

(%) 

1996 

Average Rate of 

Urban Growth 

1990-95 

1996 2020 

GDP from Urban 

Areas (%) 

1997 

Korea (So.) 82 2.3 40 48 79% 

Philippines 55 4.2 40 70 53% 

Malaysia 54 4.0 11 20  

Fiji Islands 44 4.6    

Indonesia 36 3.7 72 146  

China 31 3.2 377 712 68% 

Myanmar 26 2.0 12 26 54% 

Vietnam 19 4.0 15 28  

PNGuinea 16   0.7      2  

Total   568 1052  

Table 1-2: Urbanisation figures in East Asia and the Pacific 

Sources: WB and UN 1996 projections revised; World Development Report 1997; World Resources Report 1998-99. 

Latin America 
Latin America is the most urbanised area in the developing world. With an urban population over 75 %, 
its urbanisation rate is similar to that of highly industrialised countries. Nearly 70 % of people, who live at 
or below poverty line, live in urban areas. Many live in informal settlements, with limited or no access to 
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basic services. They suffer from substandard housing, insecure land tenure, inadequate access to 
affordable transportation networks, environmental degradation, and increasing social problems such as 
urban violence. 

Mega cities 
More and more people of the developing world live in “mega cities”, which are cities of at least 10 million 
people. Table 1-3 gives an overview of the mega cities in 1975, 2000 and estimation for 2015. As can be 
seen in this table, only five cities worldwide had 10 million or more inhabitants in 1975, three of them 
were located in developing countries. In 2015 the number of mega cities is increased to 23, 19 of these 
cities will be located in developing countries. By then, Bombay, Dhaka, Lagos, and São Paulo will have 
more than 20 million residents.  Additionally, by 2015 an estimated 564 cities around the world will 
contain 1 million or more residents. Of these, 425 will be located in developing countries. 
 
City—1975 
Population (millions) 

City—2000 

Population (millions) 

City—2015 
Population (millions) 

Tokyo  

New York 

Shanghai  

Mexico City  

São Paulo  

19.8 

15.9 

11.4 

11.2 

10.0 

Tokyo  

Mexico City  

Bombay  

São Paulo  

Shanghai  

New York  

Lagos  

Los Angeles  

Calcutta  

Buenos Aires  

Dhaka  

Karachi  

Delhi  

Jakarta  

Osaka  

Metro Manila 

Beijing  

Rio de Janeiro  

Cairo  

26.4 

18.1 

18.1 

17.8 

17.0  

16.6 

13.4 

13.1 

12.9 

12.6 

12.3 

11.8 

11.7 

11.0 

11.0 

10.9 

10.8 

10.6 

10.6 

Tokyo 

Bombay 

Lagos 
Dhaka 
São Paulo 
Karachi 
Mexico City 
Shanghai 
New York 
Jakarta 
Calcutta 
Delhi 
Metro Manilla 
Los Angeles 
Buenos Aires 
Cairo 
Istanbul 
Beijing 
Rio de Janeiro 
Osaka 
Tianjin 
Hyderabad 
Bangkok 

26.4 

26.1 

23.2 

21.1 

20.4 

19.2 

19.2 

19.1 

17.4 

17.3 

17.3 

16.8 

14.8 

14.1 

14.1 

13.8 

12.5 

12.3 

11.9 

11.0 

10.7 

10.5  

10.1 

Table 1-3: Megacities in 1975, 2000, and 2015  
Source: Un Population Division, March 2000.  

1.1.7  The Urban Dilemma and the need for building construction and civil works 
The rapid growth of cities in developing countries presents a dilemma. Cities historically have been 
centres of industry and commerce and magnets for millions of people. Today however, the large size of 
cities and the rapid, continuing influx of urban migrants cast doubt on their ability to continue providing 
acceptable standards of living. While there is no evidence that a threshold population size exists beyond 
which cities generate more negative than positive effects for their countries, in many cities the rapid pace 
of population growth and enormous size of the population have overwhelmed the capacity of municipal 
authorities to respond. Over 600 million people in the cities of developing countries cannot meet their 
basic needs for shelter, water, food, health, and education. Recent migrants to cities are particularly 
vulnerable, often clustered in slums with little access to jobs or services. In 1987 the World Commission 
on Environment and Development stated that, “in the space of one decade, the developing world will have 
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to increase by 65% its capacity to produce and manage its urban infrastructure, services, and shelter—
merely to maintain present conditions”. That challenge has not been met. The infrastructure in most cities 
of developing countries has not been able to keep up with rapid population growth and the unplanned 
expansion of industries. 
 
Despite the lack of services in the cities, people keep moving to cities. Reasons to migrate to the urban 
areas are deteriorating rural economies; flee wars, and civil strife. Furthermore, population pressure can 
overwhelm agricultural land and rural environments, which cause migration to the city. Big cities in 
developing countries continue to be centres of economic activity, offering larger potentials than most rural 
areas can offer. However, if cities are not able to cope with this influx, poverty and hopelessness could 
become widespread, leading to rising discontent and civil unrest. A number of improvements can make 
cities more liveable and protect the environment. These include improved urban planning, improved and 
increased housing facilities, improved public transportation, improved sanitation and rational water use 
policies, energy conservation, urban farming, and waste recycling. In addition, slower population growth 
would ease pressures on cities and buy time to find solutions. 
 
The need is most urgent in many tropical countries. This puts pressure on the efforts of architects and 
engineers to find solutions for the improvement of the living conditions in urban areas. 
 

1.1.8 Social and Cultural aspects  
Next to the above mentioned major geographic, climatologic and demographic aspects of the tropics one 
needs to be aware of the socio-cultural differences between countries. Every country has its own specific 
socio-cultural characteristics such as values, norms and expectations, which follow from the so-called 
social system in a country. The social system of a country can be characterised by a set of interrelated 
institutions that include religion, kinship, economy, politics, education, health, etc. (Lapperre, 1989). 
Every institution in a social system has its own characteristics: its own structure and its own culture. For 

Box 1.1: Impacts of Cities 

 

Health and Pollution 

Around the world, atmospheric pollution afflicts more than 1.1 billion people, mostly in cities (21). Another 2.5 billion are at 
risk from high levels of indoor air pollution (22). Indoor and outdoor air pollution together kill nearly 3 million people every 
year—about 6% of all deaths annually—and 90% occur in developing countries (18, 26, 36). As cities expand, urban air 
pollution worsens. In most big cities vehicle exhaust levels already are so severe that pollution-related ailments cost huge 
amounts for medical care and in worker absenteeism (14, 29). 

Both water scarcity and water pollution are serious urban problems. Dirty water is by far the largest environmental killer around 
the world, claiming some 5 to 12 million lives a year, depending on the definition of water-related disease (4). According to the 
World Health Organization (WHO), the majority of urban populations in developing countries do not have access to proper 
sanitation facilities—a flush toilet, sanitary latrine, or a pit that can be covered over—and about half lack a regular supply of 
potable water (36). 

 

Environmental Impact of Cities 

Cities have a huge impact on the natural environment. As cities grow ever larger, they consume more and more natural 
resources to meet the rising demand for food, water, energy, and goods and services, both from people and industry (13, 30). 
Cities generate close to 80% of all carbon dioxide emissions and account for three-quarters of industrial wood use. Some 60% of 
all freshwater withdrawn for human use ends up in urban areas—either directly for use in factories and for drinking and 
sanitation, or indirectly through the consumption of irrigated crops (18). 

The economic and environmental reach of the city goes far beyond the city limits. Modern high-density settlements now 
appropriate the ecological output and life-support functions of distant regions through trade and commerce, the generation and 
disposal of wastes, and the alteration of nature's cycles. As cities continue to attract more people and produce and consume 

more, they become “black holes” that soak up the ecological output of entire regions (20). 
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example, in some countries the cultural values of religion dominate over those of the economic institution. 
In other words, people let the religious norms and values prevail over the economic ones in decision-
making. In most western countries, the economic norms and values seem to dominate all human actions 
and interactions.  
 
People, who are engaged in building design, engineering and construction overseas, should consider these 
socio-cultural differences carefully. Unfortunately, this is not always the case in practice. The 
consequences are detrimental to the customers. Evidence indicated that existing social systems in 
countries, other than one’s own, formed the most important constraint for successful project execution by 
foreign architects and engineers. The habits, behaviour, ideas and mindsets of the architects and engineers 
involved in the projects appeared to clash with those that are common and generally accepted in the host 
country.  
The introduction and utilisation of new designs and technologies that can be more appropriate and 
sustainable than the common used ones in these cases is hampered by the existing social system (for 
example the negative attitude towards certain materials). In many cases, the primary task of the foreign 
engineers has to shift from bare project execution to efforts to bring about changes in the social system in 
order to clear the way for the success of the project. In addition, the right timing for the implementation of 
the needed changes is of high importance. After all, social systems do change over time.  

1.1.9 Aspects of the building construction industry 
Next to insight in the national characteristics of the country, it is useful to have an understanding of the 
structure and performance of the local construction industry in order to enhance the efficacy of design, 
engineering and construction by foreign architects and engineers. It comes down at knowing ‘who is doing 
what (who are the key persons and decision makers, with whom to collaborate)’, ‘which are the building 
materials and technologies that are applied’, etc. The construction industry comprises “all enterprises, 
institutions and persons involved in the realisation of a building construction project on-site. This includes 
those activities that lead to the shaping of a man-made built environment which meets the human needs 
for shelter and infrastructure” (ISIC 1968) 3. 
 
The construction industry is heterogeneous in terms of both outputs and inputs and these differ from 
country to country. There is a wide variation in terms of construction process inputs. This means a variety 
of different forms of utilisation of construction technologies, building systems and materials. There is a 
wide variation of finished products too in the construction industry. This enormous variety in the output of 
the construction industry enhances the diffuse character of the sector. Additionally, the presence of a 
diversity of different actors engaged with construction activities results in that the sector is generally not 
considered as a clearly identifiable industry. Responsibilities and tasks in the construction projects are 
often defined unambiguously and the contractual agreements between the various actors in the 
construction can have various different set-ups. Also building costs including the development-, 
investment- and maintenance costs differ per construction project.  
 

The construction process can be compared with the production processes in the manufacturing industry, 
although there are a number of differences. In contrast to processes in the manufacturing industry, the 
construction process takes place in and is organised around ‘projects’. A remarkable difference is that 
nearly every end product of a construction process has its own characteristics and nearly none of the end 
products are composed out of exactly the same components. The subdivision in various tasks as indicated 
in Figure 1-3 does not necessarily take place at different locations and by different actors in reality. In a 
number of cases in developing countries one can see all activities taking place on the building site by the 
contractor or even the household it self as one and the only actor. In other cases, the activities mentioned 
under ‘A’ are even skipped. This enhances an extreme fragmentised character of the industry and makes it 

                                                      
3 Definitions for the ‘construction industry’ are formulated in numerous ways. This quoted definition is considered useful. 
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sometimes difficult to take the right decisions regarding design and engineering of building projects in 
foreign countries. 

 
 
There are various building systems available worldwide. Each one has its particularities that determine its 
applicability in certain environments and its appropriateness to meet the client’s needs and intentions. A 
building system is a technology system comparable with other technologies like the manufacturing system. 
A building system consists of different components: a specific arrangement of inputs and a complex of 
process technology components to transform the inputs into a connected whole that forms the final 
building (see Figure 1-4). The building system determines basically the nature and appearance of the 
output of the building construction process. In real practice, it is the other way round: the terms of 
reference for the desired building (the output) determines the needed inputs and process technology 
components (Van Egmond, 1999).  

 
 

 

 Extraction of 
raw 

materials 
(Sand, 
aggreg) 

 

Production of 
building 
materials 
(Cement, 
lime) 

 

Production of 
building 

components 
(Bricks, 

doors, etc) 

Production of 
building 
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frames, etc) 

C  
Realization of 
building on site 

Design & 

engineering 

A 

B 
Specification  

by Q.S. 

Initiative 

Use of Building 
 

Figure 1-3: The construction process 
Source: Van Egmond, 1999 

 

Figure 1-4: Building system, process technology and output 
Source: Van Egmond, 1999 
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The output of the construction process (the actual building) is characterised by a coherent complex of 
technological product attributes that determine the costs of the building. This combination of attributes is 
generally laid down as basic specifications in documents such as (standard) specifications and drawings of 
basic details of the building. This specification describes the building’s characteristics regarding the 
building’s function, geometry and appearance, materialisation, physique- technical performance and 
production complexity (see left column in Figure 1-5) (ISO-TR/1994). Each building is composed of parts 
that can be seen as products of foregoing production phases (see right column in Figure 1-5). The 
specifications or terms of reference for the building are generally a combination of requirements for the 
desired building. These requirements are set by the customers in the market, by the designers in the 
preparatory phase of a product development trajectory, by the engineers and the consultants for particular 
aspects of the products and by the managers in the decision making processes in a production unit (or 
enterprise).  Buildings - and products in general - thus can be seen as the output of processes of attuning 
the specifications of the market demand with technologically feasible solutions. In the course of time - as 
the social development process advanced - one can notice a higher degree of technological advancement 
in the complex of product attributes of the buildings. 
 

 

Inputs in the building construction process consist of natural resources, intermediate products (like 
building materials, building components and/or complete prefabricated building elements) and energy. In 
many countries it is the availability of the inputs -and their affordability for the client- that have a 
determining impact on the choice of the building system that is to be applied in building construction.  
 
Construction process technologies consist of a complex of four components:  

1) Object embodied technology (facilities or techno-ware) 
2) Person-embodied technology (abilities or human-ware)  
3) Document embodied technology (documented facts or info-ware)  
4) Organization embodied technology (frameworks or orga-ware)  

 
 

 

Figure 1-5: Product technology components 
Source: ISO-TR, 1994 
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The construction process -alike any transformation process- only can take place when a minimum of all 
four components of technology is present. All four components can be marketed separately (UNESCAP 
1989). Construction process technologies are as old as man himself. Over time, these technologies 
changed, and the rate of advancement as well as the level of sophistication of the technologies increased 
(Ofori, 1990). There are various classifications for process technologies, like for example a classification 
based on the rate of substitution of human energy and control by the tools and equipment used in the 
transformation processes. However, these classifications seem to have a basic characteristic in common: 
the increasing complexity and increasing production continuity implies that the labour force is 
increasingly –more easily and efficiently- controlled by machines instead of human supervision. 
 
For every construction project it is possible to choose from several possible combinations of process 
technology components that fit the terms of reference for the quality and the quantity of the final 
construction output. In various building construction projects, the total range of modern and traditional 
technologies can be found in mixed combinations. Often these are complementary to each other. The 
possibility to choose just simple technologies out of the range is one of the reasons that the construction 
industry has a rather low entrance barrier for new construction companies. Capital investments can be kept 
rather low in this way.  

Technology development in the construction industry 
From historical point of view, building construction heavily depends on the craftsmanship of the labour 
force involved and is rather labour intensive. However, construction enterprises are increasingly forced to 
optimise their price-quality ratio to compete on the market and to be able to reach an output, which meets 
the market demand. Enterprises thus need to either undertake R&D activities themselves or join those 
carried out by research institutes to come to innovations in both building products and building processes 
(Ofori, 1990). The production of prefabricated building components (doors, windows frames etc) and 
building elements (walls, roofs, etc.) is one of the solutions that contribute to an improved construction 
site performance. At least a certain quality of the finished product can be guaranteed by means of 
prefabrication. The development of prefabrication in construction was enhanced by a rapid increase of 
demand for construction output due to population growth and industrialization effects. Operation 
procedures for building construction were introduced similar to those for industrial production processes, 
including project development procedures, marketing and sales procedures, logistics and distribution 
procedures. Construction process technologies changed and the processes evolved towards an increasingly 
industrialized way of production. It became a process of assembling of industrially produced components 
facilitating the on-site activities of building construction and thus resulting in a better price-performance 
ratio. 

1.1.10  Conclusion 
Concluding can be stated that effective design, engineering and project execution in the tropics requires 
insight into and understanding of the characteristics of the local environment. Furthermore, it requires an 
ability to cope with this local environment with flexibility and creativity. These engineers should have 
insight in the causes and consequences of:  

• Social and Cultural characteristics in tropical countries. This includes understanding of tropical 
lifestyles, functional requirements regarding health and hygiene, aesthetics, the occurring sense of 
belonging, affordability levels, cultural heritage, celebrations, building codes and standards 

• Climatic aspects and comfort requirements. This refers to heat and cold and appropriate thermal 
insulation; sun and light and reflection of glare and infrared radiation; precipitation, humidity, 
evaporation; noise, air movement, wind and ventilation 

• Geographic aspects. These include soil conditions, minerals, vegetation; vermin, insects, termites, 
earthquakes, volcanoes, dust and the man-made physical environment like urban areas and the 
infrastructure 
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• Characteristics of the local building construction industry. Processes, building systems, inputs, 
building materials, technologies and technological developments  

1.1.11 Further reading 

On Social systems 
Lapperre, P.E. (1992), Man, technology, society and development: from the hunters and gatherers to the 
first industrial revolution 3,5 million years ago until AD 1760, (diss.). Eindhoven: Technische Universiteit 
Eindhoven. 

On the Construction Industry  
Ofori, G. (1990), The construction industry: Aspects of its economics and management. Singapore: 
Singapore University Press. 
UN Escap, Framework for technology based development, 1989, Bangkok 

On building in the tropics 
The following list was found on the internet.  
“There aren’t many current construction or architecture books about the tropics, but here are the ones we 
found. If the book is a highlighted link, you can click on it and go directly to that book’s page on 
Amazon.com where you can read more about it or buy it”  

Tropical Style.  
Caribbean Style by Slesin et al (1985). 
Bali Modern, The Art of Tropical Living by Tettoni and Francione 

Pacific Island World Design ***, by Herbert Ypma .  
Bermuda Gardens and Houses ***, by Ian Macdonald-Smith and Sylvia Shorto.  
Casa Mexicana The Architecture, Design and Style of Mexico **, by Tim Street-Porter.  
Living in The Sun: Spanish Mediterranean Islands *, by Melba Levic and Colman Andrews  
Bali Style by Rio Helmi and Barbara Walker  
Tropical Architecture and Interiors * by Tan Hock Beng. Tradition-based building design in 
southeast asia. Very lush! Book may be hard to find!  
Architectural Design for Tropical Regions by Cleveland Salmon.  
How to Live in the Caribbean by Sydney Hunt (Copyright 1989, but much information is more 
dated). You can buy this at the National Bookstore in Anguilla.  
Blueprint for Paradise by Ross Norgrove (1989). Moon Publications.  

Books on masonry construction:  
Modern Masonry by Clois Kickligher (1991, Goodheart-Willcox).  
Masonry Design and Detailing for Architects, Engineers and Contractors by Christine Beall (1993, 
McGraw-Hill).  

Books on energy efficiency  
Usually focus on heating, but these books have some information on cooling  
Energy-Efficient Houses by Fine Homebuilding (1993, Taunton Press)  
Natural Energy and Vernacular Architecture, Principles and Examples with Reference to Hot Arid 

Climates by Hassan Fathy (1986, Univ of Chicago).  
Passive and Low Energy Cooling of Buildings by Baruch Givoni (1994, Van Nostrand Reinhold). Gets 
pretty technical.  

Books on architecture and building:  
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Places of the Soul  by Christopher Day. Good ideas but hard to implement. The Aquarian Press, An 
Imprint of HarperCollins.  
A Pattern Language  by Chris Alexandar, et al. My design bible. Full of insights about what makes 
houses “feel” right. Oxford University Press. 1977.  
Structures, Or Why Things Don’t Fall Down  by J.E. Gordon.. Sort of Engineering for the mathematically 
challenged. Penguin Books, 1978.  
How Buildings Learn, What Happens After They’re Built  by Stewart Brand. Good to have the humbling 
realization that what makes buildings loved is age. Simply being used and modified by the occupants over 
time. Penguin Books. 1994.  
Low Cost Pole Building Construction ** by Doug Merrilees and Everlyn Loveday, revised by Ralph 
Wolfe, Garden Way Publishing, ISBN 0-88266-170-1.  

Books on finishing  
Period Finishes and Effects by Judith and Martin Miller. Explains how to do lime washes and many other 
traditional finishes. Rizolli. 1992  
Classic Paints and Faux Finishes by Annie Sloan and Kate Gwynn. Explains lime wash and other 
finishes. Readers Digest. 1993.  

Books on Swimming Pools  
The Swimming Pool, by Tom Griffiths. (Publisher out of stock).  
The Pool Maintenance Manual by Terry Tamminen.  
Reflections on the Pool by Baldon and Melchior.  

Books on Landscaping and Gardening  
Orchid Growing In The Tropics.  

Palms : The New Compact Study Guide and Identifier by Martin Gibbons is our favorite palm book.  
“Now reprinted, this compact, hard-cover book by Martin Gibbons 80 pages, covering 120 species all in 
full colour, it no aids identification, and covers cultivation (both indoor and outdoor), plant pests, etc. 
(quoted from The Palm Centre) 
Palms Throughout The World by David Jones. It is about 410 pages and is a very complete reference 
book, covering the entire world.  
Drip Irrigation For Every Landscape and All Climates by Robert Kourik. This book simplifies drip 
irrigation tremendously.  
 

WEB sites Innovative building materials,systems, equipment 
http://www.bmtpc.org/machines/index.htm   
http://www.moladi.co.za/ 
etc etc 
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2 Climate and Natural Disasters in the tropics 
 

2.1 Introduction 

In the following paragraphs the major particularities of the climate and the natural phenomena in the 
tropics that have an impact on the efficacy of building design and engineering will be discussed. Particular 
attention is given to those phenomena that can result in complete disasters in tropical countries when the 
man-made environment is not adequately built to resist natural forces. 
Several times a year, the Dutch media gives attention to destroying natural disasters. Mostly it concerns 
hurricanes, floods, volcanoes or earthquakes. The material damage and number of victims caused by these 
natural disasters is often enormous.  
 
In the management and prevention of disasters, Civil engineers and Construction engineers play an important 
part. The large number of victims in earthquakes, hurricanes and floods are because of the destruction of 
buildings and a large part of the infrastructure. Natural forces turn into a disaster if people are not prepared to 
it!  

2.2: Climate and building design for human comfort 

2.2.1 Introduction 
In the design and engineering of buildings in the tropics architects and building engineers are confronted 
with two major climatological problems: to ensure protection against heat and provide adequate cooling.  
The solar radiation -as the major source of the heat and light on earth- interacts with the local surface, like 
the mountains, plains, oceans, deserts, and forests, which causes the other climate determining elements 
air temperature, wind and humidity. These are also the climatological factors that affect the comfort for 
humans in the buildings and the built environment: light, heat, wind, and humidity. 
 
One has to take into account that the local outdoor and indoor climate also is affected by the man-made 
built environment since the specific arrangement of buildings on a site, their orientations, the design of 
open spaces -the lay-out of streets, courtyards, gardens, and squares- also interacts with the natural 
climatological elements. Moreover the indoor climate is also affected by the specific use of building 
materials, the surface textures and colours of the exposed surfaces of the buildings. 
These aspects have to be taken into account in the design and engineering of buildings in any climate.  
It will very well be possible that contradictory design requirements occur on a certain location. For 
example: 

• Sometimes the local climate requires a lot of air movement, without walls preventing that air 
movement to provide a comfortable climate in the building. However the building may lose stability 
without those walls and burglar prevention then is rather low. 

• In an area sensitive for earthquakes this is not recommended to have a building with a heavy roof 
although the local climate may require this 

 
In tropical countries, the climate is often too hot, too dry or too moisture to be comfortable for man. Many 
old buildings in tropical countries are examples of a good design, based on traditional construction 
systems. Unfortunately a lot of traditional knowledge is not written down and now-a-days a lot of this 
knowledge and insights is lost. Moreover old buildings should not be copied just like that: it is very well 
possible that old solutions do not function anymore, for example because of the fact that the used 
materials are no longer available, or the social context has changed, or the safety conditions have changed. 
For each location one should seek an optimum arrangement in space and use this as a standard of 
reference in the process of deciding upon a certain design and engineering of a building. Design and 
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engineering has to take place by starting with the (often contradicting) terms of reference as set by the 
end-user of the building, which should then be brought closer together in the design and engineering 
process until a good compromise is reached. General rules do not apply for this, it takes a good designer 
and engineer. 
 
The following paragraphs include some basic information as well as recommendations for further reading, 
which can serve as a starting point for the design and engineering of an appropriate, affordable and 
comfortable climate in and around buildings in the tropics. So this chapter does not present any 
calculations, but some general rules of the thumb, largely based on trial and error.  
We have limited the scope to the basic design and engineering principles that are relatively simple and that 
do not require mechanical heating or cooling. Buildings based on these principles take advantage of 
natural energy flows to maintain thermal comfort. The principles are mainly directed to the built 
environment as well as the building envelope which describes the roof, walls, windows, floors and internal 
walls of a home and which is considered to adequately control the climatological comfort.  
This way of building may significantly improve comfort; reduces or eliminate heating and cooling bills 
(which hardly can be paid by the poorer population in many tropical countries given their socio-economic 
situation) and reduce greenhouse gas emissions from heating, cooling, mechanical ventilation and lighting. 
 

Attention:  
One cannot design a building first and adapt it afterwards to change the building into a more 
climatological comfortable one! In a tropical climate one has to start with an analysis of the enhancing and 
limiting local conditions from which information the guidelines for the design and engineering can be 
derived. (and consequently follow those guidelines!).  
 

2.2.2 Climatological elements 
As indicated above the four climate determining elements are:  
1. Air temperature 
2. Air humidity 
3. Solar radiation 
4. Wind (air movement) 
 
Air temperature 
Talking about air temperature we have to deal with an average temperature, a diurnal temperature and a 
nocturnal temperature. 
The daily temperature variation (diurnal range) depends on the clouds, height above sea level and the 
distance to the sea. This variation is large when there are no clouds, on great height and in the desert. The 
range is smaller close to the coast and the sea and in forest areas. 
The annual variation in temperature (annual mean range) is determined by the character of the climate 
(land- or sea climate) and the degree of latitude. Close to the equator the annual range is small, this range 
increases while the distance to the equator increases as well. 
 
Humidity and Precipitation 
The air humidity can be expressed in absolute humidity and relative humidity. The absolute humidity 
indicates the quantity of vapour present in the air in a certain situation.  
The relative humidity, expressed in a percentage, is the proportion between the actual quantity of vapour 
in the air and the maximum possible quantity of vapour at the actual air temperature. 
 
Precipitation. is any form of moisture that falls out of clouds—snow, rain, hail, sleet, freezing rain, etc. 
Most precipitation is caused by a combination of different processes causing the air to rise. For our 
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purpose (design and engineering of buildings in the tropics) it is worthwhile to have insight in the nature 
(drizzle- thunderstorm) and amount of rain.  
 
Official definitions of liquid precipitation 
Source: USA TODAY research by Greg Zirkle   (http://www.USATODAY.com) 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
Solar radiation 
The solar radiation is determined by different factors: the direct radiation, the diffuse radiation and the 
reflection radiation of the earth surface. Both the position of the sun and the presence of clouds influence 
the intensity of the radiation of the sun. The radiation of the sun which is received on earth varies and 
depends on the quantity and the density of the clouds. Also in a cloudless weather situation the radiation 
can be tempered and scattered by r water and gas molecules, dust etc present in the air. In all tropical 
climates, each month a few cloudless days occur, also in the more humid tropical areas. 
 

Wind 
Wind plays a role in how cold or hot it feels outside. It is created by large scale differences in the air's 
density. This forces the air to move toward regions of lower pressure. For design and engineering 
purposes one uses information on the average wind velocity and wind direction that prevail on a certain 
building location. (One finds often a predominant wind direction on a certain location.) It is important to 
know in which way, with which velocity and from which direction the wind approaches a building. 
Factors that have an impact on the wind load and direction are to be found in the environment of the 
building, like the roughness of the territory or other buildings, which may slow down the wind speed and 
temper the wind load on the building or cause turbulence. It is possible to make a distinction between 
several types of wind (from breeze to hurricane or tornado). Storms can be rather damaging. This will be 
dealt with in the paragraphs that follow on hazards caused by severe stormy weather types. 
Winds or air movements also influence the thermal comfort inside a building. Air movements caused by 
ventilation depends on the way, with which velocity and from which direction the wind is approaching a 
building. The prevailing winds can have a positive as well as a negative effect on the indoor comfort.  
 
The data that are generally used in the design and engineering calculations are from a representative, 
nearby weather station. Attention has to be paid to the fact that the climate on the building site can differ 
from the climate at the weather station due to topography, height differences, influences from sea, forests 
etc. 

2.2.3 Climates  
Many different climatic zones can be distinguished. In these lecture notes only the most common two 
climates in tropical areas are discussed: the “warm humid” and the “hot dry” climate. The following 
sections are based upon Overseas Building Notes 158, 1974. 
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Warm humid 
Characterised by high ambient temperatures, high humidity, high and fairly evenly distributed rainfall, 
small diurnal and annual variations of temperature, little seasonal variations, light winds and long periods 
of still air. 
 
Design requirements: 
Indoor comfort depends largely on: control of air movement and radiant heat. Maximum movement of air 
past the human body must be encouraged to ensure rapid evaporation of sweat from the skin. Solar heat 
must be prevented from reaching the building occupants either directly through doors and windows or 
indirectly by heating the structure and thereby re-radiating the heat to the occupants or warming the indoor 
air. Buildings must cool quickly after sunset to give maximum night-time comfort. These requirements 
call for: light, well-insulated construction of walls and roofs, reflective surfaces, correct shading and 

design for good breeze penetration. 
 

Hot arid climate 
Characterised by high day temperatures, low night temperatures, low humidity, low precipitation, large 
diurnal (DR) and annual ranges of temperature (AMR), distinct seasonal variations between summer and 
cool or cold winters, little air movement except for local thermal winds and dust storms. 
 
Design requirements: 
Advantage can be taken of the large temperature difference between day and night. Cool night air may be 
stored by closing doors and windows during the day and opening them at night. The passage of heat 
through walls and roofs can be slowed down so that it is out of phase with the daily heating and cooling of 
the outside world. To achieve this the fabric of the building must be slow to heat up, which means thick 

massif walls. As little heat as possible must be permitted to penetrate through external openings. Shading 

of walls and openings, reflective colouring to not shaded outdoor surfaces and heavy insulated outer 

construction are needed to provide indoor comfort during the day. On the other hand, a light construction, 
hich cools down rapidly after sunset, is needed to provide a good comfort at night. A compromise should 
be used to give the best result. 
 
Composite climate 
This has two, three or four distinct seasons. One season may be similar to that of an arid desert, another to 
warm humid region, while a third may have cold nights, pleasantly sunny and warm days, low humidity, 
little precipitation. 

 
In order to get a good understanding of the consequences of the different climates, it is a useful exercise to 
project oneself into the different climates (Dutch/ West European climate vis-a-vis the warm humid and 
hot dry tropical climates). The following graphs of figure 2-1 provide a clear overview of these climates, 
reporting Stockholm, Milan, Cairo (= hot dry) and Trivandrum (= warm humid). 
 
From the top downwards the following data are shown: 

- Hours of sunshine; 
- Radiation; 
- The day and night temperature; 
- Relative humidity; 
- Rainfall. 

 
All data are given per month. Study these graphs and try to imagine the feeling of these climates. 
 
When designing a building in the tropics, three major questions need to be answered: 

1. When do people feel comfortable? 
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2. What is the climate in situ? 
3. What are the design and engineering possibilities (form, details and material utilization) to meet 

the requirements (derived from the calculations in this chapter)? 
These three questions are discussed in the following sections. 
 

 

2.2.4 Human comfort  
We translated and simplified the first question to get a reasonable answer with which we can work: “At 
what temperature does 70% of the people not complain?”.The answer can be found in Table 2-1 which 
shows these temperatures, the so-called “HUMAN COMFORT LIMITS” in o Celsius. Note that 
inhabitants of warm climates prefer higher temperatures compared to inhabitants of colder climates. 

 

Annual mean temp > 20oC  15-20oC  < 15oC  

Average relative 
humidity 

Day Night Day Night Day Night 

0   -  30  % 26-34 17-25 23-32 14-23 21-30 12-21 

30 -  50  % 25-31 17-24 22-30 14-22 20-27 12-20 

50 -  70  % 23-29 17-23 21-28 14-21 19-26 wij 12-19 wij 

70 - 100 % 22-27 17-21 20-25 14-20 18-24 12-18 

Table 2-1: Human Comforts Limits Source: Overseas Building Note 158 (1974) Building for Comfort, p.4  

 

Figure 2-1: Climate graphs for Stockholm, Milan, Cairo and Trivandrum 
Source: Koenigsberger, Manual of Tropical Housing and Building, blz. 22  (TUE RPB 74 MAN bsb 
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This information should be used as follows for the design and engineering of our buildings:  
Analyse what the mean monthly maximum and minimum temperatures are. If they fall into the range 
mentioned in table 2-1 no changes need to be made. If they fall outside the range, then we have to design 
the building in such a way that it provides comfort to its users.  
 
Before going into a more detailed discussion the following should be noted first. 
 

- A wide “diurnal range” (DR) points at dry weather and a clear sky; sweltering sun during daytime 
and a strong drop in temperature at night. So: Keep windows and doors closed during daytime, 
and build heavy walls and roofs (storage of the cold of the night to compensate the heat during 
daytime). 

- A small “diurnal range” points at cloudiness and a humid climate with plenty of rain; every breeze 
is pleasant (cooling down via evaporation on skin). 

- A wide “annual mean range” (AMR) points at the existence of a warm and a cool season; a small 
AMR points at a constant climate throughout the year. In the former case one should build heavy, 
whilst the latter demands light and open constructions. 

- Wind is a blessing in a warm and humid climate, providing refreshing air flows. In a hot and dry 
climate on the contrary wind brings along heat and dust.  

 

2.2.5 The Climate in situ and its analysis 
 
Climatic data can be derived from the closest located meteorological institute; however one has to check 
whether these measurements are representative indeed for your building site. For example small valleys 
have differing wind speed and direction, and the existence of a large lake or forest can have a large impact 
as well. In the case of large projects one should set up an own meteorological station at the building site, 
the measurements (over at least a two year period) should be compared with the official meteorological 
station. The following data should be collected: 

- maximum and minimum temperatures, both extremes and monthly means; 
- humidity; 
- hours of sunshine; 
- rainfall; 
- wind speed and direction. 

 
These climatic data should be analysed before design guidelines can be derived from them. A useful tool 
to do so is by using the well-known “Mahoney tables”. These will be discussed step by step. 
 
Temperature 
Table 2-2 is useful to calculate the average temperature per annum. Simply fill in the monthly average 
maximum and minimum temperature, and calculate the difference (= range). Note down the yearly 
maximum and minimum temperature (calculated average). The annual mean temperature (AMT) is the 
average of these two; the annual mean range (AMR) is the difference between these two. 
 

Air temperature ( 0C)  

 J F M A M J J A S O N D Highest AMT 

Monthly mean max.               

Monthly mean min.               

Monthly mean range             

 

Lowest AMR 

Table 2-2: Mahoney tables: Air temperature 
Source: Climate and House Design, 1971 (TUE RLM 71 CLI) 



 Climate 

 

 29 

Humidity, rain and wind 
Table 2-3 is used for the humidity, rain and wind. Fill in the maximum and minimum relative humidity 
and calculate the average. Next the “humidity group” has to be selected, using the following classification: 
< 30%   class 1 
30% - 50% class 2 
50% - 70% class 3 
> 70%  class 4 (see Table 2-3) 
 
Also fill in the rainfall, and the wind direction (prevailing and the next)  
 

Humidity, rain and wind  

RH (percentage) J F M A M J J A S O N D 

max a.m.             

min. p.m             

Monthly mean  

average             

 

Humidity group             Total 

Rainfall (mm)             

 

 

prevailing             Wind:  

secondary             

 

Table 2-3: Mahoney tables: Humidity, rain and wind 
Source: Climate and House Design, 1971 (TUE RLM 71 CLI) 

 
Diagnosis 
Next, the maximum and minimum temperatures from Table 2-2, as well as the humidity classes of Table 
2-3 should be copied into Table 2-4. Relate the average annual temperature and humidity with the ranges 
of human comfort limits of Table 2-1. Use the bottom lines to define whether comfort requirements are 
met (not too cold, not too warm). 
 
Temperature above comfort : H (hot) 
Comfort   : --  
Temperature below comfort : C (cold) 
 

Diagnosis 

 J F M A M J J A S O N D 

Humidity group             

Temperature (0C) 

Monthly mean max.             

Max.             Day comfort:  

Min.             

Monthly mean min.             

Max.             Night comfort: 

Min.             

Thermal stress 

Day             
 

Night             

Table 2-4: Mahoney tables: Diagnoses  Source: Climate and House Design, 1971 (TUE RLM 71 CLI) 
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2.2.6 From climate data to design guidelines  
The climatic analysis (previous section) is used to come to design guidelines, by using three indicators for 
a humid climate (H) as well as three for an arid climate (A), see table 2-5. 
 
H1 � Shows whether air movement is essential. This is the case when: 

o A warm day (H) coincides with a humid period (class 4); 
o A warm day coincides with a less humid period (class 2 or 3) but also with a diurnal range 

of 10 degrees or less. 
 
H2 � Shows whether air movement is desired. This is the case when: 

o A comfortable day temperature coincides with humid weather (class 4). 
 
H3 � Shows whether Measures against rainfall should be taken. This is the case when: 

o The monthly rainfall exceeds 200 mm. 
 
A1 �Points out whether thermal buffer is needed, due to differences between day and night temperatures. 

This is the case when: 
o A wide diurnal range of 10 degrees or more coincides with low humidity (class 1, 2 or 3). 

 
A2 � Points out whether outdoor sleeping is desirable. This is the case when: 

o A warm night (H) coincides with low humidity (class 1, 2 or 3); 
o Nights are comfortable (--), but the indoor temperature is high: Day = H, night  = -- , 

humidity in class 1 or 2, and the difference between day and night temperature exceeds 10 
degrees. 

 
A3 � Points out the existence of a cold season. This is the case when: 

o The day is considered cold (C). 
 
Now you have to count the occurrence of each indicator (Table 2-4) and mark these in Table 2-5. In the 
last column the added total should be noted. 
 

Indicators 
Humid 

 J F M A M J J A S O N D Totals 

H1 Air movement              

H2 Air movement              

H3 Rain protection              

Arid 

 J F M A M J J A S O N D Totals 

A1 Thermal storage              

A2 Outdoor sleeping              

A3 Cold season problems              

Table 2-5: Mahoney tables: Indicators 
Source: Climate and House Design, 1971 (TUE RLM 71 CLI) 
 
The design guidelines can be derived from the last column of Table 2-5. The indicator totals should be 
filled in the table. Next check the indicators from top to bottom, looking at the aspects like: lay-out, 
spacing, air movement, openings, walls, roofs, outdoor sleeping and rain protection. Work from left to 
right, the first criterion which you will come accross in the table is the determining criterion.  
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The recommendations on the right side should be understood thoroughly. 
 

Sketch Design Recommendations 

Indicator totals  
Humid Arid 

H1 H2 H3 A1 A2 A3 
Recommendations 

      Layout 

   0 – 10    1. Buildings orientated in east-west axis  

    5 - 12      to reduce exposure to sun 

   
11 or 12 

 0 – 4  2. Compact courtyard planning 

       Spacing 

11 or 12       3. Open spacing for breeze penetration 

2 – 10       4. As 3, but protect from cold/hot wind 

0 or 1       5. Compact Planning 

      Air movement 

3- 12       6. Rooms single banked. Permanent  

  0 – 5    provision for air movement 
1 or 2 

  6 – 12    7. Double-banked rooms with temporary  

2 – 12      provision for air movement 
0 

0 or 1      8. No air movement requirement 

      Openings 

   0 or 1  0  9. Large openings, 40-80% of N and S walls 

   11 or 12  0 or 1  10. Very small openings, 10-20% 

Any other condition  11. Medium openings, 20-40% 

      Walls 

   0 – 2    12. Light walls; short time lag 

   3 – 12    13. Heavy external an internal walls 

      Roofs 

   0 – 5    14. Light insulated roofs 

   6 – 12    15. Heavy roofs; over 8 hours' time lag 

       Outdoor sleeping 

    2 – 12   16. Space for outdoor sleeping required 

      Rain protection 

  3 – 12      17. Protection form heavy rain needed 

Table 2-6: Mahoney tables: Sketch design recommendations 
Source: Climate and House Design, 1971 (TUE RLM 71 CLI) 
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Buildings for hot arid climates 
Orientation:  north or south for habitable rooms (building preferably cubic!) 
Layout:   compact planning, vertical (buildings shade each other) 
Internal plan:  rooms grouped around and opening onto courtyards 
External openings: small, near ceiling 
External walls, roofs heavy 
Outside surfaces: where not shaded - reflective 
Internal walls:  massive 
Courtyard:  shaded floor 
External circulation: shaded 
Special precautions are needed against dust storms, insects, termites, overlooking and theft. 
 
 
Buildings for warm humid climates 
Orientation:  north-south for habitable rooms (building east-west elongated!) 
Layout:   air movement through and around buildings 
Internal plan:  single-banked rooms (to allow for cross ventilation) 
External openings: large, at body level (from ground to ceiling) protected 
External walls, roofs thin, insulated 
Outside surfaces: where not shaded - reflective 
Internal walls:  lightweight construction preferred in order to allow movement of air 
Veranda:  covered 
External circulation: shaded 
Special precautions are needed against heavy rain, insects, termites, overlooking and theft. 
 
Hierna volgen twee voorbeelden, ingevuld, voor een heet en droog klimaat ((Islamabad in Pakistan), en 
voor een warm en vochtig klimaat (Belem in Barzilie)  
Na deze hele invuloefening moet elk ontwerper achterover leunen, en nadenken: zijn de ontwerpregels 
die eruit komen, zinnig? Kloppen die met mijn indruk van de klimaatgegevens? Deze bezinning is van 
wezenlijk belang!  

2.2.7 Examples 
The data for Islamabad, Pakistan are given in Table 2-7 and the data for Belém, Brazil are given in Table 2-9 
as examples. 
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Location:  Islamabad, Pakistan 
Logitude: 730 07’E 
Latitude: 330 36’N 
Altitude: 518 metres 
 

Air temperature ( 0C)    

 J F M A M J J A S O N D  Highest AMT 

Monthly mean max. 18 18,5 25,5 36,5 38 39 38 33,5 33,5 32 26,5 20  39 19 

Monthly mean min. 1 3,5 10 13,5 18,5 24 24 24 20 13 4,5 -1  -1 40 

Monthly mean range 17 15 15,5 23 19,5 15 14 9,5 13,5 19 22 21  Lowest AMR 
    

Humidity, rain and wind    

RH (percentage) J F M A M J J A S O N D    

max a.m. 82 80 63 51 38 38 65 75 60 58 68 85    

min. p.m 46 50 40 30 17 30 48 53 37 30 30 40    

Monthly 
mean 

average 64 65 52 41 28 34 57 64 49 44 49 63    

Humidity group 3 3 3 2 1 2 3 3 2 2 2 3  Total  

Rainfall (mm) 61 58 76 74 31 51 203 228 89 10 5 31  917  

prevailing SW SW SW SW SW SW SE SE SW SW SW SW    Wind:  

secondary W W NW NW NE SE SW SW NW NW W W    

    

Diagnose    

 J F M A M J J A S O N D    

Humidity group 3 3 3 2 1 2 3 3 2 2 2 3    

Temperature (0C)    

Monthly mean max. 18 18.5 25.5 36.5 38 39 38 33.5 33.5 32 26.5 20    

Max. 28 28 28 30 32 30 28 28 30 30 30 28    
Day comfort:  

Min. 21 21 21 22 23 22 21 21 22 22 22 21    

Monthly mean min. 1 3.5 10 13.5 18.5 24 24 24 20 13 4.5 -1    

Max. 21 21 21 22 23 22 21 21 22 22 22 21    Night 
comfort:  Min. 14 14 14 14 14 14 14 14 14 14 14 14    

Thermal stress    

Day C C - H H H H H H H - C    
 

Night C C C C - H H H - C C C    

    

Indicators 
   

Humid    

 J F M A M J J A S O N D  Totals  

H1 Air movement        √      1  

H2 Air movement              0  

H3 Rain protection       √ √      2  

Arid    

 J F M A M J J A S O N D  Totals  

A1 Thermal storage √ √ √ √ √ √ √  √ √ √ √  11  

A2 Outdoor sleeping     √ √   √     3  

A3 Cold season problems √ √          √  3  

Table 2-7: Mahoney Tables: Islamabad, Pakistan 
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Sketch Design Recommendations 

Indicator totals  
Humid Arid 

H1 H2 H3 A1 A2 A3 

1 0 2 11 3 3 
Recommendations 

      Layout 

   0 – 10   1. Buildings orientated in east-west axis  

    5 - 12 
 

    to reduce exposure to sun 

   
11 or 12 

 0 – 4 √ 2. Compact courtyard planning 

       Spacing 

11 or 12       3. Open spacing for breeze penetration 

2 – 10       4. As 3, but protect from cold/hot wind 

0 or 1      √ 5. Compact Planning 

      Air movement 

3- 12       6. Rooms single banked. Permanent  

  0 – 5    provision for air movement 
1 or 2 

  6 – 12   √ 7. Double-banked rooms with temporary  

2 – 12      provision for air movement 
0 

0 or 1      8. No air movement requirement 

      Openings 

   0 or 1  0  9. Large openings, 40-80% of N and S walls 

   11 or 12  0 or 1  10. Very small openings, 10-20% 

Any other condition √ 11. Medium openings, 20-40% 

      Walls 

   0 – 2    12. Light walls; short time lag 

   3 – 12   √ 13. Heavy external an internal walls 

      Roofs 

   0 – 5    14. Light insulated roofs 

   6 – 12   √ 15. Heavy roofs; over 8 hours' time lag 

       Outdoor sleeping 

    2 – 12  √ 16. Space for outdoor sleeping required 

      Rain protection 

  3 – 12      17. Protection form heavy rain needed 

Table 2-8: Mahoney Tables: design recommendations Islamabad, Pakistan 
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Location:  Belén, Brazil 
Logitude: 480 27’W 
Latitude: 10 28’N 
Altitude: 12.8 metres 
 

Air temperature ( 0C)    

 J F M A M J J A S O N D  Highest AMT 

Monthly mean max. 31 30 30 31 32 32 32 32 32 32 32 32  32 27 

Monthly mean min. 23 23 23 23 23 23 22 22 22 22 22 22  22 10 

Monthly mean range 8 7 7 8 9 9 10 10 10 10 10 10  Lowest AMR 
    

Humidity, rain and wind    

RH (percentage) J F M A M J J A S O N D    

max a.m. 97 98 98 98 98 98 98 97 97 97 96 96    

min. p.m 87 89 90 89 86 82 82 81 83 83 81 84    

Monthly 
mean 

average 92 93.5 94 95.5 93 90 90 89 90 90 88.5 91    

Humidity group 4 4 4 4 4 4 4 4 4 4 4 4  Total  

Rainfall (mm) 334 422 455 397 278 196 149 117 120 106 94 205  2855  

prevailing NE NE NE NE SE SE SE SE NE NE NE NE    Wind:  

secondary SE NW SE NW NE NE NW NW SE SE SE SE    

    

Diagnose    

 J F M A M J J A S O N D    

Humidity group 4 4 4 4 4 4 4 4 4 4 4 4    

Temperature (0C)    

Monthly mean max. 31 30 30 31 32 32 32 32 32 32 32 32    

Max. 27 27 27 2 27 27 27 27 27 27 27 27    
Day comfort:  

Min. 22 22 22 22 22 22 22 22 22 22 22 22    

Monthly mean min. 23 23 23 23 23 23 22 22 22 22 22 22    

Max. 21 21 21 21 21 21 21 21 21 21 21 21    
Night comfort:  

Min. 17 17 17 17 17 17 17 17 17 17 17 17    

Thermal stress    

Day H H H H H H H H H H H H    
 

Night H H H H H H H H H H H H    

    

Indicators 
   

Humid    

 J F M A M J J A S O N D  Totals  

H1 Air movement √ √ √ √ √ √ √ √ √ √ √ √  12  

H2 Air movement              0  

H3 Rain protection √ √ √ √ √       √  6  

Arid    

 J F M A M J J A S O N D  Totals  

A1 Thermal storage              0  

A2 Outdoor sleeping              0  

A3 Cold season problems              0  

Table 2-9: Mahoney Tables: Belém, Brazil 
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Sketch Design Recommendations 

Indicator totals  
Humid Arid 

H1 H2 H3 A1 A2 A3 

12 0 6 0 0 0 
Recommendations 

      Layout 

   0 – 10   1. Buildings orientated in east-west axis  

    5 - 12 
√ 

    to reduce exposure to sun 

   
11 or 12 

 0 – 4  2. Compact courtyard planning 

       Spacing 

11 or 12      √ 3. Open spacing for breeze penetration 
2 – 10       4. As 3, but protect from cold/hot wind 

0 or 1       5. Compact Planning 

      Air movement 

3- 12      6. Rooms single banked. Permanent  
  0 – 5   

√ 
provision for air movement 

1 or 2 
  6 – 12   7. Double-banked rooms with temporary  

2 – 12     
 

provision for air movement 
0 

0 or 1      8. No air movement requirement 

      Openings 

   0 or 1  0 √ 9. Large openings, 40-80% of N and S walls 
   11 or 12  0 or 1  10. Very small openings, 10-20% 

Any other condition  11. Medium openings, 20-40% 

      Walls 

   0 – 2   √ 12. Light walls; short time lag 
   3 – 12    13. Heavy external an internal walls 

      Roofs 

   0 – 5   √ 14. Light insulated roofs 
   6 – 12    15. Heavy roofs; over 8 hours' time lag 

       Outdoor sleeping 

    2 – 12   16. Space for outdoor sleeping required 

      Rain protection 

  3 – 12    √  17. Protection form heavy rain needed 

Table 2-10: Mahoney Tables: design recommendations Belém, Brazil 
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2.1.8 Design options. 
The guidelines which are described before gave us a framework within which different designs can be 
developed. Below you will find the pages 43 -49 outof “Climate and house design”, 1971, bibl. TUE: 
RLM 71 CLI; which is considered to give a good understanding of various design options. 
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The foregoing pages give a good impression however the 3D pictures below are more illustrative. These 
are taken from the book “Manual det arquitecto descalzo” pp 29-30 and pp 76-77 by Johan van Lengen 
(Dutch self educated architect who lived all his life in Mexico). Bibl. TUE  RAE 89 LEN. 
 

: 
Warm humid (see Figure 2-1): 

- Build on a site with highest 
opportunities to catch some 
wind and where most cross 
ventilation is possible; 

- Thin walls; 
- Sloping roofs (carrying off of 

rainwater); 
- Materials: wood etc.; 
- Large openings windows: 

ventilation; 
- Buildings located at 

reasonable distance from each 
other, allow the wind to blow; 

- roof covered paths, useful 
when raining; 

- Raised floor, protection from 
moisture. 

 

 
 
 
Hot arid (see Figure 2-2): 

- Thick walls and roofs: delay 
of thermal conduction; 

- Flat roof (no rain anyway); 
- Materials: stone, adobe, 

bricks; 
- Small windows: protection 

against dust and sun; 
- Houses densely built: one 

protects another; 
- Use of patio(s) inside the 

house; 
- Floor directly onto soil: soil is 

relatively cool. 
 

 
 

 
Figure 2-1: Design for a warm and humid climate 
Source: Lengen. Manual det arquitecto descalzo. TUE RAE 89 LEN 

 

 

Figure 2-2: Design for a hot and dry climate 
Source: Lengen, Manual det arquitecto descalzo. TUE RAE 89 LEN 
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City, warm humid (see Figure 2-3): 

- Squares / esplanades with trees; 
- Buildings with galleries: protection 

from rain; 
- Houses with intervening spaces 

(ventilation); 
- Wide streets with trees; 
- Roofed places for public 

meetings/gathering; 
- Streets declining towards river: 

rainwater will flow away. 

 

 
 
 
 
 
 
 
 
 
 
 
City, hot arid (Figure 2-4): 

- Small squares and high buildings: 
provision of shade; 

- Shops with galleries to protect from 
sun; 

- Main streets oriented North-South, 
narrow with shade; 

- Shaded streets; 
- Houses densely built, patios with trees 

for shadow; 
- A park on the lowest point to collect 

rainwater (if any). 
 

 

Figure 2-2: Design for a city in warm and humid climate 
Source: Lengen. Manual det arquitecto descalzo. TUE RAE 89 LEN 

 

 

Figure 2-3: Design for city in hot and dry climate 
Source: Lengen. Manual det arquitecto descalzo. TUE RAE 89 LEN 
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2.1.9 Literature 
 
World Survey of Climatology,  geeft in 15 delen informatie en tabellen over alle klimaten op de 
wereld. Bibl. TUE: MFA 72 WOR. 
 
Alle boeken in de bibliotheek bouwkunde in de  groep RAE. 
 
Building for Comfort, Overseas Building Notes no. 158 uit 1974, zie blz. 112 van dit dictaat. 
 
Manual of Tropical housing and Building, door Koenigsberger, 1974. Bibl. TUE: RPB 74 MAN. 
Zie blz. 113 dit dictaat. 
 
Climate and House design,  1971, bibl. TUE RLM 71 CLI; zie bladzijden 115 tot en met 128 van 
dit dictaat. 
 
Johan van Lengen, Manual del arquitecto decalzo,  Mexico 1989, bibl. TUE RAE 89 LEN; zie 
blz. 129 en 130 dit dictaat. 
 
Saini, B.S. Building in hot dry climates,  1980. Bibl. TUE: RAE 80 SAI. Geeft een goede 
combinatie van theorie en ontwerpen. 
 
Suite, W. The disappearance of some important aspects of appropriate tropical architecture.  
Building Research and Practice, 1990, no. 4, blz. 240-244. Legt uit hoe de moderne architectuur 
een verlies is ten opzichte van de traditie. 
 
Bouwen in warme landen. SBR rapport F 25, 2 delen, 1990, 215 blz.  Bibl. TUE: RAE 90 WAA. 
Theorie en tabellen van actieve en passieve koeling in 40 verschillende klimaattypes. 
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2.3 Earthquakes 

2.3.1 Introduction 
The different media report natural disasters almost daily. This mostly concerns hurricanes, floods, 
volcanic eruptions, earthquakes and recently tsunamis. The impact of these so-called acts of God is often 
very large, both in terms of material damage and as number of victims. The earthquake that stroke the 
Japanese harbour city Kobe on 17 January 1995 caused 6000 deaths, 310.000 inhabitants became 
homeless, and 210.000 houses were destroyed or damaged. The total costs of the earthquake reached 100 
billion dollar, or 7 billion dollar per second. 
The earthquake that hit Turkey in 2003 with a Richter magnitude of 6.4 stimulated an international 
discussion on the reliability of public buildings. The conformity of building the government buildings 
following the building regulations was questioned, since self-built homes had survived, whereas schools 
and other public buildings had collapsed. 4 
 
The most powerful earthquake ever was registered on 28 March 1964 in Alaska, with a magnitude of 8.6 
on Richter’s scale. The largest number of victims due to an earthquake was in Tang Shan (China) on 27 
July 1976: the estimated number of victims was 250.000. On average, 3000 earthquakes with a magnitude 
of 5 occur yearly, 100 earthquakes of magnitude 6, 20 of magnitude 7 and 2 have magnitude 8. Most 
earthquakes occur in the crust of the earth until 30 km depth; however, some occur as deep as 670 km 
from the surface. In the Netherlands, earthquakes with a magnitude of 2-3 occur in the south-eastern part. 
Although seldom, stronger ones can occur as well; the earthquake of 13 April 1992 in Roermond had a 
magnitude of 5,8 Richter, and caused tens of millions euros of material damage. Since 1986, mild 
earthquakes occur in the Dutch provinces of Groningen and Drenthe, due to the extraction of natural gas. 
 
Civil and building engineers play a rather important role in the reduction of the impact of these disasters. 
The large number of victims of earthquakes is caused by the collapse of buildings and infrastructure. 
Earthquakes are catastrophic because people are rather ill prepared! Since the time and exact location of 
earthquakes can hardly be predicted, time to bring oneself to a safe place is limited. It is therefore 
important to bring about design and engineering details by taking into account the maximum expected 
magnitude of future earthquakes. The earthquake that hit the city of Kobe (Japan) was many times more 
powerful than ever expected. Nevertheless this experience showed how most of the modern buildings, 
constructed in accordance with the most recent building regulations, are able to undergo the earthquake 
rather well. There are generally large numbers of earthquake victims in old and poorer parts of cities or in 
rural areas, due to a lack of attention paid to earthquake resistant building in these locations. Seismologists 
know at present where exactly earthquakes take place, however its power and the exact date on which the 
earthquake will occur might stay a big qustion mark for ever. There are earthquakes that announce 
themselves by means of small vibrations. 
 

2.3.2 Geologie 
For the English text please see Appendix  

 
Aardbevingen tengevolge van verschuivingen, zgn. Tektonische aardbevingen, zijn niet alleen zeer 
algemeen, maar bovendien vaak van grote hevigheid. De meeste tektonische aardbevingen ontstaan 
tengevolge van langzame, maar langdurige bewegingen in de aardmantel, die op hun beurt bewegingen 
veroorzaken in de daarop liggende aardmantel. Doordat het materiaal van de aardkorst door de lagere 
temperaturen minder plastisch is dan dat van de mantel, worden daarin door de genoemde bewegingen 

                                                      
4 www.aardbeving.nl 
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telkens elastische spanningen geaccumuleerd. Bij het overschrijden van de breuksterkte van het gesteente, 
of van de wrijvingskracht langs een reeds aanwezig afschuivingvlak, treedt dan schoksgewijs herstel op 
naar een toestand van geringere spanningen. De daarbij vrijgekomen energie wordt gedeeltelijk omgezet 
in aardbevingstrillingen (seismische trillingen) en voor een ander deel in wrijvingswarmte5. De aardkorst 
bestaat uit een beperkt aantal grote schollen. Langs de randen van deze schollen vind de meeste 
seismiciteit plaats. In Figure 2-5 zijn deze bewegende schollen  weergegeven. De Afrikaanse plaat schuift 
30 mm par jaar onder de Euraziatische plaat! 
De aardschollen kunnen op verschillende wijzen van elkaar bewegen. De vlakken bewegen zich van 
elkaar af, naar elkaar toe of langs elkaar. Figure 2-4 geeft de verschillende mogelijkheden weer. 

 
 
 

De epicentra liggen voor het grootste gedeeltelijk in tamelijk smalle zones bij elkaar. De meeste 
aardbevingen treden op in een "circumpacifische zone" (westrand van Zuid-Amerika, Midden-Amerika, 
westrand van Noord-Amerika, Aleoeten, Koerillen, Japan, Filippijnen, de Zuidwest pacifische 
eilandgroepen en Nieuw-Zeeland). De populaire benaming van deze zone is de "Ring of Fire" (see Figure 
2-6). In belangrijkheid daarop volgt een zone die loopt van het Middellandse Zeegebied via Turkije, Iran, 
Hindu Kush, Himalaya, Burma, Andamanen en Indonesië. In de derde plaats liggen er veel epicentra in 
een smalle strook over het midden van de Mid-Atlantische Rug en op soortgelijke ruggen in de Indische 
en in de Grote Oceaan. 
 
Er is een theorie die zegt dat ontwikkelingslanden juist daarom in die zone liggen omdat de aardbevingen 
hen geremd hebben in hun ontwikkeling. 

Intensiteit, magnitude en versnellingen 
Een aardbeving wordt gekarakteriseerd door vier parameters: 
� Het tijdstip 
� De coördinaten van het zwaartepunt 
� De diepte van het zwaartepunt 
� De grootte 
Dit laatste begrip valt uiteen in twee fundamenteel verschillende begrippen: magnitude en intensiteit. Deze 
begrippen worden vaak door de war gehaald, maar het is belangrijk om te beseffen dat dit verschillende 

                                                      
5 Bron: http://www.knmi.com 

 

Figure 2-4: Onderlinge verschuiving 
aardschollen 

 

 

Figure 2-5: Breukvlakken en aardschollen 
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begrippen zijn. De schaal van Mercalli is gebaseerd op intensiteit en richt zich op de gevolgen. De schaal 
van Richter is een maat voor de kracht van de aardbeving zelf en zegt iets over de magnitude. 
 

Schaal van Richter 

De magnitude drukt de totale vrijgekomen 
energie uit die bij een aardbeving 
vrijkomt. Een van de manieren om dit 
proces weer te geven is met de "Schaal 
van Richter". 
De schaal van Richter is in 1935 
ontworpen door de Amerikaanse 
seismoloog Charles Richter en is 
gebaseerd op de sterkte van de trillingen, 
zoals die gemeten worden op het 
seismogram. De sterkte, uitgedrukt in 
eenheden op de schaal van Richter, wordt 
de magnitude van een aardbeving 
genoemd, analoog aan het begrip uit de 
sterrenkunde om de helderheid van een 
ster mee aan te geven. De magnitude 
wordt berekend aan de hand van de 
grootte van de uitslagen van de registratie 

van de aardbeving. Hierbij worden correcties toegepast om de invloed van de afstand tussen epicentrum 
en seismisch station in rekening te brengen. Met het toenemen van de afgelegde afstand verliezen de 
seismische golven door geometrische spreiding en absorptie namelijk een deel van hun trillingsamplitude.  
De schaal van Richter is logaritmisch, hetgeen betekent dat een tien keer grotere uitslag op het 
seismogram overeenkomt met een toename van één magnitude-eenheid. De schaal van Richter is noch aan 
de bovenzijde noch aan de onderzijde begrensd zoals dat wel het geval is voor de 12-delige schaal van 
Mercalli. Richter definieerde een standaard aardbeving van magnitude 3 wanneer op een afstand van 100 
kilometer met een seismometer een maximale uitslag van 1 mm op het seismogram werd waargenomen. 
Een aardbeving van magnitude 2 op normale diepte kan onder optimale omstandigheden nog net worden 
gevoeld. De zeer ondiepe bevingen in Noord-Nederland (tot maximaal 3 kilometer diep) kunnen al bij een 
magnitude van 1.2 worden gevoeld. In Zuid-Nederland komen bevingen voor op een diepte van 30 
kilometer die pas worden gevoeld bij een magnitude groter dan 3. Proefondervindelijk heeft men berekend 
dat iedere toename met een magnitude-eenheid een 30-voudige verhoging van de vrijgekomen energie in 
de vorm van seismische trillingen optreedt. De hoeveelheid energie die vrijkomt bij een beving van 
magnitude 7 is dus 900 maal (30 x 30) zo groot als die welke vrijkomt bij een beving van magnitude 5. 
Het is echter niet zo dat een aardbeving met magnitude van 4, van minder belang is dan een beving met 
een magnitude van 5. De getalwaarden geven immers alleen de totaal vrijgekomen energie aan, terwijl de 
ernst van een aardbeving gekenmerkt wordt door de hoeveelheid energie die het aardoppervlak bereikt. De 
magnitude geeft dus geen duidelijke informatie over het verwoestende karakter van de beving. Overigens 
wordt bij de berichtgeving over een aardbeving toch vrijwel altijd de schaal van Richter gebruikt. 
Bestudering van data van geregistreerde aardbevingen brachten Richter tot de volgende empirisch 
gevonden relatie tussen energie en magnitude: 
 

Log10E = 11.4 + 1.5 M 
 
waarin E = energie (in 10-7  joule) en M = magnitude. 
 
 

 

 

Figure 2-6: Ring of Fire 
Source: http://pubs.usgs.gov/publications/text/fire.html 
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Schaal van Mercalli 

Ondanks het ontbreken van eenduidige gedefinieerde metingen, is men in de loop van de eeuwen altijd in 
staat geweest om aardbevingen door middel van beoordelingen te registreren. De schade nabij het 
epicentrum was hierbij het criterium. Hieruit is het begrip "intensiteit" ontstaan: een maat voor de 
plaatselijke verwoesting door een bepaalde beving. Door het gebruik van een intensiteitschaal is men in 
staat om, weliswaar op subjectieve wijze, de bevingen te classificeren6. Bij de classificatie met behulp van 
een intensiteitschaal moet rekening gehouden worden met specifieke omstandigheden in het gebied. 
Immers, de ernst van de schade wordt mede bepaald door het constructieve niveau van de plaatselijke 
bebouwing en de plaatselijke oneffenheden van het getroffen gebied. De intensiteit van de aardbeving 
dient gerelateerd te zijn aan de vrijgekomen energie aan het oppervlak. De hoeveelheid energie die het 
oppervlakte van de aarde bereikt wordt  bepaald door de diepte van de aardbevingshaard en de plaatselijke 
bodemopbouw.  De schaal van Mercalli (in 1902 geïntroduceerd door de Italiaan Mercalli) geeft de 
intensiteit (uitwerking) van een aardbeving weer.. Inmiddels hanteert men in Europa sinds 1992 een 
Europese Macroseismische Schaal (EMS92). De schaalverdeling loopt van I (niet gevoeld, slechts door 
instrumenten geregistreerd) tot XII (buitengewoon catastrofaal). De intensiteit is in het algemeen in de 
directe omgeving van het epicentrum groter dan op plaatsen verder daar vandaan. Als de intensiteit 
dichtbij het epicentrum van een aardbeving bijvoorbeeld VIII bedraagt, zal deze in relatie tot de afstand 
afnemen tot IV, III en tenslotte I. Voor aardbevingen in Nederland is de maximaal te verwachten 
intensiteit VII à VIII. Dit geldt met name voor het zuidoosten van het land. De beving bij Roermond op 13 
april 1992 bereikte een waarde van ruim VII. Tussen de intensiteit en de magnitude van een aardbeving 
bestaat een duidelijk verschil. De intensiteit van een beving is afhankelijk van de plaats van waarneming. 
Daarentegen is de magnitude volgens de schaal van Richter onafhankelijk van de plaats op aarde waar 
deze wordt berekend en dus karakteristiek voor de kracht van de aardbeving zelf. Zo heeft een krachtige 
aardbeving op grote diepte een relatief geringe intensiteit aan het aardoppervlak, echter wel verspreid over 
een groot gebied. Anderzijds kan een zwakke aardbeving een hoge intensiteit bereiken wanneer deze op 
geringe diepte plaatsvindt.  

 
Versnellingen 

De constructeur die een constructie moet 
berekenen in een aardbevingsgevoelig gebied, is 
geïnteresseerd in de te verwachten 
grondbewegingen.. Deze beweging kan met 
behulp van de grootheden verplaatsing, snelheid 
en versnelling berekend worden. De hieruit 
voortkomende grondversnellingen bieden de 
constructeur een goede weergave van een 
aardbeving. De kwetsbaarheid van een constructie 
wordt namelijk bepaald door de vertraging van de 
constructie ten gevolge van de versnellingen, de 
duur en de frequentie van de grondbewegingen. 
Deze versnellingen kunnen desastreus zijn voor 
gebouwen, zoals te zien is in Picture 2-1: Dinar, 
Turkije, 1 oktober 1995, 6.0 op de schaal van 
Richter. Van alle gebouwen was 45 % beschadigd. 
Bron: www.knmi.nl.  

2.3.3 Technische Aspecten 
Door een aardbeving wordt de fundering van een constructie in trilling gebracht. De bovenbouw volgt deze 
beweging vertraagd. De hierdoor opgewekte krachten noemt men traagheidskrachten. Vooral in horizontale 

                                                      
6 bron: http://www.knmi.nl 

 

Picture 2-1: Earthquake Turkey, 1995 



 Climate 

 

 51 

richting veroorzaken deze traagheidskrachten een relatief grote belasting. Dit geeft extra complicaties om tot 
een veilig en/of economisch ontwerp te komen. In aardbevingsgebieden moet hier terdege rekening mee 
worden gehouden. Door een goed ontwerp kunnen veiligheid en krachtsverdeling echter gunstig beïnvloed 
worden. Belangrijke ontwerpaspecten, die grote invloed uitoefenen op het gedrag van een dynamisch belaste 
constructie zijn: 
- de vormgeving van de constructie 
- detaillering van de constructieonderdelen 

Vormgeving van de constructie 
Bij gebouwen die aan een aardbevingsbelasting onderhevig zijn, is een regelmatige constructievorm van groot 
belang. Ingewikkelde vormen kunnen leiden tot ongewenste spanningconcentraties. Om extra belasting door 
torsie te voorkomen is een compacte vorm en een symmetrische stijfheidverdeling in horizontale zin gewenst. 
Zeer belangrijk is dat de afstand tussen het massacentrum en het stijfheidcentrum altijd zo klein mogelijk 
moet zijn!! 
 

Ronde en rechthoekige 
symmetrische 

plattegronden blijken 
het meest efficiënt te 
zijn. Bovendien is het 
gunstig wanneer de 
horizontale weerstand 
van een gebouw zoveel 
mogelijk in de 

buitenomtrek 
gesitueerd wordt. Op deze eenvoudige wijze ontstaat een grote hefboomsarm die veel kracht kan opnemen.  
Bij grote afmetingen kunnen, ten gevolge van ongelijke grondbewegingen, verplaatsingsverschillen tussen 
beide constructieuiteinden optreden. Door het toepassen van "seismische voegen" kan een gebouw 
onderverdeeld worden in elementen met kleinere afmetingen. Dit soort voegen lijken op dilatatievoegen maar 
de voegbreedte is ongeveer 100 mm. De voegen zorgen ervoor dat de afzonderlijke gebouwdelen los van 
elkaar kunnen bewegen, zie Figure 2-7. 
 
Om toch het gebouw te laten lijken op een geheel kan de voeg afgewerkt worden met kippengaas en 
pleister. Bij een aardbeving zal de voeg verkruimelen maar dit kan naderhand gemakkelijk en goedkoop 
worden vervangen. Bij voorkeur zou het dak boven de gebouwdelen ook gescheiden moeten zijn. Het 
nadeel hiervan is dat het gevoelig is voor lekkages. Dus de dakbedekking moet ofwel makkelijk breekbaar 
zijn of de dakdelen moeten vrij over elkaar kunnen schuiven in geval van aardschokken. 

Detaillering van de constructieonderdelen 
Een vraag die men zich al vroeg tijdens het ontwerpproces 
moet stellen is welke stabiliteitvoorziening men moet 
toepassen. Bij het ontwerp van de plattegrond van een huis 
is het belangrijk dat deze symmetrisch wordt ontworpen. 
Als we naar een garage (zie Figure 2-8) kijken dan zien we 
dat de achterkant een stuk stijver is dan de voorkant. 
Wanneer de garage wordt geschud in de horizontale 
richting zal de voorkant meer gaan schuiven dan de 
achterkant. Hierdoor ontstaat een roterende beweging wat 
grote schade aan de garage kan veroorzaken. De garage is 
dan ook een schoolvoorbeeld van een gevaarlijke 
constructie bij aardbevingen.  

 

Figure 2-7: Seismische voegen 
 

 
Figure 2-8: Plattegrond garage 
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Ook bij het ontwerpen van huizen is het niet 
verstandig om alle openingen dichtbij elkaar 
en in één muur te plaatsen. Het is beter om 
ongeveer even grote openingen te maken en 
die te verdelen over de langste muren van het 
huis (see Figure 2-9). Hierdoor is het huis 
minder geneigd om te gaan roteren tijdens een 
aardbeving en  als extra effect is er een betere 
ventilatie. 
 
Een ander belangrijk detail in het bouwen van 
huizen in aardbevingsgevoelige gebieden is 
dat de bouwelementen goed met elkaar 
worden bevestigd. Uit ervaring is gebleken dat 
bij muren, die niet goed bevestigd waren, bij 
de eerste schok de hoeken scheurden en bij de 
tweede schok het huis in elkaar stortte.  
De manier hoe de bevestiging tussen de verschillende elementen moet worden uitgevoerd hangt af van hoe 
sterk de aardbevingen (licht, middelmatig of zwaar) in het gebied zijn en van de beschikbare financiële 
middelen en materialen. 

Waar moet een huis versterkt worden?: 
De eerste stap om een gebouw veilig te maken is te voorkomen dat muren aan de bovenkant naar buiten 
komen tijdens een aardbeving. De manier om dit te voorkomen hangt af van het materiaal van de muren. 
Als de muren gemaakt zijn van metselwerk, betonblokken of gebakken steen dan is het beste om 
bovenlangs een gewapende betonbalk te maken. De volgende belangrijke versteviging is een verticale 
versteviging(meestal een betonkolom), waar twee muren elkaar tegen komen. De versteviging wordt 
bevestigd aan de fundering en de genoemde betonbalk. 
In gebieden met zware aardbeving condities is het aan te raden om meer verticale verstevigingen toe te 
passen. Zo kunnen langs deur- en raamopeningen extra verticale verstevigingen geplaatst worden. Ook op 
plaatsen waar balken elkaar raken of overlappen is een goede bevestiging belangrijk!  

Muren van baksteen of natuursteen: 
a) Metselwerk van ongebakken klei: 
Muren van ongebakken stenen zijn zeer zwak tijdens aardbevingen. Zelfs bij lichte aardschokken kan de 
muur instorten. Dit komt doordat de ongebakken klei in de voegen uitdroogt en krimpt en zo het contact 
verliest met de stenen. Hierdoor ontstaat een losliggend geheel wat natuurlijk erg kwetsbaar is voor 
horizontale krachten.  
 
b) Metselwerk met cement of kalk: 
Muren van gebakken stenen opgebouwd met cement- of  kalkspecie zijn door hun betere binding tussen 
steen en specie sterker. Voor een goede binding is het nodig om een goede verhouding cement in de specie 
toe te passen: een verhouding van 1:5 of 1:6 is het beste. Kalkspecie is niet sterker dan cementspecie. Uit 
ervaring is gebleken dat deze muren snel instorten bij aardbevingen. In sommige plaatsen waar kalk 
goedkoop is en cement duur, is het mogelijk om een mengsel te maken van cement, kalk en zandspecie. 
Alle specie moet, nadat water toegevoegd is aan de droge specie, binnen 25 minuten verwerkt worden! 
 

 

Figure 2-9: Plattegrond 2-kamer huis 
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c) Openingen in muren: 
De weerstand van een muur tegen aardbevingen vermindert naar mate er meer openingen worden 
toegepast voor bijvoorbeeld ramen en deuren. Al zijn deze openingen noodzakelijk, we moeten ervoor 
zorgen dat er zo min mogelijk zwakke plekken ontstaan in een muur. 
De belangrijkste aandachtspunten zijn: 
- De opening moet niet groter zijn dan noodzakelijk. 
- De opening moet niet te dicht geplaatst worden bij een andere opening, een hoek van het huis of bij 

een kruising van twee muren.  
Voor gebouwen zonder kozijnen geldt: 
- De totale breedte van de opening moet niet groter zijn dan 1/3 van de totale breedte van de muur. 
- De afstand tussen de openingen mag niet minder zijn dan 500 mm. 
- De afstand tussen de opening en een hoek van het gebouw mag niet minder zijn dan 500 mm. 
- De afstand van een opening in een binnenmuur naar een andere muur mag niet minder zijn dan twee 

keer de dikte van de binnenmuur. 
 
Soms wordt er een spouwmuur gemaakt. Als de spouw 
minimaal 50 mm breed is, dan kan de verticale 
versteviging in de spouw geplaatst worden op de plaats van 
hoeken en kruisingen van een gebouw. We plaatsen 
wapening, en daarna kan de spouw gevuld worden met 
beton wat de constructie verstevigd. Meestal kan het 
gestorte beton gestopt worden dicht bij de wapening en de 
rest van de muur als een spouw gelaten worden (zie Figure 
2-10). 
 
Een andere manier om een stenen muur te verstevigen is 
om een betonkolom te storten op elke hoek of kruising. Om 
te voorkomen dat bij een aardbeving de muren weg vallen 
van deze kolom is het aan te raden om de meter 
hoekbeugels te plaatsen die minimaal 250 mm door zullen 
moeten lopen in elke muur.  
 

 

Hoogbouw in aardbevingsgevoelige gebieden. 

In dit dictaat wordt hoogbouw niet behandeld. 

2.3.4 Safety 
Wanneer je werkzaam bent in een gebied of land waar aardbevingen voorkomen is het verstandig je van 
tevoren op de hoogte te stellen van de veiligheidssituatie. Er zijn een aantal levensbedreigende situaties 
die in meer of mindere mate vergezeld gaan met een aardbeving, zoals bijvoorbeeld het ontstaan van 
brand, instorting van gebouwen of een bij een verwoestende vloedgolf (tsunami). 
Let (om te beginnen) op je eigen veiligheid.  Als beesten raar gaan doen, vlucht dan meteen naar buiten.  
’s Nachts moet je slippers en een zaklantaarn (geen ronde!) klaar hebben liggen; nooit op blote voeten 
wegrennen: alles ligt vol glas. Verken de vluchtweg bij dag en leer die van buiten.  
De brand die meestal volgt op een aardbeving (omdat vuurpotten en petroleumlantaarns en zo omgevallen 
zijn) veroorzaakt dikwijls nog meer schade dan de aardbeving zelf. Let er dus op dat open vuur niet om 
kan vallen, en als het toch omvalt dat het dan op steen of zo valt. 

 Verticale wapeningsstaaf 

Spouwmuur 

Beton 
 

Figure 2-10: Doorsnede spouwmuur-constructie 
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Veiligheid gebouwen en kantoren 
Ook al is een gebouw goed ontworpen en zal het een zware aardbeving doorstaan, dan nog kan het 
gevaarlijk zijn in het gebouw. Het is noodzaak om tijdens een aardbeving dekking te zoeken onder 
bijvoorbeeld een tafel, onder de trap of in de deurpost. Ga tijdens een aardbeving niet bij het raam staan. 
Naar buiten lopen is een moeilijke keus: je moet buiten zijn vóór het gebouw instort, maar de meeste 
gewonden ontstaan door naar beneden vallende dakpannen of schoorstenen, en dan is het binnen veiliger. 
Wanneer je je in een aardbevingsgebied bevindt, is het aan te bevelen om van tevoren op de hoogte te zijn 
van potentiële gevaren in huis of kantoor. Denk hierbij aan vluchtwegen, schuilplaatsen en los eventuele 
potentiële gevaren op. 
Een van de grootste gevaren die gepaard gaan met aardbevingen is het ontstaan van branden. Door het 
beschadigen van elektriciteit- en gasleidingen en het omvallen van brandbare objecten ontstaan vuren7.  

Vloedgolven (Tsunami) 
Sunday, 26th of December 2004 an earthquake resulted in a Tsunami in the Golf of Bengalen. Hundreds 
of thousands people died in this natural disaster. The epicenter of the earthquake was near the coast of 
Sumatra and this earthquake caused a tsunami with a disastrous impact, as can be seen in Figure 2-11.  
 

 
The phenomenon we call tsunami is a series of large waves of extremely long wavelength and period, 
usually generated by a violent, impulsive undersea disturbance or activity near the coast or in the ocean. 
When a sudden displacement of a large volume of water occurs, or if the sea floor is suddenly raised or 

                                                      
7 Bron://http.www.knmi.nl 

 

Figure 2-11: Asian Tsunami: how the wave spread 
Source: http://www.guardian.co.uk/flash/0,5860,1380592,00.html 
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dropped by an earthquake, big tsunami waves can be formed by forces of gravity. The waves travel out of 
the area of origin and can be extremely dangerous and damaging when they reach the shore. By far, the 
most destructive tsunamis are generated from large, shallow earthquakes with an epicentre or fault line 
near or on the ocean floor. These usually occur in regions of the earth characterized by tectonic 
subduction8 along tectonic plate boundaries. The high seismicity of such regions is caused by the collision 
of tectonic plates. When these plates move past each other, they cause large earthquakes, which tilt, offset, 
or displace large areas of the ocean floor from a few kilometres to as much as a 1,000 km or more. The 
sudden vertical displacements over such large areas, disturb the ocean's surface, displace water, and 
generate destructive tsunami waves. The waves can travel great distances from the source region, 
spreading destruction along their path. It should be noted that not all earthquakes generate tsunamis. 
Usually, it takes an earthquake with a Richter magnitude exceeding 7.5 to produce a destructive tsunami. 
 
Once a tsunami has been generated, its energy is distributed throughout the water column, regardless of 
the ocean's depth.  A tsunami is made up of a series of very long waves. The waves will travel outward on 
the surface of the ocean in all directions away 
from the source area, much like the ripples 
caused by throwing a rock into a pond. The 
wavelength of the tsunami waves and their 
period will depend on the generating 
mechanism and the dimensions of the source 
event. If the tsunami is generated from a large 
earthquake over a large area, its initial 
wavelength and period will be greater. If the 
tsunami is caused by a local landslide, both its 
initial wavelength and period will be shorter. 
The period of the tsunami waves may range 
from 5 to 90 minutes. The wave crests of a 
tsunami can be a thousand km long, and from 
a few to a hundred kilometres or more apart as 
they travel across the ocean.  On the open 
ocean, the wavelength of a tsunami may be as 
much as two hundred kilometres, many times 
greater than the ocean depth, which is on the 
order of a few kilometres. In the deep ocean, 
the height of the tsunami from trough to crest may be only a few centimetres to a meter or more - again 
depending on the generating source. Tsunami waves in the deep ocean can travel at high speeds for long 
periods of time for distances of thousands of kilometres and lose very little energy in the process. The 
deeper the water, the greater the speed of tsunami waves will be.  For example, at the deepest ocean 
depths the tsunami wave speed will be as much as 800 km/hr. Since the average depth of the Pacific 
Ocean is 4000 m (14,000 feet), tsunami wave speed will average about 200 m/s or over 700 km/hr (500 
mph).  
 
The above text is downloaded from The International Tsunami Information Centre:  
http://www.prh.noaa.gov/itic/library/library.htm  (17/01/2005) 

                                                      
8 Subduction = A geologic process in which one edge of one crustal plate is forced below the edge of another 
(www.dictionary.com) 

 

Figure 2-12: Generation of a Tsunami 
Source:www.prh.noaa.gov/itic/library/pubs/curriculum/tsunami_curriculum.html 
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2.3.5 Ontwerpen 
Voor elk ontwerp moet je eerst weten hoe erg de kans op aardbevingen is. Een oud handboek: Lomnitz, 
Global Tectonics and Earthquake risk” uit 1974 (bibl. TUE: MJG 75 LOM) geeft kaarten met overzichten 
hoeveel energie er per vierkante km en per jaar wordt toegevoerd aan een landstreek. (de energie staat hier 
no in ergs; een erg = 10-7 Joule). Table 2-11 geeft vuistregels hoe je van deze energie kunt komen naar 
ontwerpregels. (voor kleine en lage gebouwen!) 
 

Lomnitz Harde grond Gemiddelde grond Zachte grond 

1000 0.06 0.08 0.10 
100 0.05 0.06 0.08 
10 0.04 0.05 0.06 
1 0.02 0.03 0.04 

Table 2-11: Vuistregels  

    
De getallen onder Lomnitz geven de energie aan in 1015  erg per km2  en per jaar. De andere getallen geven 
aan op hoeveel procent horizontale kracht je het gebouw berekent. De procenten neem je van het eigen 
gewicht  plus tweederde van de toevallige belasting(bij bedrijfsgebouwen alles). Je laat deze horizontale 
kracht aangrijpen in het zwaartepunt van de massa, en berekent het gebouw hierop in twee richtingen. De 
spanning in staal mag je met eenderde verhogen, maar vloeien mag niet optreden. 
Voor gebouwen die tijdens aardbevingen essentieel zijn, zoals klinieken, wateropslag, scholen (zijn ook 
onderdak voor vluchtelingen!) neem je 1.5 keer de gegeven procenten. Denk er om: verstandig ontwerpen 
en detailleren, en alles aan alles vastmaken, is belangrijker dan rekenen! 

2.3.6 Literature 
Daldy, A.F. (1972), Small Buildings in Earthquake Areas, Bibl.  TUE: RCY 72 DAL. A very good book 

 
The April 22, 1991 Valle de la Estella, Costa Rica, Earthquake. Bibl. TUE: MJG 91 APR. (met een bijlage 
over Roermond, 13 april 1992, magnitude 5.5) 

 
Na de aardbeving: Reconstruction and resettlement. Basin News no. 10, 1995. 

 
Een catalogus van aardbevingen in Nederland: Bibl. TUE: WJG 92 HOU. 
 
Een interessant artikel over een zware aardbeving in Bolivia, die “boven” niet gevoeld werd: Natuur en 
Techniek, februari 1996, blz. 22-31. 
 
Tot slot een citaat van een collega:  After an earthquake a lot of good building materials is lying around; it 
only has to be rearranged in a safer way. 

 

Internet pagina:  
http://www.knmi.nl 
www.platetectonics.com/index.asp 
http://volcano.und.nodak.edu/vwdocs/vwlessons/atg/html 
http://www.seismo.unr.edu/ftp/pub/louie/class/100/plate-tectonics.html 
http://www.prh.noaa.gov/itic/library/library.htm 
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2.4  Tropical storms 

2.4.1 Introduction 
In tropical countries, storms can take extremely serious forms. Damage can be enormous, on buildings, 
but foremost for people. A storm can turn out to be a disaster in case one is not prepared, and if 
constructions are not designed keeping the possibility of storms in mind. 
 
Tropical storms mostly occur in the area on both sides of the equator, where many developing countries 
are located. One could also say that particularly because of their disaster-prone location, those countries 
lack behind in development! First will be discussed how a storm can come into existence. 

2.4.2 Tropical windstorms 
What causes a tropical windstorm? The simple answer is the right combination of atmospheric and 
oceanic conditions in tropical areas. The two basic requirements are a warm sea and still air, and these 

conditions can exist for lengthy 
periods in six main areas of the world 
around the equator. The air is warmed 
by the sea and rises, taking with it a 
considerable amount of water vapour. 
Its place is taken by air rushing in 
from the sides, and, because of the 
earth's rotation, this moving air is 
given a twist so that the whole system 
begins to revolve. Figure 2-13 shows 
where tropical storms are formed 
regularly in the world; it also gives 
the number of average storms in each 
basin. 

 
The warm humid air that is rising 
merges with high-altitude cooler air 
currents and the water vapour is 
released as rain. At the same time, 
energy is released as heat, and this 
increases the rate of ascent of the air 
(Figure 2-14). The whole system is 
repeated, going faster and getting 
bigger. Under optimum conditions, 
these storms grow in size to span 
more than 800 km and can affect 
some four million cubic km of 
atmosphere. 
Because the wind system is 
revolving, centrifugal forces tend to 
throw the air outwards, and so the 
pressure in the centre becomes very 
low, thus forming the eye of the 

 

Figure 2-13: Forming of tropical cyclones 
Source: the USA TODAY Weather Book, by Jack Williams 

 

Figure 2-14: Forming of a hurricane 
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storm. Some of the dry air from high altitudes is forced down into the eye, creating relatively calm skies; 
the eye is typically 40 km across. At the same time, pressure is very high outside the storm and this 
attempts to fill the low-pressure eye, with the result that the twisting air movement becomes even faster. 

 

Because of the low pressure 
in the eye, water is being 
sucked up in the centre of 
the storm. It can pull water 
into the air up to 8 metres at 
the shoreline (Figure 2-15). 
Like an enormous dynamic 
heat engine, the entire 
system therefore continues 
to sustain itself.  Once 
established, it moves 

forward just as a spinning top moves along the ground. This brings it in contact with more warm sea and 
the process continues. The whole storm can go on living for many days provided it is moving over tropical 
oceans. As soon as it reaches land, or if it gets further away from tropical waters (i.e. over cooler 
temperate oceans), the supply of warm and moist air is removed and the storm rapidly decreases in 
intensity. Also, over land much of the energy is removed by friction with the ground, and the whole 
system is slowed down even more. 
 
Within this overall cycle of a windstorm forming, developing and reaching maturity and then finally 
dissipating. These are different phases: it starts as a tropical disturbance, grows to a tropical storm and 
then to a hurricane, and next it dissipates. 
 

The classification of hurricanes, allowing for this combined effect of wind and storm surge, is 
standardised according to the Saffir-Simpson scale (see Table 2-12: The Saffir-Simpson scale. Each 
storm gets a name. In earlier years only girl’s names were used, now boy’s names are in use as well. 
 

Category Description 
Mean wind speeds 

(m/s) 
Storm surge  

(m) 
North-Atlantic  
examples 

1 Minimal 

2 Moderate 

3 Extensive 

4 Extreme 

5 Catastrofic 

33 – 42 

43 – 49 

50 – 58 

59 – 69 

greater than 69 

1.2 – 1.6 

1.7 – 2.5 

2.6 – 3.8 

3.9 – 5.5 

greater than 5.5 

     Agnes 

     Cleo 

     Betsy 

     David 

     Camille 

1972 

1964 

1965 

1979 

1969 

Table 2-12: The Saffir-Simpson scale 
 
The use of this scale, when combined with the basic meteorological data, gives the designer a very good 
standard against which to compare his designs. Knowledge gained from past failures will go towards 
improved hurricane-resistance and less building damage in the future. 

2.4.3 Damage to buildings 
Every year many hurricanes develop in the six main areas around the equator, mostly in developing 
countries. Many strike islands or populated coastal zones of continents, causing major structural damage 
to buildings because of their enormous speed and friction with the ground, making many people homeless 
and causing loss of lives. Throughout the world on average 23.000 people are killed and 2.6 million are 

 

Figure 2-15: Suction in the eye 
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injured or left homeless each year due to windstorms and the associated flooding from storm surges. The 
monetary value on the total loss due to destroyed or damaged buildings is enormous. 
 

Category Wind speed Possible damage 

1 
 
120-149 km/h 

No real damage to building structures.  
Damage primarily to unanchored structures, shrubbery, and trees. Also, some 
coastal road flooding and minor pier damage 

2 
 
150-175 km/h 

Some roofing material, door, and window damage to buildings. Considerable 
damage to vegetation, mobile homes, and piers. Coastal and low-lying escape 
routes flood 2-4 hours before arrival of centre. Small craft in unprotected 
anchorages break moorings. 

3 
 
176-209 km/h 

Some structural damage to small residences and utility buildings with a minor 
amount of curtain wall failures. Mobile homes are destroyed. Flooding near 
the coast destroys smaller structures with larger structures damaged by 
floating debris. Terrain continuously lower than 5 feet ASL may be flooded 
inland 8 miles or more. 

4 
 
210-249 km/h 

More extensive curtain wall failures with some complete roof structure failure on small 
residences. Major erosion of beach. Major damage to lower floors of structures near the 
shore. Terrain continuously lower than 10 feet ASL may be flooded requiring massive 
evacuation of residential areas inland as far as 6 miles. 

5 > 250 km/h 

Complete roof failure on many residences and industrial buildings. Some complete 
building failures with small utility buildings blown over or away. Major damage to lower 
floors of all structures located less than 15 feet ASL and within 500 yards of the 
shoreline. Massive evacuation of residential areas on low ground within 5 to 10 miles of 
the shoreline may be required.  

Table 2-13 Possible storm damage to buildings 
 
Some buildings are damaged by virtue of their siting and position; for example, wind speeds can be 
enhanced near the top of a hill, so any structure in such a position might experience much greater forces 
than a counterpart on flat land. Conversely, many buildings resist hurricanes very well because they are in 
a locally sheltered position - sheltered either by natural windbreaks such as trees or by other surrounding 
buildings. 
 
It is often the case that a building is destroyed or has a large part (such as a complete roof) removed 
because of its particular geometrical shape. Tall buildings are an obvious example; projections to 
buildings such as parapets or other architectural features are always vulnerable; large roof overhangs 
present an easy target for the wind; and flat or low-pitched roofs will experience a much greater uplift than 
more steeply pitched roofs. 
 
However, by far the majority of structures fail because of poor construction details. In general, this arises 
because the forces that can be exerted during a hurricane are not fully appreciated - either at the design 
stage, or at the construction stage when site supervision may be inadequate, so that the building is not 
constructed according to plan. In addition, the majority of buildings in the world (low-rise houses) are not 
designed at all - they are built by homeowners or small contractors, using traditional methods and without 
any specialist building knowledge. Unfortunately, this frequently results in vital connections (such as 
those required between roofs and walls) being too small or even omitted with subsequent disastrous 
consequences in a hurricane. However, in many parts of the world, local builders (like home owners or 
small contractors) have managed to develop construction methods that are very well adapted to local 
hazards like storms. Haq (1999) found that in Bangladesh, in a ‘high risk zone’ for tropical storms, these 
local builders were very well aware of the features particularly susceptible to wind damage and the need 
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for careful detailing. Although the attachment of the foundation to ground appeared to be a continuous 
problem in this case (a very important issue in storm resistant construction!).       
 
Several examples of hurricane damage to different types of building are shown below in Figure 2-16. 

An important factor in designing buildings to prevent wind damage is knowledge of the likely exposure to 
storms. There are two components to this assessment; first, the overall meteorological data and 
probabilities of a given wind speed and second, local terrain and surroundings which will affect factors 
such as the likelihood of storm surge. This will be discussed in the following. 

2.4.4 Meteorological data 
The starting point for any calculation of wind loads on a building is the basic meteorological information. 
Disturbances result in wind speeds varying greatly from place to place and from moment to moment 
within the hurricane. Thus, the result of any measurement of wind speed will depend on the duration over 
which the sample is taken and the precise location of the anemometer. 
 
From wind speed measurements, meteorologists can extract information such as mean-hourly wind speeds 
and direction, and maximum gust speeds in each hour. From all the data collected from each anemometer, 
maximum values can be tabulated for each year. Unfortunately, in most tropical areas, there is a great 
scarcity of data because of the small number of anemometers, and because many of these have only 
produced reliable, homogeneous records for a few (often less than ten) years. Nevertheless, analyses have 
been carried out and the results published – usually in the form of an estimate for the ‘once-in-50-years’ 
gust speed.  
 
Details of the published meteorological data in the wind loading codes of practice (if they exist!), and  
alternatively, any other source of wind data can be used, provided there is a data set that can be 
extrapolated using valid extreme-value distributions. Always keep an eye on differences between the 
building site and the meteorological station! 

 
As time passes, the recorded maxima of hurricanes tend towards more extreme values and statistical 
methods have to be used to estimate these extremes. Having calculated a wind speed likely to be expected, 

 

Figure 2-16: Examples of damage to buildings by hurricanes 
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on average, say once in 50 years, it must be remembered that there is always an element of risk that this 
speed may be exceeded, and a probability has to be assigned, so that a client knows what risk is involved. 
Table 2-14 gives the probabilities of the 50-year return-period wind occurring, for example, in periods of 
20 years and 50 years, and includes probabilities for multiple occurrences. 
 
From this it can be seen that it is by no means certain (only a 63.6 per cent chance, in fact) that the 50-year 
return-period wind will occur in any 50-year period; nor, on the other hand, that it will occur only once. It 
is important for designers and clients to bear this in mind. 

 
Number of years during the specified 

period in which the 50 year return period 
wind speed is equalled or exceeded 

Probability in a period 
of 20 years 

Probability in a period 
of 50 years 

None 
 
One 
 
Two 
 
Three 
 
Four 

 
One or more 

 

Two or more 

 

Three or more 

 

Four or more 

0.668 
 
0.272 
 
0.053 
 
0.006 
 
0.001 

 

0.332 

 

0.060 

 

0.007 

 

0.001 

0.364 
 
0.372 
 
0.186 
 
0.061 
 
0.015 

 

0.636 

 

0.264 

 

0.078 

 

0.017 

Table 2-14: Extreme wind possibilities 
 
Finally it is important to consider whether or not any factors should be applied to modify the windspeed to 
take account of terrain roughness, local exposure or shelter, and variations of windspeed with height above 
ground level. For the majority of low-rise buildings in most developing countries it is not considered 
necessary to apply small modification factors when much larger uncertainties exist in the basic extreme-
value hurricane data.  

2.4.5 The nature of airflow around buildings 
When the wind blows more or less square-on to a rectangular building, it is slowed down against the front 
face with a consequent build-up of pressure against that face. This pressure decreases in magnitude 
towards the edges, particularly near the ground where an eddy forms. The flow in the windward eddy 
spirals along the face of the building and escapes round the sides with increased speed, to join the general 
flow of air that has already passed around the sides. In these areas of enhanced flow, there is a pressure 
reduction, i.e. a suction, exerted on the building.  The greater the speeding up of he wind, the greater will 
be the suction. Suctions can be much larger than pressures, and are more likely to lead to damage. Behind 
the building, a large turbulent area is created exerting a small suction on the rear face. 
 
Suction may also be produced over the windward 
slope of the roof, depending on whether or not the 
airflow separates from the roof surface (Figure 
2-17). This depends primarily on the pitch of the 
roof, the flow separating more readily from a low 
pitch than from a steep one. Separation also varies 
with the height of the building, creating greater 
suctions on the roof of a tall building than a low 
one.  The distribution of pressures and suctions 
over all these surfaces is subject to considerable 
variation. Please keep in mind that this suction will result in a compression force in the lower member of 
any truss under the roof, resulting in buckling and collapse! 

 

Figure 2-17 Suction at the floor where wind separates from 

the surface 
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The wind does not however always blow normal to a face of the building and it is necessary to consider 
the pattern of flow when the wind strikes a building obliquely. The flow divides at the leading corner, and 
can cause entirely different conditions on the two front faces as shown in Figure 2-18 

There is less upward flow over the front faces and consequently less flow 
over the roof than when the flow is normal to a major face of the building. 
There will consequently be less total suction over the roof. However, the 
upward flow that does occur will be moving along the windward faces and 
when it lifts over the edge of the roof it curves downwards in a spiral to 
form strong vortices along the roof edges (Figure 2-19) These in turn give 
rise to severe local suction on the parts of the roof that are under the 
influence of the vortices. Since at most locations the wind can blow from 
any direction, particularly as a hurricane passes, all edges and corners could 
experience these intense local flows. 
One shall keep in mind that these wind forces are the same as in developed countries, but in developing 
countries they will do much more harm because of the greater velocities and because of poor building 
quality. One bag of good nails, put into the right places, will increase considerably the strength of a 
building at no costs! 
 
The wind flow patterns discussed above all apply to isolated simple rectangular plan buildings with no 
protruding architectural features such as parapets, canopies, balconies or chimneys. When such features 
are present, or when the building plan includes projections or recesses, there will be modifications and 
complications imposed on the simple flow patterns. Similar modifications will also apply to more complex 
building shapes such as L-shaped buildings, to buildings with openings underneath them, and to groups of 
buildings where the flow past one building may affect (either adversely or beneficially) the flow past 
another. 

2.4.6 The assessment of wind loads 
Some countries that experience hurricanes have codes of practice, so that wind loads can be readily 
assessed. These calculated loads can be related directly to the permissible stresses in structural design 
codes. In a few countries, limit state design methods are now used, and in these cases the calculated wind 
loads are assumed to be the characteristic loads. 
 
In countries where there are no codes or regulations, design wind loads for buildings likely to experience 
hurricanes should be based on the extreme-value meteorological data, and valid procedures for wind 
loading calculations from other countries. A brief account of the main points from several modern codes 
concerning the calculation of pressures and forces for normal building shapes is given below. 
 
For most buildings there are two aspects to be considered in the calculation of wind loads; 
1. the load on the structural frame taken as a whole; 

 

Figure 2-18: Oblique wind flow around a building, and the resulting pressure distribution on the walls 

 

Figure 2-19: Oblique wind flow 

 



 Climate 

 

 63 

2. the loads on individual units such as walls and roof, and their elements of cladding. 
 
Sometimes the total structural load can be computed directly, and sometimes it has to be obtained by the 
vectorial summation of the loads on the various wall and roof surfaces. In this latter case, care should be 
taken to summate only those loads which occur simultaneously, i.e. for a given wind direction, rather than 
the absolute maxima for the various wall and roof elements. 
In all cases, wind loads are based on the dynamic pressure of the wind. If the wind is brought to rest 
against the windward face of an obstacle, all its kinetic energy is transferred to dynamic pressure q 
(sometimes referred to as the ‘stagnation pressure’). This can be calculated from the formula: 

q = ½ ρ V2 

where V is the design wind speed for hurricanes in the particular location, and ρ is the air density. Air 
density depends on the ambient temperature and pressure. In temperate countries a 
value of 1.226 kg/m³ is normally used, based on a temperature of 15°C and the standard atmospheric 
pressure of 1013.25 millibars (mb). It is suggested that in hurricane conditions an air temperature of 25°C 

and a pressure of 960 mb are used, giving ρ = 1.122 kg/m³. The formula then becomes q = 0.561 V² 
instead of 0.613 V²  used in codes for temperate climates. 
A conversion chart for calculating q in hurricane conditions is given in Figure 2.16, which also lists 
conversions for other sets of units. 
 
The pressure p at any point on the surface of a building can be expressed in terms of q by the use of a 

pressure coefficient Cp.  Thus    p = Cp .q   
A negative sign prefixing the coefficient Cp indicates that p is negative, i.e. a suction rather than a positive 
pressure. The pressure or suction at every point acts in a direction normal to the surface.  Values of Cp can 
be found in handbooks. 

Figure 2.16   Charts for calculating dynamic pressures from windspeeds in hurricanes 
     1 m/s = 1.946 knots = 2.237 mph ;      1 kgf = 9,81 Newtons (N) = 2.208 lbf 
 

During the design and calculation of any building one should be aware of the high local suctions that may 
occur under certain wind conditions, with values as large as - 2.0 q over considerable areas of roofs. They 
should be taken into account in determining the local loads on elements of cladding and their supporting 
members in these regions, but should not be taken into account in calculating the total structural loads. 
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2.4.7 Internal pressures 
The total wind force on a wall or roof depends on the 
difference of pressure between the outer and inner faces. 
Open doors, windows or ventilators on the windward side 
of a building will increase the air pressure inside the 
building and this will increase the loading on those parts of 
the roof and walls which are subjected to external suction 
(Figure 2-20). 
Conversely, openings to positions which are experiencing 
external suction will reduce the pressure inside the 
building thus increasing total loads on the windward wall. 
 
Most buildings have some degree of permeability on each 
face, through windows, ventilation louvers, leakage gaps 
around doors and windows, and to some extent through the 
cladding itself. In this context, permeability is measured by 
the total area of such openings in a face. The problem is to 
determine the resulting internal balance of all the 
contributing leakage points and, for design purposes, to 
assess the worst probable combination of circumstances 
that may arise. 
Dominant openings have to be considered in the design 
process in most buildings that might experience 
hurricanes, since flying debris is quite likely to break a window or cause other damage to the windward 
face during a storm. A positive pressure will be admitted inside the building and this will act in 
conjunction with the external suctions (particularly on the roof) and greatly increase the loads. This 
situation frequently occurs, as can be seen during any windstorm; most damage occurs to roofs, and 
examples are shown in Figure 4. The only occasion when it is safe not to design for this situation is when 
hurricane shutters are available for all windows and it is known that they will be put in place when a 
hurricane warning is given. 
 
Many buildings have been saved from damage during a hurricane by the occupants deliberately 
controlling the internal pressure. Suction can easily by achieved by creating an opening in an area away 
from the windward wall.  This tends to be advantageous in reducing uplift forces on roofs. If this action is 
taken, careful checks should be made for changes in the mean wind direction during the passage of the 
storm. Alternatively, the deliberate provision of a venting device can be extremely advantageous, provided 
it serves as a dominant opening to a region of suction for all wind directions. An example of such as 
application is a ridge ventilator on a low-pitch roof. 

2.4.8 Building design and construction 
In most developing countries at present there is little engineering design input into those aspects of 
buildings which relate to wind resistance. If the amount of damage that occurs due to hurricanes is going 
to be reduced, it is important that the level of this engineering input is increased. This will require a 
greater and more widespread understanding of the structural principles involved in resisting the pressures 
and forces. It is particularly important to realise that pressures act at right angles to a surface, and in the 
case of low-pitched roofs the uplift forces concerned are extremely large. 
 
Specific design details and load factors to be used in conjunction with the calculations will vary with the 
construction materials being used. 
 

 

Figure 2-20: Internal pressure in a building with 

dominant openings 
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In most damaged buildings after many hurricanes, the common factor that is immediately apparent - and 
the cause of much of the damage – is a lack of attention to details and connections, both at the design 
stage and during the construction stage.  Better site supervision - for example, to ensure that all 
connections between roofs and walls are actually incorporated - would drastically reduce the number of 
damaged buildings after any hurricane. 

2.4.9 Concluding remarks 
Several hundred million people live in areas around the world that are vulnerable to hurricanes and their 
associated storm surges. About three-quarters of them have never experienced a direct hit by a major 
hurricane, because in any one particular location the probability of the eye of a storm passing directly over 
is small. However, no one knows where the next storm will make its landfall, when it will come, or how 
intense it will be. Everyone in the vulnerable areas should be made aware of the potential problems and of 
disaster procedures. And everyone involved in the building and construction industry in the developing 
countries that experience these storms must incorporate suitable safeguards in their buildings. 
 
The next two pages give drawings from the Building Code of the Fiji Islands. Studying these drawings 
please try to understand the WHY and HOW from each, and try to find a common rule to be taken into 
account during the design and detailing process. The first page is about the causes and effects of 
foundation failures and the second page is about causes and effects of wall failures. 
 



0N365 Structural Design and Engineering for Tropical Countries  

 

 66 

 
 
 



 Climate 

 

 67 

 
 



0N365 Structural Design and Engineering for Tropical Countries  

 

 68 

2.4.10 Literature 
Eaton K.J., Building and Tropical windstorms. Overseas Building Notes no. 188, april 1981. In dit 
hoofdstuk is par. 10.2 tot en met 10.9 een uittreksel hiervan. (hij heeft ook een interessant artikel 
geschreven in: Building Research and Practice, november-december 1982, blz. 342-347) 
 
De voorgaande twee bladzijden zijn  overgenomen uit de “Fiji Pine Code of Practice for Light Timber 
Frame Buildings Not Requiring Specific Design”. (bron: CIB-W18B meeting Singapore october 1987, 
paper 16) 
 
Sinnamon and Van ‘t Loo, Cyclone resistant rural primary school construction, uitgave Unesco Bangkok 
1977. Bibl TUE: RCY 77 SIN. 
Dit rapport, dat zeker niet alleen nuttig is bij de bouw van scholen, bevat  informatie over: 
- Gedrag van wind om gebouwen, effecten op de constructie. 
- Bouwprincipes in eenvoudige tekeningen, de manieren waarop verschillende delen van een gebouw 
bevestigd moeten worden (muren, ramen, fundering, golfplaten), zijn aangegeven. 
 
Reconstruction and Settlement, Basin News no. 10, hele nummer. 
 
A practical guide to the construction of low cost typhoon resistant houisng. 1998. Erg goed boek! Bibl. 
TUE: RLP 98 PRA. 
 
Haq, B. (1999). Battling the storm; study on cyclone resistant housing. Dhaka: German Red Cross. 
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2.5 Floods and flashfloods 

2.5.1 Causes and effects 
Floods are the most common and widespread of all natural disasters, except fire. The main cause of floods 
is heavy rainfall. Not only local rainfall, but also mostly upstream rainfall coming down a river cause most 
floods. In river deltas, high tide in the sea can aggravate a flood situation. In Asia, a period of heavy 
rainfall called monsoon is experienced each year. This monsoon period is from June to September, 
bringing moisture from the Indian Ocean onto the subcontinent. The torrential rains often cause violent 
landslides. Entire villages, roads and bridges can be swept away. Riverbed levels rise, due to siltation, 
leading to even more chance for flooding. These issues are influenced by the climate changes as global 
warming increases overall sea level. The effects of floods are evident. Crops are being destroyed, cattle 
are drowned, life is lost, and shelters are being swept away (see Picture 2-2) 
 
Floods caused by dam failures can have effects that are even more devastating. A gigantic quantity of 
water suddenly lets loose downstream, destroying anything in its path. Dam failures usually result of 
neglect, poor design, or structural damage caused by a major event such as an earthquake.  
 
Flash floods usually result from intense storms and large amounts of rain within a brief period. They occur 
with little or no warning and can reach full peak in only a few minutes. Waters move at very fast speeds 
and can roll boulders, tear out trees, destroy buildings, and obliterate bridges. Walls of water can reach 
heights of 10 to 20 feet, generally accompanied by a deadly cargo of debris. The best response to any 
signs of flash flooding is to move immediately and quickly to higher ground. Cars can easily be swept 
away in just 60cm of moving water. If floodwaters rise around a car, it should be abandoned; passengers 
should climb to higher ground. 

 
Apart from structural measures, this section deals with measures that engineers can take in their 
construction design. 
 

 

Picture 2-2: Bangladesh flood 1988 
Source: www.bangladeshonline.com 
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2.5.2 Flood resistant measures: the case of Bangladesh 

Background 
Bangladesh has one of the world’s largest river deltas. The Ganges 
and Brahmaputra enter the country from India and together they 
form a huge delta in Bangladesh, bringing along enormous quantities 
of water from the Himalayas (see Picture 2-3) Although this has 
made the country prosperous in the past, as the soil is highly fertile, 
it causes major catastrophes in the present. Because of the fertility of 
the soil, people keep being drawn to the delta area, which is one of 
the reasons for the high population density in this area.    
 
In addition, Bangladesh experiences a monsoon period. During these 
times parts of the country flood each year. In 1998, the country 
experienced what was called ‘the century’s worst flood’. The 
monsoon rains that came in July lasted longer than usual and were accompanied by heavy water flows 
from upstream. The floods continued for more than 65 days and affected an area of 1,000,000 km² (almost 
70% of Bangladesh). Its effects were devastating, destroying basic infrastructure like roads and bridges, 
houses, standing crops, cattle, and about 1000 human lives.  

Institutional arrangements 
There are several organisations involved in flood forecasting, prevention, and relief. The Flood 
Forecasting and Warning Centre (FFWC) of the Bangladesh Water Development Board (BWDB), 
established in 1972, is responsible for river flood forecasts and flood warnings during the flood season. At 
present, the FFWC issues river stages forecast for 21 stations on major and medium rivers where slowly 
rising floods occur, formulated for lead times of 24 hours, 48 hours and 72 hours. The Bangladesh 
Meteorological Department (BMD) is responsible for forecasts and warnings of tropical cyclones and 
storm surges from the Bay of Bengal.  
 
There is an institutional arrangement for flood preparedness under a National Guideline called 'Emergency 
Standing Order for Flood'. It outlines the actions of flood preparedness to be taken up by a large number 
of ministries, subordinate agencies, local councils and non-governmental organisations in the three 
defined phases (before, during and after floods). The overall flood management programmes are co-
ordinated by a National Co-ordination Committee. The Disaster Management Bureau under the Ministry 
of Disaster Management and Relief is entrusted with the task of executing action programmes at the grass 
roots level. Nearly 21,000 volunteers of the Bangladesh Red Crescent Society take part in the flood 
preparedness programmes in the storm surge flood-prone areas in the coastal region.  

Flood resistant construction 
Flood proofing of homesteads is a traditional precaution in the rural settlements of Bangladesh. 
Homesteads are generally raised above maximum flood levels. Recently a Bangladesh National Building 
Code (1993) has been prepared which stipulates that any area having a potential for being flooded to a 
depth of at least 1 meter should be designated as a Flood Prone Area (FPA). The Code specifies that the 
lowest floor, including the basement, of any building located in the FPA shall not be located below the 
design flood level, and the roof of one or two storey buildings and the floor immediately above the design 
flood level for three or more storey buildings shall be accessible via an exterior stairway.   
 
Cyclone shelters are constructed in the coastal zone where human lives are at high risk due to cyclonic 
storm surge floods. Shelters stand on stilts so that floodwater can pass through. Currently there are about 
1,500 cyclone shelters. It was estimated that and extra of 2,500 new shelters with an accommodation 

 

Picture 2-3: Map of Bangladesh 
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capacity of 4.4 million persons would be required. Over the years, there has been a significant change of 
emphasis from designing the shelters solely for use as flood shelters to designing them for multipurpose 
use. Shelters are now designed as schools, health centres and other community service centres for normal 
time use9. Picture 2-4 shows some examples of shelters, which are designed to prevent water to enter the 
buildings. 
 

 

Oxfam River Basin Programme10  
A good example of a flood resistant programme is Oxfam’s River Basin Programme. The programme 
deals with all kinds of problems that people have to deal with in flood prone areas. Some examples that 
illustrate the programme are (see also Picture 2-5): 
 
Flood shelters: a low-cost way for communities to protect themselves from the worst of floods. Banks of 
earth are raised by up to 15 feet and cover an area of several kilometres. The people dig a huge pond in the 
middle and use this earth to raise the ground. Whenever the floods come, people can bring their livestock, 
possessions – even their homes – to safety. The pond in the middle becomes an important source of food, 
as it is used to farm fish 
 
Portable homes: families can 
build specially designed homes 
made of jute canes. During the 
floods they can be dismantled and 
taken to higher ground. 
 
Safe water supply: flooding can 
contaminate water supplies, which 
can lead to potentially fatal 
diseases such as cholera and 
diarrhoea. Special tubewells are 
designed, the top of the pipe can 
be raised quickly, so that it 
remains above the level of any 
expected floods.  
 
Cyclone shelter: the programme 
also helps in providing for 
cyclone shelters.  

                                                      
9 Source: http://www.unescap.org/drpad/publication/integra/modalities/bangladesh/4bl02a01.htm 
10 For more information: www.oxfam.org.uk/riverbasin 

 
Picture 2-4: Some examples of cyclone/flood shelters.  

Source: www.ifrc.orgh 

 

Picture 2-5: Oxfam’s River Basin Programme 

Flood shelters, portable house, and cyclone shelter 
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2.6 Lightning 

Lightning conductors most often are not present in tropical countries. Not because they are not needed, in 
the tropics lightning can have far more serious impact than in other areas, but because there simply isn’t 
enough money for them. Nevertheless this section pays attention to this subject. Remember: a bad 
lightning conductor is much more dangerous than no conductor at all. 
English text: see appendix  

Bliksemafleiders zijn van belang voor gebouwen als: 
- Gebouwen die boven de omgeving uitsteken, 
- Opslag van benzine en dergelijke, 
- Scholen, kerken, enz., 
- Elektrische centrales, pompstations, enz. 
 
Een bliksemafleider bestaat uit: 
- de opvang, meestal koperen draden over 

het dak, 
- de afgaande leidingen naar beneden, 
- de aarding, die de stroom afvoert de aarde 

in. 
Dit is geïllustreerd in Figure 2-21.  
 
De leidingen op het dak en langs de gevel zijn van koper, doorsnede 35 tot 50 mm2 , of gegalvaniseerd 
staal, doorsnede 75 mm2 . Bochten moet men vermijden. Verbindingen tussen leidingen maak je door de 
twee leidingen over een korte afstand tegen elkaar aan te leggen en tegen elkaar te klemmen. Om corrosie 
te vermijden doe je dit met dezelfde materialen. Figure 2-22 geeft een voorbeeld van zo’n verbinding. 
 

Bij bevestiging op brandbare daken en gevels als riet, hout, stro, enz. moeten de leidingen op 150 mm 
afstand van deze materialen blijven. Je slaat dan een pin in dak of gevel en bevestigt de leiding daar aan 
met een beugel.  
 
De aarding is bepalend voor het succes van de installatie: als die niet goed is, heb je de bliksem naar het 
gebouw toe getrokken, maar die kan niet meer weg en veroorzaakt dus brand. Er zijn twee soorten 
aarding: verticaal en horizontaal. Voor een verticale aarding sla je een koperen staaf van 15 mm minstens 
5 meter de grond in, met een zware hamer. Dit is een hels karwei; aan het ondereind spoelen met water 
helpt iets. Elke afgaande leiding wordt aangesloten op ongeveer verticale aarding. Als je geen verticale 
aarding kunt maken, maak je een horizontale: je graaft een sleuf van 0.6 meter diep rondom en begraaft 
daarin eenzelfde koperen staaf. Alle afgaande leidingen sluit je daar op aan. 

 

Figure 2-21: Kooisysteem bliksem afleiders 
 

 

Figure 2-22:  Voorbeeld van verbindingen 
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Je eigen veiligheid:  
Als jezelf het hoogste punt bent, ben jij de bliksemafleider. Dit geldt ook in of op het water (ook 
zwemmend). Zorg dat je binnen bent voor een onweer losbreekt. Word je overvallen door onweer zorg 
dan dat je lager bent dan de omgeving. Regels voor veiligheid: 
1. Werk niet aan omheiningen, telefoonlijnen of andere metalen draden. 
2. Blijf weg bij vishengels, golfclubs, enz. 
3. Blijf weg bij benzineopslag enz. 
4. Op een tractor of in een auto ben je alleen veilig als die een metalen kap over je heen heeft, zodat het 

een kooi van Faraday is. Als je uitstapt, vorm je een geleiding die de statische lading van de auto of 
tractor afvoert naar de aarde. Rijdt de auto of tractor eerst zachtjes tegen een metalen lantaarnpaal of 
zo iets aan. Stap uit met een sprongetje, beide benen tegelijk. 

5. Ga uit het water en van de boot af, aan land. 
6. Zoek beschutting: in een sloot, een diepte, in een bos. (in Nederland nooit een eikenbos) 
7. Als er echt niets te vinden is, vouw je dan zo klein mogelijk op, op je hurken, voeten tegen elkaar en 

armen om je knieën.  
8. Als je haar overeind gaat staan en je huid tintelt, is de bliksem bezig op je in te slaan; laat je plat 

neervallen. 
9. Iemand die na inslag buiten kennis is, kun je met succes beademen en hartmassage geven 
 
Binnenshuis gelden de volgende regels: 
1. In een stenen of metalen gebouw ben je redelijk veilig; in een van hout, stor, bamboe, enz. niet. 
2. Blijf weg bij open ramen en deuren. 
3. Blijf weg bij alle metaal: waterleidingen, enz.  
4. Blijf af van alle elektrische draden en apparaten. (radio, TV, telefoon,  enz.). In ontwikkelingslanden 

lopen de draden door de lucht, en dat is ideaal voor blikseminslag. Vóór het onweer begint, kun je de 
zekeringen eruit draaien; als het eenmaal begonnen is, is dit levensgevaarlijk. De bekende krul in de 
elektrische draden vóór zij het huis binnengaan is goed om bliksem te weren. 

Literatuur 
Er bestaan veel goede boeken, in elke bibliotheek te vinden. 
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2.7 Heat and fire 

Brand komt in ontwikkelingslanden helaas erg veel voor, ook al omdat er zoveel op open vuur wordt 
gekookt, en omdat verlichting in feite ook open vuur is (kaarsen, petroleumlantaarns, enz.). Omdat veel 
bouwmaterialen organisch van aard zijn, zijn de gevolgen dikwijls rampzalig; een klein brandje kan een 
hele wijk in de as leggen. Let op het volgende. 
1. Koken gebeurt op een open vuur, en een schoorsteen is er zelden. Dit is uiteraard een bron van brand, 

en de rook is bovendien slecht voor de longen (anderzijds is die rook ook een conservering voor het 
hout, stro, riet, enz. in het dak). Een stenen vloer om het vuur heen, en een stenen afscheiding tussen 
het vuur en de houten wand of zo in de buurt helpt al veel. 

2. Slim ontwerpen kan soms wat doen. Ergens in Indonesië bouwen ze elke keuken als een klein huisje, 
op een meter of drie van het eigenlijke huis; de verbinding (voor de regentijd) is een dak wat los ligt 
en wat dus weggetrokken kan worden als het mis gaat. Heel slim! 

3. Let bij petroleumlantaarns en kaarsen en zo er op dat zij regelmatig omvallen; vraag je af wat er dan 
gebeuren zal, en doe daar iets aan. 

4. Denk er ook om dat bij aardbeving alles omvalt; een stenen vloertje of omranding kan dan rampen 
voorkomen. 

5. Probeer op regelmatige afstanden ruimte te laten tussen huizen, als brandzone en voor de brandweer. 
 
Literatuur: nauwelijks te vinden. 
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2.8 Vermin 

 
1. Ratten en muizen brengen ziektes over, eten het voedsel op en knagen aan het hout van het huis. 

Bestrijd ze met vallen, en houd ze weg onder de fundering (zie dat hoofdstuk voor literatuur). 
2. Vleermuizen zijn een omstreden onderwerp. Zij brengen hondsdolheid over op het vee, maar 

anderzijds eten zij veel vliegen en muggen en andere vervelende insecten. Zij overnachten  op zolder, 
en dat is ongewenst. Maak de zolder ontoegankelijk met gaas over alle openingen, of maak de zolder 
onaantrekkelijk: 
- Een kat (groot formaat) 

3. - Licht, bijv. olielampjes ’s nachts in de stal, bang maken, bijv. scheermesjes in de vliegopeningen  
- Onaangename geur, vooral lysol. 
Als er geen honddolheid is, bied ze dan ergens anders een onderdak. 

4. Bijen, wespen, enz.: een nest in je huis moet weg! Niet alleen vanwege het steken maar ook omdat ze 
het hout opknagen. Verdrijf ze door uitroken; pas wel op jezelf. Doe het in het donker; dan zijn ze 
binnen. Sluit de vliegopening eerst goed af. 

 

2.8.1 Termites 
Termieten vreten in een gebouw alles op wat organisch is: hout, bamboe, enz. Ze zijn wel zo slim om een 
uiterst dun huidje te laten staan. Je denkt dus dat alles in orde is tot een houten kolom of zo opeens in 
elkaar zakt omdat die volkomen hol is. Dan komt het dak omlaag, enz. De enige oplossing is om een 
stenen fundering te maken, en tussen de bovenkant van de grond en de onderkant van de vloer overal een 
zg. “antcourse” te maken: een blikken rand die onder 450 omlaag is gevouwen, met een scherpe rand. Daar 
kunnen zij niet omheen kruipen naar boven toe; om een rafelige rand wel. Dat blik moet gegalvaniseerd 
zijn, en 0.4 of 0.5 mm dik. Het moet door alle muren heen en om alle pijpen heen (solderen). Je mag 
nergens een “lek” maken; dan gaat je huis er aan. Dit is geïllustreerd in Figure 2-23. 
 

 
De metalen rand moet 15 tot 20 mm uitsteken. In de lengte verbind je de stroken met een overlap zoals 
inFigure 2-24. 
 

 
 

 

Figure 2-23: Schets van termieten maatregelen 

 

Figure 2-24: Overlap van de termieten stroken 
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3 Building materials 

3.1 Earth for Construction 

In the Netherlands many buildings are built with burnt bricks masonry. We even seldom are 
aware of the fact that we need to have clay, fuel to burn the bricks and cement as a binder for the 
masonry work. In many tropical (developing) countries these materials are not always available. 
In case one only has clay and sand, then the solutions is to build with un-burnt earth. See 3.1. 
One has to be aware that the meaning of the Dutch word for earth (aarde) is not completely 
equivalent to the English word (bij “aarde” moet je niet denken aan potgrond maar aan het 
Engelse woord “earth” wat een klei-zand mengsel is. Dit staat in 3.1). 
In case there is a possibility to burn the clay bricks to get burnt bricks, then one needs a binder 
such as cement to carry out the masonry work (see 3.2) The process of bruning the bricks is 
described in 3.3. 

3.1.1 Why using earth for construction 
The use of earth (a proper mix of sand and clay) is one of the oldest and most common methods of 
housing construction in many regions of the world. The reasons for using earth for construction are as 
follows: 
- Shortage of fuel and cement: this is the main reason. 
- Earth is a local material, it is available almost everywhere.  
- Earth construction is a labour intensive technology.  
- Earth is a cost and energy effective material. The energy requirement to build a house with earth is 

almost nil.  
- Earth’s hygroscopic and thermal properties provide for cold in summer and hot in winter. 

3.1.2 Soil testing 

Introduction 
Before building a house some soil testing will have to be carried out. There is not one single method of 
testing soil, which is appropriate for all needs. Therefore several different methods are described in this 
section. Before doing the tests though, we have to keep in mind the following points: 
- The soils of the tropics show great variability even over small areas. Soil samples should be taken 

from exactly the area where the soil for construction is to be 
taken from. 

- All test methods require a certain amount of experience to 
determine whether a particular soil or soil mixture is suitable for 
construction. 

- If several earth houses are to be built, laboratory soil test should 
be made if possible. 

- For field tests 20 kilo’s of earth are needed, and for laboratory 
test twice as much. 

- Never use the top soil (organic matter). 
- Put each different type of soil on a different pile and in a 

separate bag (see Figure 3-1). 

 

Figure 3-1: Taking samples of soil 
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Testing methods 
- Visual test: Separate the gravel, sand, silt and clay sizes by sieving: larger than 2 mm (gravel), 

between 1 and 2 mm (sand), smaller than 1 mm (silt and clay) See Figure 3-2: group C are gravely 

soil and group D is sandy soil. 

 
- Wet shaking test: Take the fine material (clay and silt), moisten it with water and do some tests in the 

hands. First, squeeze the sample to see whether the water disappears. Then tap the sample with the 
hand until water appears on the surf ace (see Figure 3-3) 

 

 
- Thread test: this test gives an indication of what type and how much clay is in the soil (see Figure 

3-4). 

- Ribbon test: Gives more or less the same information as the thread test. Make a ribbon and hang it. A 
long ribbon (25-30 cm) means a lot of clay, no ribbon means very little or no clay. (see Error! 
Reference source not found.) 

- Dry strength test: This test is also to determine how much clay the soil contains. Little pats of the 
moistened soil are dried and then broken by hand. If it is hard to break it means high clay content. 

 

Figure 3-2: Possible results of the visual test 
 

 

 

Figure 3-3: Wet shaking test 
 

 

Figure 3-4: Thread test 
 

5-10 taps = very fine sand, some silt 
20-30 taps = some clay 

over 30 taps = more clay 
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Extra tests can be: 
- Sedimentation test: A glass jar (containing at least one litre) is filled up to one quarter of its height 

with soil and up to the top with water. Shake it and put it on a horizontal surface. After one hour or 
more, you can measure the results (see Figure 3-5). 

- Bar shrinking test: This test shows the plasticity index of the soil. A special mould (20-30 cm long) is 
filled with moist soil. After drying the shrinking can be measured and the plasticity calculated (see 
Figure 3-7). 

3.1.3 Building methods with earth  
In this section, building methods to build walls with earth are discussed. Walls are important: they have to 
carry the roof, they have to protect the people inside, this means for instance that they have to have a 
certain resistance against earthquakes and weather influences. There are numerous methods to build walls 
with earth. We will mention the main building methods: 
- Dug out: The soil is dug out to create cavities. It can be dug out in a hill or on flat areas where pits are 

dug to create underground courtyards. 
- Cut: Some soil can be cut in place to get rough blocks, which will be used, for masonry walls. E.g. 

Laterite, which is red clay with a lot of iron and aluminium. When dug it is soft, but in air it hardens. 
- Shaped: Forms are modelled by hand without using any kind of mould or form work 
- Stacked: Earth balls are stacked on top of one another and lightly tamped with hands or feet. 
- Poured: Almost liquid soil is poured between forms like concrete. This technique presents the problem 

of shrinkage, which is difficult to control.  
- Daubed: A load bearing structure, which is usually wooden, is filled with earth and daubed lattice or 

netting woven from vegetable matter. 
- Moulded: A thick malleable mud is used. This mud is shaped by hand in wood moulds. This type is 

more commonly known as adobe or adobe brick. 
- Compressed: Two techniques for compressing soil are: compressed earth blocks and rammed earth. 

Compressed earth blocks are made by compressing earth in small moulds by manual or hydraulic 
presses. Rammed earth walls are made by compacting the earth in form work (in place). Wooden 
forms and stampers are used. 

 
The major differences between rammed earth wall buildings and adobe bricks may have originated for 
climatic reasons. Adobe bricks require dry periods in which to make and cure the bricks, thus placing 
some limitation on the geographic and climatic areas where they may be used. Rammed earth, on the other 
hand, may be constructed in more damp, humid climates where brick manufacture would be difficult or 
impossible. Disadvantages of rammed earth are: it is not so strong as a mud brick and there is greater 
difficulty in making plumb corners and perfectly straight walls. Other factors of tradition and cultural 

 

Figure 3-5: Result sediment test 
 

 

Figure 3-6: 
Ribbon test 
 

 

Figure 3-7: Bar shrinking test 
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acceptance and of course the composition of the available soil undoubtedly play a role. The next sections 
will discuss the use of adobes (section 3.1.4), rammed earth (section 3.1.5) and compressed earth blocks 
(section 3.1.6). 

3.1.4 Adobe bricks 

Brief history 
The use of adobe dates back centuries in traditional building with earth areas such as: North Africa, the 
Middle East, South America and the south-western United States, where in all cases this building method 
is still widespread in use. Dramatic examples of vaulted and domed structures built entirely of earth still 
stand after centuries in the Middle East, testament to adobe’s timeless beauty and structural integrity. 

Composition of the soil 
The best composition to make adobes is: 80% sand and more than 10% clay. Too much clay will cause 
shrinking and cracking, too much sand will weaken the soil and make it too soluble. The majority of soils 
found around the world have too much clay. This can be corrected or reduced by adding sand or straw. 
Sand is to prefer above straw, because straw is a food source for insects. No large lumps or stones are 
permissible in brick mud, but small stones of not over 15 mm are not objectionable. 

Digging and mixing the mud 
Brick clay should be dug early in the dry season because it is so much easier to handle it then and it will 
not require so much water to make mud. There is a simple device for determining and maintaining the 
proportions: first clear away everything extraneous from the earth you intend to use. Then dig a pit with 
two or three vertical walls. When you dig you cut through two layers; the sandy one and the clayey one. 
When you have reached a certain depth, test the mud. When it approves satisfactory, always keep your 
clay pit at this depth and you will always have the same proportions of sand and clay. Dig the mud about 
three days before you want to make bricks with it. Pile up a good quantity, pour water over it and cover it 
to prevent too much hardening. At the end of three days very little water and mixing is needed to produce 
good mud. 

Brick sizes 
The length of the bricks should work well with building measurements and 
the width should always be a little less than half their length (see Figure 3-8). 
The following has been found practical: width 5-5/8 inches, length 12 inches, 
thickness 3-1/2 inches (143x305x90 mm).  One of the advantages of this size 
is that just six bricks make one cubic foot when laid up in the wall. In 
countries which still feel the influence of the English system, sizes like these 
are common. However it is much better to go metric: design a brick in a size 
with which some bricks form a square metre.  

 

Figure 3-8: Relation length & 
width of brick 
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Brick moulds 
Make the brick moulds of hard wood, strictly to size and 
accurately squared. (see Figure 3-9) If hardwood cannot be 
secured, run a metal strip along the top of the soft wood to 
prevent wear as striker moves over the edge to shear off 
excess mud. 
 

 

Special shaped bricks 
It is possible without extra cost to make (more durable) round corners and slotted bricks for use against 
door and window jambs (the slot accommodates the strip on the frame so that the frame will not shake 
loose in the wall). Another possible form for a brick is the trapezium. With this shape it is possible to 
make round corners without having to make special moulds (see Figure 3-10). 

 
Figure 3-9: Brick mould 
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Making the mud brick 
Make a small platform on which to place the mud for the moulder. On the platform there also should be a 
receptacle in which the moulder may rinse the mould each time he uses it. The mould is placed on the 
ground, filled (see Picture 3-1), scraped (see Figure 3-11), lifted and rinsed. All the area on which bricks 
are to be laid should be carefully smoothed and made as hard as possible. 

 

 

Figure 3-10: Moulds for special shaped bricks 
 

 

Figure 3-11: Pressing brick into shape 

 

Picture 3-1: Scraping the bricks 
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Other points of attention should be: 
- If the mud is too wet, the brick will slump when the mould is lifted. This will cause irregularities in 

the walls. The mud has to be just plastic enough to make solid bricks. 
- The drying area should be as close to the job as possible. 
- The drying area should be protected from dogs, goats etc. 
- If there is danger of rain falling, make numerous shallow trenches to carry of surface water. The 

bricks have to be covered with sheets of roof iron. 
- To preserve the moulds from drying and warping they may be soaked in kerosene  (in Dutch: 

“petroleum”) each night. 
- After a few days, the bricks are turned on edge for further drying.  
- It is possible that, despite all care, the under side of the brick is objectionably uneven. You can trim it 

when the bricks are turned on edge. 
- Be careful with piling up the bricks you have made (see fig. 16.). If the bricks are not quite dry and 

hard when you want to pile them, pack them loosely, but evenly in piles. Bricks not completely dried 
when laid, will shrink in the wall and cause cracks.  

Brick testing 
The following simple field tests can be carried out to give an idea of the bricks performances: 
- Damp test: If a brick is damped slightly and a finger is rubbed over the damp spot, the resistance of 

the brick to moisture can be somewhat determined. 
- Knife penetration test: The point of a common pocketknife with a small blade (10 mm x 50 mm) may 

be pressed into the side of the brick. If the brick is dry and well made, the knife will not penetrate 
more than 3 mm. 

- Drop test: A brick may be dropped, on its corner, onto firm ground from a height of approximately 
one metre. In the case of a good brick, little if any damage occurs, other than a slight chipping of the 
corner. 

Some examples of not-linear building parts 
With adobes it is not only possible to make straight walls, we also can build arches for instance. One way 
to build an arch is (see Figure 3-12): 
- First make the form of the desired arch by piling up bricks in this particular form; this saves a wooden 

structure.  
- Then build the arch around it with adobes and build the wall around it; 
- Finally, remove the bricks you at first piled up. 

 

 

 

Figure 3-12: Example of non-linear building parts 
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A good possibility of building a dome or a vault is shown in Figure 3-13. 
 

 

Figure 3-13: A rotation guide designed for a dome of 7m free span and 5m height 

 

3.1.5 Rammed earth walls 

Brief history 
The first known wall, built with rammed earth, which is still standing, is the core of the Chinese Great 
Wall. Later this technique was used by the Roman emperor Trajan as he marked his territories. In North 
America, around 1000 C.E. native Americans also used this technique. Rammed earth is also called pisé, 
which is in full “Pisé de terre” which is French for rammed earth. 

Composition of the soil 
The best composition for making rammed earth walls is 50 to 75% sand, 15 to 30% silt and 10 to 20% 
clay. 
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Moulds 
The forms must be strong, accurately dimensioned and easily moved. We suggest 300 mm courses, with 
450 mm deep frames so that the frame will grip the wall for 150 mm below the surface. (see Figure 3-15).  
This type of mould can be used on corners as well as on straight walls. The verticals are placed at 600 to 
700 mm from each other. Total length of the mould is approximately 1.8 metres. The verticals on each 
side of the mould are being held together by an iron strip. To let the blocks gear into one another, it is 
necessary to place an extra bar on the flat end plate. This way key joints come into existence. The end 
plate is fixed to the side plates with iron pins (see Figure 3-14). 
 

 
To make a quick release possible, we have to make a special clamping device (see Figure 3-16). The bar 
“B” rests on the block below and supports that end of the form. It is drilled at each end to receive the pin 
or rod that withstands the pressure while the mould is being filled. Corners are made with moulds with a 
short and a long leg (see Figure 3-17). 
 
 
 
 

 
 
 
 

 

Figure 3-14: Fixing the end plate to the side 
plates 
 

 

Figure 3-15: Mould for rammed earth 
 

 
Figure 3-16: Quick release device  

Figure 3-17: Making corners 
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Digging the mud 
The earth when brought to the moulds for moulding should be just damp enough to cake, but not moist 
enough to puddle when tamped. Therefore it would seem to be ideal if the earth could be dug just after the 
rainy season when the earth is still just a little moist. Then, provided there is enough reserve for several 
days work, keep the pit moistened and covered. The earth might even be brought straight from the pit. 

Filling the moulds 
Workers have to pass baskets or buckets of earth up to where it is 
needed. A hoist can be helpful for this. Then, the soil is (manually) 
rammed into the form (see Figure 3-18). Place 100 mm of soil into the 
form and tamp with quick short strokes. For this purpose, a large 
specially shaped tool with a long handle, called a rammer, is used. 
Rammers weigh around10 kilo’s, and have heads of wood or metal. 
Differently shaped heads are designed to perform ramming for various 
form shapes, especially for corners. When the mould has been filled, the 
surface should be scored a little to give the necessary grip to the block to 
be formed above it. Usually the new section put in will be on one that is 
at least one hour old. When the form is in place, and just before the new 
earth is put in, sprinkle a little water on the old portion, so they will 
better be attached to each other. 

 

Building around a frame (doors and windows) 
Make sure that the door and window jambs cover the full 
width of the wall. To make a door or window opening, it is 
necessary to make a temporary frame and build around it. In  
Figure 3-19 a temporary frame and strip for an optional 
chamfered jamb is shown. It would be better to make this 
frame a little tapering to both sides. This makes it easier to 
remove it. 
 

 

 

 

Reinforcement of the walls 
Because rammed earth walls have little 
strength, reinforcement is recommended. We 
suggest two reinforcing bands which girdle the 
building: one just above door height and one at 
the top of the wall. To avoid fracture at 
corners, we suggest the following: (see Figure 
3-20) 
 
 

 

Figure 3-18: Ramming process 

 
Figure 3-19: Temporary Frame 

 

Figure 3-20: Reinforcement of the corners 
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Figure 3-21: A rotation guide designed for a dome of 7m free span and 5m height 

 
The reinforcement should be continuous all the way round the building, and be well secured at the joints. 
The top of the walls should be bond together. For this purpose a wood wall plate may be sufficient, but a 
150 mm reinforced cap would be better (see Error! Reference source not found.). This cap may serve as 
a wall plate. 
 

3.1.6 Compressed Earth Bricks 
It is possible to compress the bricks we want to use. This improves the quality of these bricks. Often for 
this purpose a CINVA-ram is used, which compresses the brick with a lever (see Figure 3-23). 
This press costs approximately US $ 500, that is pretty much. 4 People can make 400 bricks a day with 
this ram. The operation of this ram is illustrated in Figure 3-22. 

 

A. The Ram can be filled 

B. Pressing the Brick 

C. Emptying the form 
 

Figure 3-22: Operation of the RAM 

 

Figure 3-23: CINVA-ram 
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3.1.7 Soil material durability and finishes 
Soil materials in construction are often believed to be vulnerable to weather. This is true only of the outer, 
finished surfaces. If proper roof and structural design is done, rainfall or severe weather will not affect the 
structural properties of the wall or the interior wall. Only the cosmetic surface of the earth material will be 
affected. Normally, the clay content of the material resists extensive wetting. The following presents three 
basic approaches of making walls more durable. 

Waterproof mud 
It is possible to add something to the mud to make it waterproof. The most common and economical 
waterproofing additive is asphalt emulsion. To make the mud fully waterproof 10% to 15% by volume has 
to be asphalt emulsion. Drawbacks of this method are that the scrap cannot be re-mixed in the mud pit and 
that the asphalt does not adhere well to other surfaces containing asphalt. In Peru and other locations in 
Latin America, fermented cactus juice is sometimes added to the mixture to make it more waterproof. 

Breathable finishes: mud plaster 
Mud plaster is usually applied in two coats for both exterior and interior surfaces. The initial coat is best 
reinforced with a small quantity of straw or fibrous material. This allows a higher clay content. It does not 
require the application of a stucco netting because the plaster “moves” with the underlying wall, lessening 
cracks. The final coat is made up of screened, fine material, also with a moderate high clay content and is 
applied as thinly as possible to achieve full coverage. The advantages of these plasters include the capacity 
to breath, softness to the touch, aesthetic qualities, workability and easy reparability, as well as economy 
of materials. A disadvantage can be the high maintenance, although, as mentioned before, it is easy to 
repair.  

Waterproof finishes: cement stucco 
Traditional cement stucco may be used on walls for a low-maintenance finish. This coat normally consists 
a galvanised stucco netting, nailed or fastened to the wall, an anchor (scratch) coat, a brown (levelling) 
coat and a colour coat or coloured cement stucco. The wire net reinforcing is vital, to prevent sections of 
stucco from falling of, and also has a corollary effect as acting as a reinforcement that is useful in 
supporting the wall during seismic events. If such netting for some reason is not available, it is possible to 
apply one of the methods as shown in Error! Reference source not found.. 

Disadvantage of this kind of finish however, is that the wall then has a waterproof coating that will not 
allow moisture to escape (or be seen). If serious roof leaks are not repaired, the wall underneath the stucco 
can be damaged, sometimes to the point of failure. 

 

Figure 3-24: Anchoring the cement stucco finish 
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3.1.8 Management of the earth resources 
A few points will be made regarding this issue: 
- Even though it has an enormous potential, mismanagement of earth extraction can create ecological 

disasters, even on small scale. 
- When building with earth from foundations to roof, one requires a lot of soil and excavation of the soil 

requires some precautions. 
- Of course the organic top soil has to be removed and used later on for agriculture or landscaping (care 

must be taken to prevent erosion, pollution of the water table etc.). 
- If done properly, holes can be used for landscaping, water harvesting ponds, underground tanks, waste 

water treatment (lagoon system) or caves or underground spaces. 
- The management of the earth recourses has to be studied before digging, keeping in mind a basic 

principle: keep the balance between the soil requirements for the building and the use or need of holes 
for landscaping, water harvesting etc. 

3.1.9 Literature and information 

Literature used 

• Appropriate Technology (1984). Vol. 11 No.3, pp. 12 and 13. (article Earth for Construction - by 
Roland Stulz) 

• Manual del arquitecto descalzo - by Johan van Lengen. Editorial Concepto, S.A., 1982. ISBN 968-
405-102-6. TUE: RAE 89 LEN. 

• SKAT Appropriate building Materials - by Roland Stulz and Kiran Mukerji. SKAT-Publications, 
Swiss Center for Appropriate Technology, 1988. ISBN 3 908001 09 9 

• Building with earth - by J. Norton I.T. Publications, 1986. ISBN 0-946688-33-8 

• Adobe and Rammed Earth Buildings - by Paul Graham McHenry, Jr. AIA. John Wiley & Sons, Inc., 
1984. ISBN 0-471-87677-1 

• A manual on Building Construction, by H.K. Dancy, reprinted  London 1973. 

• Basin News, January 1995, no. 9, pp. 7-10. The design and use of rotational guides for the 
construction of structurally optimised domes. 

Other information sources used 

• Internet site Earth Building Foundation 
http://www.earthbuilding.com 

• Internet site El Paso Solar Energy Association 
http://www.txses.org/adobe.html 

• Internet site New Deal Network 
http://newdeal.feri.org/library/i_c_t.htm 

• Internet site AuroNET! 
http://www.auroville-india.org/csr/ertharch.htm 

• An introduction to rammed earth by Doug Eure, to be read on 
http://darkwing.uoregon.edu/~sic/rammed.html 

• Internet site Natural Building Resources 
http://www.zianet.com/blackrange 

• Internet site Earth Building Association of  New Zealand 
http://www.nzld.net/ebanz 

Other recommended literature 

• Bâtiment International, 1986, Mars-Avril, vol. 19, no. 2, pp 108-113 
(article Materiau de Construction - by H.D.Sulzer) 
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• Bâtiment International, 1985, pp 161-165 
(article Improving Earth Houses - by G.C. Mathur) 

• Bâtiment International, 1985, pp 234-239 
(article Earth Building as an art form - by C. Groot and Saliha Maiga) 

• La Terre stabilisé - by P.A. Dansou 
TUE: HJG 75 DAN bsb. 

• Handbook for building houses of earth 
TUE: RAE 79 HAN doc. centrum CIC 

• A+, no. 87, 1985, no. 2 (special edition) 
Architectuur en ontwikkeling / bouwen met aarde 

• Bâtiment International, 1988, no. 3, pp 177-181 
(article by Bhatnagar, stabilised soil in brick making) 

 
And, more recently: 

• Magazine “Basin News” - published by I.T.D.G.; 
This magazine gives information, like: 
no. 16, October 1998,  pp. 6-12, compressed earth blocks 
no. 7,  January 1994,  pp.33-36, earth makes waste material useful, 
no. 10, July 1995, pp. 10-13, Adobe in Peru,  
no. 17 May 1999, , pages 4-13, making adobe, building vaults, and protection of earthen walls 
against rain. 
and many times references about new books 

• Appropriate Technology, vol. 19, no. 2, September 1992, pp 34-36,Mud housing technology, India’s 
experience. 

• Overseas Building Notes 197, March 1992, Bricks and blocks for low-cost housing. 

• Building Issues, Lund University, 1997 vol. 9 no. 2, woodless construction (about domes and vaults). 
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3.2 Lime and pozzolana  

3.2.1 Introduction 
Lime and pozzolana are the binding agents that are used in the tropics in absence of cement. For many 
situations in the tropics lime and pozzolana are even preferable over cement as it is a local material and 
much more cost effective when constructing less sophisticated buildings. Lime is made of limestone or 
shells. Pozzolana are materials with a high content of silicates and aluminates. They have no binding 
properties of themselves, but together with lime and water they become a binding agent. Pozzolana are 
either of natural origin, usually volcanic, or they are of artificial origin, e.g. badly fired clay, ashes of rice, 
etc. 

3.2.2 Firing limestone 
The lime used in construction is calcium hydroxide, Ca(OH)2. It is created by firing limestone (containing 
plenty of CaCO3), as a result of which it will disintegrate into CaO and CO2. The CaO is better known as 
quicklime, or unslaked lime, which is a dangerous product as it can cause burns. The CaO should be 
slaked, becoming (slaked lime). In order to fire limestone into unslaked lime two things are needed: a 
reasonably high temperature (for the conversion), and an excellent ventilation (in order to get rid of the 
CO2). 
There are basically two types of limekilns: 

1. Batch kilns 
In these kilns, one volume of stone is fired at a time. After cooling, the quicklime is extracted and the kiln 
is reloaded and fired again. Fuel efficiency in this case is quite low, as the kiln needs reheating each time a 
new batch is fired. It is an excellent choice though for e.g. small building projects or road construction 
where there is no need for continuous production (Stulz and Mukerji, 1988).  
 
Mixed feed type batch kilns are most commonly used in the rural areas of developing countries, 
particularly because of their mode of operation. They require relatively little attention during firing. In 
design they are similar to those used for continuous mixed feed operations. They vary mainly in the 
method of operation. Limestone and fuel are fed in alternate layers up the kiln shaft, in the required 
proportions, fired and allowed to cool. Then the product is extracted. 
Compared with kilns, which are operated continuously, they are wasteful of heat. This is a very important 
factor for consideration particularly in a situation where fuel is scarce, expensive or a long distance from 
the production site. The economy of fuel is low in such kilns because of the huge waste of heat in raising 
the temperature of the kiln walls each time a new batch is started, and also because of the loss of heat to 
the at" mosphere when the fire reaches the upper limits of the kiln. 
The attractive feature of such a kiln for developing countries is that it requires very little attention during 
firing, making it suitable in situations where labour is scarce or its availability restricted, or where demand 
is irregular. 
For example, its use would be advantageous in a distant rural road project where lime is required for soil 
stabilization and which is a long distance from a lime-producing centre. Under such circumstances, the 
erection and operation of a small lime kiln (or kilns) near the road construction site might be preferable. 
The method of ascertaining whether the material is completely burnt and the length of time for each batch 
is the same as in updraught kilns. Kiln designs of this type are like those of the 'Somali kiln, the kiln used 
in Papua - New Guinea and the 'Khadi Village Industries' type kiln. 
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2. Vertical shaft kilns 
This type of kiln is designed mainly for continuous production: the stone is fed in from the top, it 
gradually drops into the burning zone, then into the cooling zone, and it is finally extracted from below, 
making room for the next load to be fed in from the top. A typical design of such a kiln is shown in Figure 
3-25 & Figure 3-26. This kiln consists from the inside out of a fireproof lining, insulation, and masonry 
structural wall, fixed with iron tension bands. The limestone and fuel are fed in from the top, so firm 
scaffolding needs to be placed. The chimney should provide for the transport of smoke out of the kiln and 
should also ensure the protection of the workers from the smoke. The mixture of limestone and fuel 
gradually drops down into the zone where the chemical reaction takes place, then into the cooling zone, 
and finally is removed from the kiln at the bottom. Occasionally the limestone and fuel can form a large 
cinder. These should be crushed with large sticks from outside the kiln. Make sure that these workers are 
secure on scaffolding (and not on a ladder like in the picture). 
 
With these types of kilns, where the limestone is mixed with the fuel, the problem is that the end-product 
can not be used for the purpose of plastering. In order to obtain pure limestone, a grill can be added at the 
bottom. Underneath that grill the fire is made to heat up the kiln, and the limestone will drop on top of the 
grill where it can be extracted from the kiln (make sure that the limestone is large enough not to fall 
through the grill).  

 

Figure 3-25: Simple kiln for wood firing 
 

 

Figure 3-26: Indonesia oil fired injection kiln 
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Shells can also be burned into lime. This requires the same process though. 

3.2.3 Slaking the limestone 
The limestone from the kiln should be slaked with water. This is an exothermic process: a lot of warmth is 
released. A shallow pit should be made with fencing, and be filled with the unslaked lime from the kiln. 
The responsible worker should wear protective clothing because when adding the water (approximately 
20% of lime weight), heat and steam will come out of the pit as well as bits and pieces of the limestone. 
There are two possible end-products: 

1. Lime pulp: adding a lot of water, this product should be used directly 
2. Lime powder: adding less water will result in lime powder  

3.2.4 Natural pozzolana 
The origin of the name pozzolana lies in a small village near Napels, called Puzzuoli, where the material 
was first discovered. One can still see 2000-year-old harbour constructions of the Romans in excellent 
shape.  
Pozzolana does not have binding properties of their own, but when in contact with water and lime it will 
bind. The result is a stable and practically indissoluble product, forming an excellent replacement for 
cement. Natural pozzolana is volcanic, and can be found in volcanic areas. The most common is trass, 
which is grinded tuff. All one needs to do is grind it, mix it with lime (proportion 1:1), and the result is a 
binding agent.  

3.2.5 Artificial pozzolana 
Pozzolana can also be created out of softly burnt clay (like misfired bricks or pots), rice husks, or ashes.  
1. Softly burnt clay:  grind the clay, the powder is a pozzolana 
2. Rice husk: mix it with the same amount of clay and water, make large balls out of it, dry these balls in 

the sun, burn them in a clamp, and grind them. 

3.2.6 Literature 
General 
Herpen, D. van (1994). Alternative cements for application in developing countries. Eindhoven: 
Eindhoven University of Technology 

Almond, F. (1991). Mini cement – good technology, poor commerce. Appropriate Technology 
vol. 18 no. 2, p. 13. 
 
The most recent developments can be found in the periodical “Basin News”, ITDG. 
 
Lime 
Stulz, R.; Mukerji, K. (1988). Appropriate Building Materials. St. Gallen: SKAT. 
 
Pozzolana 
The development of pozzolanic cement in Cuba. A.T. vol. 21 no. 2 (september 1994) blz. 25-27. 
 
Cements and Binders processing – a look at equipmenrt needs at certain critical stages. Basin 
News, no. 9, januari 1995, blz. 15-22.  
 
The development of pozzolanic cement in Cuba.  Appropriate Technology, vol. 21 no. 2 
(September 1994) blz. 25-27. 
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3.3 Bricks 

3.3.1 Introduction 
The major advantage of bricks compared to adobe (unburnt ‘bricks’) is the fact that they are much more 
durable. The major disadvantage however is the amount of energy needed for the firing of the bricks. For 
example: in order to get 1000 kg bricks one needs 5000 MJ energy – this is 1800 kg dry rice husk, or 350 
kg dry firewood. One ha of wood produces approximately bricks that can make a room of 4 by 5 m. In the 
following the major advantages and disadvantages for using bricks are listed. 

Advantages: 
- Durability: as discussed in the above 
- High pressure strength: in dry and wet condition 
- Dimensional stability: no volume changes occur as a result of transport of moist 
- Insulation value: especially significant in case of large temperature variations between day and night 
- Fire resistance: bricks are fire resistant 
- Resistance against climatologically influences 
- Recycling: bricks can be re-used, re-burnt, or for example be processed into pozzolana 
- Employment creation: burning bricks is a labour intensive process 

Disadvantages: 
- High energy consumption: this depends on the kiln type though (see later in this section) 
- Deforestation: as discussed in the above 
- Moderate product: when moderate production processes (with traditional kilns) are used, this results in 

products with a lesser quality 
- The use of moderate clay leads to producing bricks with cracks: to avoid this one should not burn the 

bricks at temperatures higher than 1000ºC. 
- Unknown technology: the skills needed for masonry are often not enough known which results in poor 

quality buildings.  
- Ecological: excavating the soil for clay leads to the loss of fertile agricultural land, and the constant 

moving of the firing zone leaves a trail of toxic waste as well as a damaged landscape.  
- Social: employment destruction of traditional building methods and the disappearance of those 

methods, loss of livelihood for agricultural labourers 
 
The making of wet bricks from clay is similar to that of making adobe bricks. In the following sections the 
firing process is discussed, in the form of presenting three types of kilns: the clamp, or field oven, the 
Bull’s Trench Kiln, and the Vertical Shaft Brick Kiln. 

3.3.2 Clamps 
The clamp, or field oven, is basically made up of a pile of spaced bricks arranged with alternate rows at 
right angles (Figure 3-27 & Picture 3-2). Where necessary, a fence or wall is put up to shield the clamp 
from the cooling effect of the prevailing wind.  Clear spaces, running through the base of the clamp, are 
left for the fires to burn in.  The process of ‘corbelling’ forms the arch over the tunnels – “corbelling” 
means stepping out the bricks until they meet in the middle. The outside of the clamp is covered by a layer 
of waste bricks, on top of which it is usual to plaster a coat of mud to reduce the escape of heat.  If large 
cracks appear in the mud plaster during firing, throwing handfuls of fresh mud over them should seal them 
up. The top layer of the clamp is made up of brick, laid flat with small gaps in between to regulate the 
airflow (Parry, 1978). 



  Building Materials 

 

 97 

The burning process is as follows: 
1. Make a small fire inside the entrances of the fire tunnels, let 

burning for two days, so that most of the moisture remaining in 
the bricks is driven out. 

2. If you see that steam stops coming off, (no more moisture is in 
the bricks) block up the entrances on one side of the clamp, with 
iron sheets. 

3. Build up fire from the other side by pushing long pieces of wood 
into the tunnels. 

4. If the bricks on the first side become red, change over sides by 
blocking up the first side and opening the second side. 

5. This process must be going on day and night for two or three 
days. 

6. If the clamp is hot right across the top the firing can stop. 
7. Block up all entrances with bricks and mud, throw soil on the top 

to conserve the heat. 
8. Before breaking open, the clamp should be left to cool for at 

least a week 
 
Quality control: 
- Bricks may crack if they are being dried too quickly; 

cover the drying space. 
- Don’t prepare bricks too wet; they will be out of 

shape. 
- Handle the fresh bricks carefully when setting them 

down with the pallets, otherwise the bricks could be 
out off shape. 

- If after firing the bricks shatter, probably there are 
some limestone pieces in the clay. 

- Make sure that the bricks are dry enough before 
heating, otherwise the bricks will break. 

- Don’t fire heating up too quickly; otherwise pieces 
will break off the brick. 

- Bricks must be hard enough; if they break when 
dropped on the floor, check the following points: 

 
a. Is the used clay too sandy to bind together? 
b. Are the bricks coloured red on all sides? If not, this means that the brick never became hot enough in 

the clamp. 

c. Ensure that the clamp is shielded from cooling winds. 

Saving firewood by using other forms of fuel 
Waste agricultural and industrial materials, such as rice chaff, sawdust, or finely chopped straw, can be 
well mixed into the clay at the preparation stage and then moulded into bricks in the normal manner.  
When the bricks in the clamp begin to get hot, the fuel inside starts to burn and contributes to the total 
heat. The addition of fuel to the clay should be kept below one-tenth of the volume.  

 

Figure 3-27: Constructing the clamp 
 

 

Picture 3-2: Small clamp in Africa. Source: Wall 
Building, Technical Brief, Eschborn: Gate. 
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3.3.3 Bull’s Trench Kiln 
The Bull’s trench kiln is widely used in India, Pakistan, Bangladesh, and Myanmar, but is little known 
elsewhere. Its greatest advantages are that it is a continuous kiln (it doesn’t need reconstructing each time 
after firing the bricks - like the clamp) and therefore its costs of construction are relatively low, and the 
energy consumption is comparatively low (Norsker, Gate). Error! Reference source not found. shows a 
schematic design and Picture 3-3 is a picture of a bull’s trench kiln 

 
The process of the BTK is built up as follows: 
� The kiln is constructed on dry land, by 

- Digging a trench (6-9 m wide, 2-2.5 m deep, 100-150 m long) 
- Building up the sides of the kiln with bricks (when drainage is a problem) 

� Shape is elliptical or circular 
� The green bricks to be fired are set in rows: 

- The trench contains about 250,000 bricks at a time 
- Stability is ensured by a linking layer of bricks across the width of the kiln and half way up 
- Ash or brick dust us used on top of the bricks to seal the setting 
- Canvas, paper or metal sheet is used  vertically across the brick setting to block air from entering 

from the wrong side of the chimneys 
� Chimneys are placed on top of the brick setting 

- 6-10 m high, made of sheet metal 
- They are moved around as the firing progresses   
- Once every 24 hours they are moved forward 5 to 7 m. 
- Therefore they have to be light 
- Wires attached to the top ensure support 

� The firing is continuous: loading of green bricks, and drawing of finished bricks  
� The low energy consumption is achieved by reusing part of the energy that is otherwise lost in 

periodic kilns.  
- Air for combustion is drawn through the already fired but still hot bricks 
- The cooling bricks transfer their heat to the combustion air, preheating it before it enters the 

firing zone 
- After combustion, the hot exhaust gases pass through the yet unfired bricks on their way to the 

chimneys 
� Firing the kiln demands great skill, it is done by two teams of 3 men who take turns in stoking the 

kiln (3-4 times per hour, through removable cast iron holes at the top of the brick setting). When the 
chimneys are moved, both teams are needed.  

 

Figure 3-28: Schematic design 
Source: Norsker, Gate 

 
Picture 3-3: BKT seen from the loading end (Bangladesh) 
Source: Norsker, Gate 
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� Fuel can be any combustible material: coal, lignite, peat, firewood, saw dust, agricultural waste, etc. 
 

3.3.4  Vertical Shaft Brick Kiln (VSBK) 
This type of kiln is developed in China 
and only a few types have been built in 
other countries so far. Its operation is 
very similar to that of the lime kiln (see 
Figure 3-29), with coal and bricks being 
loaded at the top, and fired bricks 
combined with a small amount of ash 
being unloaded at the bottom. It makes 
use of updraft firing leading to an 
impressive fuel economy, combined 
with continuous operation. In Error! 
Reference source not found. one can 
see that the kiln is constructed with 
bricks. The shaft inside is well insulated 
and lined with firing bricks, open at top 
and bottom. This shaft is approximately 
6.5 m in height and 1 m square. At the 
base of the shaft is a tunnel for 
unloading. The bricks and coal are 
loaded at the top of the shaft. They 
should be placed in a certain order to 
allow for the placement of the steel 
beams that support the bricks in the kiln. 
The coal is evenly spread over each 
layer of bricks and brushed into the gaps 
surrounding each brick. A fresh batch of 
bricks is added each time a batch of 
fired bricks is removed from the base of 
the kiln. For the purpose of unloading 
the fired bricks a trolley is used that can 
be raised and lowered with lifting gear. 
This unloading equipment is the most 
expensive part of the kiln, representing 
40% of construction costs. There are 3 
or 4 hours between each loading/unloading session, only one man to load and two to unload are needed.  
 
In short, the advantages and disadvantages are: 
Advantages: 
- Very energy efficient 
- Cheap and straightforward to build 
- Little maintenance required 
- Only small areas of land are needed 
- Construction costs are low, several shafts can be linked together 
- No influence from weather conditions 
- Localised air pollution is minimal 
- Low labour requirements  
 

 

Figure 3-29: Vertical Brick Shaft Kiln (VBSK) 
Source: Jones, 1995 
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Disadvantages: 
- Technology only used in China, not yet been adopted elsewhere 
- The kiln requires good quality bricks, as they have to withstand being stacked 5 m high 
 
The three kilns compared: 

 Clamp BTK VSBK 
Production per day 1,000 10,000 48,500 

Process Manual Mechanical Mechanical 

Setting Village level Town level Town level 

Fuels Wood, bamboo, cokes Wood, coal, oil Wood, coal, oil 

Energy consumption 7000 MJ/1000  4500 MJ/1000   975 MJ/1000 

Table 3-1: Comparison of three kilns 

 

3.3.5 Literature 
 
BASIN-News van ITDG: 
BASIN-News. (1996). The ecology and ethics of brick kilns.  Basin-news: March 1996, No.11, pg. 6-7 
 
BASIN-News. (1997). The construction, equipment and operation of vertical shaft brick kilns. Basin-
News:  January 1995, no. 9, pg. 11-14. & August 1997, no. 14, pg. 13-15. 
 
BASIN-News. (1993). Ecological and energy-saving advantages and benefits of building with earth. 
Basin news: July 1993 no. 6, pg. 27. 
 
Jones, T. (1995). The Vertical Shaft Brick Kiln. Eschborn: Gate. 
 
Norsker, H. (….). Bull’s Trench Brick Kiln. Eschborn: Gate. 
 
Oldenburg, M. (1987). Brick Production in Mozambique. A.T. Source (Wageningen) vol. 15 no. 3, pp 42-
62, sept. 1987.  
 

Parry, J.; "Brickmaking in Developing Countries". B.R.E. (1979), 88 pp. 
 
Parry, J. (1979). Better Brick making for Developing Countries. Appropriate Technology: May 1978, vol. 
5, no. 1, pages 7-9. 
 
SKAT, Appropriate Building Materials, 1988, blz. 37-46. 
 
Smith R.; Improved Moulding Devices for handmade bricks. A.T. vol. 7 no. 4, pp 9-11, maart 1981. 
 
 
 
 



  Building Materials 

 

 101 

3.4 Fibre reinforced cement 

3.4.1 Introduction 
This building material is used mainly for roofing finish. The roof can be considered the most vulnerable 
part of the house, having to stop rainwater and the rays of the sun. Having a durable roof that performs 
well on these issues can save a household quite some costs. In this section the option of fibre reinforced 
cement for roofing is discussed. The following text is derived from an article of John Parry (1981). 

3.4.2 Roof cladding materials made from fibre reinforced cement 

Background 
Fibre-reinforced cement cladding was assumed to be more durable and effective than existing materials 
like galvanised corrugated iron, clay roof tiles, asbestos cement and thatch. Research has been undertaken 
to develop this roofing material 

Technical basis 
For a long time fibre-reinforced cement has not been understood. The addition of small proportions of 
various fibres to cement mortar produces changes in the properties of the mortar, a very unlikely reaction 
according to many experts. Most fibres possess less tensile strength and a lower E-modulus than the 
cement itself, so theoretically they should have no function as reinforcement. However, practical 
experience demonstrated that large, thin sheets of cement mortar could be made with the addition of these 
chopped ‘low modulus’ fibres such as sisal, while without the fibre, similar sheets could not be made. 
Moreover, most organic fibres were known to be subject to alkaline attack from the cement mortar. In 
organic fibres the cellulose molecules are glued together with pectin, which cannot survive the alkaline 
environment of the cement. The pH is as high as 9-11. Remarkably, even after the fibres had disappeared, 
the concrete of the sheet still exhibited the same strength as when originally made. The explanation was 
found in the setting process. The only reason why plain cement mortar does not normally develop useful 
flexural strength is because during the transition from wet paste to solid it tends to crack due to shrinkage. 
If this cracking could be prevented, then the concrete would have considerable tensile strength through the 
continuous matrix of cement bonds. The presence of fibres during the crucial setting-period inhibits the 
development of the cracks as the material is held together during shrinkage. Another advantage is its 
function as a ‘crack stopper’. The fibres disappear by an alkali attack and the small holes which remain 
stop the cracks. 

Production of the sheets 
The production of fibre-reinforced cement sheets is a simple, manual process. The process is 
ergonomically improved and can be done by unskilled people. The few materials that are used can be 
found in the region. The following figure shows the most important steps of the production process. 
Picture 3-4 shows how a quantity of cement mortar with fibres is spread over a plastic sheet, with a steel 
frame around it. Picture 3-6 shows how an old roofing sheet is used as mould, and in Picture 3-5 the fresh 
sheet is slowly put down on the old one with the plastic sheet in between to prevent adhesion. The fresh 
and the old one are put in a moist room for 24 hours for the hardening process, after which the plastic and 
the old sheet can be used again. 
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Picture 3-4: Making a layer of cement 

 

Picture 3-5: Putting the cement layer on the model sheet 
 

 

Picture 3-6: A finished sheet is used a model 
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What has been achieved? 
The final outcome of the development work was a complete low-cost roofing system involving a new 
corrugated cladding panel of one square meter. Such a panel can be fixed by two simple hand-made metal 
hook bolts, or ties made of polypropylene string fixed into the sheets or attached to them by small metal 
loops embedded in the cement. Fixing is very important to keep the roof down during storm. 

Construction of roofs 
From the beginning, the fibre-cement folding method was able to produce durable, waterproof panels of 
material at a lower cost than the equivalent manufactured products. However, in the early days, the 
successful application of the technology relied on a high degree of skill to form, handle and fix the 
products, which were being made at that time. Subsequent experience in the initial trials overseas showed 
that this skill was not available or not diligently applied. For example, in many overseas countries, the 
building trade has to rely on poor materials. Timber and fixing components could be of poor quality or 
hard to obtain. Wastage of materials and poor performance in adverse weather would occur with any 
cladding system. So, in the course of implementing the fibre-reinforced cement technology, thorough re-
training was given to carpenters and builders on how to set out their supporting framework to a 
satisfactory standard. This was intended to prevent construction mistakes, which might lead to unjust 
criticism of the performance of the new products. With roofing sheets of this size it is essential that the 
purlins and the trusses form an even surface on top of the roof. Picture 3-7 gives an example of a good 
truss. 
 

 

 

Picture 3-7: Roof truss construction  
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3.4.3 Innovated processes in manufacturing technologies 
Many people are unaware of the important distinction between a technical-proven process on the one 
hand, and a fully worked out manufacturing technology on the other. This point applies equally to 
appropriate technologies as it does to conventional ones. A process can not be considered ready for 
implementation until operative procedures have been established in the following areas:  
- Organisation of the production processes and workplace layout; 
- Specification of input materials and operator skills; 
- Work-team size, roles and balance; 
- Upkeep of basic equipment and of stock of raw materials; 
- Health and safety aspects of manufacture and use of the product; 
- Provision for making special sizes and shapes to customer requirements and permissible limits to 

variations within the technology; 
- Appropriate targets for output during training and routine production conditions; 
- Quality control procedures including finished goods inspection and testing; 
- Storage of finished goods; 
- Handling, loading and transport of products; 
- Guidance to customers in the use of the products including rectification of faults or damage. 
 
While many of these aspects may seem far removed from circumstances in laboratories or research 
facilities where a process may have been innovated, lack of attention to them in a production plant could 
rapidly lead to poor productivity, wastage, accidents and customer dissatisfaction. Such setbacks could 
easily put a new enterprise out of business no matter how promising the initial assessment of the 
technology. 

Marketing 
Moreover, for an appropriate technology involving hand-made products to enter a market already served 
by conventional factory-manufactured goods, special arrangements may well need to be made to 
encourage the initial introduction. At the beginning, the fibre-cement roofing components are best used for 
building projects connected with or under the control of the same project organisation. In these 
circumstances, more care and patience will be exercised in the ‘infant’ stages of the industry when 
mistakes are likely to be made. Alternatively, the market should initially be served under supply-and-fix 
arrangements, which provide the customer with a finished roof rather than selling unfamiliar products to 
him. Once significant resources of know-how and skill in handling the products have been accumulated by 
local artisans, the introduction of the products can begin without special restrictions. It is common practice 
that people with insufficient information, starting an enterprise themselves, easily can spoil the good fame 
of any new product. 

Economics 
By comparison with the conventional alternatives, fibre-cement-roofing components generally turn out to 
be:  
- between one-third and one-quarter the cost of asbestos cement roofing sheets and requiring a similar 

roof structure; 
- slightly more expensive than locally-produced clay tiles but requiring a much simpler and cheaper 

roof structure; 
- about three-quarters the cost of galvanised corrugated iron sheets and requiring similar or slightly 

more expensive roof structures; 
- about the same cost as medium quality traditional thatch where materials to be bought commercially 

by house builders, with a similar roof structure. 
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If made and supplied on a self-help basis with labour costs not counted, the fibre-reinforced cement 
roofing products would frequently work out as the cheapest roofing of all. Durability of alternative roofing 
products depends on the materials and climate but generally will fall into the range outlined below. 
 
The durability of some alternative roofing products is: 
- Clay roof tiles:   10-50 years 
- Asbestos cement:   20-40 years 
- Galvanised corrugated iron: 3-20 years 
- Thatch:    1-10 years 
 
The question of how strong the economic advantages are for introducing fibre-reinforced cement roofing 
sheets from a pure cost viewpoint will therefore hinge upon the relative durability of the new products. 
For example, comparison with traditional clay tiles is clouded by the questions of continued fuel supply to 
burn the tiles and the rising costs of timber for the roof structure.  

3.4.4 Recent developments 
The development of a new roofing structure shows how long it takes from an idea to a product and the 
difficulty to introduce this product on the market. The fibre-reinforced cement roofing seems to be a 
product with a long lifetime based on the practical experience in overseas countries. It has now reached a 
point where it can be considered as a viable alternative to conventional materials and one which is 
especially appropriate because of its facility to be produced labour-intensively, on a small scale, in 
virtually any urban or rural situation. 
 

There are no other known developments in the field of fibre reinforced roofing sheets. However some 
other applications besides sheets have been developed. One disadvantage of the sheets is the high degree 
of levelness that the roof construction has to have. Therefore smaller roofing tiles have been developed 
(see Picture 3-8). These are more appropriate when these high quality requirements of the construction 
cannot be met.  

 

Picture 3-8: Roofing tiles of fibre cement 
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3.5 Timber 

Bij hout als bouwmateriaal, en zeker bij toepassing in ontwikkelingslanden, denkt iedereen meteen aan 
ontbossing, en terecht. Prof. Walter Liese zei het in 1989 al: jaarlijks wordt er 20 miljoen hectare bos gekapt, 
dat is zeven maal alle bos in Nederland. Daarvan wordt 60 tot 80 procent gebruikt voor bouwgrond, 
landbouwgrond, of voor energie (stookhout), en maar 3 tot 6 procent is voor export van tropisch hout!  
(Houtblad, april 1989, blz. 41 links) 

 
De intreerede van prof. Hans Blass aan de TUD (18 december 1992) geeft de volgende vergelijking tussen 
bouwmaterialen: 
A comparison between a steel beam and a timber beam shows, that for the production of one metre of a 
light steel beam of 5.6 kg roughly 200 MJ energy is needed while 4 kg carbon is released into the 
atmosphere. For a timber beam of the same strength, the production only consumes 14 MJ and 
additionally there is 3.5 kg carbon stored in the wood.  
 
Deze teksten laten ons de weg zien: hout is een prima en milieuvriendelijk bouwmateriaal, en de 
ontbossing ligt niet aan het gebruik hiervoor. 
In rural parts of many developing countries, timber poles are one of the most valuable and commonly used 
building materials’ (Lusambo & Wills, 2002). This quote not only stresses the importance of timber in the 
building industry of developing countries, but also limits the use of timber to timber poles. Laminated 
wood is not often used in developing countries as it requires a rather complex production process. It will 
therefore not be further discussed in this section.  

3.5.1 Deforestation vs. sustainable building material 
The first association made by the use of wood for construction is often the problem of deforestation.( 
houtconstructie dictaat p. 13-17) 
 

The use of wood would not be sustainable. Every year 20 million hectares of forest is taken away (that is 
seven times the forest area in the Netherlands). 60 to 80 percent of this forest area is deforested, with a 
view to use the ground for agriculture or building plot. Moreover, the wood is used for energy, e.g. 
cooking. About 3 to 6 percent is used for the export of tropical wood.11 In this context, the timber 
construction cannot be blamed for the deforestation. If we also compare the energy used for the production 
of a steel beam and a beam out of wood the energy use for steel is a lot higher. For the production of one 
meter of a light steel beam about 200 MJ energy is needed and 4 kilos of carbon is released into the 
atmosphere. For the production of a comparable beam of wood 14 MJ of energy is used. Moreover, the 
wood stores 3.5 kilos of carbon!12 From this we can conclude that wood in itself is a sustainable building 
material. 
 

3.5.2 Advantages and characteristics of timber 
The advantages of timber for building purposes can be summarized as follows13:  
- Its favourable physical an mechanical characteristics,  
- Its strength-to-weight ratio makes timber highly suitable for prefabrication, transport, and working 

processes,  
- Its appearance and clean finish,  

                                                      
11 Houtblad, april 1989, page 41 
12 Intreerede prof. Hans Blass TUD 18-12-1992 
13 The following sections, unless otherwise stated, are based on: José Carlos Cano D., Timber as building material in Central 

America, UNIDO 1988.  
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- Wood is available in almost all regions, and on a renewable basis,  
- Processing timber requires relative simple and low-cost equipment.  
- Wooden houses can therefore be repaired and adapted at low cost.  
- Wood is highly resistant to corrosion.  
 

3.5.3 Constraints in using timber as a building material 
The absence of a forest industry able to provide the necessary building materials is one of the major 
constraints in the use of timber. In many developing countries the timber comes right out of the forest, and 
is thus not seasoned or planed. Trees are often felt too early, which has its influence on the quality of the 
timber. Human influence on the final behaviour of timber is decisive. Timber will suffer from incorrect 
conversion and seasoning.  
 
Regularly, formal trade is lacking and no information is given on the type of wood or the quality of the 
wood. Although a lot of different species of trees are used as building material, only of few are really 
suitable for building purposes. The straight fast growing species are the most suitable. These include 
tropical pines and eucalyptus species (Lusambo & Wills, 2002).  
 
In practise, often round timber is used in buildings instead of sawed wood. This has some particular 
advantages. In areas where enough trees are grown on the farm or in local forests, poles can be obtained at 
very low cost (Bengtsson &Whittaker,1986). The costs and the wastage of sawing the wood are 
eliminated. In addition, the strength of naturally round timber is higher than sawed wood as it possesses a 
higher proportion of the basic strength of its species. Moreover, the use of round wood gives a higher 
value to the material that would otherwise been used for chipping and pulping (Lusambo & Wills, 2002). 
However, the mayor problem in using round timber is the jointing.  
  
Another constraint can be found in the preservation of wood. Preservation is needed to preserve wood 
which natural sustainability is low. With sustainability is meant the resistance of wood against harm 
caused by fungus and insects (Schot & Moonen, 1998, p.8-1). In developing countries timber is often not 
preserved or in an irresponsible way. An example of the later is that in timber preservation companies, the 
employees walk on flip-flops while there are pools of CCA (coper, chromium, and arsenic) on the ground.  
Useful rules for low-cost rural construction in this regard, are the following. Trees should be felled during the less active growing 
periods. They will then contain  less moisture and sugar than wood felled during the active growing periods (often directly connected to 
the rainy season). In addition, slow grown heartwood is far more durable and stable than young trees wilt a small diameter. These have 
a larger proportion of sapwood. As said earlier, proper seasoning is essential. ‘The moisture content should come down below 20% to 
reduce the chance of fungal attack’.  By using a wood drying kiln, the quality of the wood will be increased and the drying-time will be 
shortened. Finally, the wood should be constructed so that it does not get damp. Damp combined with supply of air and temperature are 
attractive for fungal growth and thus for termites. (Mossberg, 1990, 12) 

3.5.4 Comparison with other materials 
Despite all the advantages of wood, steel and concrete are more and more used in buildings. The main 
reason for this is that builders belief wood to be a unreliable material.  
 
The properties of wood and the dimensions of wooden components are very similar to those of concrete 
reinforced with straight rods. The exception is in the weight: the weight of wood in one fifth of that of 
concrete. Because concrete is relatively cheap to produce and, in terms of volume, costs less than 
structural timber, wood can only compete with concrete where the weight of the structural component has 
some significance. This occurs in the case of roofing. Furthermore, the property of lightness yields savings 
in transport, erection costs, and provision of foundation. 
 



  Building Materials 

 

 109 

Steel is a much more uniform in behaviour in all directions. It is produced and fabricated in accordance 
with given specifications. Wood, however, is a natural material and the only way to secure uniformity is 
by selection. The strength-weight ratio of timber is equal to that of steel. The major disadvantage of steel 
however, is  
 
A wooden building performs better during earthquakes than buildings of masonry and/or concrete. 
Namely, wood is more resistant to short-duration stresses than permanent stresses, and a timber 
construction is of low weight.  

3.5.5 Possible applications 
Timber has a lot of possible applications. Poles have many uses in building construction such as columns, 
rafters, trusses and purlins. With the exception of the hearth and chimney, timber alone can be used to 
manufacture all the parts of a dwelling house. Nevertheless, most of the time wood is combined with other 
building materials. The roof framework is often constructed of wood. Next to the construction 
applications, wood is also used for furniture. In addition, the waste, such as sawdust, is used for a range of 
things, e.g. as compost.  
 
By using timber as a building material the following practical aspects should be taken into account. 
Firstly, avoid splitting of the crosscut wood, because this provides access for termites. The crosscut wood 
should be protected by nailing tin around it/ tacking tin around. Moreover, the wood should be kept from 
the ground and from splashing rain. An advice is to give the roof many eaves. Finally, the use of paint will 
enlarge the life span of the wood.  
 

3.5.6 Recent developments 
Developments are taken place in the field of jointing, especially those on round timber. Point of departure 
is that improved low-cost methods of connecting poles could lead to stronger structures and more 
economical use of materials. Examples are techniques of constructing round timber joints using cheap 
fencing wire. (Lusambo & Wills, 2002) 
 

 
Lusambo, Edward & Bian, M.D.Wills, The strength of wire-connected round timber joints, Biosystems 
Engineering (2002) 82 (3), 339-350 (available online at http://www.ideallibrary.com) 
 
Schot, F. & Moonen, S.P.G., Houtconstructies, constructief ontwerpen 2, dictaat, Technische Universiteit 
Eindhoven, faculteit Bouwkunde, september 1998 
 
José Carlos Cano D., Timber as building material in Central America, UNIDO 1988.  
 
Mossberg, Björn, Termites and construction, Building issues, 1990, volume 2 (1), Lund University, Lund 
Centre for Habitat Studies.  
 

There are many different timber species and wood-based composite materials available, each with its own 
particular physical, mechanical and environmental properties:  
Solidwood, sawn, dried, planed, graded etc, to products such as structural timber, laths, posts, windows, 
truss rafters, floors and furniture.  
Construction elements glue and/or mechanically assembled solid wood parts for products such as 
glulam, High Quality Lumber (HQL), and solid floor, wall or roof elements, or a combination of glued 
and/or mechanically assembled timber parts of solid wood or  
wood-based panels for products such as I-beams and columns, box beams and frames, light floor, wall or 
roof elements (stress skin).  
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Wood-based panels fibres, particles, flakes, veneer of wood glued to plane panels, for products for e.g. 
floors, walls, roofs, LVL beams, interior furnishings and furniture.  
 
From being a material used according to traditions of craftsmen, wood and wood-based materials have 
become modern industrialised products regulated by European codes and standards. In spite of this 
optimum utilisation of timber in constructions still requires knowledge on the special properties of wood.  
 

Timber elements are used increasingly in the building sector e.g. for roofs, 
attics exterior and interior walls, ceilings and floors in the developed 
countries particularly. There are numerous advantages of using timber 
elements and there has been a growing interest in the use of timber and 
timber elements for construction both for one and multi-storey buildings. 
In modern constructions there are many advantages of using factory 
manufactured timber elements in stead of assembling the elements at the 
construction site. One of the advantages of using factory-manufactured 
elements is the possibility of a good quality assurance. Moreover it is 
relatively simple to manufacture timber elements, but if the quality should 
be ensured, there are numerous factors to ensure prior to, during and after 
manufacture. Timber frame construction in most developed countries is 
based on factory-made structural elements. The timber framed wall panels 
carry the loads on the building to the foundations whilst the outer cladding 
provides decoration and weather protection. Cladding is a matter of 
choice; it can be brick, stone or lightweight claddings, such as timber 

boarding, tile hanging or render. 
 

Knowledge about the product performance of timber constructions is the 
key to ensure a long durability of the constructions and to limit the 
maintenance to the necessary and the adequate. There are many pitfalls 
regarding the use of wood outdoors. When building with timber one 
should take into consideration aspects regards the Selection of adequate 
wood species (moisture level, applicability of the construction, wood 
quality), Wood protection by design, aesthetics,Wood preservation and 
durability, Surface treatment and maintenance, initial expenditure, 
environment, authority requirements e.g. fire. 

 
Let bij het gebruik van hout in de bouw in ontwikkelingslanden erop, dat het allemaal wat ruwer is dan 
hier: onbekende houtsoorten (bijv. palmhout, eucalyptus), te jong gekapt, geen formele handel, je moet 
veel zelf uitzoeken, de kwaliteit is dikwijls om te huilen, en dikwijls bouwt men met rondhout in plaats 
van gezaagd hout. 
 
Conserveren is nodig, maar wordt dikwijls niet gedaan, of op onverantwoorde wijze. (Ik ben eens in een 
houtconserveringsbedrijf geweest, waar ze werkten met CCA (koper, chroom en arsenicum). Er lagen 
plassen van dat spul op de vloer, en de werkbaas zelf liep rond in een short en op slippers). Eengoed 
artikel hierover staat in Appropriate Technology, maart 1990, vol. 16, no. 4, blz. 17-19. 
 
Let bij het bouwen speciaal op: 

 Drogen en droog houden, 
 Voorkom splijten van de einden, 
 Bescherm kopse einden door er blik omheen te spijkeren, 
 Houdt hout vrij van de grond en van opspattende regen, 
 Verf is een mooi voornemen, 
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 Geef het dak een flink overstek. 
 Afval, zoals zaagsel, wordt voor van alles gebruikt, bijv. als mest. 

Literature 
Goed handboek: Popular manual for wooden house construction. Uitgave  UNIDO 1985. 95 pg. Veel 
tekeningen. 
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3, pg. 27-31. 
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3.6   Bamboo 

3.6.1 Introduction 
Bamboo is a large grass species and it comes in approximately 600 different varieties. Not all bamboos are 
useful for construction. Those bamboos that are straight with a diameter of 60 mm or more (bamboos can 
go up to 250 mm in diameter) and 10 to 30 m high are particularly useful for construction.  
 
Bamboo has an extensive rhizome system. Ecologically it is very important as it prevents erosion and it 
keeps the soil of a bamboo forest moist. A disadvantage of this extensive rhizome system occurs when one 
wants to construct a road through a bamboo forest: it is practically impossible to remove this rhizome 
system. Bamboo grows just like asparagus: from the rhizome system the shoots rise up. This shoot already 
has the final diameter the bamboo will have because it doesn’t grow in width, only in length. All nodes of 
the bamboo are already present in the shoot in comprised position. The shoot grows by means of cell 
division in vertical direction between the nodes. This shoot is edible as long as it is under the ground. 

 

 

Figure 3-30: Schematic 
bamboo stem 
 

 

Figure 3-31: Cross-section bamboo 
shoot 

 
 

 

Figure 3-32: 
Bamboo shoot 
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Figure 3-31: Legenda cross section of a bamboo shoot: 
 1 = top of the bamboo shoot 
 2 = node 
 3 = Place where bamboo will grow vertically and become an internode (see 5). 
 4 = twig, both sides alternated 
 5 = internode. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
During the wet periods, the shoot can grow 10 to 15 m per month. The leaves start to grow during the 
second year. After 3 to 4 years, the stem is matured and ready for harvesting. The younger stems should 
remain to allow for new bamboo trees. With good care, a plantation can produce a minimum of 10 ton of 
bamboo per hectare per year. It is quite difficult to determine the age of a bamboo stem however. The best 
solution is to mark the stems every year. For harvesting the stems, one uses a ‘machete’. Picture 3-9 
presents a close up of a cross section of 6 by 6 mm. The dark spots are celluloid fibres, which act as 
reinforcement. This is a major advantage from construction point of view, as the division of these fibres 
increases from inside to outside making the EI 10 percent higher than with an even distribution.  
 

 
 

Picture 3-9 Cross-section of a bamboo stem 
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3.6.2 Mechanical properties 
Bamboo is mechanish erg sterk en dankt dit aan zijn vorm en samenstelling:  

• Vorm: bamboe is een dikwandige buis en daardoor is er weinig materiaal nodig om een groot 
traagheidsmoment te bereiken. Ruw gezegd heeft bamboe de helft van het materiaal nodig vergeleken 
met massief hout. 

• Materiaal: Bamboe is een composiet, bestaande uit sclerenchymvezels (zeg maar cellulose) wat zeer 
sterk en stijf is, ingebed in lignine. Het geheel werkt net als gewapend beton of glasvezel-polyester.  

 
Table 3-2 geeft de verhouding tussen de massa per volume (p) en kg/m³ en de toelaatbare spanning in 
N/mm² weer. 

 
 Druk 

(zonder buiging!) 
Buiging Afschuiving 

Droge bamboe 
(vochtgehalte 12 %) 

0.013 0.020 0.003 
 

Natte of groene bamboe 0.011 0.015 - 

Table 3-2: Characteristics of bamboo 
Source: Janssen, 1988 
 

NB: droge bamboe heeft een vochtgehalte van 12 % als de relatieve luchtvochtigheid 70% is. 
(Janssen, J.J.A., Building with bamboo, 1988) 

 

Voorbeeld: Als bij groene bamboe de massa per volume 600 kg/m³ is, dan is de toelaatbare spanning 0.015 * 
600 = 9 N/mm². 

De toelaatbare spanning kan gebruikt worden in relatie tot permanente belasting, bijv. het eigen 
gewicht van vloeren, wanden en daken. Voor de combinatie van permanente belasting en 
veranderlijke belasting (bijv. bewoners, meubels) is 25% extra toelaatbaar. Als je wind erbij telt 

 

Picture 3-10: Bamboo plantation 
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is 50% extra toelaatbaar. Voorbeeld: de 9 N/mm² die hierboven al genoemd werd wordt dan 
respectievelijk 11.25 of 13.50 N/mm². 

3.6.3 Durability and preservation 
The natural durability of bamboo is lower than wood. Bamboo is quite susceptive for fungi and insects 
like beetles. Knowing this the following points should be taken into consideration: 
1. Protect the bamboo from rain where possible (give the roof quite some overhang) 
2. Provide for sufficient ventilation to keep the bamboo dry 
3. Provide for water to drain off, to prevent puddles 
4. The bamboo should be replaceable in case fungi or insect attacks  
5. Preservation methods can be applied. 
 
Conserveren is: de suikers verwijderen want die zijn aantrekkelijk. De gewone manier hiervoor is 
wateren, net zoals hier vroeger met hout gebeurde. Daarna moet bamboe behandeld worden met iets wat 
giftig is. Vroeger werd hiervoor gebruik gemaakt van stoffen als koper-chroom-arseen, 
pentachlorophenol, dieldrin of lindaan. Tegenwoordig gebruikt men andere materialen omdat er 
ontzettend veel ongelukken gebeurd zijn met arbeiders, bewoners en met het milieu. Nu gebruiken we 
koper-chroom-boor of een ander boor-preparaat voor als bamboe in contact komt met vocht. Als bamboe 
droog blijft is borax-boorzuur voldoende. Het beste. Modernste en minst schadelijke middel is een 
boorzout, wat eigenlijk een kunstmest is. Deze middelen worden op twee manieren in de bamboe 
gebracht. De eerste manier, Boucherie genaamd, bestaat uit het verbinden van de stam, door middel van 
een rubber sok, met een vat met conserveermiddel en een pomp. De vloeistof wordt dan door de vaten 
geperst, waar tijdens het leven van de plant de sapstroom doorheen ging. De schotten blijven dus dicht, 
anders bouw je geen druk op! De andere methode is gespleten strips te drenken in een bad met 
conserveermiddelen, en ze daarna in een plastic folie te wikkelen en het middel een of twee weken te laten 
intrekken.. Dit wordt de ‘dip-diffusion’ genoemd. 

3.6.4 Advantages and disadvantages of bamboo 
From the foregoing can be concluded that bamboo has many advantages as well as some disadvantages. 
These are listed in this section. 

Advantages 
Advantages of using bamboo as a construction material: 
1. Bamboo is circular and hollow, and therefore relatively strong and rigid 
2. It can be processed with simple tools 
3. Light in weight and strong: very good in earthquake prone areas 
4. It can easily be cultivated and processed on small scale (household or community scale) 

Disadvantages 
Disadvantage of using bamboo as a construction material: 
1. Relatively less natural durability 
2. Especially when bamboo touches the ground 
3. Bamboo is easily flammable 
4. Standardisation is impossible due to the variable shape of the culms 
5. Connections are difficult to make, because the thinness of the culm walls 
 
Some of the defects of bamboos mentioned above can be removed to some extent by proper treatment 
before their use in construction. Bamboo is still considered as the poor man’s timber in most parts of the 
world, and living in a bamboo house can be a stigma on the family. There are several examples reported 
from around the world of people plastering their bamboo houses to make them look like concrete houses 
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(and in the process, weakening the structure and endangering their lives). The best way to overcome the 
“poor” image of bamboo in a community is to first build an office with bamboo for the staff of the project. 
An aesthetic yet functional design for the houses will also help minimise prejudices. It is advisable to 
ensure that the outer appearance of the buildings is in harmony with surroundings, and not at too much 
variance with other non-bamboo houses.  

3.6.5 Processing of bamboo  
Bamboo can be used for many purposes. A distinction is made here between the processing of bamboo 
(this section) and the application of bamboo materials (section 3.6.6 – 3.6.8).  
 
Bamboo can be processed in many ways producing (new) materials that can be applied for different 
products. 
 

Woven bamboo:  
Freshly cut green bamboo can be split into strips (thick 1-2 mm, wide 20-30 mm). With these strips mats 
can be woven which can directly be used in construction (for walls) or glued together in to a multiplex-
like mat board.  
 
Ply:  
A plywood-like material can be obtained by cross wise gluing strips (thick 4 mm, wide 30 mm) in three 
layers. 

 
Paper:  
Bamboo can easily be processed into fibres making it an excellent material for the paper industry. 
Furthermore, compared to wood, bamboo has a fibre that is somewhat longer.  
 
Reinforcement  of concrete (wapening): 
This is an awkward issue. However because concrete reinforcement steel is expensive in these countries, 
bamboo can offer an alternative. The tensile strength of bamboo is as high as that of reinforcement steel. 
Though reinforcing with bamboo is also precarious, due to: 

- The E of Bamboo is equal to 20.000 N/mm², which is the same as the E of concrete. 
Therefore, bamboo cannot act as reinforcement since the deformation of both materials is 
equal, which will result in cracking of the concrete 

- Bamboo shrinks, which results in disconnection/detachment of the bamboo and the concrete. 
- Bamboo can deteriorate by the level of alkaline of the concrete (pH = 13).  

In case one still wants to use bamboo as reinforcement material in concrete one has to take into account a 
number of aspects and still the result will not be very satisfying.  
Een oplossing is wel te bedenken, maar het resultaat is niet geweldig: 
- Reken met een wapeningspercentage van 4 %; dat is erg veel; je krijgt er geen beton meer tussen. 
- Neem als inwendige hefboomsarm van de gescheurde doorsnede 0.75 h. 
- Neem als spanning in de bamboe 20 N/mm². Dan geldt: M = 0.75 h * 4bh/100 * 20 = 0.60 bh² 
De scheurwijdte is dan 1.5 maal zo groot als bij staal en de doorbuiging is 1/1000 tot 1/500. Verder: 
- Gebruik alleen gespleten bamboe, en wel de buitenste helft want die heeft een grotere E, is sterker en 

krimpt minder. 
- Bestrijk die met een vochtwerend middel: bitumen, asfalt enz. 
- Bestrooi dat weer met zand om aanhechting te krijgen, sla spijkers van 25 mm lang door de bamboe 

om de 75 mm of wikkel er touw omheen, ook weer bestreken met bitumen. 
 
One can come up with a solution, but the results are not tremendous: 
- It is possible to calculate with a reinforcement percentage of 4%, which is very high, and it will be 

quite difficult to get the concrete all around the bamboo. 
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- Calculate for the internal lever-arm (hefboomsarm)of the broken cross-section 0.75 h. 
- Calculate for the bamboo 20 N/mm² (spanning). Thus : M = 0.75 h * 4bh/100 * 20 = 0.60 bh² 
The width of the crack (scheurwijdte) will be 1.5 times as big as with steel and the bending (doorbuiging) 
will be 1/1000 tot 1/500. Furthermore: 
- Use only bamboo split in strips and especially the outer half, since it has a larger E, which means that 

it is stronger and will shrink less. 
- Cover this with an damp-proof material, like bitumen, asphalt, etc 
- Cover this with sand to support the attachment, hit nails of 25mm through the bamboo each 75 mm or 

wind a robe around it, the robe should be covered with bitumen. 
Conclusion: to use bamboo as reinforcement many actions should be undertaken to prepare the 
bamboo. This is not worthwhile considering the poor result. Additional, bamboo as reinforcement 
is an imitation of the steel-concrete reinforcement, a Western technique! Realistic structural 
design should search for other options and innovations to work with bamboo, but with the 
characteristics of bamboo. 

 

3.6.6 Application of bamboo in the construction sector 
Bamboo is frequently used in construction. Three kinds of application are dealt with in this section: 
housing (A), frameworks (B), and scaffolding (C). 
 

A. Housing 
Picture 3-11 & Picture 3-12 show bamboo houses in Costa Rica. Note: This is housing for the poor 
people! 

 
 

 

Picture 3-11: Examples of a bamboo house 

 

Picture 3-12: Example of a bamboo house 
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Furthermore, to construct houses bamboo can be a very useful material. Floors, walls and roofs can all be 
made of bamboo  
 
Floors 
The majority of the low-cost bamboo housing do not have a proper floor. The surface of the earth should 
be covered with dry earth to keep the moisture out of the house. An alternative is the bamboo floor, which 
consists of woven bamboo-mats.  
In the more developed houses the floor is constructed above the earth surface, constructed with beams 
covered with bamboo- mats. This is more hygienic and offers a space under the house for pets. Figure 
3-33 is derived are derived from Dunkelberg (1980). The first example shows crossed beams, covered 
with a woven bamboo mat. The second example uses splitted bamboo-laths.  

 

 
 
 

 

Figure 3-33: Examples of Bamboo Floors 
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Walls 
In the tropical areas the climate varies enormously. The climate will therefore influence the decision for a 
certain wall-construction. Additional, requirements with regard to strength and use of the wall also 
influence this decision. Walls and windows should comply with the following requirements: protection 
against human, rain, sun and wind, but also provide for sufficient ventilation and light. Several wall-
constructions can also be used for ceilings. 
Figure 3-34 shows some examples, derived from Dunkelberg (1980) The upper example consists of 
bamboo panes and nails. Bamboo beams with a large diameter are spit into eight laths. Despite the 
minimum openings between the laths, this wall is not completely wind- and watertight. The second 
example shows bamboo-laths woven between thin bamboos. 

 

 

Figure 3-34: Examples of Bamboo Walls 
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Roofs 
Roofs can be can be made of bamboo, but the durability is often problematic. Bamboo, which is not 
protected against rain and wind will only last for two years. 
There are three types of bamboo roof-constructions, see Figure 3-35 below, derived from Dunkelberg 
(1980): 
1)  Half bamboo beams: these will be laid down, as the lowest layer, with their open side up. This 
layer will be covered with half bamboe beams with their open side down. This is called the monk and nun 
principle. The beams will be attached to the girders (ned. gordingen). See the upper example. 
2)  Bamboo shingles (ned. Leien): These are made of green beams with a large diameter. Each 
shingle will be scratched in the form of a tong. This allows for attachment of the shingle to the tile-lath. In 
areas with high wind velocity, additional nails are required. For a watertight roof, three layers of bamboo 
shingles are needed. After two year the shingles have to be renewed and the old ones can be used as 
firewood, see the example below. 
3)  Bamboo can be covered with a layer of cement mortar, which occurs in Colombia. (1 part cement 
and 2 part water) and lastly covered with grass. 

 

 

 

Figure 3-35: Examples of Bamboo roofs 
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B.  Frameworks 
Bamboo frameworks are used to support the roofs of houses, schools or hospitals. These frameworks are 
mostly used in areas where bamboo became a regular building material. When designing a bamboo 
framework several aspects should be taken into consideration.  

− The permanent weight (ned.. belasting) of the own weight of the bamboo, 

− Temporary loads (ned. belasting), like wind, 

− Loads which occur during the construction. 
There are different ways to make joints for bamboo frames. To select the correct joint an exploration 
should be made with regard to the needs and the local possibilities. Joints are usually a problem. The 
picuter Verbindingen zijn in het algemeen nog een probleem. Picture 3-13 shows an perfect example of 
bamboo framework for housing in Costa Rica.  

 

Picture 3-13: Roof structures with bamboo 
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C. Scaffolding 
In countries where bamboo is a abundant product, people are brilliant in making scaffolds of bamboo. The 
pictures below are good examples. The safety-issue can of course be questioned. 

 

3.6.7 Bamboo serving as waterworks 
Bamboo can be used for waterworks, since the form of bamboo. The nodes of bamboo can be easily 
removed, resulting in a perfect tube. Above ground level it works very well, but under the surface it 
appears to be an unsolvable problem. The soil breaks down the bamboo, it happens with all organic 
materials in soil. This can be solved by preserve bamboo with chemicals, but these are poisonous and do 
not dissolve in water. And this results in poisoned drinking water.  

 

Picture 3-14: Bamboo Scaffolding 

 

Picture 3-15: Bamboo Scaffolding 
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3.6.8 Bamboo as material for utensils. 
Since bamboo is very strong and abundantly available material, it can be used for all kinds of utensils. 
Foremost, one can think of furniture. Simple furniture made for own use as well as luxury furniture for 
sale to hotels and tourists. Besides furniture, bamboo can be used for all kinds of utensils for the kitchen, 
agriculture, and tools. 
The pictures below show the possibilities of bamboo for the production of furniture. Picture 3-16 shows a 
table and Picture 3-17 presents a chair made in Costa Rica 
 
 

3.6.9 The economical value of Bamboo 
The previous sections, about the different kind of applications of bamboo, show the value of this material for 
the people in developing countries. Since bamboo is abundantly available and the local people can handle and 
process the material very well, the value is much larger than the statistics will tell. Bamboo provides the 
people an opportunity to earn some money by making and selling the bamboo-mats and smaller utensils. A 
community can therefore be self-sufficient and gain an independent status. It is also important for women, 
since they are extremely handy with bamboo, which can make them less dependent of the man. 

 

 

Picture 3-16: Bamboo furniture 

 

 

Picture 3-17: Bamboo furniture 
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4 Building construction maintenance, technologies and 
infrastructural works 

In the next sections a short introduction will be given on the major building elements that constitute 
together a building. A building element comprises all elements that are primarily part of the construction 
of a building, i.e., its structural and space separating system. Next to that infrastructural works such as 
watersupply systems, roads and bridges are shortly discussed.  
 
Some parts of the following text might be familiar to most of the students already. The text though has 
been included on purpose for reasons of giving Dutch students the possibility the become familiar with the 
English terminology as well as with the particular requirements of the tropics. 

4.1 Construction and maintenance 

The maintenance situation of buildings in tropical developing countries as well as the upgrading practices 
is often problematic. Problems can be decreased though when the aspects of maintenance and upgrading 
are taken into account already from the start of a new building (maintenance poor and rehabilitation 
friendly design). 
For developing countries in tropical areas maintenance and rehabilitation activities differ in many ways 
from those in developed countries. Aspects like availability of materials and spare parts, reuse of 
materials, quality/quantity and cost of labour, environment, transport, self help, climatic conditions and 
mentality will be reviewed and put against what measures, actions should be preferred. 
 
In the annex paper is included written by Dr. PA Erkelens (Maintenance & Rehabilitation / Upgrading 
in tropical areas in particular in less developed countries) in which the following issues are discussed: 

� Causes for lack of maintenance (socio-economical, technical) 
� Design 'for' future maintenance and upgrading  
� Planning of maintenance 
� Technical solutions for maintenance problems 
� Upgrading, rehabilitation, conditions survey 
� Rehabilitation or demolition.  

 

4.2 Foundations 

A foundation is a structure that transmits loads from a building to the underlying ground. A footing is a slab 
element that acts as the foundation, transferring loads from the superstructure to the ground. Most foundations 
extend underground, and the foundations of large buildings often penetrate to the bedrock. A common type of 
foundation consists of walls -that extend below the frost line in non-tropical areas- and transfer the weight to 
wider footings. Other kinds of foundations include slab foundations, pier and beam foundations and piles. 

The primary dangers to a foundation are movement and uneven support. Change in groundwater table is a 
common cause of foundation failure. Also flowing water can remove supporting soil from underneath a 
bridge foundation and freezing water can heave the supporting soil in one direction and then in the other 
direction when it thaws. Changes in soil moisture can cause 'reactive' clay soil to swell (or shrink). This 
swelling can vary across the footing due to seasonal changes or the effects of vegetation removing moisture. 
The variation in swell can cause a footing sitting on the reactive foundation soil to distort, cracking the 
structure over it. This is a particular problem for house footings in semi-arid climates such as South Australia, 
Southern USA, etc., where wet winters are followed by hot dry summers. Raft slabs with inherent stiffness 
have been developed in Australia with capabilities to resist this movement.  
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Foundations in developing economies are complex14. Western scientists are often not familiar with the soil 
types of these countries. In addition, the use of steel necessary for reinforced concrete foundations is too 
expensive.  
 
The first step to take is ‘soil exploration’. A good method for separating soil into its different substances 
is: wash out the soil in a jam pot, or the like, and then let it settle down. Due to differences in the settling 
rates, the soil is sorted in layers according to grain structure. An easy soil test is to try to push a steel bar 
ø12 in the ground by oneself; between 0.75 and 1.00 meter deep, the soil is a good building lot. This only 
counts for sandy soils. Be aware of rats! In the Netherlands it is common to build a frost rim underneath 
the outer wall. This also makes the houses rat-free. In tropical countries, one should always make a ‘rat-
rim’ around the house, to on 0.70 meter under ground level.  
 

4.2.1 Soil exploration 
Local methods can be a good help but they can be misleading as well. Two examples follow. 
First: according to tradition, at the centre of the proposed site, a square pit of 45 cm in length, width and 
depth is dug. The soil removed from the pit is put back into it, layer by layer. Each layer is compacted. If 
some quantity of soil remains after completely filling the pit then it is the best soil as foundation. If all the 
soil that was removed from the pit is required to fill it to its original level then it is a medium type of soil. 
When the pit cannot be filled up even after putting back all the soil then the soil is of poor density and 
should be rejected as foundation soil. In fact this is a density test. 
Next example: the same square pit is dug and is then filled with water up to its brim. Then one waits three 
minutes. If the level of the water remains as it was then the soil is the best kind for building on. If the level 
of the water falls by not more than 3 mm then it is an average type of soil. If the water falls by more than 3 
mm then the soil is unsuitable as foundations. This test looks nice, but it rejects all sandy soils which in 
our opinion are reliable! In the region of origin this test might be OK but it cannot be transferred to any 
other region. 
 
The following is a summary of Overseas Building Notes no. 121 from 1967; old indeed but a source of 
good information. 

 

4.2.2 Information available off site 
Our goal is: to collect data about the soil. We start off site. The local authority (if it exists!) can be a useful 
source of information at this stage. Its knowledge of the soil and general conditions in the area, particular 
difficulties that can arise and local building practice can be invaluable. 
 
Older editions of local survey maps, ancient maps and records from other local sources can also provide 
useful clues to the positions of features that might cause difficulty, such as filled in ponds, ditches and 
streams, disused pipes, sites of old buildings and services. In many developing countries such data are 
unknown. 

 

4.2.3 Site exploration 
Useful information can be obtained from a surface exploration of the site and its surroundings. Nearby 
buildings should be looked at to see if they show any signs of distress or damage, and if possible the depth 
and types of foundations used should be established. The information gathered in this stage can be 
grouped under the following headings:  

                                                      
14 It is assumed that the reader is familiar with the general Dutch knowledge on geotechnics and foundations. 
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Topography  

Topographical features such as a step in the line of a valley may indicate a geological fault or a zone 
where shattered rock has been more rapidly eroded than the surrounding rock.  
Broken and terraced ground on hill slopes, especially when steep, may be caused by landslides.  

• While gentle slopes usually make good building sites because of the drainage they promote, slopes 
greater than about 1 in 10 should be examined for soil creep.  

• Slowly moving clay slopes are often responsible for the tilt of walls, fences and trees. 

• Low-lying flat areas in hilly country may have been the sites of lakes and suggest the possible 
presence of soft silty soils and peat. On the other hand, mounds (=stapel stenen) and hummocks 
(=bulten, hobbels) in more or less flat regions frequently indicate the possibility of boulder clay 
overlying solid strata. 

In limestone or chalk country, craters or gentle depressions usually indicate swallow holes formed by the 
collapse of sandy or loamy soils into the fissured rock below. 
Unstable conditions can also occur where springs issue from fine sand and silt strata on grassy slopes. 
Ground of this nature is best avoided. 

 
Where a polygonal pattern of cracks about 25 mm wide is seen in the ground surface during dry weather, 
the surface soil is shrinkable. Shallow depressions round mature trees in open ground, broken curb-stones 
and frequent repairs to paved surfaces close to trees in developed areas are further indications of shrinkage 
due to drying. Larger cracks, more or less parallel to each other, are frequently indicative of deeper-seated 
movements such as are caused by mining or landslides. 
 

Flooding  
Sites along river valleys and coasts may be liable to flooding from time to time, and the highest recorded 
flood levels should be established. Dry inland valleys may also become flooded as a result of heavy rain. 
 
Ground water 

The water levels in nearby ponds, streams and rivers noted in a site exploration may not be a good guide 
to the level of the water in the adjoining country; near coasts and estuaries the groundwater level may 
fluctuate with the tide. 

 
For purposes of basement design it should be assumed that the water level in clay soils extends to the 
ground surface. Precautions should be taken to ensure that basements do not 'float' if the water level rises 
during construction.  
Some clays contain sulphates; these cause corrosion of buried concrete, iron and steel. If the presence of 
sulphates is suspected, the groundwater should be analysed, care being taken to avoid contamination of the 
samples by surface water. 
 

Vegetation 
The kinds of vegetation growing on a site should be noted. A change in the vegetation over quite a small 
area may indicate an important change in the subsoil or rock formation, and show where more detailed 
soil investigations should be made. If possible, no building should be founded in varying soil, because of 
probable differential settlement. 
The existence of peat and swamps will usually be obvious. Such sites should be avoided unless deep and 
expensive foundations are justified. 
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4.2.4 Site history 
Previous uses of a site may suggest acceptable types of foundation for the proposed new works, or even 
make it clear that the site is unsuitable for new building. In areas where there have been underground 
workings, such as worked-out ballast pits, quarries, old brickwork, coal mines, mineral workings and brine 
pumping, enquiries should be made to establish their exact location. Reports of damage to structures, 
services and drainage systems should be 
investigated. 
Sites previously cleared of trees may be on dried clay, and this must be allowed to re-absorb moisture and 
swell before construction is started, unless specially designed deep foundations are provided. 
In urban areas the positions of sewers, drains and services should be verified to avoid any risk of damage 
by new foundations. 

4.2.5 Soil investigations 
The objects of soil investigations are to determine the strengths and deformation characteristics of the soil 
under load and to identify the conditions in which soils are otherwise susceptible to movement. Some 
guidance on both will have been obtained by 
visual examination of the exposed surface of the site, while other simple tests, not involving detailed 
measurement, can yield useful results. 
 
Scope of the investigations 

In plan.  
For buildings of up to 4 storeys, sufficient inspection pits should be dug near the boundaries of the site to 
establish the soil profile. On a sloping site, or one with rock near the 
surface, other pits may have to be dug nearer the centre so that any variations in profile may be noted. 

 
In depth. 
In investigations for raft (= plaatfundering) and piled foundations, samples for soil testing should 
normally be obtained from bore holes. 
Shrinkage of clays is to be expected to depths of  2 meters. 
Where trees are growing on clays, bore holes to about 5 meters are needed.  
If the inspection pits or the information obtained from other sources mentioned above suggest that piled 
foundations will be necessary, then the investigation must be made to greater depths and a specialist firm 
should be consulted. (if any is present!) 

 
Soil Identification  

In this text it is possible only to discuss the qualitative aspects of soil identification. Table 1 classifies soil 
types as they are identifiable in the field and indicates their suitability for 
various foundations. 
Quantitative tests in the field and the laboratory will however be necessary where a comprehensive 
account of soil conditions is required. 
 
Sampling equipment  

For bore holes the simplest tool is the post-hole auger; with this two men can easily reach 6 to 7 meters  in 
soft or firm clays. It is important that the samples are extracted in as undisturbed a form as possible and 
that they are immediately protected from.  
Inspection pits are of course more accessible than bore holes and allow removal of clay 
from the walls with a spade or knife.  
In sands and gravel, casing tubes to prevent collapse of the bore hole and percussive tools are necessary, 
and the services of specialist firms should be used. 
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Construction types 
Besides the factors already considered, both the type of construction and the subsequent use of the 
building are important determinants of foundation design.  

 
Soil data 
Inspection pits, samples from boreholes, and simple field tests suggested in Table 4-1 should provide data 
enabling near-surface soils to be identified and their strengths estimated. Geological maps and local 
records will often indicate whether the soils beneath pits and boreholes are likely to influence foundation 
design. 
Soil type Field identification Field assessment of  

structure and strength 
Possible foundation 
difficulties 

Gravel 
(=grind) 

Between 2 and 75 mm in diameter. 
Some dry strength indicates 
Presence of clay 

Loose – easily removed by shovel 
50 mm stakes can be driven well in 

Loss of fine particles in water-bearing 
ground 

Sands 
(=zand) 

Between 2 and 0.075 mm. 
Clean sands break down completely 
when dry. Individual particles visible 
to the naked eye and gritty to fingers 

Compact – requires pick for 
excavation.  
Stakes will not penetrate more than 
a few inches 

 

Silts 
(=fijn zand) 

< 0.075 mm. 
Particles not normally distinguishable 
with naked eye 
Slightly gritty; moist lumps can be 
moulded with the finger but not rolled 
into threads 
Shaking a small moist lump in the 
hand brings water to the surface 
Silts dry rapidly; fairly easily 
powdered 

Soft – easily moulded with the 
fingers 
Firm – can be moulded with strong 
finger pressure 

As for sands  

Clays 
(=klei) 

Smooth, plastic to the touch. Sticky 
when moist.  
Hold together when dry.  
Wet lumps immersed in water soften 
without disintegrating. 
Soft clays either uniform or show 
horizontal laminations 
Harder clays frequently fissured, the 
fissures opening slightly when the 
overburden is removed or a vertical 
surface is revealed by a trial pit 

Very soft – exudes between fingers 
when squeezed 
Soft – easily moulded with the 
fingers 
Firm – can be moulded with strong 
finger pressure 
Stiff – cannot be moulded with 
fingers 
Hard – brittle or tough 

Shrinkage and swelling caused by 
vegetation 
Long-term settlement by consolidation 
Sulphate-bearing clays attack concrete 
and corrode pipes 
Poor drainage 
Movement down slopes; most soft 
clays lose strength when disturbed 

Peat 
(=turf/veen) 

Fibrous, black or brown 
Often smelly 
Very compressible and water 
retentive 

Soft – very compressible and 
spongy 
Firm – compact 
 

Very low bearing capacity; large 
settlement caused by high 
compressibility 
Shrinkage and swelling: foundations 
should be on firm strata below 

Chalk 
(=kalk) 

White – readily identified Plastic – shattered, damp and 
slightly compressible or crumbly 
Solid – need a pick for removal 

Swallow holes 

Fill 
(=vulling) 

Miscellaneous material e.g. rubble, 
mineral, waste, decaying wood 

 To be avoided unless carefully 
compacted in thin layers and well 
consolidated 
May ignite or contain injurious 
chemicals 

Table 4-1: Soil identification in the field 
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4.2.6 Soil movements 
Clays which shrink on drying and swell again when wetted are commonly responsible for the movement 
of shallow foundations. If such clays are firm enough to support buildings of a few storeys they are known 
as firm shrinkable clays. 
The movements, which are not necessarily vertical or evenly distributed, may be caused by seasonal 
weather changes, the growth or removal of vegetation, earth flows and subsidence. The problems raised 
by these movements are usually most acute with soils composed of fine particles. 

 
Shrinkage and swelling caused by vegetation and climate 
The roots of plants penetrate soil to considerable depths and dry it when rainfall is low. 
A building on shallow foundations close to vegetation is therefore liable to seasonal movements or long-
term settlement, depending on the root growth. To some extent the building protects the clay beneath it 
from seasonal drying and wetting, and movement is more likely under the outer walls and corners.  
Shrinkage of clays occurs horizontally as well as vertically and so there is a tendency for walls to be 
drawn outwards in addition to settling and for cracks to open between the clay and the sides of the 
foundations. These cracks allow water to enter during any following rains and to soften the clay against or 
beneath the foundations (See Figure 4-1). 

 
To reduce the risk of damage as far as possible it is advisable, as a  rough guide, not to erect buildings on 
shallow foundations closer to single  trees than their height at maturity. The roots of groups or rows of 
trees  competing for water over a limited area can be much more extensive, and,  again as a rough guide, 
one-and-a-half times the mature height of the trees is 
suggested as the limiting distance. It is of course equally important that  any young trees should be planted 
further away from buildings than these  distances. 
 
Swelling caused by tree removal  
Clays which have supported mature trees for many years will be in a dried state and likely to swell when 
the trees are felled (Figure 4-2). Buildings erected before swelling is completed will therefore be subject to 
uplift. Unless the resulting differential movements can be accommodated by the structure or eliminated by 
the foundations, it will be necessary to defer construction until swelling is complete, which can mean a 
delay of many years.  

 

 

Figure 4-1: Cracking associated with shallow foundations on shrinkable clays 
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To avoid this delay the following alternative methods should be considered: 

• Anchoring the building by reinforced bored piles sleeved (= van een huls/manchet voorzien) from the 
ground over their top 3 meters, and providing suspended floors. Beams spanning between the piles 
must be well clear of the ground surface. 

• Using flexible framed construction without brickwork or plastering. 

• Making the building rigid by reinforcing the foundations and brickwork. 
 
Buildings erected close to standing trees should be supported on piles of sufficient depth, and for small 
structures bored piles are likely to be the most economical. Where nearby vegetation is insignificant, strip 
footings1 to 2 meters deep are usually adequate. 
 

4.2.7 Choice of foundation type 
Based on the results of the described investigations, and with much engineering judgement, one now has 
to design the foundation. Apply the normal knowledge about foundations, and stay at the safe side. For 
developing countries, table 2 gives the most appropriate foundations for buildings of not more than 4 
storeys for a variety of typical soil conditions. 
Please keep in mind the next considerations. 

• The availability of equipment. 

• In shrinkable clay areas, short piles bored with augers are competitive in cost with traditional strip 
footings. 

• Simple costing on a labour-plus-materials basis may be misleading: e.g. construction of bored piles 
can often continue through the wet months when the trenches for strip foundations would be 
waterlogged. 

• Elimination of water from excavations other than by pumping from drainage sumps can be expensive. 

• Clay and chalk surfaces deteriorate when exposed to water and should be protected by concrete or 
mortar. 

 

 

Figure 4-2: Effects on felling trees 
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Soil types and  
Site condition 

Foundation Details Remarks 

Rock, solid chalk, 
sands and gravel or 
sands and gravel with 
only small proportions 
of clay, dense silty sands 

Shallow strip or pad footings 
as appropriate to the load-
bearing members of the 
building 

Breadth of strip footings to 
be related to soil density and 
loading  

Keep above water where- 
ever possible. Slopes on 
sand liable to erosion. 
Foundations 0.5 m deep 
should be adequate. Beware or 
swallow holes in chalk 

Uniform, firm and stiff 
clays: 
1. Where vegetation is 
    insignificant 

Bored piles and ground 
beams, or strip foundations 
at least 1 meter deep 

Deep strip footings of narrow 
widths  can conveniently be 
formed of concrete 
up to the ground surface 

 
 
 
 
 

2. Where trees and 
    shrubs are growing  
    or to be planted     
    close  to the site 

Bored piles and ground 
beams 
 

Bored piles  
 

Downhill creep may  
occur on slopes greater than 1 
in 10.  
Unreinforced piles have  

3. Where trees are  
    felled  to clear the site  
    and construction is due 
    to start soon 
    afterward 

Reinforced bored piles of 
sufficient length with the top 
3 m sleeved from the 
Surrounding ground and 
with suspended floors, 
or thin reinforced rafts 
supporting flexible buil-
dings, or basement rafts 

 been broken by slowly moving 
slopes 

Soft clays, sort silty 
clays 

Strip footings up to 1 m wide 
if bearing capacity is 
sufficient, or rafts 

 Settlement of strips or rafts 
must be expected. 
Services entering building 
must be sufficiently flexible. In 
sort soils of variable thickness 
it is better to pile to firmer 
strata (See peat and fill below) 

Peat, fill Bored piles with temporary 
steel lining or precast or in 
situ piles driven to firm strata 
below 

Design with large safety 
factor on end resistance of 
piles only as peat or fill 
consolidating may cause a 
downward load on pile.  
Field tests for bearing 
capacity or deep strata or pile 
loading tests will be required 

If fill is sound, carefully 
 placed and compacted 
in thin layers, strip 
footings are adequate. 
Fills containing combustible or 
chemical wastes 
should be avoided. 
 

Mining and other 
subsidence areas 

Thin reinforced rafts for 
individual houses with load-
bearing walls and for flexible 
buildings 

Rafts must be designed to 
resist tensile forces as the 
ground surface stretches in 
front or a subsidence. 
A layer of granular material 
should be placed between the 
ground surface and the raft to 
permit relative horizontal 
movement 

Building dimensions at 
right angles to the front 
or long-wall mining should 
be as small as possible 
 
 

Table 4-2: Choice of foundation for buildings of not more than 4 storeys 
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4.2.8 Short-bored, under-reamed pile foundation 
This text is a summary from “Building Foundations in Poor Soils” by P.L. De, in Appropriate Technology  
(1978) vol. 5 no. 3 pages 16-18. 

 
Soils susceptible to a high degree of swelling and shrinkage with change of moisture content are a 
constant worry to foundation engineers all over the world. Such soils are the black cotton soils of India. 
Structures built on these soils adopting the traditional type of strip or mat foundations crack severely 
within a year of their construction, despite all precautions. 
The principle of the foundation is to anchor the structure at a depth where ground movement is negligible; 
neither sophisticated machinery nor expertise is necessary. 

 

4.2.9 Design of the piles and capping beams 
For easy handling of equipment, economy in construction, and load-carrying capacity , the dimensions of 
under-reamed piles have been standardised. The length of the under-reamed piles ranges from 3-8 m; the 
diameter of the shaft of manually bored piles is between 200-500 mm, and the diameter of the under-
reamed bulb is normally two and a half times the shaft diameter. When heavier loads are to be carried, 
double or multiple bulbs are used .  
The load-carrying capacity of the under-reamed piles can be computed theoretically, with knowledge of 
the soil properties, but because of uncertainties in sampling and laboratory testing, tables of safe loads of 
piles have been prepared. Reinforcement in under-reamed piles does not generally exceed 0.8%. 
The load coming on to the piles depends on the position of the capping beams. In expansive soils the beam 
is kept clear of the ground to accommodate the heaving of soil. The beams are designed taking into 
consideration the panel action of the capping beam together with the masonry wall resting on it, which 
enables the depth of the beam to be reduced considerably. 

 

4.2.10 Equipment 
For under-reamed piles up to 3.5 m deep, the equipment can be handled by four to six persons. The 
following equipment is necessary. 
Auger boring guide. The pre-requisite in the construction of an under-reamed pile is the accurate 
verticality of the pile. Holes for the piles should be straight and vertical, which is 
difficult with hand-operated augers. Therefore, an auger boring guide  has been developed. Two sets of 
flaps, when closed, help to keep the boring assembly vertical. At the time when the boring assembly is 
lowered or taken out, the flaps can be held back by hooks. Four spikes, a hammer, and small crowbar also 
form part of the guide assembly. 

 
Earth auger. (See Figure 4-3). Spiral earth augers are suitable for any normal 
soft soils. Boring in stiff and hard soils needs special augers with double 
cutting blades and in sandy soils under water, special bucket augers may be 
needed. 

 
 
 
Under-reamer. This is the tool required to make the bulb or under-ream. 

 
Other equipment. The other items required are two handles with extensions and extension rods for the 
auger and under-reamer , a wheelbarrow and a concreting funnel. 
 

4.2.11 Construction of the pile 
Fixing of the boring guide. 

 

Figure 4-3: Spiral auger 
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After clearing and roughly levelling the site, the position of the piles is marked out on the ground. The 
boring guide is fixed. Four spikes are fixed in the ground to prevent the positional deviation of the 
borehole. Stiff and hard top soil is loosened by means of a cutting tool or a crowbar. 
 
Boring and under-reaming 
At the start of boring, the flaps of the guide are opened and the auger is then used to make the borehole. 
As the auger goes down, the flaps are closed and the boring proceeds.  
The first 1 -1.5 m of boring should be maintained truly vertical. For deeper boring suitable extension rods 
are used. 

 
After boring to the required depth, the base is enlarged with the 
under-reaming tool (see Figure 4-4). As the tool is pressed down and 
rotated, the blades (1) around a central shaft (2) gradually widen out 
and cut the soil from the sides and this is collected in a bucket (3) 
attached to the under-reaming tool. The rotation should be applied 
slowly, otherwise either the extension rod or the blades may bend 
due to excessive force. A pin (4) inserted in the shaft controls the 
maximum diameter. When the bucket is full, the under-reamer is 
taken out of the borehole, soil is removed from the bucket and again 
the under-reamer is lowered. The process is repeated until the under-
reaming is complete.  
Care should be taken to measure the depth of the borehole each time 
before the under-reamer is lowered, to ensure that no loose soil 
remains inside, otherwise the position and size of the bulb would be 
changed as the diameter of the under ream may be changed. The 
diameter of the under-ream may be checked by a rod bent at right 
angles. 
 

It is important to pour in the concrete soon after the borehole is ready. For concreting, the boring guide is 
removed and a funnel is placed over the borehole. The reinforcement cage is lowered and concrete is 
poured in. Slump of 120 mm for the concrete is desirable, but in any case it should neither be less than 70 
mm nor greater than 150 mm. Compaction of concrete by rodding is sufficient. 
 

4.2.12 Boring and concreting under water 
In clay soils, boring and under-reaming under water does not normally pose any special problems. In 
sandy soils, however, since the sides of the borehole below the water table tend to cave in, the borehole 
requires stabilisation by filling it with a drilling mud made by mixing about 5% bentonite in water. 
 

 

 

Figure 4-4: Under reamer 
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For concreting, a “Tremie” pipe with a suitable valve assembly at its base is lowered to rest on the bottom 
of the borehole. The reinforcement is lowered and about half the length of the Tremie is filled with 
concrete of high slump (200 mm). The pipe is then raised a little at a time. More and more concrete is 
poured in and the pipe is gradually pulled out.  
At least the bottom half-metre of pipe should always be full of concrete during withdrawal or else 
bentonite slurry may enter and contaminate the concrete. 
 

4.2.13 Literature on foundations  
 
Appropriate Technology. vol. 5 no. 2, pp 3, augustus 1978, en vol. 5 no. 3, pp 15, november 1978, over 
ratten en muizen. 
 
Building on difficult soils. Overseas Building Notes nr. 121, (1967) pp 1-18. Erg goed. Funderingen 
kiezen, ontwerpen, dimensioneren. 
 
Foundations in poor soils including expansive clays. Overseas Building Notes nr. 179,  1978; is zelfde 
tekst als Appropriate Technology vol.5 no. 3 pages 16-18.  
 
Handbook on under-reamed and bored compaction pile foundation. P.L. De, Scientist Co-ordinator, 
Central Building Research Institute, Roorkee (UP) India, 1978. 
 
Shallow foundation problems. Methods for difficult soils. Gidigasu, M.D. Batiment International, mei/juni 
1985, pp 153-160. 
 
Structural Foundations Manual. Atkinson (RLG 93 ATK bsb) 
Leuk boek, vooral voor funderingen: 
- op klei,  boven oude mijnen,  bij bomen,  bij hellingen. 
 

4.3 Main structure  

4.3.1 Structural system  
Typically, several types of structures are picked and investigated at least through preliminary or schematic 
design stage. Consideration is given to alternative:  

� Materials for structural and non-structural elements  
� Connection types:  fixed/ partially restrained, etc.  
� Configuration - regular- irregular  

 

Picture 4-1: Stages in the construction of multi under reamed piles 
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� Load carrying systems:  vertical loads/ horizontal loads  
� Types of foundation  

For each alternative additional evaluation criteria for the choice of a 
structural system are applicable:  
Seismic and functional performance  
Economic cost  
Length of Construction (Time is Money)  
Construction Risk  
Convergence of architectural desires and structural needs Convergence 
of structural and mechanical needs  
Local Conditions (Material, Labor, Common Practice)  

4.3.2 Walls  
Walls are upright structures of masonry, wood, plaster, or other 
building material serving to enclose, divide, or protect an area, 
especially a vertical construction forming an inner partition or exterior 
siding of a building. 
Its thickness is determined by the material, height, and stress. It may be 
of studding and lath, either boarded or plastered; adobe; rammed earth; brickwork or stonework; concrete; 
tile; or of steel in combination with one or more of the preceding materials. The wall serves two functions.  
A bearing wall is used as a support, e.g., for the floors and roof. Usually raised on foundations, it is 
thicker at the bottom than at the top and is often buttressed.  
A nonbearing wall, such as a partition screen or curtain wall, is used to separate and define spaces and is 
generally much thinner. A party wall is one common to two adjoining buildings, and a gable wall is one at 
right angles to the roof ridge. A fire wall, or bulkhead, separates hazardous equipment from the rest of a 
structure to prevent the spreading of fire; in ships the bulkhead is also watertight. The front wall or face of 
a building is termed the facade. Exterior walls may be finished with stucco or grafito and enhanced by 
bas-relief, tile, mosaic, or painted decoration. Arcade, rustication, and vermiculated work are means of 
ornamenting brick and stone masonry.  

4.4 Openings 

4.4.1 Building entrances 

Principal entrances to buildings should be accessible externally and internally for disabled and non-disabled 
people, whether they are visitors to the building or work in it, and whether they enter or leave using a 
wheelchair or on foot. 

At large developments, such as shopping centres or transport terminals, doors should be avoided. If doors are 
installed at such heavily used locations, they should operate automatically. 

Floor surfaces at entrances should be slip-resistant in all weather conditions. 

Entrances specifically provided for members of staff should be accessible. 

At entrances where there are "ring for attention" call buttons or security entry systems, these should be clearly 
signed, easy to operate and reachable from a wheelchair. To assist deaf people, call buttons should incorporate 
visual signals that indicate the button has functioned correctly. Areas where waiting may be necessary should 
be under cover. 
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If car parking is in a location which is inaccessible to the principal entrances, or if the principal entrances 
cannot be made externally accessible, alternatives for general use should be provided. 

4.4.2 Doors - General design features 

Doors should be sited to allow unobstructed entry and egress. Permanent or temporary obstacles, such as 
bollards and information boards, should not be placed in the line of travel. There should be a level area for 
manoeuvring on each side of the door. Immediate changes in level should be avoided, e.g. doors should not be 
sited over the riser of the top of a flight of steps. 

Doors should be readily identifiable. The location of doorways should be emphasised by tonal contrast with 
the surrounding surfaces. Glass doors in glazed surroundings should be made easily identifiable, to avoid 
people walking into them. 

Passages through doors should be level. Door thresholds should be flush. Weather protection for external 
doors can be provided by weather bars or other measures. Where a raised weather threshold is unavoidable, it 
should not exceed 12mm in height and must have a smooth profile and not angular section. 

Spring closers should be avoided. It should be possible to open doors using a force of less than 10 Newton. 

A single leaf or door should be wide enough for a wheelchair or double baby-buggy to pass through. Kick-
plates can protect doors from scuffing by feet and damage from pushchairs and wheelchair foot-plates. In 
otherwise solid doors, glazed vision panels should be provided to ensure people approaching can be seen by 
those on the  

Windows 

Today, there is increasing evidence that daylight is essential for the health, well being and 
productivity of individuals. Although productivity is often difficult to quantify, clinical disorders, 
such as daylight deprivation and seasonal affective disorder (commonly called SAD), are directly 
linked to a person's lack of light. By carefully designing window specifications for either 
commercial or residential buildings, architects can contribute to the increased productivity and 
psychological health of building occupants.  
Through the years, daylight has played an invaluable role in the lighting of buildings. Until the 
industrial revolution, workers generally spent a large amount of time outdoors or within close 
proximity to daylight. Not until this century, when electric lights became commonplace, has 
daylighting been neglected in most buildings.  
Windows are the best means of providing points of contact with the outside environment. Short- and long-
range views allow the eye to change focus, provide a connection to the natural world, and to assist in 
knowing time and weather and provide orientation. The lack of a physical connection is a major source of 
occupant dissatisfaction in offices. Studies show that many European countries now require that workers 
be within 27 feet of a window. Switzerland and the Scandinavian countries go a step further. They require 
that windows also be operable (Loftness, et al, 1993). To offset the problem of overburdening a 
mechanical system with open windows, automatic sensors are placed within the air diffusers in individual 
offices. These sense, through a change in air pressure, that a windows is open. They then cut off heat flow 
to the room so that the heating system is not working against an open window. 
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As architects and designers explore the inclusion of daylighting into their designs, the availability of high 
performance windows with diversity of characteristics to accommodate specific functions will be 
necessary.  

4.4.3 Window frames 
Window frames do more than simply hold the glass in the wall. Their material, finish, and style help to 
define the architectural character of the home. The frame allows us to open the window and bring in fresh 
air and close it tight to prevent intrusion. It must resist rain and wind and help prevent heat loss.  
  
We will examine the most popular frame materials currently available. We'll describe the characteristics 
and benefits of each frame. Particular attention is given to the energy efficiency aspects of window 
frames. 
 
When comparing windows, buyers should consider energy efficiency, cost, security, maintenance, ease of 
cleaning, aesthetic appeal, color selection, durability and ease of use. Knowledge of your window frame 
options is essential to understanding the function and benefits of high performance windows. 
 

Aluminum Frames 
Design of the aluminum extrusions is critical to energy performance and the structural and operational 
characteristics of the window product. Dies are created for extrusion of each of the several different 
shapes that may occur in a single window. Extrusion design requires a delicate balance; larger, more 
complex extrusions may make a stronger frame but detract from the energy performance and increase 
production cost. 
Aluminum can be fabricated to extremely close tolerances. This, coupled with the material's durability and 
strength, insures that an aluminum window will provide years of reliable operation. 
Aluminum is a very good conductor of heat, about 1 000 times more conductive than materials like wood 
and vinyl. However, aluminum window frames are often designed using a lower profile cross-section than 
their wood and vinyl counterparts. This smaller surface exposure can help minimize frame heat loss and 
yield a larger glass vision area 
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Thermally Improved Aluminum Frames 
Thermally improved aluminum windows deliver the strength and durability of solid aluminum, but with a 
reduction of heat loss through the frame. A standard aluminum frame window will allow heat to travel 
freely from the warm inner side of the frame to the cold exterior side. This heat loss path can be short-
circuited by separating the aluminum in a section of the frame and replacing it with a non-conductive 
material. A thermal break separation of only 1/4" can substantially improve window performance.It is 
important that all frame parts which extend metal from inside to outside be broken and that the breaks are 
placed correctly to avoid thermal bridges or short circuits for heat loss. This type of frame requires 
additional manufacturing steps and typically costs more than standard aluminum windows. Some 
manufacturers make partially thermal broken products to meet mandated energy code U-factors. Be sure 
to check the NFRC window U-factor rating since not all thermal break windows perform better than well 
designed standard aluminum products. Also,  thermal break aluminum windows may cost just as much as 
competing vinyl products with better U-factor ratings. Thermally improved aluminum windows may be a 
reasonable choice when an aluminum frame and enhanced energy performance are both high on your list 
of window priorities. 
 

Vinyl Frames 

Vinyl's low thermal conduction properties make it nearly ideal for use in window frames. Like aluminum 
frames, vinyl window frames are extrusions, but because vinyl is not as rigid as aluminum, several internal 
hollow chambers are often added to provide strength. These chambers also trap air, increasing the energy 
performance and improving the sound deadening qualities of the frame. In general, the more internal 
chambers, the stronger and more energy efficient the vinyl frame will be. As with aluminum windows, the 
design of the extrusion is critical to the energy performance, structural strength, and economic success of 
the product.  
Metal reinforcement can be added to the hollow sections of vinyl frames to add rigidity and strength to the 
frame. This reinforcement is typically installed where the fixed and operable panels meet (the interlock) in 
most sliding windows, and on selected sections of large frames. Metal reinforcement normally has but a 
minor effect on the overall energy performance of the window.  
Vinyl windows can match the exterior appearance and maintenance-free aspect of clad wood windows.  

 

Wood Frames 
Wood windows have been used for centuries. Despite the coming of metals and synthetics, wood remains 
the traditionalist's choice for window frames. Due to its inherent insulating qualities, wood frames deliver 
exceptional thermal performance along with an attractive natural look. Wood windows with modern 
weather stripping and hardware are a vast improvement over the drafty, poorly operating windows found 
in older homes. Unfortunately, quality wood windows are among the higher priced fenestration products. 

 

Wood/Clad Frames 
Clad wood windows should be considered if wood windows are desired but maintenance is a major 
concern. Cladding is typically a thin aluminum or vinyl protective cover that shields the wood exterior 
from the weather but leaves the natural wood exposed on the inside. 
 
The thermal energy performance of clad products is about equal to plain wood windows. However, if 
metal cladding extends under the sash and into the interior, heat can be transferred and slightly lower U-
factors should be expected. 
 

Fiber Glass & Composite Frames Relatively new to the window market, fiberglass frames provide a 
combination of benefits. Fiberglass frames are structurally strong, expand and contract very little with 
temperature changes, and are good thermal insulators. Fiberglass window frames achieve strength without 
bulk, and thus may be built with a lower frame profile -like traditional aluminum frames, but with better 
thermal performance. Several varieties of fiberglass frames have recently become available as some 
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manufacturers of other frame types have entered the composite market. At least one wood window 
producer has introduced a frame with wood interior and composite exterior components. Rather than just a 
surface cladding, the fiberglassportion makes up the structural, finished exterior section of the window So 
far, fiberglass windows have been priced above vinyl, approaching or matching the cost of high-end wood 
windows. As more new window products become available, the issue of price will determine which 
segments of the housing market will accept, adopt, or demand fiberglass frames. 

 

Other Composite Frames 

Any of the frame material types mentioned above may be combined to make hybrid frames. For instance, 
interior wood strips are sometimes attached to an aluminum frame to combine the exterior weathering, 
strength and weight properties of aluminum with a natural wood interior finish. Although these products 
own a very small share of the current market, new products combining vinyl with fiberglass, wood or 
other materials are appearing as manufacturing processes evolve and improve.  
Steel Frame Windows 

Steel window frames were popular in buildings in the early to mid 1900's but are only used now in rare 
circumstances. Sometimes steel is specified where fire-protection and extra-strength assemblies are 
required by code. In other cases architects seeking a retro warehouse look will select steel frame windows. 
A few companies manufacture steel windows in this country for this specialty market. Although durable, 
steel frame windows are heavy, they rust and require serious maintenance. 
 

frame type Wood  
 

Aluminum  
 

Thermally 
Improved 
Aluminum  

Vinyl  Fiber Glass & 
Composite  
 

energy 
efficiency 

Very good Fair Average Very good Very good 

price High Low Medium Medium High 

maintenance Fair Very good Very good Very good Good 

durability Fair Very good Very good Very good Good 

strength Good Very good  Very good  Good Very good 

color selection Very good Good Good Fair Good 

 

4.5 Roof 

Although most of the students may have knowledge of the following the text below 
is given for reasons of getting familiar with the English terms for the various 
elements. The various types of building material that can be used for roof covering 
have been discussed before. 
 
Roofing comes in sloped or 'flat' form; however roofs are never really truly flat. Flat 
roofs are often covered with tar and gravel and provided with drains to run off rain and 
snow. Other shaped roofs are built to shed water easily, these include: 
Ridged roof types  
pitched or gabled  

saddleback  

hipped  

half-hipped  

mansard (characterized by two slopes on each of its four sides with the lower slope 
being steeper than the upper slope. The name stems from French architect Francois 
Mansart  1598-1666 who popularized its use.) 

Ridged roof types 
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gambrel (A roof where each side has two slopes; a steeper lower slope and a flatter upper one; a 'barn roof': 

distinctive feature of Dutch Revival buildings. They were originally found on 17th-century Dutch and English 
colonial homes. Now associated with barn roofs, these roofs have two separate raking slopes that break near the 
ridgeline to create a profile that resembles the section of a bell.) 
pavilion  

� conical  
� domical  
� pyramidal  

Some building styles, for example, geodesic and A-frame, blur the distinction between wall and roofs. Pitched 
roofs can be covered with asphalt shingles, thatch, wood, shake, steel, corrugated galvanised iron, slate and 
tiles. The newest systems include solar shingles to generate electricity as well as cover the roof. Several 
systems of construction transmit the weight of the roof to the walls of the building and tie the roof into the 
structure. These include: ashlar-piece, brace (can be arched or wind), king (or queen) post, purlin, rafter 
(common or principal), ridge beam, ridge-board, strut, tie-beam, truss, and wall-plate. A roof has different 
areas. For example, the eaves are the area where the rafter ends form the edges of the roof that run 
horizontally across the facade. 
 
An Ashlar piece is a short timber rising vertically from the inner end of the sole-piece to the underside of 
the common rafter. 
A brace is an inclined piece of framing lumber applied to wall or floor to stifled the structure. Often used 
on walls as temporary bracing until framing has been completed 
A rafter is one of the sloping beams that supports a pitched roof 
Tie-beam in roof framing, is a horizontal timber connecting two opposite rafters at their lowest ends to 
prevent them from spreading. 
Hammer beam roof consists of a series of trusses, repeated at intervals, and its object is to transmit the weight 
and thrust of the roof as low as possible in the supporting wall 
The king post is usually strictly a tie intended to prevent the sagging of the tie 
beam in the middle. 
A strut is a structural component designed to resist longitudinal compression. 
Struts provide outwards-facing support in their lengthwise direction, which can 
be used to keep two other components separate, performing the opposite function 
of a tie. They are commonly used in architecture and engineering 
A truss is a structural framework of wood or metal based on a triangular 
system, used to span, reinforce, or support walls, ceilings, piers, or beams. The structure is designed to act 
as a beam of long span, while each member is usually subjected to longitudinal stress only, either tension 
or compression. 
 

 

king post 
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4.6 Water 

This section deals with facilitating basic services, like water and sanitation. Section 4.5.1. described issues 
with regard to water and 5.4.2 deals with the drainage of dirty water with regard to latrines. In this context, 
water encloses two things: drinking water and drainage. The lack of reliable drinking water and the 
insufficient drainage of dirty water (containing faeces) are the main causes of diseases, especially 
children’s diseases, in the tropics. It is not surprising that the NRC (8-10-1994) published the article: “De 

longpest in India komt rechtstreeks uit de goot”. This has to be explained to the local people before any 
action is undertaken.  
First the extraction of drinking water is discussed.  

4.6.1 Extraction of drinking water 
Drinking water can be extracted in five ways, each will be described in more detail in the following sub-
sections:  
- By draining water from a stream; this is only reliable if no-one lives upstream (this will not be further 

elaborated),  
- By collecting rainwater on a smooth surface, 
- By extracting groundwater from a well, 
- By extracting groundwater from a pump, 
- By extracting groundwater from a spring. 
 

4.6.2 Collection of rainwater 
For rainwater to be reliable, it has to be collected on a clean surface, for example a roof made of 
corrugated iron sheets, or a tiled terrace especially made for that purpose.  The roof has to stay clean, as 
should the gutters and drainpipes. In addition, the terrace function should only be to collect water. On 
many islands, this is the usual used method to gain drinking water. Figure 4-5 shows the collection of 
water for a house. 

 

Figure 4-5: Rainwater harvesting 
Bron: Vraagbaak (1985) vol.13;  no.3;  pg 11-22 
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The first rainfall after a period of long drought, should be poured off as it contains dust and sand. For this 
purpose, some devices are available. Two examples of such devices are shown in Figure 4-6. First of all 
the reservoir fills up with water, which runs out sideways. After that the funnel rotates, allowing the tank 
to fill up with water.  

 
Another good practice is to scrub the roof at the end of the dry season. The gutter and pipes should also be 
cleaned. Underneath the water collection area, a storage tank is built. The size of the tank depends on the 
expected collection (surface times rainfall), and the number of people using the water. Figure 4-7 shows 
an example of a collection tank.  
 
The following recommendations should be kept in 
mind: 
1. Never use poisonous paint. It is even better not to 

paint the roof at all.  
2. Keep everything clean. Also clean the tank when it 

is empty. 
3. Replace rusty roofing material immediately. 
4. Cover up all openings with mosquito netting, to 

avoid growing larva in the tank. 
5. Place the tank in the shadow, to keep the water 

cool.  
6. Never make the tank of wood or metal but use a 

plastered masonry structure. Another option is to 
make the tank of ferro cement, which is wire mesh 
with plaster. A new tank is still very alkaline. This 
should be cleaned with a bit of vinegar.  

7. Plastic foil can be used as the bottom of a pond to 
collect large amounts of water. 

8. Keep the tank locked. Only an authorised 
representative is allowed to open the tank.  

 

Figure 4-6: Devices to pour off the first rainwater 

 

 

Figure 4-7: Rainwater storage tank 
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9. The outlet should be as low as possible. To be able to tap the water, a deepened spot should be made 
under the delivery tap. This spot has to stay clean (unfortunately this is not the case in actual practice). 

 

4.6.3 Extraction of groundwater from a well 
The first problem that comes up is: where do you find a place to be able to extract groundwater from a 
well? In developing countries the answer is: with the help of a dowser. In the Western countries this is a 
controversial technique. Besides that there are fewer people with the sensibility needed for this method, 
people are easily swindled by an incompetent person. In developing countries this is different. Many 
people are still sensible for the dowsing rod. Furthermore, the social control is much higher. Imagine, 
villagers start digging for water at the indicated spot and there appears to be no water!  Some literature 
exits on finding water based on geological terms.    
 
When the place is determined, the digging starts. This requires technical knowledge, but also a social 
structure within the population to be able to do the heavy job together. The well is dug by hand. Therefore, 
the inner diameter should be sufficient for a digger; around 1,2 meter. One person is digging at the bottom 
of the well until he reaches the ground water. At the top a couple of people are lifting buckets full with 
sand and bringing down the empty buckets. They also keep an eye on safety of the digger. The well should 
be kept from collapsing. For this purpose, supports of wood and steel are used. However, masonry is 
preferred as it is more sustainable. Make a concrete band (preferred above a wooden ring) at the bottom 
‘to cut through the sand’. On top, masonry is added as the well sinks in the ground. To avoid adhesive/ 
tile, the concrete band can be made wider at the outside. Figure 4-8 pictures a well.  A well should always 
be dug in the dry season.  

 
 
The following recommendations should be kept in mind:  
1. The well should be going vertical downwards. (Although this seems obvious, it can be very 

disappointed).  
2. The well should be one meter below ground water level. This is heavy work and the safety of the 

digger should be looked after.  
3. In relation with the second point, the lowest meter of masonry should have open butts so that 

groundwater can flow into the well.  
 
When the well is dug and operational, the problem of keeping the water clean starts. Never use a bucket! 
A bucket is a source of infections, which leads to high rate of child mortality. The only right way is to 
cover up the well with a lid and a lock. Only the authorised representative, who has received education, is 
allowed to go into the well for maintenance. Actually, maintenance is only necessary for the pump. Figure 
4-9 shows a cross-section of a well.  

 

Figure 4-8: Water well 
Source: Longland, Field Engineering. Pg  150-153 bibl. TUE: VJB 83 FIE 
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The following recommendations should be kept in mind:  
1. The lid is closed and stays locked. 
2. The crane is only used for maintenance. 
3. Normally a pump is installed on top of the well.  
4. Around the well a stone platform is made to avoid a quagmire. Furthermore, an outlet is essential.  
5. The place where the platform joins the well should be closed up with cement. This is to avoid dirty 

water to run down into the well, which will pollute the source.  

Literature about wells 

To determine the spot for a well: Allsebrook, Where shall we dig the well? Appropriate Technology, 
(1977), vol. 4, no. 1, blz. 15-17. 
 
About the well: Longland, F. Field Engineering. Een oud boek, vol ervaring. Herdruk 1983. Bibl. TUE: 
VJB 83 FIE. Blz. 150-153. 
 

4.6.4 Extraction of groundwater by means of a pump 
Extraction of groundwater by means of a pump is a continuation of the previous section. The following 
recommendations should be kept in mind by the placing of a pump:  
1. Buy the pump locally: this is good for the local industry and it is assured that the pump can be 

repaired locally.  
2. Never give a pump for free. The population needs to pay for it so that they will look after the pump 

and will maintain it. Money is a not an elegant method to make people conscious, but it is an effective 
method.  

3. The population needs to agree on who is responsible for maintaining the pump and thus who gets the 
key of the pump.  

Literature about pumps 

Water for rural communities, the choice between pumping methods. Appropriate Technology, (1982), vol. 
9, no.1, pages 19-22.  

 

Figure 4-9: Cross section of a well 

Source: Longland, Field Engineering. Pg  150-153 bibl. TUE: VJB 83 FIE 
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About drinking water facilities in Guinee-Bissau, en pompen en putten: Vice Versa, 1986,  vol. 20, no. 4, 
blz. 13-32 (en blz. 36-37 over mislukking in Kenya) 
 
Journal Waterlines, uitgave I.T.P. Londen. 

4.6.5 Extracting groundwater from a spring 
A spring is a place at the bottom of a slope where water rises and a stream exists. To extract clean water 
from a spring, one should dig into the slope to make a clean trench, so that the water can settle.  
 
Again, the first requirement is the social structure of the population. The population has to dig the spring 
and maintenance it. The first step to take is to clear all vegetation from the wet place. Then one digs 
horizontally into the slope. To get a dry workspace, one needs to make a diversion channel. One has to dig 
further into the hill to find the separate springs. From each spring one makes a channel of 0.4 meter in 
width by 0.3 meter in depth. These channels are filled with big stones through which the water runs. Cover 
the whole channel up with plastic material or solid clay to keep it clean from dirt. Figure 4-10 shows a 
cross section of a slope with a spring. The dotted line indicates the height of the groundwater table. In the 
lowest picture can be seen that the slope is dug off horizontally in the direction of the spring. 

The next step is building the trance. One starts with a small tank in which the water settles. After that the 
outlet/ outflow is built. Keep in mind that the reservoir where the population extract the water from can 
become a source of bacteria and infections. The drawings in Figure 4-11 show the process of digging a 
trance 
 

 

Figure 4-10: Cross section of a slope with a spring 
Source: Verhaeghe, in Vraagbaak, 1985, vol, 13, no. 1, pg. 16-25 
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Finally, the following steps have to be taken, which is showed in Figure 4-12:  
- Cover the channels up with earth until the original slope is restored.  
- Build a fence around the springs to keep away the cattle.  
- Dig a drainage on top to keep surface water from the springs.  

 

Figure 4-11: Digging the trance 
Source: Verhaeghe, in Vraagbaak, 1985, vol, 13, no. 1, pg. 16-25 
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Literature about springs 

- Tapping of springs in East Kasai. Vraagbaak, 1985, vol. 13, no. 1, pg. 16-25. De figuren in deze tekst 
zijn hieraan ontleend. Bevat ook veel literatuuropgaven. 
- Village water supplies, Overseas Building Notes 178, (1978), pg.  2-4. 
 

 
Figure 4-12:  Topview of the pit with well  

Source: Verhaeghe, in Vraagbaak, 1985, vol, 13, no. 1, pg. 16-25 
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4.6.6 Purifying 
This section only gives a short introduction on the purification of water. Normally, a building engineer 
should leave this to someone who has knowledge of purification. However, when working in developing 
countries one often has to have knowledge of  ‘everything’.  
 
The main focus is on eliminating pathogenic organisms, which make people ill. There are three ways of 
doing this:  
- Physical, by boiling, 
- Physical, by filtration, 
- Chemical, by adding chloride. 
Boiling of water should at least take ten minutes. This requires a lot of fuel. Keep in mind that in mountain 
areas, water boils below 100˚C. This means that bacteria will stay alive. Filtration is possible by pouring 
water into a porcelain vase from which the water slowly drips out. This method is only suitable for small 
amounts of water. Adding chloride is the most common method of purifying water. It is important to find 
the right balance between eliminating bacteria and keeping the water drinkable. A good method is to lower 
a coconut shell into a water tank. This shell contains a plastic bag with little holes in it, which is filled with 
chlorinated lime and sharp sand (1 on 1 till 1 on 2). This can be seen in Figure 4-13. 
 

 
Another method is the pottery pot. This pot is around 200 mm in diameter and 500 mm in length and has 
little holes. The contents of the pot and shell have to be renewed every two to three weeks. Experience 
will tell the exact moment of renewing. A rule of thumb is that two to five mg chloride per litre water is 
necessary.  
 
Literature about water purification 
Drinkwaterbehoefte, verbruik en kwaliteit. Vraagbaak (1983) vol 11 no. 3 blz. 43-47 
Desinfectie van drinkwater. Vraagbaak (1983) vol 11 no. 4 blz. 44-47. 
Purification of drinking water. A.T. Source (1987) vol 15 no. 1 blz. 50-74. 
 

4.6.7 Storage 
Small amounts of water, till approximately 50 m3, can be stored in a storage tank made of reinforced 
concrete, plastered masonry or ferro-cement. More information can be found in the section on collection 
of rainwater and also:  

• Vraagbaak (1983) vol.11. no.1. pg 28-35: Building a rainwater storage tank of concrete 

 

Figure 4-13: Water purification with the help of a coconut and a plastic bag 
Source: Vraagbaak, 1983, vol. 11. no 4. pg 44-47 
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• Vraagbaak (1983) vol.13. no.4. pg. 60-70: The choice of reinforcement for water tanks of ferro 
cement 

• Appropriate Technology (1982) vol.8. no.4. pg.7-8: How to make plastered baskets tanks for 
storing water. 

 
To store large amounts of water a reservoir with an earth dam is recommended. Further information can 
be found in  
- Vraagbaak  (1984), vol 12. no. 4, pg. 21-29, 
- Vraagbaak  (1985), vol 13. no. 1, pg. 26-36, 
- Vraagbaak  (1985), vol 13. no. 2, pg. 4-12. 
 
General literature on drinking water: 

 
Journal: Waterlines. 
 
Een mooie tekening over het verschil tussen betrouwbaar en onbetrouwbaar drinkwater staat in 
Appropriate Technology, (1992), vol 19 no. 2 blz. 11. 
 
Village water supplies, Overseas Building Notes (1978) no. 178, 14 blz. Behandelt bron, put, pomp en 
zuivering. 
 

4.6.8 Drainage of waste water 
After describing different ways of extracting drinkwater, this section will handle the drainage of 
grey/black water. In Western countries, people use the toilet and need ten litres water per time to flush this 
toilet. In developing countries such amounts of clean water do not exist. In addition, the existence of a 
sewer system lacks. Many people answer nature’s call in the open field. This is possible with a strong 
social structure and a low population density. If this is not the case, latrines have to be built to prevent the 
breaking out of diseases. A latrine is a cabin in which people do their business without using water. Smell, 
flies and diseases etc. are just some of the problems, which can occur. A cross-section and map can be 
seen in Figure 4-14. The cabin has a concrete slab as floor. Two small platforms make it possible for 
people to place their feet on while crouching down. Two pits are present in the latrine. One pit is in use, 
while the other one is closed for a year. After this year, the content is composted and can be removed.    
 
To this basis concept some other issues can be added, such as:  
- A ventilation pipe from the well along the cabin upwards to decrease the stench. (This ventilation pipe 

has to be provided by a mosquito net). Vraagbaak, (1984), vol 12 no. 4 blz. 17-21. 
- A special latrine for areas with a high ground water level (because this means a spreading of 

infections).  
- A self-closing lid below the pit to cut the latrine off from flies and smell, etc.  Vraagbaak (1984) vol 

12 no. 2 blz. 8-16. 
This will not be further discussed in this lectures notes.  
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Literature about latrines: 
Non sewered sanitation for housing and institutional buildings.  Building Issues (1992). Lund University, 
vol 4 no. 1, 18 pg.  Erg goed. / Highly recommended 
 
Overseas Building Notes, (1977) no. 174, (1980) no. 187 en (1982) no. 189 

 

Literature in general with regard to water 

Services for the urban poor. Building Issues (1996) vol 8 n0. 1, 21 blz. Behandelt winning van regenwater, 
latrines, riolering in woonwijken,  enz. 
 
Peri-urban water and sanitation. Appropriate Technology (1994) vol 21 no. 2 blz. 14-116. Over de ellende 
met water en fecaliën in slums.  
 
Blz. 448-449, 480-481 en 498-499 in Johan van Lengen’s boek. 
 
Literature with regard to collection of rainwater 
Michaelides, G., Rainwater Harvesting, Vraagbak (1985) vol. 13 no. 3, blz. 11-22. Bovenstaande tekst is 
daarvan een uittreksel. 
 
Building Issues, Lund university,  (1996), vol. 8 no. 1, blz. 7, mooie tekeningen. 
 

 

Figure 4-14: A PIT latrine 

Source: “Building Issues” van Lund University, (1996) vol. 8 no. 1 pg. 8 
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4.7 Roads  

The vital need for roads in remote areas of the world has been poignantly illustrated in recent years by the 
inability of relief workers and supplies to reach parts of sub-Saharan Africa, where people are suffering 
from drought and starvation. The social, rather than economic, justification for ultra low-cost roads calls 
for a fresh look at design, materials, methods and labour required for road building. 
Appropriate technology for road construction will vary according to climate, population density, level of 
employment and political support of ‘self-help schemes’ or, alternatively, commercial contracting. 
There are however some general issues to be taken into account. First, constructing roads in developing 
countries means constructing at the lowest possible costs. For this the durability of the roads has to be 
considered, since durability to a large extent influences these costs. Second, it is very important that when 
a road is to be constructed the consent of the people living around is given. This is not only to establish the 
needs but also a prerequisite for the maintenance of the road. The latter is a rather big problem in 
developing countries: many examples are known where the donor did the capital investment only, and due 
to a lack of money maintenance is not being carried out, resulting in a very poor condition after one or two 
rainy periods. Local roads, made by the population themselves, are a great value for the development of 
the area: vegetables and other products can be brought to the market, and medical care is possible in due 
time. 
 
The structure of this paragraph is as follows. First, the geometrical design of roads is considered. 
Geometrical design refers to aspects like the track of the road, the width of the road and adjacent ditches, 
vegetation next to the road and how to control drainage by designing the shape of the road. Second, the 
constructive design is considered. This has to do with the surface of the road.. The paragraph ends with 
some general guidelines on the safety of roads. 
The following text is based on the article in “Appropriate technology” vol.1 no. 2 pages 22-23 (1974), and 
no. 2, pages 22-23. 
 

4.7.1 Geometrical Design 
Geometrical design deals with the width of roads, the track of a road and the width and the gradient 
ditches. Ditches are very important to keep up a proper drainage system. Especially in tropical areas 
drainage is a big problem. There are both constructional as geometrical solutions to this problem. 
Drainage has to do with the avoidance of surface water on roads and with the process of consolidation. 
Geometrical prerequisites to avoid surface water on the roads are (see Figure 4-15 & Figure 4-16): 

• Proper levelling of the road, which can be checked with a water level, made from a length of 
transparent flexible tubing attached to a short pole at their end; transverse profiles can be checked 
with boning rods (T shaped sighting rods), 

• Proper ditches; use of topsoil to encourage grass to grow again or construction of culverts, 

• The gradient of the ditch should be as steep as possible (depending on stabilisation) to prevent 
erosion, 

• The process of consolidation has to do with the reduction of the natural moisture content of the 
soil producing a corresponding increase in its strength. Drains promote consolidation by allowing 
the soil moisture an easier path to escape than was available previously. Since consolidation is a 
slow process, drains should be dug well in advance, when possible, 

• Alongside the road trees should be cleared to keep the road in sunshine and to avoid the burden of 
tree roots to grow under the roads. Sometimes the situation could be different, this depends on the 
local climate however. Points to be remembered are: 

− Trees may provide much-needed shade from hot sun, or shelter from driving rain, for 
animal-drawn traffic and pedestrians; they may also keep down the amount of dust in the 
air; 
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− Where there is torrential rain, the steadier though more long-lasting dripping from 
sheltering trees may do less damage to the road surface 

− Trees can protect a road from the extremes of alternate wetting and drying which may 
crack an earth surface 

 
 
 

 

4.7.2 Constructive design 
The constructive design has to do with the sub-grade and the base course of the road.  
The sub-grade consists of the raw materials: earth and rocks. The base course has to be applied by man. 
For developing countries, these are most often natural materials like for example small stones or shells. 
Sometimes stabilised materials are used for the base course, like lime.    
 
For the sub-grade goes that when it is an earth road, some haulage of earth materials is needed. This can 
be done by man-, animal-, or machine-powered systems, ranging from the head pan used in India and 
China, to animal-drawn scoops, to conveyor or cable haulage mechanisms powered by tractors and Land 
Rovers. It is however not always wise to automatically strip off the topsoil of earth roads, because the root 
structure of the vegetation, which gives the topsoil its strength is beneficial in two ways. It helps to spread 
any load and it tends to act as a filter, which retains the soil beneath but allows moisture to pass through. 
This topsoil is therefore very important for earth roads. 
 
When there are rocks, one has to quarry these to remove obstruction in the path of a planned road. To 
break up a large rock mass, a fire may be made on the rock and then suddenly quenched with water. The 
rock will split and a crowbar can be used to make a hole, into which a ‘plug and feather’ (steel wedge) can 

 

Figure 4-15: Cut down trees 

 

Figure 4-16: Water drainage 
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be forced in a wedging action to break up the 
rock. Smaller aggregate may be produced with 
hammers or by knocking rocks against each 
other. The rocks can be sorted in locally made 
sieves and screens, which are also good for 
separating useful aggregate from natural 
gravel’s. 
The base course can be made from natural 
gravel’s and crushed rock or stabilised 
materials.   
If natural gravel’s are available, these may be 
laid and compacted as dug. Crushed stone can 
be used as dry or water bound macadam over a 
layer of coarse aggregate. Dry bound macadam 
is made by brushing, then vibrating fine dry 
particles into the spaces between coarser 
materials. Instead of conventional rollers, a 
pedestrian-operated vibrating plate compactor 
can be used. For water-bound macadam, the 
fine material is brushed, rolled and watered 
into the coarse layer to produce a dense 
surface.  
Roads can also be surfaced with hand-pitched 
stones: large stones are then placed by hand on 
the sub-grade their largest face downwards, 
smaller stones are then placed between the 
larger ones to produce a roughly level surface. 
On top of this, a regulating layer of smaller 
particles is spread. This type of road tends to 
trap rainwater so it is best to pitch the stones on 
a sub-base of fine granular material and to 
provide a drainage path for water from the road 
base. 
 

When there is not a lot of water available it could be more appropriate to apply dry compaction. Where 
coral, shells or calcareous mud’s are present, these are well suited as road materials. One could also make 
use of corduroy construction, consisting of an earth track with small-diameter round timber laid 
longitudinally in the wheel tracks to prevent rutting.   
 
Alternatively, to natural materials on could also make use of stabilised materials. The simplest means of 
improving the performance of natural materials is mechanical stabilisation, mixing materials of different 
particle size distribution together. This requires however hauling large quantities of material. 
Another way of improving natural soils is to add a small proportion of cement or lime. Lime can be 
produced at village level and can be used with simpler construction techniques. In arid coastal areas, salt 
stabilisation may be appropriate: salt is obtained by evaporating seawater and then mixed with local soils 

to improve their performance. Burnt clay can also be used when it is burnt at a temperature above 500°, 
then it becomes non-plastic and forms a hard, durable material.  
 
 
 

 

Figure 4-17: How to make a simple earth road 
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4.7.3 Safety of roads 
The operating conditions on roads in developing countries are normally very different from those in 
developed countries. Principal areas of difference are the substantial variations in vehicle performance and 
condition, the often large amounts of non motorised traffic, and the low levels of training and control of 
road users. 
 
Road accident rates in developing countries are high and result in substantial economic loss as well as 
pain, grief, and suffering. 
In general, designers should be aware of the need to consider safety. Designers should take advantage of 
opportunities during design or construction to provide substantial benefits at little additional cost. The 
following factors should be considered when designing for safety: 
Non-motorised traffic should be segregated by physical barriers such as raised curbs as much as possible. 
Designs should include features to reduce speeds in areas of significant pedestrian activity, particularly at 
crossings. 
To minimise the effect of a driver who has lost control and left the road, the following steps should be 
taken: 

• Steep open side drains should be avoided since these increase the likelihood that vehicles will 
overturn; trees should not be planted immediately adjacent to the road. 

• Because of their high costs of installation and maintenance, guard-rails should only be introduced 
at sites of known accident risk. 

• Junctions and accesses should be located where full safe stopping sight distances are available. 
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4.8  Bridges 

4.8.1 Introduction 
In developing countries there is a lack of incentives for building bridges, though there is an unquestionable 
need for it. This shortage of bridges manifests especially off the main roads in a developing country. At 
those points the government does not build any bridges because of a lack of money or a disbelieve in the 
economic importance of it for the country as a whole. 
The only option for the local community is often to build the needed bridges themselves. Still they need 
some help to do this, because the bridges will otherwise be of inferior quality. In this paragraph it is 
summarised how a decent bridge can be built in a developing country.  

4.8.2 The bridge building process 
Before starting to build a bridge, there should be some investigations about how to build it and with which 
materials. A bridge usually consists of a foundation built first, a framework built upon this and finally the 
bricks are put on that framework in the right shape. After which the framework can be removed and the 
bridge is ready. 
 
Knowing this, one should consider the materials needed for the bridge. For the foundation, one needs 
armed concrete, which usually is the biggest problem and often needs to be transported into the 
construction site from outside. The bricks needed for the foundation as well as the bridge itself are usually 
easier to get. Often natural stone is found somewhere in the surroundings. The local population can 
transport these bricks to the bridge. The same can be said about the wood needed for the framework. 
Hopefully there will be a forest nearby to find the wood, strong enough for the framework. The cement 
used for the brickwork is likely to be transported into the site as well as the concrete.   

4.8.3 The foundation 
A good type of foundation is the foundation pit. The land abutment as well as the piles of a bridge can be 
founded on foundation pits, if there is solid ground at two or three meters of depth. 
The pit consists of a hollow cylinder without a bottom and is made out of brickwork or concrete. The 
cylinder is built upon a ring of armed concrete, which is cut with a slope (see Figure 4-18). This is to let 
the pit sink in the ground during construction, until the pit reaches the solid sand layer. The thickness of 
the wall of the pit depends on the diameter of it: the bigger the pit, the thicker the brickwork or concrete. 
 

 
The construction of the pit starts with building the first one meter of the brickwork on the concrete ring. 
After this the earth within the cylinder should be dug out in order to let the pit sink in the ground. This is 
repeated after building a next part of the cylinder, until the pit stays put on the solid ground layer.   
When the groundwater level is reached one should be aware of the fact that it is not advisable to have 
water level within the pit, which is lower than outside, due to pumping out the water. This might cause 

 

Figure 4-18: Foundation pit 
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leaking, and disturbance of the solid sand under the pit. After the cylinder is finished, the pit is filled with 
concrete or some other heavy substance; in many cases only a bottom will be built. 
 

4.8.4 The framework 
The framework, a temporary support for the brickwork, is built directly on the foundation, and will be 
removed after completion of the brickwork (see Figure 4-19). To make sure the framework won’t get 
stuck and impossible to remove by the heavy forces that are put on to it, one should build-in a dismantling 
mechanism. This can be done either with wedges (see Figure 4-20) or with sacks or pots full of sand, 
which can be emptied when the framework has to be removed. 
Please pay attention to the shear force in the concrete deck where the framework rests during the 
bricklaying process! 
 

 

 
The framework is constructed with rafters resting on the dismantling mechanism every 1,20 to 1,50 
meters. Those rafters are highly interconnected through ribs in different directions, to enforce the 
construction.  
 
To the framework, a boarded floor is connected on which the bricks should be put. In Figure 4-21 two 
different ways of connecting the floor are shown. In the left one the floor is put directly on the 
construction and in the right one first crossbeams are put on the frame. The latter gives more strength to 
the framework as a whole.  

Other frameworks than the half-round one in Figure 4-21 can be made as well. This is needed when the 
span is too big for the half-round construction. In Figure 4-22 it is shown what such a framework could 
look like. Because this kind of construction is often hard to build over water in a developing country, an 
other method is used to do this, the three-hinge-framework. The frame is built in two parts and both parts 

 

Figure 4-19: Temporary frame for brickwork 

 

Figure 4-20: Dismantling mechanism: wedges 

 

 

Figure 4-21: Two ways of connecting the floor 



0N365 Structural Design and Engineering for Tropical Countries  

 

 158 

are put vertically on either side of the river in the foundation, and then put down carefully until the ends 
meet. 

If the framework is made in an arch-shape but is not half-round, it should be supported not only vertically 
but also horizontally, for stability. 
 

4.8.5 The brickwork 
After the foundation and the framework are finished, the bridge itself can be constructed. On top of the 
foundation and the framework, the bricks are placed.  The bricks are put in place, in order to make a 
proper road over the bridge. Except for the arch of the bridge itself, here the bricks should be put all in 
layers to make the structure stable (see Figure 4-19). Brickwork should be carried out symmetrically to 
avoid bending moments in the supporting framework. 

4.8.6 The dismantling 
When the bridge is ready, the wooden framework is of no use anymore. This can be taken away, using the 
dismantling mechanism. If this was constructed satisfactory, it will stay in place until the dismantling 
starts. Then the wedges are taken away or the sand sacks are emptied, or the cork is removed from the 
opening in the pots. When this is done properly the dismantling of the framework will be no problem and 
the framework can in some cases be used for other bridges again. 
 
Figure 4-23 shows in reverse order how a particular bridge was built, with some measures of the different 
parts of the bridge. 

 

 

Figure 4-22: Temporary frame for large spans 

 

 

Figure 4-23: Building a bridge 
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4.8.7 Simple bridges 
To build a bridge as discussed above, still is quite complicated for some populations in developing 
countries to build themselves. It is not always needed to have such an enhanced bridge for local 
communities in developing countries. We will discuss a very easy way to build a very simple bridge now 
(see also Figure 4-24). 
 

In order to make a good bridge, first one should make good supports on both sides of the river. These 
supports will be made with four trunks, two on each side of the river, both with different functions. One 
trunk on each side of the river supports the beams that make the bridge, the other one avoids that the 
beams leave their place with the movement of the traffic. After those trunks are placed, the beams that 
make the bridge, across the river are placed. On the edges of the bridge two extra trunks are placed to 
avoid that the filling leaves. Before the filling is put on, first leaves or bedrolls of bamboo are put on for 
the same reason. For filling usually earth is used.  

4.8.8 Literature roads and bridges 
Wegen/ Roads: 
Antoniou, Guthrie, de Veen (1990). Building roads by hand. ILO / Longman  
 
Hindson, Howe, Hathway (1982). Earth Roads: their construction and its maintenance. London I.T.P. 172 
pages. 
 
National Academy (1995). Transportation Research Board / National Research Council, 6

th
 International 

Conference on Low- Volume Roads. Washington D.C. National Academy Press. 
 
Lund (1990). Low cost paving. Building Issues, vol. 2 no. 3,  14 pages. 
 
Improving paths and tracks.  Appropriate Technology 1994 vol. 21 no. 1 pages 17-21.  Very good article. 

 

Figure 4-24: Building a very simple bridge 
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Bridges: 
Wegen bruggen in metselwerk. Vraagbaak  (1978), vol. 6 no. 2, pages 18-36. The sketches in chapter 13.2 
are taken from this article. 
 
Bridge construction. Vraagbaak, (1985) vol. 13 no. 1, pp. 65-75. 
 
Door de bruggen groeide de markt. Vice Versa, vol. 20 no. 4 (1986) pp. 6-8. 
 
SKAT en ITP hebben verschillende boeken over bruggen gepubliceerd./ SKAT and ITP published various 
books about bridges 
 
Finally: a Dutch building contractor had to build a bridge in Sumatra. It was the raining period, and for 
pouring the concrete he needed one week without rain. How to solve this problem? The local population 
informed him about a local rainmaker; for one pig he could guarantee one dry week. The contractor did 
so, and he got his dry week. See Cement, 1975, vol. 27 no. 2 page 50. Is this method allowed? 
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