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preface

In spring 2009, I participated in architecture competition “Future classroom”, 
organized by Architecture for Humanity and Open Architecture Network to find 
solutions to lack of classrooms in the world. According to World Bank estimates 
(2003) [62], reaching the total enrolment in primary school, means need of 10 
million new classrooms in the world. 

My competition entry based on pre-fabricated modular system, that was 
simple and fast to transport and build, and possible to deconstruct and move 
to new location. After architecture competition I continued studying this topic 
as thesis, and concentrated especially to emergency areas - areas that have 
suffered damages  and losses in natural disaster or in armed conflict. I noticed 
that the type of these areas and their characteristics are very diverse, that made 
design challenging, but also very interesting. Because of this diversity, flexibility 
became the key factor.

I want to say special thank you to professor Kari Salonen, for supportive 
and experienced comments and discussions during my work. I want also 
thank my contacts in Finnish Red Cross, UNICEF and Huurre insulation Oy for 
important information of circumstances in emergencies and on constructional 
details. Thank you for support, also to my family, friends and collegues in KSOY 
Arkkitehtuuria.

 Jenni Laaksonen   Tampere 10.05.2010
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abstract
TAMPERE UNIVERSITY OF TECHNOLOGY
Master’s Degree Programme in Architecture
laaKsonen, Jenni: Educational Buildings in Catastrophe Areas - Study and 
Design
Master of Science Thesis, 82 pages, 6 Appendix pages
May 2010
Major: Architecture
Examiner: Professor Kari Salonen
Keywords: Prefabricated modules, flexibility, school architecture, learning 
environment, building in areas of natural disaster risk, building in emergency 
areas

Population growth, amount of out-of-school-children and challenges due 
to climate change put pressure on education system in many countries and 
create challenges for it in future. In addition to these facts, natural catastrophes 
and armed conflicts destroy existing school buildings and leave children without 
education, which would be important for development of both individuals, and 
for development of all society. Education, which would also help getting back 
on track after catastrophe and mitigating damages of forthcoming disasters.
Especially children of developing countries are in difficult situation, because 
these countries are most vulnerable to natural phenomenon. 

In this thesis, circumstances, threats and opportunities of providing 
education in these risk areas are studied, concentrating especially to requirements 
of educational buildings. The way, how the risks could be mitigated, how society 
could be prepared to disasters and how disaster recovery could be done, is tried 
to find.

Design project is done according to the information of study, trying to find 
one solution to lack of educational premises in risk areas. Design is based on 
competition entry to architecture competition of modular classroom organized by 
Architecture for Humanity in spring 2009. In thesis this entry is further developed 
especially as temporary teaching unit to catastrophe areas.

Designed classroom is modular, combinable, flexible and relocatable 
teaching unit, that could serve for example as part of disaster recovery 
programme of some humanitarian organization. In design project, there are 
three alternative cladding-systems, that can be chosen according to location, 
time schedule, resources and needs. To prefabricated steel frame of teaching 
unit, can be connected either prefabricated panels, canvas or local cladding 
materials.
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tiivistelmä
TAMPEREEN TEKNILLINEN YLIOPISTO 
Arkkitehtuurin koulutusohjelma
laaKsonen, Jenni: Opetustilat katastrofialueilla - selvitys ja suunnitelma
Diplomityö, 82 sivua, 6 liitesivua
Toukokuu 2010
Tarkastaja: professori Kari Salonen
Avainsanat: esivalmistettu elementti, muunneltavuus, koulurakentaminen, 
oppimisympäristö, rakentaminen luonnonkatastofiriskialueille, rakentaminen 
hätätila-aluille

Väestön kasvu, peruskoulutuksen ulkopuolella olevien lapsien määrä ja 
ilmaston muutoksen mukanaan tuomat haasteet rasittavat koulujärjestelmää 
monissa maissa ja luovat sille tulevaisuudessa suuria haasteita. Lisäksi 
luonnonkatastrofit ja aseelliset selkkaukset tuhoavat nykyisiä kouluja jättäen 
lapset ilman yksilön, ja koko yhteiskunnan kehityksen kannalta tärkeää koulutusta. 
Koulutusta, mikä myös auttaa pääsemään takaisin jaloilleen katastrofin jälkeen 
ja ennalta ehkäisemään seuraavan katastrofin tuhoja. Vaikeassa asemassa ovat 
etenkin kehitysmaiden lapset, joiden elinympäristö on erityisen haavoittuvainen 
luonnonmullistuksille. 

Diplomityössä on tutkittu olosuhteita, uhkia ja mahdollisuuksia 
opetuksen järjestämiseen näillä riskialueilla, keskittyen erityisesti vaatimuksiin 
opetustilojen suhteen. Työssä on etsitty linjaa, miten riskejä voitaisiin pienentää, 
luonnonmullistuksiin voitaisiin varautua paremmin ja toipua niistä nopeammin.

Suunnitelmaosuudessa on kirjallisen osuuden tietojen pohjalta pyritty 
löytämään yksi ratkaisu katastrofialueen opetustilojen tarpeeseen. Perustana 
suunnitelmassa on kilpailuehdotus Architecture for Humanity-järjestön keväällä 
2009 järjestämään arkkitehtuurikilpailuun modulaarisesta luokkahuoneesta. 
Diplomityössä tätä ehdotusta on kehitetty erityisesti katastrofialueille sopivaksi 
väliaikaiseksi opetusyksiköksi.

Suunniteltu opetustila on moduulijärjestelmäinen yhdisteltävä, 
muunneltava ja siirrettävä opetusyksikkö, joka voisi toimia esimerkiksi osana 

hyväntekeväisyysjärjestön toimintaa katastrofialueella. Suunnitelmassa on 
esitetty kolmea vaihtoehtoista julkisivujärjestelmää, joista voidaan valita sopivin 
paikan, aikataulun, resurssien ja tarpeiden mukaan. Teräsrunkoon voidaan 
yhdistää joko esivalmistettu elemettijulkisivu, kangasjulkisivu tai se voidaan 
täydentää paikan päällä paikallisilla materiaaleilla.
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terms and their definitions

catastrophe area
Area and its community, that have suffered human, material and economical 
losses due to natural disaster or armed conflict.

module
Prefabricated building component. Part of a system, that is designed for easy 
or fast assembly and flexible use.

modular
Modular system consists of components, modules, that are constructed with 
standardized units or dimensions, which creates certain dimension grid. 
Building and its parts are constructed according to this dimension grid.

relocatable
Possibility of deconstructing building back to modules, transporting it to new 
location and constructing building again.

flexibility
Ability of building or construction to be changed or adjusted according to 
prevailing circumstances and needs.

temporary building
Building that is used in a place for certain period of time or process. After that it 
can be demolished or deconstructed and relocated.
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1. introduction

In August 2003, World Bank set a goal of putting all the children of the 
world to school by 2015. It meant biggest building project the world has ever 
seen, with some 10 million new classrooms in over 100 countries around the 
world. [62] At the same time already existing schools are getting damaged 
because of their poor quality of construction, suffer damages in natural disasters 
or be left to areas where people must have escaped due to armed conflict. 
Children do not have time to wait for getting the circumstances back to normal. 
For their development as individuals and as part of society, education, both in 
normal, but also in exceptional circumstances, is in essential role.

In this thesis, the possibilities, requirements and challenges of education 
in emergency affected areas are studied in constructional point of view. This 
thesis is divided into two parts. First part is a study about the circumstances in 
areas affected by or, in risk of, conflict or natural disaster. Climatic and cultural 
circumstances, operators in emergency areas, future users and constructional 
challenges in crisis areas are studied.

Second part is a design project, where is designed a modular classroom 
with three alternative solutions. Classroom is based on prefabricated modular 
system, that is flexible according to prevailing conditions and needs of location. 
The frame system is the same in all three solutions, but cladding can be done with 
a) prefabricated cladding panels, b) canvas tent or c) local available materials. 

The problem of education in emergency affected areas can not be solved 
only with constructional or architectural issues. Getting into goal of universal 
primary education, including areas of natural disasters and conflicts, needs 
cooperation between several levels and fields.

< picture 1: the new annex of henry desgranges elementary school, haiti, february 2010
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2. Why?  – the significance of 

education

In the World, every year about 100 million children (101 million in 2007 
[41]) are left out of school doors – out of education which saves lives, ends 
the cycle of poverty and diseases, and builds the basement for sustainable 
development.

Education is a fundamental human right: and every child has a right to it. 
It is critical to our development as individuals and as societies, and it is important 
in achieving a successful and productive future. Ensuring that children have 
access to a rights-based, quality education that is rooted in gender equality, 
we create a ripple effect of opportunity that impacts generations to come. 
Quality basic education gives children basic knowledge and skills to live safe 
and healthy life. They learn to protect themselves from diseases like HIV/ AIDS 
and they learn to take active role in decision making at social, economical and 
political situations. [40]

Numerous experiences during last two decades reveal that educational 
systems are severely damaged or disrupted by armed conflicts, natural disasters 
or pandemics. During emergencies communities often become mobile and/ or 
displaced, suffer economic hardships and destruction of property. The social 
networks and support systems that normally protect children can weaken and 
cause the children to become the heads of households, seek unsafe employment 
to support their families, and adopt other adult roles, that remove them from 
protective environment where they should be on that age. These circumstances 
affect children physically, psychologically, socially and intellectually. Even if 
school is operating, these unfavourable impacts can be long lasting. That is 
reason, why in exceptional circumstances special attention should be put on 
education.

2.1 Lack of Education is Both Cause and Effect of 
Poverty

In general children of poor families are in three times bigger risk to be left 
out of school than children of wealthy families. School fees are often too high, 
and especially girls are left of school, if the family is poor. In many cultures, 
education of girls is not even considered important, because the role of women 
is seen as carer of household and children. In rural areas and in big families, 
there is often so much work at home, that children are needed at home to take 
care of younger siblings, to do housework or help on farm.

Poverty usually continues to next generation, because there are no 
opportunities to better incomes or occupation without education. Also there is 
not knowledge or skills for anything else, and the children continue similar life 
than their parents. Cycle continues and lack of education that has been effect of 
poverty has become also its cause. 

 The cycle of poverty does not concern only families, but whole society. 
If citizens are not educated, the possibilities to development and economical 
growth of society are very limited.

2.2 Effects of Education

2.2.1 becoming an independent, participating and active citizen 

Education gives knowledge, skills and values that create basement for 
lifelong learning and occupational success. Children that have learnt to learn 
and seek for information at school, have skills to find out about things and make 
independent decisions also later in their lives. 

Education effects also on family planning. Educated parents have 
knowledge and feeling that they are capable to effect on their own life, family and 
number of children. Usually in families of educated parents, number of children is 
smaller, children are healthier and importance of educating children (girls as well 
as boys) is understood. In these families the children grow up as independent 
and civilized adults that are capable to independent decision making.< picture 2: reading teaching, india
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2.2.2 effects of education on health

Education has direct effect on health. At school the basic knowledge and 
skills are learned concerning to health, and the risks and how to protect from 
them are taught. Children also learn to search for information, and to question 
old habits and persuasions. According to several studies [55], HIV and other 
diseases that are transmitted in sexual contact, decrease among persons, 
especially women, with post-primary education. Also the information about 
circumcision of girls prevents women to give their daughters to circumcision in 
future. Education protects children of recruitment to army, sexual violence and 
abuse and to beware of landmines. And at its best, the health of children is taken 
care of by regular health and dental checks at school.

2.2.3 importance of educating girls

Education makes independent life for a girl possible and gives possibilities 
to participate on decision making and financial maintain of their own family. 
According to Plan UK publication Because I Am a Girl 2009 [19], extra year of 
education increases girl’s income by 10 to 20 per cent, and is significant step on 
breaking the cycle of poverty. Educated girls mean the chance of better life for 
them selves and their children, a more prosperous community, a better work force 
and a wealthier nation. Often bigger amount of salary earned by women is spent 
on common expenses of all her family, than salary earned by man. Education 
is a key also for woman’s empowerment. It is also likely, that educated woman 
understands the importance of education and puts her children, also girls, to 
school. At school girls learn to protect themselves better, from the threats, which 
target especially girls, in addition to HIV, also sexual abuse, prostitution and 
human trafficking. [19], [54]

To achieve gender equality, just ensuring education of both girls and boys 
is not enough, but the education itself and school environment should be suitable 
both genders and supporting gender equality. Besides girls’ enrolment, also 
female teachers are important to increase gender equality and effect on attitudes 
to women and girls. Female teachers give positive role models to both girls and 
boys, and help to change the negative attitudes of society to girls’ education. 
Women should be hired also to tasks that plan and administer the education. 

picture 3: girls doing their homework
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conflicts refugee camps has been productive place to recruit child soldiers, for 
both sides of armed conflict. The children that go to school have smaller risk 
to get recruited, kidnapped or abused. The children that go to school learns 
also other things from life and world, than the prevailing circumstances and 
problems, so they – as future decision makers – have better opportunities to 
prepare themselves and the society to natural disasters or achieve and maintain 
peace between the sides of war. Without education the cycle of war or damages 
of natural disasters continues.

In war circumstances, education has a big role in human security/ 
insecurity. Schools can contribute to conflict by reproducing or hardening 
inequality, exclusion, social polarisation, ethnic/religious identities, aggressive 
masculinity, fear and militarism. Or school can challenge fundamentalist beliefs 
by teaching alternative realities and encouraging students to develop secure 
identities. Schools must be enabled to improve skills in political analysis and to 
gain confidence to teach about conflict. [7]

Education should enhance
economical security (increases employment and decreases corruption)

national security (How crisis is taught?, equality)

political security (active critically thinking citizen, civil society, democracy)

personal security (rights, non-violent policy, health/ sexual/ human relation/ 
HIV-teaching, safe buildings and learning environment).

Particularly in cases of armed conflict, people’s vulnerability to HIV/ AIDS 
is increased. The increase of sexual and physical violence, combined to forced 
displacement, prolonged separation from family members, and breakdown 
of law, put people in bigger risk. Breakdown of infrastructure and healthcare 
services decreases the capacity to treat those with HIV/AIDS and educate about 
prevention. Education about HIV/AIDS is essential in the development context 
as well as part of the educational response to children in emergencies. It is 
particularly important to diffuse the stigma associated with this, as having the 
virus is the fault of no-one.

Landmines pose a serious threat in post-conflict situations, especially to 
children. Their curiosity and love of play in open areas makes them particularly 
vulnerable to mines. They are also less likely to survive a mine explosion as they 

●
●
●
●

Gender equality is important for whole society to get rid of discrimination and 
make society equal and fair.

2.3 Significance of Education in Exceptional 
circumstances

Education in emergencies is not only important as a fundamental right, but 
also as psychosocial recovery and social integration. Children are empowered 
through education. Access to education in emergencies is important because:

Education is a fundamental right in all countries in all situations. It is 
essential for normal development of children in all circumstances. The 
psychosocial aspects of education and schooling are particularly important 
to children’s overall development.

Regular schooling is one of the most important issues in restoring the 
sense of normality to lives of children in disrupted communities, and it 
contributes significantly to overcoming the psychological and other forms 
of distress that many have experienced.

The quality of teaching should be as high as in normal situations, but 
the modes of delivery, approaches and content may have to reflect the 
contextual realities.

Emergencies often create additional urgent learning needs, such as 
information about safety and protection, health, hygiene and sanitation, 
HIV/AIDS and mine awareness.

Education programmes in situations of crisis or chronic instability should 
include provision for the needs of children at risk, such as children with 
disabilities, unaccompanied minors, street children, children affected by 
HIV/AIDS, child soldiers, and child labourers. [43]

Education gives shape and structure to children’s lives and can instil 
community values, promote justice, and respect for human rights and enhance 
peace, stability and interdependence.

Crisis circumstances can last for months, even for years. If education is not 
provided also in these crisis circumstances, grows new uneducated generation 
that has lived in exceptional circumstances often with constant fear, where their 
parents as well have not had possibility to live normal life and work. In many 

●

●

●

●

●
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tend to be closer to the centre of the blast, and their small bodies cannot survive 
the loss of blood. On refugee camps waterborne diseases, particularly cholera, 
are the main killers. Education of awareness should include explaining the links 
between poor hygiene and disease, and tell about risk of landmines. [43]

2.3.1 getting back to normal life

Routines of everyday life have big significance in emergency circumstances, 
particularly for children. Education is important form of humanitarian relief. Going 
to school brings back normalcy to children’s lives, protects the most vulnerable, 
gives mental support, enhances tolerance, combines broken communities and 
starts the process of rehabilitation and peace. On the other hand, the uneven 
access to education may create new tensions between groups, because 
education is in significant role due to incomes and prestige.

Some normal school rules and norms must be considered again after 
catastrophe, and teachers and administrator must adapt their normal rules and 
teaching methods to challenging situation. 

2.3.2 therapeutic effects

The social, psychological, moral and emotional loss children suffer, 
uprooting, the persistent fear of persecution, the loss of parents or carers, are as 
damaging as being deprived of food, water and health care. Education as normal 
activity, being with classmates, talking, laughing and doing normal things is very 
important after this kind of traumatic experiences. For child it is important to be 
with others who have experienced the same catastrophe or conflict. At school 
the children plays games and plays, and can process the difficult experiences 
they have of crisis. At school they can also discuss with teachers and other 
students what they have experienced, and they have adult present that they can 
rely on. [40]

In the aftermath of armed conflict or natural disasters, children cannot 
resume to normal educational activities without having chance to heal their 
wounds. The learning space must become a protected healing environment 
where pupils and teachers are given opportunity to build resilience, reflection, 
healing and self-expression. Reconciliation with their own environment or 
society is an essential process in which resilience through self-expression, play, picture 5: tent school in china, shidaquan township, sichuan provice

picture 4: boys’ school in pakistan
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sports, storytelling, dancing and so on are critical elements. Helping children to 
understand their traumatic experiences and express them is very important for 
children living in difficult circumstances.

It will take some time for children who are victims of armed conflict to be 
provided for the standard school curriculum. Especially concentration can be 
difficult after emergency, if child has lost a member of his family or his home. 

Even though going to school by itself has therapeutic effect, the curriculum 
should take account the psychosocial needs of the generation of child victims 
of organized violence and natural disasters to avoid exclusion and future social 
conflict. This makes challenges to teachers and organizers of education to

understand the nature, causes, and effects of traumatic stress and how 
this appears in behaviour of children

organize classroom and recreational activities to create safe 
environment

to decide when and how use writing, drawing, storytelling, dance or drama 
as a mode of self-expression which can assist children to integrate past 
events, build self-esteem and become more resilient

identify and enlist the support and help of other adults who come into 
contact with children in need

prepare a plan action for severely traumatized children, who will require 
special individualized or small group help. [43]

●

●

●

●

●
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picture 6: number of persons affected by natural disasters in 2009



10

 W
h

er
e?

3. Where? - areas With biggest 
need of neW classrooms

3.1 Why the need of new classrooms is so big?

There are three main reasons why:
Population of the world is growing all the time and amount of children in 
need of education is getting higher and higher. 

At the same time, there are millions of primary school age children out of 
school already now (in 2007, 101 million). [41]

In addition to these facts natural disasters and wars are damaging and 
destroying education system and existing school buildings, or leaving them 
to areas where people have had to flee away, especially in developing 
countries.

Often in same area there affect more than one of these factors to situation 
of education, and climate change and current financial crisis are not making this 
any better.

3.1.1 population growth

The population of the world is growing, especially in developing countries, 
and the amount of school aged children is increasing. On the other hand, 
education is need to prevent overgrowth of population. According to official 
United Nations population estimates and projections (2008), World population 
is projected to reach 7 billion in 2012, up from current 6,8 billion, and reach 9 
billion people by year 2050. Most of the additional 2,3 billion people will enlarge 
the population in developing countries, which is projected to rise from 5,6 billion 
(in 2009) to 7,9 billion in 2050. In contrast, the population in more developed 
countries is expected to change only minimally, from 1,23 billion to 1,28 billion. 
This population would even be declined to 1,15 billion, if the net migration from 
developing countries were not be projected. [52]

●

●

●

Currently the population of less developed countries is still young, with 
children under age 15 accounting with 29 per cent of the population and young 
persons aged 15 to 24 accounting further 19 per cent. Actually, the number 
of children and young people in the less developed countries are at an all 
time high, causing a major challenge for their countries by need of education 
and employment. The situation in the least developed countries is even more 
pressing, because children under 15 constitute 40 per cent, and young people 
20 per cent, of their population. In more developed regions, amount of children 
and young people account for just 17 and 13 per cent, and amount of children 
and young people will change only a little in future. [52]

Even though the relative amount of children under 15 is decreasing, 
because of overall growth of world population, the amount of children under 
15 is still growing lightly towards year 2050. In developing countries amount 
of children is growing little bit faster, even thouhg it is light also there, when 
comparing to total growth of population.

picture 7: total and school-age population 
of the world and developing countries 
1999-2050, (billions) 
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Future population growth is highly dependent of the path that future 
fertility takes. In medium variant of UN’s populations estimates and prospects 
(2008), fertility declines from 2,56 children per woman in 2005-2010 to 2,02 in 
2045-2050. Fertility has continued to fall in majority of developing countries. 
The number of developing countries with high fertility (5 children or more per 
woman) decreased from 59 (1990-1995) to 27 (2005-2010). A major reduction of 
fertility is projected for the group of least developed countries (from 4,39 to 2,41 
children per woman) and the fertility of the rest of the developing is expected to 
drop from 2,46 children per woman currently to 1,93 in 2045-2050. to achieve 
such reductions, the access to family planning must expand, particularly in 
developing countries. In 2005, in least developed countries, only 24 per cent of 
married women, or women in union, used modern contraceptive methods, and a 
further 23 per cent had an unmet need for family planning. [52]

 Countries where fertility remains high will experience the slowest 
population ageing. By 2050 one of five countries has median age under 30 
years (37 countries). The youngest populations will be among least developed 
countries, where median age is under 25 in 2050, including Afghanistan, Chad, 
Guinea-Bissau, Niger, Somalia, Uganda, United Republic of Tanzania and 
Zambia. [52]

Education and fertility are in close relation, because educated women 
usually have opportunity and knowledge for family planning, so the high rate of 
educated women moderates the population growth of a country. On the other 
hand, in countries with highest birth rates, the amount of children and young 
people is high and the pressure to education system is heavier to provide the 
quality basic education for all.  

3.1.2 out-of-school children

According to different sources, the estimation about amount of out-of-
school children varies from 73 million (2006, UN, Millennium Development Goals)2006, UN, Millennium Development Goals)) 
to 101 million (2007, Unicef, All children everywhere). Anyhow, the amount isUnicef, All children everywhere). Anyhow, the amount is). Anyhow, the amount is 
enormous, especially in Africa and Asia, where lives 88 % of these out-of-school 
children. In overall number of out-of-school population, girls account 55 % of it. 
[41], [50]

picture 11: children of primary school age who are not attending school, per region (2007) 

There are several reasons why there are children, who are not attending 
primary education. The reason can be economical, if school tuition fees, clothing 
and books, are too expensive for poor family. Children may also be need at home 
to do domestic or agricultural works, or they must work outside home. Reason 
can be also in community beliefs and practices, especially in case of girls. In 
many male-dominated cultures role of girls and women is seen as a mother and 
a wife, taking care of children and home, and education is not kept necessary. 
Because of lack of knowledge, the social and personal benefits of education is 
not is not understood, and that is why parents do not put their children to school. 
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picture 13

picture 12: adjusted net enrollment ratio in primary education 2000 and 2007 (%). 
Defined as the number of pupils at the theoretical school age for primary education enrolled either in primary or secondary 

education, percentages of the total population in that age group.
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There can be also infrastructural barriers, if distance to school is long or way to 
school is difficult or dangerous for a child. Also inadequate basic services, for 
example separate latrines, can be reason why children, especially girls, do not 
attend school. [43]

There are two international commitments made about the goals according 
to education of the World’s children. United Nations with many international 
organizations set “Millennium Development Goals” in 2001, and UNESCO set 
global movement “Education for All” (EFA) in 1990, and updated them in 2000. 
Both movements head to global education enrolment by year 2015. Millennium 
Development Goals are set of eight goals that head to reducing of  extreme 
poverty, reducing child mortality rates, fighting disease epidemics such as 
AIDS and developing global partnership and development. Goal 2 is to achieve 
universal primary education, meaning ensuring that all the children, girls and 
boys, everywhere, will be able to complete full course of primary schooling. 
[50] Also Education for All movement, is aiming to meet the needs of children, 
youth and adults by year 2015. [35] The key goals, of these movements are 
represented in table xxxx.

Progress reaching the goals has been varying in both movements, and 
it is not realistic to reach all these goals to year 2015. Anyhow, some countries, 
for example China and India, have reached many of them, but some countries, 
especially in Sub-Saharan Africa, are not on track on meeting the targets. 
Globally, the number of children of primary school age, who were out of school, 
has reduced from 103 million in 1999 to 73 million in 2006. [50] But after this, 
there has been danger that progress will stall or be even reversed, with the 
effects of global economic crisis still being felt.

3.1.3 Natural Disasters and Armed Conflicts

In addition to overall population growth and out of school children due 
to poverty or traditions, natural catastrophes and political, ethnic and religious 
conflicts affect many parts of the world harming and interfering education.

In emergency affected areas problems in relation to education comes 
when

school buildings have been destroyed or damaged in catastrophe●

teachers or other school staff have injured or dead

common disorder prevents opening schools and getting back to daily 
routines

many children or their family members have been injured 

many children have lost their parents or relatives, become orphans or 
homeless.

In the past two decades, on average, more than 200 million people have 
been affected every year by disasters. [48] Changing demographic, technological 
and socio-economic conditions, unplanned urbanization, development within 
high-risk-zones, under development, environmental degradation, climate 
variability, climate change, geological hazards, competition for scarce 
resources, and the impact of epidemics such as HIV/ AIDS points to the future, 
where disasters increasingly threatens world’s economy, its population and the 
sustainable development. Poverty increases the social and physical vulnerability 
in catastrophes. On the other hand catastrophes increase poverty by damaging 
the infrastructure and causing massive social and economical losses. [28], [48]

According to UNEP (United Nations Environment Programme) between 
1980 and 2000 75% of the world population lived in areas affected by some 
natural disaster, and more than 90% of the deaths caused by natural phenomena 
occurred in developing countries. Also the economical losses and physical 
and social damages were significantly higher in developing countries than in 
developed countries. It is evident, that there is relation of causality between 
level of development and vulnerability to natural phenomena: the vulnerability 
increases for the most unprotected sectors. [27]

Catastrophes and armed conflicts challenge the world with relief, recovery 
and preparing operations. It means wide cooperation between governments, 
authorities, and international and national organizations. In case of education, for 
example organizations like International Red Cross, UNICEF, Save the Children 
and Plan, work to provide relief to children and their families and organize 
education in exceptional circumstances. UNESCO organizes rebuilding and 
building codes to mitigate the future damages. 

●
●

●
●
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3.2 climatic and geological circumstances

Climate of a location is affected by its latitude, terrain, altitude, ice or snow 
cover, and nearby water systems. It can be classified according to different 
variables, usually temperature and rainfall. Most common classification is 
developed by Wladimir Köppen, which is used also here in this chapter.

The Köppen classification depends on average monthly values of 
temperature and rainfall, and has five primary types labelled from A to E. Type A 
is tropical, B dry, C moderate, D continental, E polar and alpine. The five primary 
classifications are further divided to secondary classifications: rain forest, 
monsoon, tropical savanna, humid subtropical, humid continental, oceanic 
climate, Mediterranean climate, steppe, subarctic climate, tundra, polar ice cap 
and desert.

tropical climate (a) is characterized by temperature in coldest month 
over +18 ºC, high rainfall through all year (rain forest), seasonal rain on summer 
months (tropical savanna), or heavy rains on summer and dry winter (monsoon). 

Yksinkertaistettu Köppen

• Vain päätyypit:

Picture 15: Köppen climate classification (simplified)
a  tropical
b  dry
c  moderate
d  cold mid-latitude
e  polar
     alpine (dark grey)

In tropical zones vegetation is rich, agriculture is highly practised and population 
density is relatively high. Tropical savanna is typical in Africa, but also common 
in India, northern parts of South America, Malaysia and Australia. Sub Saharan 
Africa, Australia and South-East Asia are mainly monsoon regions. For example 
in South-East Asia major part of annual rainfall comes in summer months from 
June to September, when from March to May is very dry. 

dry climates (b) are dry through all year (desert and steppe), and they can 
be both cold (average temperature under +18 ºC) or warm (average temperature 
over +18 ºC). Vegetation is poor and attuned to drought. For example central 
Sahara is warm type dry climate, and prairies of Canada and Gobi desert are 
cold type.

moderate climates (c) are characterized with temperature of coldest 
month maximum +18 ºC, but over -3 ºC without permanent snow cover in winter. 
Humid subtropical climate has humid summers with unstable air masses, but 
winters are dry. Mediterranean climate has hot and dry summers, but on winters 
temperature is moderate and weather can be changeable and rainy. An oceanic 
climate has typically cool summers and mild winters.
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cold mid-latitude climate (d) has minimum temperature of warmest 
month over +10 ºC and temperature of coldest month is under -3 ºC. Cold mid-
latitude-climates can have high humidity all year, dry summer or dry winter. 
(Subarctic climate)

In polar climate (e) temperature of warmest month is maximum +10 ºC. 
In tundra climate, warmest month is over 0 ºC, and in polar ice cap climate 
warmest month is under 0 ºC.

alpine climate is on regions above tree line, where temperature gets 
colder when going at higher elevation. [33]

Areas, with fastest population growth and lowest average age of 
population, are mainly located in sub-Saharan Africa, Mid-East, and in Southern 
and Eastern Asia. Also in western South America are regions with high birth 
rates and fast growing amount of children and young people. Climate in these 
areas mainly belong to climate zones tropical (A) or dry (B). Typical in all these 
areas is high temperature through all year, and either very high humidity or in 
contrast very dry air. Typical for tropical climate zone is also high risk of natural 
disasters like tropical storms, heavy rains and floods. On the other hand dry 
regions suffer from severe droughts and famine caused by drought. 

Areas with high risk of seismic and volcanic disasters – earthquakes, 
tsunamis and volcanic eruptions – can be located in all climate zones. For 
example very active edge of tectonic plates in East Asia is on tropical zone with 
warm and humid climate. But active earthquake area in mountains of Pakistan 
and Afghanistan has alpine climate, where winters can be very cold and snow 
is common. 

The climatical factors, that must be taken to consideration when designing 
a building and choosing its location and orientation, are

temperature and its changes between day and night or seasons

humidity

drought

seasonal rains

winds

amount of light

●
●
●
●
●
●

risk of natural disasters 

and combinations of these factors.

These issues set the terms on architectural, technical and urban planning 
solutions.

3.2.1 natural disasters

Largely, the most active areas by natural disasters are located in the 
poorest part of the world – in South Asia, Africa and Middle- and South America. 
The population density in these areas is also relatively high, and in seismically 
and volcanically active edge areas of tectonic plates, lives millions of people 
and there are located many mega cities. South East Asia and Middle America 
are particularly in big risk by natural disasters, where, besides earthquakes and 
volcanic eruptions, occurs lots of tropical storms.

Half of all earthquakes and tsunami disasters occur in Asia and two-fifths 
of droughts and famines occur in Africa. Floods are most frequent in Africa, Asia. Floods are most frequent in Africa, Asia Floods are most frequent in Africa, AsiaFloods are most frequent in Africa, Asia 
and Europe, but are severe disasters also in North- and South-America and 
Oceania. Windstorms are most common in America and Oceania, and second Windstorms are most common in America and Oceania, and second 
most frequent cause of disaster in Asia and Europe.

The natural disasters can be rapid-onset disasters such as storm surges, 
earthquakes, floods and tsunamis, when people may witness or directly 
experience mass destruction of life and property, be displaced from homes, have 
enormous fear of repeated disasters, suffer psychosocial distress and have no 
structured activities because of temporary closures of schools and other social 
facilities and places of work. Slow-onset natural disasters like droughts may 
lead to displacement of populations and can erupt in conflicts between host 
communities because of competition for scarce resources. In both situations, 
the education system may be overladen by large classes, teacher shortages, 
language instruction issues, insufficient school supplies, and damaged 
infrastructure. [43]

The influences of natural disaster to country’s economy are often 
enormous, when country, which can be already in difficult economic situation, 
must handle large crowds of injured and/ or homeless people, take care of their 
basic needs and start massive reconstruction. Rehabilitation process can take 

●
●
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for years, and it is combined usually, besides of economical difficulties, also to 
lack of work force and building materials, when there is built a lot on same area 
at the same time.

In following chapters, the different natural hazards are reviewed by its 
type, and researched their effects in constructional point of view. The more 
detailed information about structures and materials on hazard risk areas, are 
reviewed in chapter 6. How? – The ways of realisation.

earthquake is a result of sudden release of energy in the Earth’s crust that 
creates seismic waves. They manifest themselves by shaking and sometimes 
displacing the ground that can cause landslides, subsidence, rock falls, fires, 
floods or volcanic activity. When a large epicentre is located offshore, earthquake 
can cause a tsunami. Most of the earthquakes happen in the boundaries of 
tectonic plates. There are three main types of fault that may cause an earthquake: 
normal, reverse (thrust) and strike-slip. Normal faults occur mainly in areas, where 
the crust is being extended such as a divergent boundary. Reverse faults occur 

Natural Disasters

Route of tropical storms

Severe earthquakes

Earthquake risk area

Volcanic activity

Famine caused by drought

picture 16: risk areas of natural disasters
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in areas where crust is being shortened such as convergent boundary. Strike-
slip faults occur, when two sides of the fault slip horizontally past each other. 
Usually earthquakes are followed by aftershocks. Earthquakes are measured 
by Richter magnitude, when earthquakes with magnitude 3 or lower are mostly 
unnoticeable, but magnitude 7 can cause serious damage over large areas.

Most of the world’s earthquakes (90% and 81% of the largest) take place 
in the 40 000 km long horse-shoe shaped zone around the Pacific Plate, also 
called “the Pacific Ring of Fire”. The other very active seismic belt is called 
Himalayan alpine belt, “The Alpide”, that extends from Java and Sumatra 
through Himalayas to Mediterranean and Atlantic. This belt accounts about 
17% of world’s largest earthquakes, including some of the most destructive. But 
earthquakes can occur on other areas too, but most of the earthquakes tend to 
happen in these three seismic belts. [57] Seismologists have been worried of the 
rapid growth of mega-cities, such as Mexico City, Tokyo (on the Pacific Ring of 
Fire) and Teheran (on the Alpide), in areas of very high seismic risk. They are 
warning that a single quake can cause a death up to 3 million people.

While most of the earthquakes are caused by movement of the Earth’s 
tectonic plates, human activity can also produce earthquakes. Four main 
activities contribute to this phenomenon are constructing large damns and 
buildings, drilling and injecting liquid into wells and by coal mining and oil drilling. 
For example in the Sichuan earthquake in China in 2008, the Zipingpu Dam is 
believed to have increased the power of the earthquake and its destruction. 

The severity of local effects depends on the complex combination of theseverity of local effects depends on the complex combination of the 
earthquake magnitude, the distance from the epicentre and the local geological 
and geomorphological conditions. Earthquakes and their aftershocks can cause 
landslides and avalanches, which can be a severe risk for emergency personnel 
in rescue operations on catastrophe area. Earthquakes can also cause fires by 
damaging electrical power or gas lines. The effects of earthquake on community 
depend also of the quality and condition of buildings and infrastructure, and 
is the risk of natural disasters taken into consideration when designing and 
constructing buildings.

Effects of earthquake on buildings are caused often, besides of ground 
shaking, also of ground effects – ground rupture, liquefaction settlements, land 
slides and rock falls. Ground shaking (pushing back and forth, sideways, up and 

picture 18: number of occurrences of earthquake disasters by country: 1974-2003

picture 17: damages of earthquake. port-au-prince, haiti, 12. of January 2010.
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down) generates internal forces within buildings called the inertial force, which 
in turn causes the most seismic damage. The biggest damage that earthquakes 
make for buildings usually comes from the shaking side to side. Even badly built 
buildings can resist some up-and-down loads, but buildings are not necessarily 
able to resist any side-to-side loads. The more there is weight in building, greater 
the internal inertial forces are, and the stronger the building and its foundations 
must be to resist earthquakes. Greater mass generates greater lateral forces, 
increasing the possibility of columns being displaced, out of plumb or bend 
under vertical load. Sometimes buildings are built on soft soil, which can turn 
into quicksand when shaken, leading to complete slumping of buildings into soil. 
Soft soils also have a tendency to increase shaking as much as 2 to 6 times as 
compared to rock. [37] 

Seismic sea waves, tsunamis, are ocean waves or series of waves 
generated by sudden displacement of the sea floor (earthquake), landslides or 
volcanic activity. Also a large landing meteorite landing to the ocean can cause 
a tsunami. In deep water tsunami is almost unnoticeable, but when coming to 
coastline it becomes several meters high, like moving vertical wall of water, 
whose height depends of the geometry of shore and characteristics of the 
tsunami. The effects of the wave depend of the coastal area topography. If the 
ground slopes upwards away from the waterline, power of the tsunami will be 
reduced. But if the ground is level, the wave can continue on its full strength 
even 5 kilometres to inland. Because tsunamis can be generated in so many 
ways, they can occur in all oceans over the world, but most common they are in 
Pacific ocean, because of seismically active Pacific Ring of Fire that circulates 
the ocean. 

The buildings on the path of tsunami face a very high pressure of water. 
It can overload walls, windows, doors, columns and bracing systems, or push 
building completely over. Later the water will swirl out again, loading other side of 
the building. If there is an opening, or for example if door fails, the water can find 
its way to a building. The debris of damaged buildings is also very dangerous 
for people and other buildings. Hits of floating pieces of buildings are the main 
reason for death and injuries in tsunamis. As the water runs around buildings, it 
can erode the soil and take it away under the foundation, when buildings can be 
damaged or even collapsed.

a volcano is an opening or rupture in earth’s crust, which allows hot 
magma, ash and gases escape from below the Earth’s surface. Volcanoes are 
usually located on areas where tectonic plates are diverging or converging. As 
in case of earthquakes and tsunamis, The Pacific Ring of Fire is also very active 
area by volcanoes.

Volcanoes produce a wide variety of hazards that can kill people and 
destroy property. Large explosive eruptions can endanger people and property 
hundreds of kilometres away and even affect global climate. An explosive 
eruption blasts solid and molten rock fragments and volcanic gases into the air 
with huge force. The largest rock fragments usually fall back to ground within 3 

picture 19: tsunami formation
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kilometres of the vent, but small fragments can rise into air forming an eruption 
column that can grow rapidly even 20 kilometres above volcano forming an 
eruption cloud. The volcanic ash in the cloud can pose serious threat to aviation. 
Heavy ash fall can collapse buildings, and even minor ash fall can cause serious 
damage to crops, electronics and machinery. More than 90 % of all gas emitted 
from volcano is water vapour, but other common volcanic gases can cause 
severe threat to environment: Sulphur dioxide reacts with water droplets and 
creates acid rain, which causes corrosion and harms vegetation. Carbon dioxide 
is heavier than air and can form concentrations on low areas that are deadly to 
people and animals. The fluorine can poison livestock that graze on ash-coated 
grass, and also contaminate domestic water supplies. Low-basalt lava can create 
fast moving (even 50 k/h) streams and can spread out several kilometres wide. 
High-speed avalanches of hot ash, rock fragments and gas can move down the 
sides of volcano during explosive eruptions or when steep side of lava dome 
collapses. These pyroclastic flows can be as hot as 800 Cº and move at speed 
of 200 km/h. Such flows tend to follow valleys and break and burn everything 
on their way. Mud flows or debris flows composed mostly of volcanic materials 
on the flanks of volcano are called lahars. These flows can rush down valleys at 
speed of 30-60 km/h and travel more than 80 kilometres. Close to their source, 
these flows that look like rivers of fast moving wet concrete can rip up trees and 
houses. Downstream they bury everything in mud. Historically lahars have been 
one of the deadliest volcano hazards. They can occur both during an eruption 
and when volcano is quiet. [58]

To buildings volcanoes are very hazardous and there is almost no other 
ways to prevent the damages they cause, than avoiding building communities 
in areas close to active volcanoes. This is difficult, because volcanoes have 
also benefits adding nutrients to soil through weathering process of volcanic 
rock. These fertile soils assist the growth of plants and crops and make volcanic 
areas beneficial for agriculture. Fortunately, the activity of volcanoes can be 
monitored, and people living on volcanic areas, can be warned, when risk of 
volcano eruption is increasing. In spite of warning systems, property cannot be 
saved even if people can flee from risk area, and need of rehabilitation and 
reconstruction becomes always into question.

picture 20: volcano
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tropical cyclone (, hurricane or typhoon) is a storm system characterized 
with a large low-pressure, strong winds, heavy rain and thunderstorms. They 
appear in tropical areas between the two tropics. Tropical storms are called 
with different names according to the region where they appear: Term hurricane 
is used in northern Atlantic, and northern and eastern parts of Pacific Ocean. 
Typhoons appear in north-west areas of Pacific Ocean. Storms elsewhere in 
Pacific Ocean and in Indian Ocean are called tropical cyclones.

The energy source for tropical cyclone is the warm seawater, with 
minimum of 50 meters thick water mass of at least 26 degrees. In tropical 
cyclone the turbulent winds cycles the centre of low-pressure, which can be as 
wide as 500 kilometres diagonally. When the wind exceeds 120 km/h the storm 
is called typhoon, hurricane or cyclone, but the wind strength can be even 200 
km/h. Tropical cyclones have a windless clear sky centre area, called the eye. 
Around this 1 to 50 km diameter eye is large mass of cloud with heavy rain. The 
amount of rain that falls can be up to 350 mm, in extreme events even 1000 
mm. In coastal areas tropical cyclones can cause high and powerful tsunamis, 
which can cause even more damage to the area, than the cyclone itself. The 
tropical cyclone looses its strength when coming over land or moving to colder 
sea areas, when it looses its natural source of energy, warm sea water. [3]

Every year in the world is observed about 80 tropical storms, even though 
the amount of tropical storms varies a lot from year to year in different sea areas. 
The high tropical cyclone (/hurricane /typhoon) risk areas are in South-East and 
East Asia, Bay of Bengal, the coast of Pacific Ocean to west from Mexico, the 
Caribbean, Florida, and the islands of Pacific Ocean. The highest frequency of 
cyclones is in Philippines, and the areas with greatest loss of life occur in the 
Bay of Bengal at the Bangladesh coast. 

Tropical cyclones out at sea cause large waves, heavy rain and high winds 
disturbing international shipping. On land the effects are even more serious. 
Strong winds can damage or destroy building, bridges, vehicles and other 
outside objects. Debris of damaged objects becomes deadly flying weapons. The 
storm surge or the increase of sea level (even 10 meters) is typically the worst 
effect of tropical cyclones, causing usually 90% of the tropical cyclone deaths. 
Over the past 200 years, tropical cyclones have caused death to 1,9 million 
people worldwide. [26] Large areas of standing water caused by flooding lead to 
infections and contributing the mosquito-born illnesses. Crowded evacuees in 
shelters increase the risk of epidemics. Tropical cyclones significantly interrupt 
infrastructure, leading to power outages, bridge destruction and harming 
reconstruction efforts. Also the crops and vegetation can be damaged because 
of heavy rain and flooding.

The damage tropical cyclone makes for building comes from very powerful 
and tearing wind. When wind blows with the strength of even 200 km/h, it puts 
high pressure to roofs and doors, and tears the roofs. If the wind gets in from 
windows, it makes building blow outwards like a balloon until it bursts. Usually 
strong wind is assisted with heavy rain, to put even more pressure to buildings. 
When the wind gets in to buildings, gets also the water damaging the structures 
and materials. The water is also so heavy, that flat roof buildings can be in 
severe risk of collapsing. Also the masses of water (floods caused by heavy rain 
and waves) can flush away the ground under foundation, or damage it in other 
ways..  [38]

picture 21: anatomy of tropical cyclone
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floods occur when the volume of water in the body of water, such as 
river or lake, overflows or breaks levees. The result is that some of the water 
escapes from its normal boundaries. Sizes of lakes or other bodies of water will 
vary with seasonal changes in precipitation and snow melt, but flood becomes 
serious when the water endangers land areas used by man for living or farming. 
The best way to minimize the damage of floods would be not to live on areas 
with high risk of flooding, but this is not realistic, because since time out of mind, 
people have lived and worked near the water. Water has been – and still is 
– important for agriculture, industry, and transportation, and living near the water 
has value that exceeds the costs of repeated periodic flooding. Flooded area is 
very good for agriculture, because flood water adds nutrition to soil.

Principal types of floods are
river floods (slow kind because of sustained rainfall or rapid snow melt, or 
fast kind because of intense precipitation like thunderstorms)

estuarine (commonly caused by combination of sea tidal surges and 
storm-force winds)

coastal (caused by severe sea storms, or as a result of another hazard 
like tsunami or tropical cyclone)

●

●

●

catastrophic (flood caused by unexpected, significant event like dam 
breakage as a result of another hazard like earthquake)

muddy (floods are generated by run of crop land). 

In monsoon climatic zone periodical floods are common, and they are 
taken into consideration in designing and building the communities. Building on 
piles is very common, but also floating buildings and structures are used a lot. 
But floods can occur in any types of climate. Sudden floods commonly occur on 
coastal areas and because of other natural disasters like earthquakes, tropical 
cyclones or tsunamis. Nearly 200 million people worldwide live in these high risk 
coastal flooding zones.

Primary effects of floods are physical damage to buildings, bridges, roads, 
sewer systems and all types of structures. People and livestock may die due 
to drowning, but standing water can also lead to epidemics and waterborne 
diseases. Secondary effects are contamination of water, and diseases that are 
caused because of unhygienic conditions. Shortage of food usually also occurs, 
because the entire harvest on area can be destroyed because of flooding. 

The wildfires are uncontrolled fires in forests or in other vegetation on 
countryside or wilderness area. Typical for them is that they spread fast, when 
they are “fuelled” by uninterrupted vegetation.  They occur on every continent 
except Antarctica, and they can cause serious damage to both property and 
human life. Large wildfires may have negative ecological effects, but smaller 
wildfires have also various good effects on wilderness areas. Heat waves, 
droughts and cyclical climate change like El Niño can increase the risk to wildfire. 
Also the intense winds can make the damage more severe when the wildfire 
spreads fast.

The four natural causes for wildfire are lightning, volcanic eruption, sparks 
from rock falls and spontaneous combustion. However most of the wildfires are 
caused by human such as arson, discarded cigarettes, sparks from equipment 
and power lines. It is estimated that for example in Mediterranean countries of 
Europe, only 1-5 per cent of forest fires start through natural causes. [16]

Wildfire prevention means the methods to reduce risk of fires and 
lessening its severity and spread. Common way to stop the spreading of wildfires 
to residential areas is to maintain fire lines (5 to 10 metres wide line with no 

●

●

Picture 22: Floating school in flood area of Kambodsha , January 2009
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vegetation or buildings). In building codes of many areas with frequent wildfires, 
the structures of the buildings must be built of flame-resistant materials, and 
around the building, or village, must be defensible space that must be kept clear 
of flammable materials and patrolled during seasons of dry weather.

In general, drought is defined as an extended period – a season, a year, 
or several years – of deficient rainfall relative to the statistical multi-year average 
for a region. The underlying cause of most droughts can be related to variations 
in large-scale atmospheric circulation patterns and the locations of high pressure 
areas. Climatologists believe that many of the droughts in tropical regions are 
associated with global patterns of sea surface temperature differences from 
normal, such as El Niño.

In severe cases, drought can last for many years, and can have devastating 
effects on agriculture and water supplies. For example one of the worst droughts 
of Twentieth Century occurred in the Horn of Africa in 1984-1985, which led to 
a famine that killed 750 000 people. [17] Globally, the most remarkable areas of 
serious droughts are located in Central Africa, in desert of Sahara.

3.2.2 climate change

According to European Commissions publication “Climate Change”, April 
2009, “Greenhouse gases” emitted by mankind, are rapidly warming the Earth and 
changing global climate. It has increasing severe environmental, economic and 
social impacts over the coming decades. Climatic and environmental changes 
cause more frequent extremes of weather, rising sea levels and melting glaciers 
and polar ice. In longer term, by damaging our economic and the environment we 
depend on, changes threat lives of millions of people, and causes to extinction 
of animal and plant species. Melting of polar ice and glaciers raise the sea 
level and threatens the existence of low-lying island-states and communities. 
Extreme weather events like floods, droughts, storms and heat-waves become 
more frequent, more severe and more costly in some parts of the world. The 
impacts of extreme weather events include reducing crop yields and threaten 
food production. As the weather related disasters are expected to increase, so is 
the risk of other associated hazards such as wildfires. Climate change has also 
direct effects on human health: heat-waves contribute to premature deaths and 
global warming may encourage the spread of tropical diseases like malaria and 

dengue. In longer term climate change could threaten regional and international 
security by causing conflicts, famines and refugee movements, when essential 
resources become scarce. [6] 

While the climate change is battled against by reducing greenhouse 
gases, also the adaptation to current and coming effects of it should be done 
to prevent or minimise the effects changes can cause. For example crops 
should be developed to tolerate droughts and coastal flood defences should 
be strengthened to minimise the damages of sea levels rise. Also the buildings 
should be designed to be part of the solution – mitigating climate change itself 
(for example by greenhouse gas reduction) as well as adapting the changing 
environmental conditions (for example elevating structures in increasingly flood 
prone areas, or creating clear zones around buildings in areas of increasing 
wildfire risk etc.) [6], [18] 

As about whole global warming issue, also about the link between global 
warming and climate related natural disasters, the researchers of the world are 
not unanimous. Because of many aspects, these topics are still being hotly 
debated.

picture 23: natural disasters reported 1975 - 2008 
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3.3 cultural circumstances 

3.3.1 population density and urbanization density and urbanization

Roughly one fifth of the world population currently lives in the more 
developed areas of the world, including Europe, North America, Japan, Australia 
and New Zealand. The remaining 80 per cent live in the developing countries in 
Africa (13%), Asia and Oceania (58%), Latin America and Caribbean (8%). The 
less developed regions are expected to absorb 98% of the population growth 
between 1999 and 2015. [51]

The population density is high in all Europe except Northern parts of 
Europe. Eastern areas of North America and all Central America are also very 
densely populated. In Asia the highest population density is in Southern and 
Eastern Asia, where are situated also many remarkable population centres with 
very high density, like Mumbai, Bangkok, Hong Kong and Tokyo. In Africa the 
highest population density is in Sub Saharan Africa. In South America, the west 
side of continent is relatively highly populated, with big cities in Brazil.

The global urbanization makes population density on highly populated 
areas even more centred, when people from rural areas move to cities in hope of 
work and better living. When in 2007, 74 % of inhabitants of developed regions 
lived in urban areas; in less developed regions 44 % did so. Urbanization is 
expected to continue rising in both developed and developing regions, but the 
speed of urbanization is quicker in less developed areas. In 2050, it is expected 
that 86 % of population in developed areas live in urban areas and 67 % in 
developing countries. Among the less developed regions, Latin America and the 
Caribbean have exceptionally high level of urbanization (78%). Africa and Asia, 
in contrast, remain mostly rural, with 38% and 41% of population living in urban 
areas. [53]

Even though the majority of the inhabitants in Asia and Africa lives in rural 
areas, Asia has eleven of the world’s current (2007) megacities, with over 10 
million inhabitants. In 2007 there were 19 megacities on Earth and their number 
is expected to increase to 27 by year 2025. Remarkable issue concerning to 
megacities of the world is that 13 of 19 current magacities are located in areas 
with relatively high risk of natural disasters – coastal areas with high tropical picture 25: urban and rural population growth

picture 24: village at nigerian border



26

GPW [v3]: Population Density, 2000The World

Robinson Projection
Based on 2.5 arc-minute resolution data

Copyright 2005. The Trustees of Columbia University in the City of New York.
Source: Center for International Earth Science Information Network (CIESIN),
Columbia University; and Centro Internacional de Agricultura Tropical (CIAT),
Gridded Population of the World (GPW), Version 3. Palisades, NY: CIESIN,
Columbia University. Available at: http://sedac.ciesin.columbia.edu/gpw.
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cyclone risk, or on the edges of tectonic plates with high risk of earthquakes, 
tsunamis and/ or volcanic activity. In 2025, of 27 megacities, 18 are located in 
these natural disaster risk areas. [53]

When comparing map of world’s population density to maps of natural 
disaster areas, the densest South-Eastern Asia is also very vulnerable to natural 
disasters. On contrary Europe and Western Africa are not in such a big risk, 
except South Europe, which is situated on active edge of tectonic plates, and 
Western Africa, where can occur droughts and famine.

picture 27: population of urban agglomerations with 10 
million inhabitants or more 2007 and 2025 (millions). 
underlined cities are located in area of natural disaster risk. 

When comparing the regions with high fertility rates to regions with high 
population density, the regions in developing areas of the world are largely the 
same. For example in the Sub-Saharan and western Africa the population is 
growing rapidly because of high fertility, and the population density is already 
quite high. In contrast, in developed countries, there is not same link between 
population density and high fertility. The growing density is also a result of 
urbanization both in developed and in developing countries.

picture 28: Japan is located on edge of tectonic plates, where 
earthquakes, volcanic activity and tsunamis are common. 
coastal cities are also under threat of typhoons. tokyo.
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3.3.2 religions

The religious convictions are very diverse when comparing the map of 
world religions to the areas with lots of out of school children, or areas with 
high risk of natural disasters/ conflicts. In the areas with lot of out-of-school-
children (in Africa and South-East Asia), Islam, Hinduism and Buddhism are 
main religions with lots of indigenous religions especially in Sub-Saharan Africa. 
When focusing on out-of-school girls, the main areas are in Islamic countries, 
where the favouring of boys is more intense. In Islamic countries and in some 
regions in Sub-Saharan Africa, educating girls is not seen necessary, because 
the role of women is seen as a wife and a mother, not as a breadwinner of the 
family. Also the fertility rates are bigger in Islamic areas and in Sub-Saharan 
Africa.

When analysing the map of risk areas according to natural disasters or 
conflicts the result is the same – all main religions of the world are represented. 
In Europe, North and South America, and the Caribbean the main religion is 
Christianity. In North and East Africa, as well as Middle East and Central Asia 
are mainly Islamic countries. India is the main area of Hinduism and South-East 
Asia, except Islamic Indonesia, is mainly Buddhist. In Sub-Saharan Africa is a 
variety of religions, and the Christianity brought during colonialism is often mixed 
with many indigenous religions. 

Religion has significant influence on school enrolment and on education 
itself. For example in Islamic countries, the education is often separate for girls 
and boys, and these facts should be considered when designing school building 
in Islamic areas. Also the colours and other symbols combined to religions must 
be kept in mind in designs. Afghanistan is an example of country where Islam 
has had strong effects on education system. On Taliban regime, schooling of 
girls was prohibited, and the education of boys was strictly toned with religion.

picture 29: muslim girls studying at girls’ school. 
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picture 30: World religions

World religions

Christianity
Judaism
Islam
Hinduism
Budhism (+ shinto)
Tribal
No religions
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3.3.3 Political, Ethnic and Religious Conflicts

In world, after the Cold War, the sides of conflicts have often been armed 
groups inside a country, not countries themselves. Sides of civil war are separated 
usually by ethnic, religious or political backgrounds. Especially in Africa, there 
are many unnaturally formed countries, which existence has become uncertain. 
In 2001, there were 28 conflicts in the world and none of them was "traditional" 
country against country conflict. Typical to these new type conflicts is that they. Typical to these new type conflicts is that they 
are chaotic and uncontrollable. In main role are armed groups that destroy 
society with terrorism and targets attacks to civilians. In this kind of conflicts 
the sides are not covenant to international agreements, like countries are, and 
they can for example break human rights. Civil wars always are followed by 
humanitarian crisis, affecting first civilians. Armed conflicts are the leading cause 
to worlds hunger, and their effects last long after conflict itself have finished. 
Work with rehabilitation and demining can take for years. [13]

Conflicts cause almost always streams of refugees or internally displaced 
persons. (person, who have had to flee from home region, but have remained 
in his home country and is still legally under his own government.) Women andWomen and 
children represent 70-80 per cent of conflict induced IDPs. At the end of 2008,At the end of 2008, 
there were some 42 million forcibly displaced people worldwide. This includes 
15,2 million refugees, 827 000 asylum-seekers and 26 million internally displaced 
persons. Three countries with the largest IDP-populations were Sudan, Colombia 
and Iraq. The worst affected continent is Africa with 6,3 million IDPs and 2,1The worst affected continent is Africa with 6,3 million IDPs and 2,1 
million refugees in 19 countries (2009). [39]

picture 31: refugees, asylum seekers and idp’s of africa in 2009.
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Armed conflicts have serious impacts on children. It has been estimated 
that in 1990s

over 2 million children have died as a direct result of armed conflict. If the 
effect of diseases and famine is also in calculation, the death rate is even 
20 times higher. [13]

more than 6 million children have been permanently disabled or seriously 
injured

estimated 20 million children have been forced to flee from their homes, 
and over 1 million have been orphaned or separated from their families

300 000 child soldiers under age 18 are involved in more than 30 conflicts 
worldwide [43]

Armed conflict traumatizes children leaving deep and lasting scars that 
can remain much longer than the violence. Even if the children don’t experience 
the direct consequences of the violence, they may become orphans, experience 
sexual abuse, suffer landmine injuries or death, or be forced to join fighting. 
When the worst period of conflict has past, the children still must battle disease, 
inadequate shelter, or limited or no access to basic essential services. [43]

Conflict has significant impact on schooling as students often have 
interrupted attendance because of insecurity, lack of teachers, or attacks directed 
at schools and teachers. The opportunities in conflict circumstances, especially 
for refugee or IDP-children, are limited, when there often is lack of safe places 
for learning, educational materials and professional teachers. Even though many 
organizations try to organize education on refugee camps, there are still large 
numbers of children without any or with only partial primary education. UNESCO 
education for all Global Monitoring Report for 2003-2004 estimated that half of 
the 104 million children out of school globally live in countries affected by or 
recovering from conflict. [7]

●

●

●

●

Picture 32: Almost two thirds of children not attending primary school are living in conflict 
affected countries and territories. (2006)
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Picture 33: Armed conflicts in 1990s

USA and Cuba. 36 year lasted embargo by USA.
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4. Who?

4.1 disaster management

Disaster management is the progress that heads to dealing with disaster 
and mitigating risks. It is continuous process that has four phases: mitigation, 
preparedness, response and recovery. Effective disaster management relies on and recovery. Effective disaster management relies onrecovery. Effective disaster management relies on 
integration of emergency plans at all levels of government and non-government 
involvement. In essential role is people participation.

4.1.1 mitigation

Mitigation prevents hazards from developing into disasters or reduces 
the effects of disasters when they occur. It focuses on long-term measures on 
reducing and eliminating risk, the measures can be structural (for example flood 
levees) or non-structural (for example legislation and urban planning). Important 
part of mitigation is identification and evaluation of hazard risks, combining both 
the probability and the level of impact of a specific hazard. The following formula 
is used to calculate disaster risk: [4]

Disaster risk = Hazard x Vulnerability

In this equation risk is the product of two factors, hazard and 
vulnerabililty. 

picture 35:  porcess of disaster management

< picture 34: red cross loading water in dominican republic for transporting to earthquake 
areas in haiti, 19.1.2010
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Vulnerability to natural disasters is in key role in disaster management. It 
has been widely argued that vulnerability reduction is a key investment in the 
reduction of human and material losses in case of a natural disaster, and to 
achieve sustainable development because of disasters contribution to economic, 
political and social well-being and development. [28]

During last decades, there have been many publications, researches and 
guidelines about disaster reduction and risk management. The most important 
commitment is Hyogo Framework for Action 2005-2015, that was ratified by 168 
countries in January 2005. 

According to Hyogo Framework for Action, there are five main priorities in 
disaster risk reduction:
1)  governance: organizational, legal, policy frameworks

disaster risk reduction must be national and local priority with strong 
institutional basis for implementation

2)  risk identification, assessment, monitoring and early warning
3)  knowledge, innovation and education to build a culture of safety and 
resilience
4)  reducing risk factors

vulnerability to hazards is increased for example because

●

●

locating communities in hazard-prone areas
destroying forests and wetlands, thereby harming the capacity of 
environment to withstand hazards
building public facilities and housing unable to withstand the impacts 
of hazards
not having social and financial safety mechanisms in place

5)  preparedness for effective response and recovery
natural hazards cannot be prevented, but it is possible to reduce their 
impacts by reducing the vulnerability of people and their livelihoods. 

Collaboration is in the heart of Hyogo Framework: disasters can affect 
everyone, and therefore are everybody’s business. Disaster risk reduction 
should be part of everyday decision making: from how people educate their 
children to how they plan their cities. Each decision makes communities either 
more vulnerable, or more resilient. [49]

The principal tools for risk prevention and mitigation are:
urban planning

land use

building and design codes and norms

analysis of the environmental impact

environment conservation programmes

institutional emergency plans and preparation and training of the people

technological preparation

communal education programmes. [28]

In case of natural disasters, it is also important that people in natural 
disaster risk areas do not think that natural disasters depend of God, Mother 
Nature, bad luck or other mystical forces. Then the effects of natural disasters 
feel like almost impossible to mitigate, and may feel even like insisting the will 
of God. That is why, it is important that local people have the information why 
natural disasters occur, what kind of effects they have, and how the effects can 
be mitigated. [40]

•
•

•

•

●

●
●
●
●
●
●
●
●

picture 36:  components of disaster risk
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4.1.2 preparedness

Preparedness is a cycle of planning, organizing, training, equipping, 
exercising, evaluation and improvement activities to ensure effective coordination 
and capabilities to prevent, protect against, respond to and recover from disasters. 
It includes measures that can be carried out for fast and effective evacuation, to 
safe human life, mitigate loss and damage and provide emergency assistance 
in case of an extreme natural event. Before the possible disaster, it is necessary 
to prepare the institutions involved and endangered population as to possible 
situations, and do precautionary measures.

Full-scale preparedness includes:
early-warning systems 

deployment and coordination capabilities

emergency plans, emergency supply reserves and training. [4]

4.1.3 disaster response

The response phase includes mobilization of the necessary emergency 
resources (people, money and other assets) to the disaster area. The primary 
aims are to rescue from immediate danger and stabilize the physical and 
emotional condition of survivors. Evacuation of homeless to temporary shelters, 
and provision of essential food, water,  sanitation and other emergency items are 
also done, as is recovery of the dead. Important element in disaster response is 
also tracing and restoring family links. [11]

4.1.4 recovery

The aim of recovery is to restore the affected area to its normal state. 
It differs from response phase by focusing its efforts to issues and decisions, 
that must be made after immediate needs are fulfilled. Recovery efforts are 
primarily concerned with actions that involve rebuilding destroyed property, 
re-employment and the repair of other essential infrastructure. Efforts should 
be made to “build back better”, aiming to reduce the pre-disaster risks in the 
community and infrastructure. It means phase mitigation is mixed with this phase 
of recovery. Recovery is helping the disaster affected people and populations to 

●
●
●

get “back on track” – rebuild their homes, lives and services and to strengthen 
their capacity to cope with future disasters. [11]

Education is part of this phase. Its recovery starts with survey the condition 
of educational buildings and their safety to use, and finding out the situation 
of teaching staff. If school buildings are damaged or not safe to use, must be 
clarified, can the schooling be hosted temporarily in some other premises, or are 
temporary buildings or tents required for the time of reconstruction. Also if there 
are not local teachers available, teacher recruitment from other areas should be 
done.

Emergency education responses must, whenever possible, be conducted 
in partnership with local authorities – local education committees, camp 
committees, the local government education authorities, or the government of 
the host country in case of refugees. Planning should provide reintegration of 
emergency educational activities into the normal national education system, and 
should establish links, in case of refugees, with the educational authorities in the 
country of origin whenever possible.  [43]

4.2 cooperation between states and regional 
and international organizations

Collaboration is essential to disaster risk reduction: states, regional 
organizations and institutions, international organizations and local people have 
all their own role to play. Civil society, including volunteers and community-
based organizations, scientific community, media, and private sector are all vital 
partners. Also during relief operations and recovery the collaboration is required 
to ensure the best possible relief and help for victims of disaster.

4.2.1 state – government and local authorities

In disaster risk reduction the governments role is to
play a central role in coordinating and sustaining a multi-level, multi-
stakeholder platform to promote disaster risk reduction in the region or for a 
specific hazard

1)
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effectively engage local communities and citizens to disaster risk reduction 
activities and link their concerns with government priorities

strengthen their own institutional capacities and implement practical 
disaster risk reduction actions by themselves

devise and implement innovative tools and techniques for disaster risk 
reduction, which can be replicated elsewhere or scaled up nationwide

integrate disaster risk reduction with climate change strategies. [48]

In essential role concerning to safe buildings are building legislation, 
codes and norms, and their enforcement.

The main responsibility of school buildings, both in normal and in crisis 
circumstances, is on countries governments and authorities. But especially in 
developing countries, taking care of school buildings and building and controlling 
their construction and repairing is not efficient enough. The government decision 
making may be slow, there is not enough funds for repairing or building schools, 
or administration is too corrupted. In lack of money, interest and control, the 
schools are built in many regions without proper designs, professionals and 
materials. In Unicef Radio Podcast, in 25.6.2008, Kate Stohr from Architecturels. In Unicef Radio Podcast, in 25.6.2008, Kate Stohr from Architecture 
for Humanity estimated, that only 2 per cent of school buildings in developingnly 2 per cent of school buildings in developing 
countries are built in proper way by professionals. They put their efforts on local 
craftsmen, educating them to build right and safe, when the government does 
not have enough resources or interest to educate them or send professionals. 
[46]

Often there is also not preparedness in administration to organize disaster 
response or receive relief from other countries or organizations, which slows 
and makes the relief operation more complicated. Sometimes, like happened in 
earthquake in Haiti in January 2010, the government lost totally its ability to work, 
when administrative structures and communications got damaged, and many of 
the members of parliament and authorities died or get injured in the catastrophe. 
That made the organizing of relief from other countries and organizations difficult, 
when the information about needs and organizing the receiving of relief was not 
available from local authorities.

2)

3)

4)

5)

4.2.2 regional and international organizations

In disaster risk reduction,
Regional organizations are responsible for

promoting regional programmes for disaster risk reduction

undertaking and publishing regional and sub-regional baseline 
assessments

establishing regional collaborative centres

supporting the development of regional early warning mechanisms.
International organizations are responsible for

encouraging the integration of disaster risk reduction into humanitarian 
and sustainable development programmes and frameworks

strengthening the capacity of the United Nations system to assist disaster-
prone developing countries with disaster risk initiatives

supporting data collection and forecasting, information exchange and early 
warning systems

supporting states own efforts with coordinated international assistance

strengthening disaster management training and capacity building. [48]

There is plenty of regional and international organizations working around regional and international organizations working around 
the world both to reduce the damages disasters make, but also in emergency 
relief and recovery helping the region and its people back on track after a 
catastrophe.

For example UNICEF provides education for children in emergencies 
offering them a safe place to learn, play and talk with adult, who listens and 
understands them. UNICEF establishes temporary schools and sends tent 
schools on areas where school buildings have damaged or to refugee camps. 
They also send school supplies for teachers and pupils as “school in a box”-
packages, that includes the most necessary equipment to providing basic 
education.

Actions that UNICEF does in emergency areas:
First 6-8 weeks

1. set up temporary learning spaces with minimal infrastructure

●
●

●
●

●

●

●

●
●
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Select safe site for establishment of temporary classes. A site 
should have shade and protection against wind, rain and dust, and 
be located away from standing water, very loud areas, main roads 
and distribution points.
Promote alternative classroom models if there are no desks. For 
example students sitting in a circle on floor.

2. resume schooling by reopening schools and starting the reintegration 
of teachers and children by providing teaching and learning materials and 
organizing semi-structured recreational activities
Beyond initial response

3. re-establish and/ or sustain primary education. Provide basic learning 
materials and teacher training

4. promote the resumption of quality educational activities in literacy, 
numeracy and life skills issues such as HIV/AIDS, prevention from sexual abuse, 
conflict resolution and hygiene.

arrange in-school feeding. Beyond its nutritional benefits, it is useful 
in enabling children to remain in the learning environment.

5. establish community services around schools
safe water supply, sanitation and hand-washing facilities at schools. 
[43]

UNICEF also works in collaboration with governments to raise the priority 
of education and putting enough funds to educational projects, and with local 
authorities, to ensure the quality and equality of teaching especially in rural 
areas. UNICEF has project called “Child friendly school” in many countries, that 
tries to ensure clean water and separate latrines for girls and boys in every 
school. It also provides school tables, chairs, and school supplies. [40]

In addition to UNICEF, many other organizations, for example International 
Red Cross, Plan and Save the Children work for children in emergencies, to 
provide them health services, food, clean water, shelter, sanitation and basic 
education. They also take care of orphans and children that are separated from 
their families, and work for combining families.

•

•

•

•

picture 38:  unicefs “school in 
a box”-kit of basic educational 
equipment  

picture 37:  children in unicef tent school in port-au-prince, haiti, february 2010
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4.3 challenges in operating in catastrophe areas

Both, in areas of natural disasters and of armed conflicts, the problems 
that often make relief operations difficult are

damaged infrastructure, that complicates transportation of relief items 
and rescue teams to area. For example earthquakes damage roads and 
bridges, and can even totally enclose some areas.

damaged communication network. Relief organizations and units 
cannot get information what kind of help and where is needed

damages in administrative structures of society. To organize efficiently 
the relief operations, the cooperation with local government and authorities 
is important, to find out, what kind of help is required and where. Also 
issues like customs of relief items and visas of employees of international 
organizations would need fluent co-operation with local authorities.

problems with security. Pillaging and violence increase, when people 
must fight for their lives. In case of armed conflicts, there is also risk 
of violence and minefields that can make helping civilians difficult. 
Sometimes employees or volunteers of humanitarian organizations can 
be even targets of robberies, violence or kidnaps.

corruption. Despite strict monitoring, the misuse of funds, that are 
meant to be used for some relief operation, happens. The humanitarian 
organizations always try to find reliable local partners, but help does not go 
where it was supposed to. Especially in case of armed conflicts, the sides 
of conflict may insist protection money from humanitarian organizations to 
let them in areas they supervise.

lack of local professionals. Especially professionals on fields of 
healthcare, telecommunications, sanitation, construction and education 
are often required in area of emergency.

language barriers between locals and employees of international 
organizations.

●

●

●

●

●

●

●

In disaster risk reduction challenges are
lack of interest and capacities by local government and authorities

understanding local risks and vulnerabilities

maintaining and upgrading critical infrastructure (water, drainage, sewage, 
schools, hospitals)

managing long term processes (long term political commitment)

learning from disasters. [48]

●
●
●

●
●
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picture 39:  aftermath of earthquake in Japan 2004 
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5. to whom?

The future users should be in focus when designing new buildings. 
Whenever possible it is useful if they have opportunity to participate on design 
project and tell their needs, wishes and opinions. When designing on crisis 
areas, this may be difficult to carry out, but taking into consideration the following 
facts, and creating building flexible and multifunctional according to prevailing 
needs, classroom can become functional and supporting learning environment 
to future users:

age of students

amount of users and class size

marginal groups. Disabled children or children from different ethnic, 
religious or social groups? What are their special needs?

cultural and religious environment

rural or urban environment

conditions. Refugee camp, area of natural disaster, conflict area. Prevailing 
state of infrastructure and security

teaching methods

use of educational building also to other purposes. What are the other 
purposes, who are the other users, and what are their needs?

When designing in developing countries in general, the community 
participation is significant for future taking care of the school building. Engaging 
local people, especially parents, in dialogue about the layout and facilities of 
school is important. When parents have possibility to effect on the environment 
where their children studies, they can notice that it is safe and healthy place for 
their children, which is especially important in case of girls education.

●
●
●

●
●
●

●
●

5.1 Age and Amount of Students

School is considered as primary, when the pupils are from 6 to 12 years 
old, secondary – when pupils are from 10 to 19 years old, and vocational training 
centre, if students are youths from 14 years and above, sometimes also adults. 
Sometimes schools serve also as community meeting places, and can be used 
for adult learning, for example in literacy or HIV-education. [20]

Class size depends of the current circumstances, teaching methods and 
the age of students, but in developing countries, the usual size of class in primary 
and secondary school can be up to 40 children, even 50 children. In case of 
catastrophe area, it can be assumed that class size is maximum possible, still 
ensuring the good quality learning - about 40 children in class. In rural areas, in 
small one or two classroom schools, the class can be multi-grade, when there 
are children of different age in same teaching group.

The total amount of children on school coverage area must be studied, 
for dimensioning the school and planning how many classrooms and what other 
premises are required in the school. Usually in developing countries, there is 
lack of funds, and the efficiency is important factor. The school and classroom 
should be designed to be good learning environment, even if the class size is 
relatively big. The flexibility of classrooms would be good option, for example 
separating the classroom temporarily to two smaller teaching groups according 
to prevailing needs. The amount of pupils can also vary from time to time, and 
if classrooms are possible to use for some other purposes, it would be good 
feature. Also flexibility according to different kind of teaching methods would be 
good solution.

5.1.1 marginal Groups

As in all conditions, also in catastrophe or conflict areas, marginal groups 
should be taken into consideration when designing educational buildings. In fact, 
the number of these groups and members of them can be larger in exceptional 
circumstances, and it must be ensured that their possibilities to get the education 
are equal to the others.

< Picture 40:  First grade girls at newly opened haish Saidgi Girls’ School in Panjshir Province, 
Afghanistan, June 2009.
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After a natural disasters or war, there can be relatively many children with 
injuries or permanent disabilities. Sometimes these children may require special 
teaching or physical help, but in general, teaching in same group with other 
children is the best solution, and gives best opportunities for disabled child to 
become productive member of their society and be more integrated socially. That 
is why access to all schools is necessary to ensure that children with disabilities 
can participate independently in a mainstreamed environment. 

Marginal groups require often also mental support and education should 
be designed to be equal and support the equality regardless of ethnic, religious 
or other background. Serious question in many African countries is the situation 
of HIV-infected children or children or orphans of HIV-positive parents. Lack of 
knowledge, prejudices and increased responsibility of family’s living threatens 
their possibilities to education or even excludes them from school.

5.2 Cultural and Religious Environment

Cultural and religious issues effect significantly on built environment 
including schools. Traditions, lifestyles and convictions have determined what 
kind of urban structure and architectural solutions have formed on the area. 
Cultural and religious issues effect also on design of educational buildings, for 
example, is there separate classrooms, or even schools, for girls and boys, or 
which is the direction of Mecca. When there are children from different ethnical 
groups their habits may be different from the mainstream habits that make 
challenges both for classroom and education itself. 

Very remarkable effects of culture and religion is the position of women 
and girls in society that must be taken into consideration in school design. Also 
the symbols of cultures and religions are wise to be studied, and their use as 
shapes and colours be considered carefully.

5.2.1 Position of women and Girls

There are several cultural and institutional issues concerning to situation 
of women and girls, that can be a barrier for their education:

community beliefs and practices
gender and cultural stereotypes, low status of women

●
•

male dominated education system
lack of knowledge of the social and personal benefits of education

Economic barriers
school tuition fees, clothing, books, supplies
childcare and domestic duties, or agricultural and market duties

Infrastructure barriers
distance from school, absence of roads and transport
safety issues in school or school way
inadequate basic services in school such as separate latrines

policy barriers
support for conventional role for women
insufficient national budget for primary and secondary education
fees policy, free education policies weak or not implemented

educational barriers
lack of gender-sensitive teachers, curriculum and materials
lack of role models for girls
school calendar/ schedule in contradiction with girls’ domestic or 
market responsibilities
threatening/ non-supportive learning environment [43]

The facts listed above are not all possible to be diminished with design 
solutions on educational building or education itself, but on some of them they 
have effects. By offering safe and supportive environment, at safe distance from 
home, some girls more can have possibility to education. Also by offering low 
cost or turnkey buildings in developing countries, governments may be given 
possibility to reduce the school fees or implement free education system and 
to develop more comprehensive school network. But to remove or diminish 
these barriers, lots of efforts from many sides are required to raise the status 
of women, understand the effects of educating girls, and create schools as 
supporting environment for girls.

The attitudes about educating girls vary a lot from culture to culture, and 
religion to another. Mainly girl’s school enrolment is lowest in Islamic countries, 
especially in conservative areas.  For example in Afghanistan, even Taliban 
regime is over, there are still many restrictions for girls to get to school. Conflict, 
economic hardships and cultural and religious conservatism have never allowed 
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the authorities to pay attention to the promotion of education, especially for 
females. Even situation is now changing, there are still many issues that families 
and communities require from schools just to consider putting their daughters 
to school. The type of building is in essential role, and for example in Southern 
regions of Afghanistan, the school must be separated with boundary wall to 
separate areas for girls and boys. Also lack of female teachers can prevent girls 
to get education, because some parents require presence of female teacher. 
Safety issue is also serious question, because of burning of tents and school 
buildings, explosions near school, threats to female teachers and students, and 
violence on school way occur. [60]

In emergency situation, girls are usually at particular risk to be left without 
education, because of well-established historical gender prejudices and because 
normal social norms and actions break down. Their heavy workload increases 
at the same time their physical and emotional safety is further compromised. 
Girls are often the first to be deprived of their educational rights, and gender 
stereotyping diminishes the importance of sending girls to school in destabilized 
situation. While education is increasingly seen to have a role to play in mitigating 
conflict and protecting girls, the cultural and institutional barriers to girls’ education 
that exist before emergency become even stronger as a result of emergency.

5.2.2 Cultural and Religious Symbolism

Different cultures, religions and political convictions are full of symbolism 
that can be unfavorable in some other areas. Symbols can be figures, colours or 
combinations of them. Strong symbols are for example cross, star or crescent, 
that are universally known, but colours are more complicated, because their 
symbolic meanings and associations they make differ a lot from culture or 
religion to other.

Shapes with strong symbolic meaning should be avoided when trying 
to design culturally and religiously neutral building, but unlike other symbols, 
colours are more difficult to avoid in built environment. That is why choosing 
colours should be done carefully. In the following table, the symbolic meanings 
of colours in different cultures and religions are represented, and also typical 
psychological effects of them are listed.

Blue is generally kept as the most neutral colour, with fewest limiting or 
negative political, religious or cultural meanings or associations. This can be also 
noticed in logos and brand colours of remarkable international organizations (for 
example UN-organizations, Plan, EU, NATO) or companies (Nokia, Ford, IBM, 
HP, Samsung). Also according to psychological effects, blue is kept as quite 
comfortable and desired colour in educational buildings. In most cultures, blue 
is kept as calming and cooling colour with feeling of fresh air. It is said, that 
premises that are underground and does not have any windows, should have 
something blue to avoid the feeling of lack of oxygen. Also flies are said to avoid 
colour blue. In western countries colour green is other colour that is kept as 
suitable to premises where high concentration and calm atmosphere are required 
(for example hospital or school). But in Islamic countries it is kept as colour of 
Islamic religion, which is undesirable association in some other countries. Light 
colours in general are useful, because they increase the reflection of light and 
make the room feel more spacious. [63]

Picture 41:  Blue logos of international organizations: European Union, Plan and United 
Nations. and companies Ford and Nokia
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ColoUR ASSoCiAtioN EFFECtS SyBoliSm
REd love, sin, 

fire, blood
dynamic, stimulating,
warming

Western countries: love, passion, danger, war, communism
Asia: joy, happiness, wealth, fame, celebration
Japan and Midlle-East: anger
India and Mexico: fertility
Africa: grief, bloodshed

ORANGE glow, fire, sunset stimulating Western countries: fire, danger, energy
Asia: happiness, love

yELLOW joy, sunlight dynamic Western countires: sickness, envy
Russia: grief, saying goodbye
Arabic cultures: wealth, joy
China and Japan: honor, imperial, wealth
Mexico: death
West Africa: wealth, fertility, health, spiritualism

GREEN nature calming, balancing, fresh Western countries: freshness, life, fertility, ecology, safety
Arabic cultures: strength, power, Islam
China and Japan: youth, future, growth
Israel: bad news
Mexico: hope
West Africa: fertility, health

BLUE space, heaven, water calming, cooling, air, light Western countries: science, wisdom, authority, freedom, honesty
China and Japan: power, heaven, emptyness
Mexico and South-Korea: grief
Western Africa: happiness, love, peace, truth

VIOLET dignity, grief, flowers calming, melancholic Western countries: mysticism, grief, suffering
China and Brasil: grief
Japan: royalty, power, wealth 

WHITE brightness, religion innocence, modesty, light Western countires: joy, innocence, peace, day, truth, emptyness
China and Japan: death, grief, innocence, honesty
Cameroon: grief

BLACK grief, death, night grief Western countries: grief, death, evil, dignity, sin
China and Japan: honor, sadness, sin, evil, cruelty, war
Caribbean: death
Egypt: birth, life

Picture 42:  Colour associations and symbolic meanings in cultures
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5.2.3 Environment and Prevailing Conditions

The environment, urban structure and its prevailing conditions have significant 
role on educational buildings and on education itself. In rural areas, the school 
can be small one classroom school with garden or farm combined to it and 
cultivation can be included to education. Also the difference in attitudes about 
educating children can vary a lot between rural and urban areas even inside 
same country. In rural areas, children’s work effort on farm and taking care 
of siblings may be essential for family and its living. There the importance of 
education may not be understood, because other opportunities of living may 
feel to be far. In urban community, educational and work opportunities are closer 
and may feel more realistic to achieve than in rural areas. That is why education 
should be suited and in interaction to local environment and circumstances, that 
local people keeps the education necessary for their childrens lives.

In crisis circumstances mental support is often required, when children 
have had traumatic experiences of war or natural disaster. In case of refugee 
camp, whole environment is new and unfamiliar for children and their parents. 
Often on refugee camps, there are problems of unemployment, and people, 
especially men, do not have proper things to do, that may cause security 
problems, when restlessness and frustration are increased. Educating children 
and adolescents, but also adults, can have remarkable effects, giving better 
opportunities and feeling of hope to find work and become part of new society.

5.3 teaching methods and Different Kind of Use 
of Classroom

Good classroom or school is flexible and allows variations of teaching 
methods, size of teaching group and it would be multi-functional allowing use for 
other purposes. The variation of teaching methods from conventional sitting in 
school desks and listening to teacher to discussions, learning by teaching, group 
working, play and drama should be possible. Also exploring and studying outside 
the classroom, would be productive way of learning, whenever possible by 
circumstances. In emergency circumstances game-like activities and role plays 

are often used also to therapeutic purposes to handle traumatic experiences 
children have experienced during war or natural disaster.

Often in developing countries, especially in crisis areas, there is lack of 
also other premises, not only schools. When building a school, for example lack 
on community centre can also be solved, by designing the classroom suitable for 
teaching on daytime, and community meeting place in evenings. Also building 
the school close to some other social facilities, gives opportunity for flexible use 
of premises according prevailing needs. For example school close to hospital, 
can serve as place for HIV-education that is provided by health-care personnel.

Picture 43:  Play, drama or dancing can be important part of emergency education. Port-au-
Prince, haiti, February 2010.
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6. how? – thE wAyS oF 
imPlEmENtAtioN

6.1 Principles of implementation

The significant factors in designing and building a school, both in normal 
and in exceptional circumstances, are the scale of a school project, its type of 
function, amount and age range of students. Important factors are also climatic 
circumstances, disaster risk, cultural issues, available building materials and 
skills, terrain, information and communication technologies, facilities for display 
and demonstrations, health and safety. Because some of these factors vary a 
lot from place to place, it is impossible to find an ideal or optimal school building 
suitable everywhere. But by trying to find architectural and technical solutions 
as suitable as possible to as different as possible circumstances, would make it 
a little bit more closer to reality. The answer to different kind of requirements by 
scale, premises and cultural issues, may be found with flexible modular system, 
when the school can be built to its place according to the local needs.

Often on area of emergency, the risk of new catastrophe coming is high. 
For example aftershocks of earthquake or flood occuring on same area every 
year. That is why, the anticipation of new natural disasters must be done when 
designing and building permanent or temporary buildings on crisis areas. In case 
of conflict, the issues of safety concerning to physical violence and mine fields 

must be kept in mind, but the climatic issues must be studied also in this case. 
For example the large refugee camps in Sudan, are in area of severe droughts.

When designing to resist any hazards, process should always begin with 
comprehensive risk assessment. This process includes identification of the 
hazards present in the location and assessment of their potential impacts and 
effects on built environment based on existing or anticipated vulnerabilities and 
potential losses.

 Basic principles underlying this process of mitigation measures are:
The impacts of natural hazards and the costs of their damages, will 
be reduced whether mitigation measures are implemented during new 
construction (preventively) or as retrofits (correctively).

Risk reduction techniques must address as many applicable hazards as 
possible. This approach (a multi-hazard mitigation) is the most cost-
effective approach, maximizes the protective effect of complementary 
mitigation measures and optimizes multi-hazard design techniques with 
other building technologies. [18]

According to studies about recommendations for damage mitigation to 
building construction for bushfires, earthquakes and cyclones, at least 60% of 
the measures needed are common. [38] This is an important fact that can save 
money and enable to find a solution of disaster well-resistant buildings that can 
be used in different circumstances around the world in different natural disaster 
risk areas.

An emergency education programme, as well as educational buildings, 
should have long-term development perspective. Emergency situations often 
present opportunities to “build back better” by introducing innovations, curriculum 
and teaching/ learning practices, and building construction codes.

6.1.1 Alternative ways to Provide Education – is Classroom Always 
obligatory?

Often it is not possible to return to formal school system immediately 
after catastrophe, but the educational activities can be conducted in non-
formal settings. Actual classroom or school building is not always necessary 
for education activities. Temporarily the education activities can be conducted 

●

●

< Picture 44: Concrete-integrated school building 
of 196 m2 with 4 classrooms and 2 staff rooms. 
Pingzhi Primary School Reconstruction Project, 
Sichuan, China, September 2008

Picture 45: Squat toilet of Pingzhi Primary School, 
China
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under trees, tents or other temporary shelters, of course depending of climatic 
circumstances. In emergency situations the alternative ways of education can be 
good solution, for example distance learning at home by self-studying exercises, 
in case of individual injured child or general insecurity of area. 

For example, in Afghanistan during Taliban’s active repression schooling 
for girls and women, The International Rescue Committee began to support 
secret home-schools in 1997. IRC provided teaching materials and teacher 
training. After the Taliban regime was overthrown in 2001, programme of home-
based schools kept on going. Its goal now is to provide schooling for children 
of rural areas with no access to government schools. Respected members of 
community hold classes in their homes or in local mosques, and follow the 
government primary school curriculum. The home-based schools in Afghanistan 
are pointed out to be quite effective in terms of access, completion, learning, 
costs and student well-being. [7]

Alternative teaching methods can also make a classroom not necessary 
or not so essential as learning environment. Learning by doing and experiencing 
can be essential in education for example in case of vocational centre, where 
students learn during working in workshops.

6.2 modular Building System <-> Building on Site

In catastrophe areas, an effective solution of recovery and reconstruction 
is modular buildings in form of temporary shelters or permanent buildings. 
Remarkable advantage in modular building systems is their fast building 
process answering to instant lack of premises. As essential part of recovery, 
some facilities in society are important to get quickly back working, even if their 
permanent premises are not possible to use. School is one of these facilities, 
and providing education in temporary shelters or finding quick ways to rebuild 
schools is important.

Advantages of prefabricated modular buildings in crisis areas are:
does not require local materials, special equipments or high professionalism 
of workmen (There is usually lack of all of them in emergency areas.)

can be built quickly to instant need of premises

●

●

Picture 46:  After wind blew of roof of the school building, classes are held temporarily under 
a tree, Pate Primary School, Kenya

Picture 47:  Building with sand-filled fabric tubes, Project of Nader Khalili
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can be deconstructed, relocated and reconstructed, when building is not 
needed in that place anymore

flexible and can be adjusted to prevailing conditions (depending of the 
modular system design)

possibility of mass production (effects on buildings costs)

Usually, to support the local industry, trade and employment, the best 
solution would be to use traditional construction systems, local materials, 
equipment and workforce. The use of traditional ways of construction can 
be wise because of knowledge of local circumstances, cultural issues and 
transportation expenses. Building on site with local materials also supports the 
local employment and building industry and would help the community to get 
“back on track”. It is often also ecological solution, when materials do not need 
to be transported long distances.

Sometimes, the reconstruction can overload the local constructors and 
suppliers, and there is not enough local materials available, or their demand is 
so wide, that their prices get very high. This happened in Thailand after tsunami 
in December 2004, when after start of reconstruction the demand of building 
materials grew rapidly. Many international organizations also decided to support 
the local market and buy local materials to their rehabilitation projects. The 
prices of materials rose very quickly so high, that local dwellers, who would have 
afforded repairing their homes before price advance, did not afford it anymore. 

[Kalle Löövi, SPR] To avoid this kind of situation, in large catastrophes, the import 
of some materials, or even pre-fabricated building parts, may be desirable.

The solution of delivering sophisticated prefabricated building with frames, 
panels and bolted connections to developing countries is simple and quick, 
but can be expensive if it must be transported long way or if it requires heavy 
transport equipment. Prefabricated materials can be also difficult later, when 
the building needs some reparation. For example when bolts rust and need to 
be changed, probably the appropriate bolts are not locally available. Also the 
interest or skills of taking care of the prefabricated building, is not as high, as if 
the building is built by locals themselves. [38]

Innovative systems, like combining some pre-fabricated building parts to 
some local materials that are available, would be one solution. For example in 

●

●

●

Superadobe system (concept in 1984) of Iranian-born architect Nader Khalili, 
he used fabric tubes, that was filled with sand on building site to create massive 
constructions. These sandbag buildings have served as emergency shelters for 
example in refugee camps in Iran for refugees of Persian Gulf War. [12]

6.3 Architectural Solutions

In longer term, to provide healthy, safe and conducive learning environment, 
the classroom, even very simple and light structure, is often the better alternative 
to ensure the quality of teaching and learning. When designing the architectural 
solution of it, the climatic and other environmental circumstances must be taken 
into consideration. In picture 48. is presented means, how designer can adapt 
the building to different kind of climatic circumstances.

In warm and humid climate air flow through the building is important and 
it can be done by orientating the building and its openings to right directions. The 
long facade should head to the main direction of wind to maximize the through-
ventilation through louvers or open windows. Buildings should not be situated to 
block the wind from nearby buildings. The other important factors are the heat 
and glare of sun. The shorter facades should head to East and West, towards 
the morning and afternoon sun. All spaces should be based on cooling with 
natural ventilation – also the roof that should be double roof, to allow the cooling 
wind to ventilate away the hot air between two layers of roof. The main rooms 
should be high enough to ensure the comfortable conditions, about 3 metres is 
kept as good average height.

Roof should have a reasonable slope for rainwater drainage and have 
large overhangs that protect the facades from rain and sunshine. Louvers and 
canopies can also be effective solutions to protect from rain and sun. White 
or other light colours are recommended to maximise the reflection of thermal 
rays.

The construction can be light weight, because low thermal capacity is 
required. Seasonal rains should be taken into account and adequate surface 
water drainage around the building and raised floors should be arranged to 
minimize water ingress. Levels of terraces or other open spaces should be lower 
than the floor level inside, to prevent the rainwater to ingress inside.  Often 
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Picture 48:  measures, how designer can integrate the building to different climatic 
circumstances 

raising the whole building on piles is good solution in areas of possible flooding. 
Existing vegetation can increase the water absorption into the soil, and trees 
can shade the building from sunshine. Insects and birds should be kept away by 
constructional solutions. [1], [31]

In hot and dry climate construction should be heavy to ensure the high 
thermal capacity, allowing changes in day and night temperatures to level the 
interior heat to comfortable and stable. If structure is made lightweight the 
adequate insulation is required. When building heavy constructions, risk of 
earthquakes should be taken into consideration when building on seismic active 
areas. If properly insulated structures are not available, the double-skinned roof 
with ventilation between the layers reduces radiant heat and the lost of heat 
when it is colder outside. 

The shape of building should be chosen to create cool interiors, which 
usually means bigger depth of building, or inner yards that lifts the hot air up, 
and pulls the cooler air in. Door and window openings should be positioned 
away from the direction of prevailing wind, to help to minimize the heating of 
hot winds and radiation of surrounding ground. This is especially important on 
desert areas. Shade and protection from hot winds can be also gained from 
adjacent buildings or surrounding natural land forms or trees.  [1], [31]

In climate of mountainous areas in tropic the big difference between 
day and night temperature is typical. That is why the thermal capacity of building 
must be good. Wind tunnels should be avoided, and wind-protected yards should 
be created. Morning sun is important to heat the building after cold night, but in 
midday building should be protected from heat and glare of sun just like in hot 
climates. Windows or louvers are necessary. Fireplace can increase the comfort 
in buildings in mountainous areas of tropic, but in case of classroom it is not 
necessity, because building is used usually only at daytime. [1]

In cold or alpine climate heavy construction with high thermal capacity 
is required, but lightweight construction with high insulation can also be used.  
Air flow through the building should be kept as minimal as possible, but personal 
comfort and adequate ventilation for space heaters or stoves should be ensured. 
Door and window openings should be designed to minimize draughts. Stoves 
or other forms of space heaters are essential, but must be appropriate to the 

Floor plan Location Orientation

Roof type Openings Restricting rays of sun

Ventilation Outdoor spaces Insulation
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Picture 49:  Architectural solutions for buildings in hot climate. trhough ventilation and long 
overhangs are important. 

building type. Also floor must be properly insulated. However, rooms should be 
protected from afternoon sun. [1], [31]

On flood areas – the solution to prevent damages caused by flooding 
water is to build the building on piles, which are so high that it raises the building 
above the flood level. Other option is to make the building on floating pontoons, 
when it rises as the water level is rising. In areas of slow kind of floods, this 
floating solution could be effective to use, but in case of fast kind of floods, or 
floods that are linked to other hazards, like tropical cyclones, floating building 
could be challenging. The anchoring to its place and the resistance to waves can 
be challenging questions.

In areas with high risk of earthquakes the special attention should be put on 
form of buildings that effects a lot how stable the building is during earthquakes. 
There are two basic rules to make buildings more stable and resistible 1) simple 
rectangular buildings, when the length of block being not more than about 
three times the width; and 2) symmetrical buildings in plan and elevation are 
better than asymmetrical ones. The maximum distance between wall elements 
that subdivide the building to small box-like enclosures is recommended to be 
maximum 9 m. [37]

f

Figure 6.1 Suitability of typical school building plan

types in Asia and the Pacific

Picture 50:  Suitable building plan forms for areas of 
earthquake risk. Alternatives A and B are suitable, 
because the dimensions are not too long and building 
is symmetrical. C is also acceptable, because it is 
approximately symmetrical.

Picture 51: Double roof and long overhangs to protect 
from heat of the sun. Gando School in Burkina Faso, 
designed by architect Francis Kere
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6.3.1 Floor plan

According to Finnish RT Building Information File (RT 96-10939), 
recommended space for pupil in classroom is 1,38 m² including aisle area per 
pupil. When calculating the area for blackboard and teachers workstation, the 
recommended area per pupil is 2,03 m², if class size is 30 pupils. The total area 
for classroom is then 60,81 m². 

According to The Schumacher Centre for Technology and Development, 
the recommendation of space per pupil in classroom is 1,3 m², and the distance 
from first row to wall is minimum two meters to leave area for teachers desk, 
board and space to move. According to these recommendations, dimensions of 
7x7 metres would be suitable for 30 children. But in any cases the classroom 
size should not be less than 40 m², if the classroom serves as basic learning 
environment for normal size class (over 20 pupils). [20]

When designing to crisis areas, the baseline is, that the amount of pupils 
is high and the classroom should be designed to maximum class size possible, 
still to ensure the good quality learning. The baseline for class size in emergency 
circumstances is 40-45 pupils. For example size of Unicef’s tent school for class 
of this size is 55 m².

In UNESCO general principles of educational building for classrooms in 
tropical areas, the recommended floor plan of school building is single room 
wide with a passage or open balcony along one side, to allow maximum cross 
ventilation. Classroom size varies in length from 7,0 metres to 9,0 m., and in 
width from 4,2 m to 7,0 m. [38] A porch or veranda can be valuable addition also 
to shade the classroom from straight sunshine, and it can be used as addition 
space for teaching, meeting or display. [20]

In normal circumstances, a basic one or two room primary school requires 
a private room or office for teacher or teachers, and room for storage of teaching 
materials and equipment. Rooms of 10 m² each would accommodate teacher’s 
own area and room for storage.  Additionally, if the school is also used for other 
communal purposes, one of the classrooms should be bigger than 40 m². (For 
example 80 m² would accommodate about 100 people standing, or seated in 
rows.) [20] In exceptional circumstances the office area can be considered to 

Picture 52
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Picture 53:  Dimensions of furnishing and of area they require according to Finnish Building 
Norms for schools

Picture 54:  brick jali 

be smaller, or the teachers to work in shared room. Also the amount of teaching 
equipment to be stored can be assumed to be smaller.

 Secondary schools or vocational training centres would generally be 
larger than primary schools and have at least several classrooms. The circulation 
of pupils and teachers from classroom to another must be considered in these 
cases. For example classrooms positioned around a corridor or courtyard 
would facilitate the circulation. Secondary schools and larger primary schools 
could need also additional facilities, like library, rooms for practical classes and 
workshops, an assembly hall, a head teacher’s office, changing or locker rooms 
and wardrobes, a sick room and possibly a dining room and dormitory. [20] In 
crisis circumstances, for example library is unnecessary, but premises like sick 
room or dormitory may be essential.

Desirable acoustics call for no student is more than 6,0 metres from the 
teacher and day lightning levels should illuminate the interiors from 100 to 300 
lux. [38] Recommended minimum illumination levels in schools are 130 lux in 
general classrooms and offices, 200 lux in laboratories and 300 lux for areas 
used for drawing, crafts and sewing. In normal sized classroom it means a need 
of at least two, preferably three, window openings at least size 1500 x 1200 mm, 
or openings of other size with equivalent area, to achieve the 130 lux level in 
tropical areas for sunny or lightly overcast conditions. For more even illumination, 
it is better that the classroom has windows on more, than one exterior wall. On 
the other hand, the classroom should be protected 
from direct sun shine, or reflections and glare from 
some surfaces like boards. [20] Glass windows are 
relatively expensive construction elements and 
are often, in developing countries, replaced only 
with openings on walls or “perforated wall” – jalis. 
These jalis require 1,5 times more area than just 
openings to give the same amount of light. In both 
of these cases the openings should be possible to 
close during heavy rains or storms, but then the 
amount of natural light is not sufficient in interior.
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countries, then accommodation for them is required. Accommodation can be 
realized as small separate building close to classroom building, or as a part 
of the school building. If buildings are realized with modular system, the size 
and location of teachers’ accommodation can be chosen according to prevailing 
circumstances and needs.

Except for cases, when school is situated in centered location, and 
children can go home for meals, it is likely that some meal should be provided 
during school day. In small schools, this could be done simply under some form 
of gazebo structure, where the cooking can be done, but in larger schools or 
colleges, kitchen could be included in design. The meals during school day can 
also be provided by meals that pupils bring from homes, when they need a place 
at school where to have their lunch. Anyhow to make the school day as equal 
to all pupils, even simple meal from school, would be better solution, and could 
even work as incentive for some parents to put their children to school.

6.3.2 Furnishing and Equipment

Temporarily school can work in very minimal, even ascetic circumstances 
according to building, furnishing and equipment, but to ensure good learning 
environment for children and proper and ergonomic working circumstances 
both for teacher and children, furnishing and some teaching equipment are 
necessities. 

School desks and seats can be separate or shared for example to two 
pupils. To save space in classroom, the solution with pair desks, leaving aisles 
on both sides, can be effective solution. desks must be safe to use, and the 
possibility of adjusting the height of them would be good feature. Possibility 
of stacking the chairs or desks, or folding them would ease transportation of 
furniture, and makes the changes of interior more flexible, when desks can be 
taken on side of classroom leaving the floor free for play or drama. desks should 
also be possible to combine in groups to allow group working.

In classroom, there must be also enough storage spaces for teaching 
equipment, children’s schoolbags and jackets. Hook for bags can be integrated 
with school desk, but especially in areas of colder climate, there must be proper 
place for outdoor clothing. Hooks on the wall, close to entrance can be cost and 
space effective solution. If there is separate room for storing, it can be equipped 

Both, in normal and in crisis circumstances, safety is important factor in 
designing school building. This concerns the choice of materials and structures 
that are studied in chapter 6.4, but also the solutions in floor plan. There must 
be properly designed and implemented emergency exits in case of fire or other 
emergencies. Also safety in case of violence or robbery should be taken into 
consideration. Children must be safe when they are at school or otherwise 
parents do not let their children to go to school. The materials and furniture can 
be interesting objects to robbery, especially in crisis areas, when there are lots 
on poverty around, and people must fight for their living. These factors must be 
kept in mind designing the floor plan, window-openings etc.  For example grilles 
in front of windows might be necessary.

Toilettes or latrines are essential in school in any kind of circumstances. 
In case of school building on catastrophe or conflict area, or in normal 
circumstances in rural areas, pit latrines are the most practical, simple and cost-
effective solution. Safe access to latrine (or to flush toilet) is essential for school 
to function effectively. If children are not able to relieve themselves during school 
day, they are likely to be poorer learner. If they must relieve themselves behind 
vegetation, they are in risk of attack of insects or animals and getting diseases or 
infections. Girls, whose education is often curtailed in favour of boys, would be 
particularly disadvantaged if there are no latrines or toilets available. Girls must 
go even further away to relieve themselves, and put themselves even bigger 
risk. Especially in conflict areas, going away from school yard, is a serious safety 
risk, because of risk of violence or landmines. [20]

To avoid unpleasant smells, the latrines should be situated at least 30 
metres away from school buildings and downwind of the prevailing wind. They 
must be properly designed and build to make them comfortable to use, and avoid 
the diseases to spread. Latrine solutions are more studied in chapter 6.4.2..

In catastrophe circumstances, often teaching staff is also affected with 
catastrophe. They may have been injured themselves, lost their family members 
or they have been injured, or have faced loss or damage of property, even home. 
Helping them back to normal life, and giving them support, can speed up their 
return to work and to teach children. In some cases offering teacher and his 
family an apartment can be effective solution. It can be also incentive to make 
them stay on difficult and uncomfortable circumstances. Often on catastrophe 
areas, there is also need of recruiting teaching staff from other areas, even 
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with adjustable shelves, but in case there is no special storage-room, cupboards 
on classroom do also well. The doors of cupboards can be used as blackboards 
or attaching surface. 

Classroom should be equipped with blackboard and in some cases also 
with white board if equipments that need wall for reflecting, are used. The rod 
for hanging things can be also useful in classroom. Classroom should also be 
equipped with water tab and sink for washing hands which can be integrated to 
furniture or be separate sink on the wall. 

All the materials of classroom should have high wear-resistance. Special 
attention should be put on surface and frame materials, their finishing’s, durability, 
maintainability and recycling facility. As well as interior materials, also choosing 
materials for furnishing, the acoustical and cleaning features must be kept in 
mind. Smooth and hard surfaces are difficult because of high acoustical reflecting 
features, but are easier to keep clean. On the other hand, absorbing materials 
are good to dampen voices, but are more challenging to clean. Typical materials 
for frames of classrooms cupboards and other fixtures are steel tubes or different 
kind of boards like chipboard, mdf-board or plywood. The typical materials to 
cover furniture frame are melamine, high pressure laminate, varnished veneer 
or painting. The common materials for working surface are stainless steel, high 
pressure laminate, wood, melamine or acrylic board. School desks and chairs 
are usually made with steel tube or wood frame, and the surfaces are in chairs 
plastic or moulded plywood and in desks lacquered wood, high pressure laminate 
or melamine or acrylic board. [23]

When building on crisis areas, the issues of cost, durability and weight 
are important. Wood or wood based boards may be difficult because of termites 
in some areas. Furniture made of pulp colored plastic can be suitable solution, 
because they are relatively cheap, light weight and easy to keep clean. Suitable 
frame material for furniture would be steel, because of its durability and hygienic 
properties.

6.3.3 multifunctionality and Flexibility According to the location and 
Users

If school building is realised with modular building system, it can be 
constructed and complemented according to prevailing needs and circumstances. 

The size and form of floor plan can be chosen to be suitable for the class size, 
age of children and methods of teaching. Shape and orientation and for example 
direction of roof or windows, can be chosen according to climatic circumstances 
– sunshine, heat and rain.

Use of different kind of spaces should also be flexible. For example room 
for teacher, can serve as storage or as a sick room according to needs. Then 
if school is combination for example of three classroom units, there can be 
one room of all of these purposes plus three classrooms. Also during use of 
classroom, the furnishing can be changed to serve in different kind of teaching 
occasions. For example, if the desks are set on side of classroom, the floor 
is left open for games or drama. The outside areas, like veranda, are good to 
be designed to enable also their use for teaching, drama or play. Of course, if 
climate allows this use.

6.3.4 Accessibility for Disabled

When designing and building on crisis area, it is likely, that amount of 
disabled children can be higher, than in normal circumstances, and special 
attention should be given to their accessibility and classrooms suitability for 
them. In design high level differences should be avoided, and when not possible, 
ramps should be included. The slope of ramp should not be more than 8% if 
the maximum length of it is 6000 mm, or 5% if length is maximum 9600 mm. 
They should be also equipped with appropriate handrails. The doors must be 
wide enough (open width minimum 850 mm) and realised without thresholds 
(or with maximum threshold height of 20 mm) to enable entering classroom with 
wheelchair, rollator or crutches. Also the desks must be possible to use with 
wheelchair, and sink be on proper level. At least one of the latrines should be 
with wider dimensioning to ease the use with implements. [22]

6.4 technical Solutions

6.4.1 materials and Structures

When building on site, the main factors in choosing the materials to be 
used in building, depend on what is locally available and cost of materials. These 
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Outside earthquake zones, usually the foundation is made with pinned 
footing, but this kind of footing in earthquake circumstances can be very moving 
and rotating, when footings move differently than others, and tear the building 
apart. In earthquake areas, feet can be joined with ground beams, which have 
moment resistance to prevent bottoms and columns from rotating. These beams 
may well go even outside the line of the building helping to reduce the total 
over-turning. The columns must be fit firmly to these ground beams with strong 
moment connections. The ground beams should be able to rotate and form 
plastic hinges before either the connection or the column fails. [25]

A variety of structural components can be used to make a seismic 
resistant building like shear walls, braced frames, moment resisting frames, base 
isolation, energy dissipating devices and bracing of non-structural components. 
Strategically located shear walls (stiffened walls) or braced frames can transfer 
lateral forces from floors and roofs to foundation. In moment-resistant frames 

Picture 55: Ground tie beam system typical for small wooden houses in Jamaica, where 
earthquakes and tropical cyclones are common.

Picture 56:  Ground motion inertia 
force

factors vary from place to place, and the material which is cheap and easy to get 
in some place, can be expensive and rare in other place. Local climate is third 
factor determining the material choice and design of building. For example, in 
area, where temperature varies a lot from night to day, massive constructions, 
which heat or cool down slowly, may be suitable to level the varying temperature. 
Usually it would be better to use materials and techniques that has been well 
proven, and well known also in area. Sometimes the alternative materials or 
structures can be used to reduce the costs (for example using waste materials), 
but these should be well studied before using them.

In case of pre-fabricated materials or buildings, weight and measures of 
materials and structures are also important. They must be suitable to different 
kind of climatic circumstances and be easily transported.

A variety of techniques are available to mitigate the effects of natural 
hazards on the built environment. depending of the hazard identified, the location 
and construction type of a proposed building, the structure can be designed to 
resist hazard effects such as induced loads. wbdg Here the different types of 
hazards are studied by the material and structure types suitable on their risk 
areas:

Earthquakes 

Earthquakes are earth’s movements, where the forces which occur in the 
buildings during earthquake, come from the inertia of building masses. Inertia 
force can be described by the formula F=ma, where a= acceleration effectively 
acting on m=mass. [37]

Usually the most damaging forces for buildings in earthquakes are the 
sideways loads. The lighter the building is, the less the loads, particularly, when 
the weight is located high in the building. When possible the roof, floors, walls 
and partitions should be light-weight material.

If the sideways resistance is done with diagonal bracing, it must go all 
around in both directions, and it should be strong to accept load in tension as 
well as compression. All floors must be connected to the framing in a robust and 
resilient way. They should never be able to loose and fall. Generally, it is wise 
to build buildings that are not too high compared to their width, unless special 
precautions are taken.
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column/ beam joints are designed to take both shear and bending, and to be stiff 
to allow some deformation for energy dissipation. Roof and floors of a building 
can be used as rigid horizontal planes – diaphragms, to transfer the lateral 
forces to vertical elements as walls or frames. Base isolation means separating 
the building from the foundation to absorb the shock - when the ground moves, 
the building moves in slower pace. The building must be designed to act as a 
unit, or rigid box of appropriate height (to avoid overturning) and have flexible 
utility connections to allow movement at its base. Besides structural elements 
in building – also the non-structural components (like chimneys, elevators and 
furniture) must be stabilized to prevent their damage to the building. For example 
building machinery can be equipped with seismic isolation devices. [18]

Some construction types and their seismic properties: [18]

C O N S T R U C T I O N 
TyPE

+ -

Wood or timber frame - good energy 
absorption
- light weight

- framing connections 
are critical

Reinforced masonry 
walls

- good energy 
absorption if walls and 
floors are well integrated

- proportion of 
openings and piers 
are critical to avoid 
cracking

Steel frame with 
masonry fill-in walls

- good energy 
absorption if bay sizes 
are small and building 
plan is uniform

Steel frame, braced extensive bracing, detailing and proportions are 
important

Steel frame, moment 
resisting

- good energy 
absorption

- connections are 
critical

Steel frame, 
eccentrically braced

- excellent energy 
absorption

-connections are 
critical 

Pre-cast concrete frame - poor performer 
without special energy 
absorbing connections

Suitable materials for school buildings, from an earthquake safety point 
of view are steel, wood and reinforced concrete. Moderately suitable materials 
are masonry, reinforced brickwork, wood with brick noggin (brick infill panel in 
timber framed construction) and reinforced adobe. Slightly suitable constructions 
are unreinforced brick/ block or stone masonry with good mortar. Unsuitable are 
unreinforced masonry with mud mortar, earthen walls without reinforcement 
and wood logs without anchoring. [37] Besides material choice, structural and 
architectural detailing and construction quality control are very important to keep 
the damages to a limited and repairable range in earthquakes.

Typical building damages on earthquakes are:

Roofs:
falling of parapets, chimneys and cantilever balconies
displacing and falling of roof tiles and cracking of sheet roofing, 
side coverings and ceilings
dislocation of roof trusses, logs or joists
collapse of heavy roofs due to inability of supporting structure to 
carry horizontal forces

Walls:
falling of plaster from ceiling and walls
cracks in walls
gaps in walls because of collapsing proportions of walls
overturning of boundary walls
fall out of infix walls and gable ends

Foundation failures:
sinking, tilting or collapse of building
spreading of individual column footings in soft soils

General damage
partial collapse of building
collapse of free standing staircases
collapse of wooden frames due to deterioration of joints
torsional failure of unsymmetrical buildings. [37]

•
•

•
•

•
•
•
•
•

•
•

•
•
•
•
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Picture 57:  hurricane strap that 
strengthens the connection of wall 
and roof trusses

Picture 58:  wind action on 
buildings 

tropical cyclones

Tropical cyclones have two features, why they are very damaging for 
buildings. Tropical cyclone causes strong tearing winds that can push and tear 
the building from many directions. And they cause heavy rains, that together 
with winds, can ingress into building and can cause serious water damage. Wind 
pressures on buildings vary with wind direction and may range from positive 
(pressure) to negative (suction), and together with rain, loads towards building 
get even higher. Rains and storm surges cause often also floods.

To provide structural adequacy and integrity during cyclonic winds the 
following properties must be designed and built-in through-out the structure. 
These properties can be called as 

the ABC of cyclone-resistant construction

A ANCHORAGE
Every part of the structure must be anchored back to some secure 
point which is capable of resisting the applied forces. This is 
generally the foundations.

B BRACING
Every part of the structure must be held rigid so it cannot tilt, slide or 
rack.

C CONTINUITy
Every part of the structure must be properly connected in a 
continuous line from roof cladding to the foundations.

The main issue in protecting buildings from strong winds is to maintain the 
integrity of the building envelope, including roofs and windows, and to design 
the structure to withstand the lateral and uplift forces. The roof framing should 
be anchored together, as well as to the supporting walls. The roofs should be 
braced to prevent lateral twisting, walls should be braced and stiff enough to 
resist loads, and continuity of fixings should be maintained from the roof cladding 
down to the foundation level. This will enable all building elements to carry out a 
“load sharing” role in resisting forces. [38]
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All these things are common with building on earthquake risk area. As is 
the height of the building: the lower the building, less the loads. When building is 
lower, the wind load is smaller when there is less area where it acts. A common 
roof shape in hurricane countries is hipped roof. The hipped ends are lower 
than a tall gable, so the wind load on them is smaller, and the hip rafters work 
as effective wind bracing system. A good slope on the roof may help to shed of 
the water and reduce wind forces. Also gutters should be designed to overflow 
outwards for full length to avoid water to get inside the building. [25]

Cladding must be resistant to wind pressure from all directions. It must 
lead the pressure to structure and then to foundations. The foundations must 
be strong and heavy enough to resist uplift and sideways load. If there is some 
venting from internal pressure, it helps to reduce some loads, which can be 
caused of failures in windows and doors on windward side. The hurricane straps 
can be used to strengthen the connection between roof and walls, and doors 
and windows must be able to be protected with covering. [18], [25]

tsunamis

Tsunami occurs usually as a result of earthquake under seafloor or tropical 
cyclone. That is why, when choosing constructions and materials to earthquake 
or tropical cyclone risk areas, the risk of tsunami should also be kept in mind, if 
the building site is on coastal area.

As in tropical cyclone, also in case of tsunami, the damages to building 
come from heavy sideways load and damages caused by water. It is unlikely to 
be able to design the walls and frames to resist the pressure of the wave, but 
the damage can be reduced, if the buildings are built on piles or with open first 
floor, to let the water flow under them leaving the main floor above flood level. 
This is effective way also on tropical cyclone and flood risk areas to prevent the 
damage caused by water. [38]

All the structural members should be strongly fixed to the frame and then 
foundations to prevent them floating off. If the soil is sandy or light, the footing 
must be deep. The soil around and under the buildings can be also protected 
from erosion with concrete or tarmac surfacing. On the contrary of buildings in 

Picture 59
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In areas of frequent floods, the lowest floor must be above flood level and 
all materials under flood level must be constructed of flood resistant materials. 
Any mechanical, electrical or plumbing devices should not be installed below 
this level. As in case of tsunamis and floods caused by tropical cyclones, special 
attention should be put on foundations. They must resist the loads of water, and 
be deep enough on the ground, to stand possible erosion of the soil. Building on 
pontoons is also a good solution in areas of frequent floods, when building can 
raise as the water surface raises.

Fire safety

Usually in developing countries, especially in catastrophe and conflict 
areas, open fire is used a lot for cooking and heating. The buildings are often 
located close to each other, and in areas of high temperature climate, the risk of 
fire is remarkable. Also vandalism is a serious threat in crisis circumstances.

All materials and structures used, must be safe in case of fire. The 
materials should be hard to flame, and the structure should resist fire to give 
enough time for people inside to escape from the building, without collapsing. 
Materials should not form dangerous gases, when burning, or melt in dangerous 
pieces, that can cause danger when dropping down. 

In any kind of circumstances, foundations should be done properly, 
according to the climate, soil, and risk of hazards. They must be dug until the 
solid rock or soil until good bearing capacity is reached. In cold climates, the top 
of the footing of the foundation must lie below the frost line. In some cases skid-
foundation can be good solution, especially in case of temporary building. The 
building on skids is easy to move, and skids resist ground shaking of earthquakes 
and erosion caused by water better than column foundation.

Especially in Africa, termites that climb from soil are problematic for 
buildings. Common practise is poisoning the area under buildings to prevent the 
termites, but poisoning is very dangerous to environment and should be avoided. 
Prevention can be done with constructional measures and with avoiding use of 
wood close to ground.

earthquakes, in tsunamis and in tropical cyclones, the weight of the buildings 
foundations and first floor is important. For example concrete floor in first floor 
helps the building to stay on its place despite of the powerful wind or water.
Anyhow whenever possible, the low-lying land on coastal area should be 
avoided, when building in tsunami or flood risk areas.

Floods

The protection against floods is largely the same as in tsunamis or on 
flooding caused by tropical cyclones, besides the floods normally do not have 
same kind of sudden or tearing lateral pressure that is caused by wave or wind. 
Flooding often occurs slowly, and there is more time to do some measures of 
precaution to protect the buildings. Even though there is not as high pressure 
on buildings as in case of tsunami or tropical cyclone, the pressure of standing 
water is strong when it stands against wall. Serious effect of floods is also the 
damage of water to structures and materials when they get wet.

Picture 60:  Coastal schools in areas with risk of storm surge floods. Also in tsunami risk 
areas building on piles, or leaving first floor open for water to flow, may mitigate the damages 
water  causes.
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In areas of natural disaster or armed conflict, hygiene is also important 
issue, when there is high risk of epidemics. All materials used in building should 
be easy clean, even sterilize if necessary, and not be favourable substrate for 
bacteria.

In addition to conventional building materials and structures, in catastrophe 
and conflict areas, as well in developing countries in general, liberality in 
material choice would be desirable, to find new cost effective, ecologic and 
simple structures and materials, that are locally available and do not require 
transporting from overseas. For example sand, rocks and bamboo may work as 
well as building materials, as concrete or timber imported overseas. If there is 
lack of knowledge, workforce or materials, they can be combined, for example, 
to prefabricated building frame, when only part of building materials needs 
transportation.

6.4.2 Energy and water Supply, Ventilation and Sanitation

energy supply

In general, electricity is becoming increasingly important in schools, 
even in rural areas of developing countries, because of increasing use of 
computers and audio-visual media. In the siting of secondary school or large 
primary school the possibility to connect it to electricity grid is important factor. 
When not possible, there are also alternative ways to produce energy. Oil-fired 
generator is commonly used, but requires fuel and is not ecological solution. 
More ecological options would be solar or wind power, but wind power requires 
electricity produced with some other way to work. Solar and wind power systems 
are also relatively expensive investments at beginning. Also biogas can be used, 
but it requires quite much human or animal waste to be effective enough. For 
lightning paraffin or kerosene lamps can be used, but their use increases the risk 
of fire or poisoning. [20]

In catastrophe or refugee camp circumstances the full electricity of 
classroom may be unrealistic, but for example by few solar panels, electricity 
required for dark time lightning or use of small electrical equipment like mobile 
phones or lap top, can be created. Generally the organizations like International 
Red Cross creates the electricity in emergency areas by oil-fired generators, 
because they are the most effective and reliable in use, and are not dependable 

about the surrounding weather circumstances. But in case of International Red 
Cross, electricity is required for field hospitals and for communication networks, 
which require relatively much energy. In case of schools, the requirement for 
energy supply is smaller and the need for electricity is mainly for dark time 
lightning, the alternative ways to produce energy can be efficient enough.

ventilation

In developing countries, especially in crisis circumstances, the building 
should be designed, to have efficient natural ventilation. The requirements for 
ventilation and design solutions according to different climatic circumstances 
were studied already in chapter “architectural solutions”. Through ventilation and 
ventilated double roof are the most important factors in hot climate to create 
comfortable interior with fresh and cool air. If the building is taller than one or 
two storey, the thermal air pressure differences can be used to strengthen the 
natural ventilation. The building is equipped with vertical ventilating ducts, where 
the warm air rises pulling the cooler air from underneath the building inside.

heating

In high mountain areas or in areas in the far North or South, space heating 
would be necessary for all or part of the year. For this purpose various types 
of stoves, that burn oil, wood or other biomass can be used. However in cold 
climates also the availability of wood or other biomass for fuel can be very 
limited. Larger buildings would require boiler and hot water distribution system 
to heat radiators that uses oil, coal, wood or biomass or waste briquette as fuel.
But in small, and especially temporary buildings, the stoves may be the most 
practical in use, if of course fire safety is properly be taken into consideration 
in form of fire safe materials and safety distances. If there is enough electricity 
available, also different kinds of radiation heaters, like infrared radiant heaters, 
can be used. [20]

In areas of cold climate also the insulation of structures is important issue 
to reduce the required heating and loss of warm air. If there is not much dust 
in the air, the air source heating pumps can be also used to generate required 
heat. This kind of technology can be expensive, but in some cases a suitable 
solution for heating and air conditioning. In case, when on same areas there can 
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 Picture 61:  Rain water harvesting system

1 Collection Surface
2 Collection Gutters
3 Gutter Protection
4 Rain head inlet Filter
5 First-flush Diverter
6 inlet Screen
7 Collection Cistern
8 Overflow Port
9 Auto-fill/ Automatic Top-up Mechanism
10 Pump
11 water Filter
12 water level indicator

be both cold and hot seasons, the air source heat pump would also work to cool 
the interior during hot season.

water supply

For hygienic reasons, water supply and sanitation are very important 
facilities that must be included in school design in a way or other. If water supply 
and sanitation facilities are located close to the school, it can be accepted, that 
school children shares these facilities. But the baseline should be to provide 
water supply and sanitation to school. If there is water reticulation available, then 
it should be extended to school, or if not, the school or the area around it should 
be equipped with well or a borehole. Shallow wells or ponds are rarely suitable 
for water supply, because they often get dry when there is no rain, or water is 
easily contaminated with animal or human waste. They can also be security risk 
for small children. [20]

In crisis areas, there is usually lack of clean water, because the water 
distribution system is damaged or contamined. For this kind of situations, military 
forces and international relief organizations usually have systems that can clean 
the surface water as drinking water.  The systems are based usually on sand 
filters, but water cleaning tablets are also used, usually for delivering for local 
people, to clean their drinking water themselves. In case of classroom, small 
sand filters can be used to clean water for drinking and washing hands. 

The systems of collecting rain water, and cleaning it, should be considered 
as prime or additional water supply system. Rain water does not cost anything, 
and in tropical areas there is not lack of it. Only the collecting, cleaning, and 
storing rainwater need its own system. Guttering and a rainwater collection tank 
does not greatly add the costs of the school, but provides significant  benefit. 
The collected water from the tank is suitable for washing as it stands, but a 
simple sand filter makes the use of it as drinking water also possible. [20]

waste water treatment

In case the water is used only for washing, the waste water can be lead to 
infiltration area that is not too close to source of water. In some areas, also grey 
water filters can be used, to clean the water before leading it to the ground. In 
case of flush toilets, they must always be joined to sewer system, and waste water 
must be cleaned properly in decontamination plants. But in crisis circumstances, 
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as well in rural areas in normal circumstances, latrines are commonly used in 
stead of flush toilets. Also in that point of view, that there is often lack of water, 
using water in toilets is not wise alternative.

sanitation

As water supply, also sanitation is absolutely necessary in schools in 
all kind of circumstances. Safe access to latrine (or on urban areas to flush 
toilet) is essential for school to function effectively. The latrine must be properly 
constructed and a proven design for example like Ventilated Improved Pit 
Latrine (VIP) designed by the Blair Research Institute in Zimbabwe, to avoid 
smells and diseases, and prevent flies and other insects getting into the latrine. 
If there is rock below ground, or if there is high water table, the latrine needs to 
be built above the ground, for example as a concrete box type chamber. This 
option is of course more expensive and requires more building materials, than 

the conventional under ground latrine. [20] On emergency areas one toilet for 
50 people is minimum requirement, but there must be separate toilets for males 
and females. [43]

solid waste

From school, there must be access to solid waste disposal, refuse 
containers or clearly marked and fenced refuse pit, of which location is attentively 
chosen to be safe and not contaminant for water or crops. But as much as 
possible, the amount of solid wastes should be kept in minimum, and issues like 
recycling and using decomposable materials must be priority to minimize the 
amount of garbage.

6.4.3 work Force, Equipment and logistics

Usually, in developing countries, there is lack of professional workforce, 
but amount of available non-professional workers is high. In crisis situation, the 
lack of professionals is even stronger, when the professionals may have fled 
away from area, be injured or dead, or occupied for other purposes or projects. 
The problem in building projects is also the usual turnover of work force, which 
makes the developing of professional skills difficult. Anyhow, the training of 
workforce is important in all levels of work. [1]

When building in crisis areas, the baseline should be employment of non-
professional workers as much as possible. This is important to give opportunities 
to local people to get back to normal life and earn money. The building projects 
should be designed and lead in a way, that most of the work does not require 
special knowledge or high professionalism, and non-professionals can work 
safely. Also the building methods used should be mistake proof. This requires 
special attention to simplicity of structures, but also organizing and controlling 
the construction work. Workers need detailed instructions for work and the 
progression of work requires regular control. The professionals can be used in 
instructing and controlling tasks, and in critical stages of project, when special 
knowledge and skills are required. The local building habits and methods are 
good to utilize always when possible. Working is quick, effective and possibility to 
mistakes is smaller, when methods, that correspond to the skills and experience 
of workers, are used. When the use of local building methods is not possible, the 

Picture 63:  Putting ash and soil into composting 
pit latrine. mozambique.

Picture 62:  Ventilated Pit latrine system. if latrine house is relocatable, house can be moved 
over new pit and old one filled with soil, when pit gets full. Flies are in important role.
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The machines and tools supplied to developing countries should be robust, 
easy to use and simple and cheap to upkeep. Also the spare parts should be 
supplied enough. 

The factors concerning to transport are mainly the same as in machines 
and equipment. The requirements for transportation equipments should be in 
the minimum, to ensure the possibility of transporting materials and equipment 
to building site. Small units, gives possibility to transport the materials on lorries, 
jeeps, or even by donkeys, if the infrastructure is limited or damaged. The use of 
local materials should be on priority whenever possible, but sometimes they are 
not available or their use is not wise. But on ecological point of view, transporting 
goods long distances is not good solution.

6.5 location and orientation

In choosing the location for school, the following issues are important both 
in normal and in crisis circumstances:

suitability of soil for constructing in all seasons
topography
the risk of natural hazards on area, and how site is expected to act 
when hazard occurs
micro climate (vegetation, topography, surrounding buildings)
surrounding infrastructure (community structure)
security
accessability.

Choosing a site for school, level site is often more suitable than a sloping 
one. The sloping site might need more ramps or stairs to connect the classroom 
to each other or to ground level. As in cases of permanent school buildings, also 
in temporary buildings, the site should be well-drained and not on high flooding 
risk area. The school should not be situated under slopes, when the falling debris 
can cause serious damages during heavy rains. In hot climatic circumstances 
tall trees can provide useful shading, but in areas of heavy winds and storms 
there is risk of falling branches. On the other hand, the vegetation protects from 
winds and soil erosion during heavy rains. [20]

•
•
•

•
•
•
•

used methods must be simple enough, that they are efficient and safe to teach 
for workers. 

Special attention should be also put on design documents. The practises of 
marks and symbols in drawings, and work descriptions, vary a lot from country to 
country, and non-professionals are not familiar even with local drawing symbols. 
Drawings and descriptions must be done with enough clear instructions, that 
mistakes because of misunderstandings can be avoided. Also it must be ensured 
on building site by control, that drawings are understood correctly. [1]

When organizing work groups and their leaders, the relations of different 
social groups should be taken into consideration. Especially in conflict areas, 
there might be contradictions between some social or ethnic groups, precedence 
and relationships in general.

The use of machines and equipment must be considered carefully. In 
developing countries, especially in crisis circumstances, the need of machines 
may be wise to be in minimum. There are many reasons why:

workforce is normally so cheap, that the machines do not make any saves 
on costs

educated workers to use the machines is hard to find

available machinery is often in poor order and quite constricted by amount 
and type

importing machines from other countries is expensive and time taking 

taking machines to periphery may be difficult, expensive or even impossible 
because of lacking infrastructure and transport equipment

ensuring the energy and maintenance for machines may be problematic.
But there are also some issues that support using machines:

using machines may reduce significantly material consumption or the 
quality of result (for example mixing and compression of concrete in large 
or challenging projects)

	task is hard or impossible to make by human labour (lifting heavy 
elements). [1]

●

●
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●
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The prevailing climate of area must be considered, when thinking about 
situating and orientating the building. In tropical climates interior should be 
protected from direct sunshine. This can be done simply by directing the building 
so, that the main windows are not to South or West, and in some cases by using 
canopies or shades on windows. When climate is both hot and dry, the hot 
desert wind can be cut with building masses, or by situating the buildings close 
to vegetation that protects from wind; the vegetation also shades the building 
from sunshine. When designing larger masses or building groups, narrow streets 
make them shady and more comfortable to walk. Inner yards in buildings make 
hot air rise, leaving milder air on ground level. [1]

On the contrary to hot and dry climate, in hot and humid climate the wind 
is desired to cool the buildings and their yards. The vegetation is good thing to 
create shades and protect the building from sunshine. Also arcades and shelters 
in front of buildings make the yard more comfortable, and protect the interior 
from direct sunshine. Possibility of through ventilation and windows, that are 
directed to North and South, are good solutions to make the interior temperature 
more comfortable. West should be avoided in directing the main windows. [1]

Special attention should be put on rainfall. In almost all areas in tropical 
and temperate climate zones heavy rain showers occur. Heavy rains can wash 
away the soil under buildings, if the proper trenching is not done. Rainwater also 
creates puddles if the trenches do not take the water away, that increases the 
amount of mosquitoes and eels, and the diseases spread by them. Standing 
water is health risk also, because it contaminates the water in wells’ and human 
waste may get into the standing water, because there is no possibility to dig pit 
for latrines. The natural paths of rainwater should be studied before choosing the 
site on building or road, and avoided as locations of buildings and infrastructure. 
[1]

Generally in earthquake risk areas, distance between buildings should 
be long enough to prevent them collapsing on the streets. In Tropical cyclone 
and flood risk areas, locating buildings on low-lying land and land prone to hard 
winds, for example seaside, should be avoided. When the building site is on 
slope, the special attention should be put on soil and foundations of building, 
especially if heavy rains, earthquakes or landslides occur on area. The risk of 
erosion is high, especially when soil is fine-grained. [1]

Picture 65:  Children of the tiavea Primary School in Samoa in front of their school 
building. Village schools are always built in the same way and are embedded in the tropical 
vegetation. 

Picture 64:  Creating comfortable microclimate with wind or by blocking it. 
left: hot and dry climate, right: hot and humid.
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transportational point of view, centering functions is wise. Creating, for example 
small centres of different functions that support each other, like health care, 
education and food and water distribution, that are located with reasonable 
distances from each other and spread around the area to be easily accessed by 
people, can be effective solution.

For young children a busy main road, river, pond or well near can be a 
hazard. A fence around the school grounds can be useful to keep the animals 
out or to discourage the young children from wandering off. In catastrophe or 
conflict circumstances, the security issue is even more important. The school 
can be interesting target for robberies, when everything is damaged or lost. Also 
the children can be under threat of abuse and violence, and their safety during 
school days and on way to school should be specially taken care of.

6.5.2 Accessability

Reasonable and safe walking distance to school is important to ensure 
the enrolment, especially for girls. Maximum walking distance is kept as 1 km for 
small children. [61] When walking distance gets longer, the enrolment decreases 
strongly, and the enrolment of girls decreases even steeper than boys’. But 
distance issue includes several dimensions, not just physical distance measured 
in kilometres. The cultural distance can be even bigger barrier, if children must 
leave their own community to go into community that may be considered foreign 
or unfriendly. Time distance is also important factor, when physical barriers such 
as mountains, rivers, forest or other obstacles can lengthen the way to school.

In areas affected by natural disaster or conflict, the issue of distance can 
have even stronger effect on school enrolment. The standard of 1 km can be too 
much, if there are security risks in form of violence or damaged infrastructure. 
In conflict areas there can be also severe risk of landmines. The area around 
school and the way to school must be studied to be free of landmines, or the 
landmine areas properly enclosured to prevent children going there.

To minimize the damages of tsunamis and tropical cyclones, on beaches 
of risk areas is not wise to cut down all the vegetation. Vegetation is the best way 
to slow down the strength of the wave or storm surges, and prevent the soil to 
be washed away. It is also better to avoid building on at low level on the shore 
line on the smooth beach. Also in urban/ land planning the effects of tsunamis 
and tropical cyclones should be considered. If possible, the level seashore area 
is not wise place to be built. Also the orientation of buildings is important. In 
tsunami risk areas, buildings should not be at right angle to the wave front, the 
diagonal direction is better letting the water front the pointed corner and divert on 
the sides of building. On roads, it is better, if the buildings have gaps between, to 
let the water flow between the buildings. Otherwise the debris accumulates on 
roadway as the wave goes through and there is no reduction of the height and 
force of the wave as it goes. 

In many cultures, trees and other vegetation has not been used to 
appreciate or protect. Often the need of firewood assigns how the surrounding 
vegetation is used, and the importance of vegetation to prevent erosion and 
damages of floods is not recognized. When designing and building on hazard-
risk areas, the local people should be informed about the benefits of vegetation 
and taught to protect it. On the other hand, in some cultures some trees can 
have religious values for local people, and western designers and constructors 
should respect these values. [1]

6.5.1 Connecting to Surrounding infrastructure

As in normal circumstances, also in building on catastrophe or conflict 
affected area, the surrounding infrastructure and its opportunities, should be 
studied when choosing the location of new permanent or temporary building. 
Thinking about energy supply, water supply and sanitation issues, using the 
existing structures, or sharing the facilities for example with near by buildings 
may be effective. In crisis circumstances, for example International Red Cross 
has generators and water cleaning devices to create electricity and clean water 
for field hospitals etc. When locating the temporary school near field hospital, the 
needed electricity and water can be produced at same place, when the capacity 
of equipment and specialists are centred on same area. Also for safety issues, 
centering functions may be good solution to ensure the safety of equipment and 
work force and keeping the required security staff amount in minimum. Also in 
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Picture 66:  typical african village. Butre, Ghana. 
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7. ExAmPlES oF imPlEmENtED 
moDUlAR SChool PRoJECtS

There is wide range of modular classroom projects in the world, but most 
of them are based on big modular units that create classroom for example 
of two modules. The size of unit is determined with dimensions and capasity 
of transport equipment - usually of transport container. In Western countries, 
where transport opportunities are good, these pre-fabricated modules are good 
solution, but in areas, where condition of infrastucture is poor, and possibilities 
of transport are limited, smaller modular units would be more suitable. Here are 
examples of modular classroom in normal circumstances, and two solution of 
classrooms in emergency areas.

ARC - Carrol School Green modular Classroom, lincoln, massachusetts, 
2007

 The goal of architectural company ARC in Green Modular classroom was to 
create permanent portable, flexible, safe, durable and environmentally friendly 
learning structure with realistic budjet. Classroom is combination of two 
prefabricated modules, each size of a trailer. Floorplan is simple: classroom with 
vestibule and storage room. Windows can be located on either side according 
to location and orientation of building. As many of the materials as possible 
are eco-friendly; recycled steel, MdF-board made from recovered wood fiber; 
bamboo, recycled-content carpet tiles and formaldehyde-free paint. Electrical 
usage is minimazed by using day-lightning and with efficient heating and cooling 
system, with minimal heating or cooling losses. Also white roofing was made to 
reflect solar heat and reduce cooling loads.
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Shigeru Ban - Temporary Paper Tube Schools, Sichuan, China, 2008

Framework of schools designed to earthquke area of Sichuan were made 
from waterproof and fire resistant recycled paper tubes. Walls were made from 
local  construction board that was cheap and easy to produce in China. Roofs were 
made of plywood with polycarbonate insulation. Building methods and plans were 
developed to suit to unprofessiolal workers, such as volunteers, that worked in 
their construction. Three buildings (nine classrooms) were completed in about forty 
days.

V Picture 72       
V Picture 73       > Picture 74
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UNiCEF tent school, Port-au-Prince, haiti, 2010 

UNICEF has four tent types in storage ready to be sent to emergency 
areas. Rectangular 42 m2 tent is usual size to be used for education purposes. 
Ground length is 7,0 m and width 6,0m, with central height of 2,05 m. 42 m2 tent 
school can serve a class of 50 children. 

Tent has double fly (outer fly white PVC-fabric, inner fly 50% cotton and 
50% polyester), which ensures comfortable inside temperature in hot climate 
areas. Ground sheet is made of PE. Tent has windows on both sides, that are 
equipped with mosquito net and adjustable flaps, and doors on each gable end. 
Frame is self supporting galvanized steel or aluminium frame that is secured 
with wires to withstand wind of minimum 30 m/ second.

V Picture 75: Children going to school in Port-au-Prince, haiti, march 2010
> Picture 76: Installing outer fly of UNICEF school tent, Port-au-Pirince, Haiti, March 2010
> Picture 77:  temporary primary school launched by UNiCEF and Danish Red Cross in Port-
au-Prince, haiti, in February 2010
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8. DESiGN: moDUlAR tEAChiNG 
UNit to AREAS oF NAtURAl 
DiSAStER oR  ARmED CoNFliCt

Goal in the project was to find multifunctional and flexible solution of 
relocatable modular teaching unit that could be located anywhere in catastrophe 
areas in different kinds of climatic, cultural, religious or political circumstances, 
and could be “tuned” according to local circumstances and needs. It could serve 
as part of existing school, forming a new school with group of teaching units or 
serve alone smaller amount of students. It could be owned for example by state 
or by humanitarian organization, and be part of disaster recovery programme.

8.1 Architectural Solution
Floor plan is designed to be as simple as possible. In basic solution 

classroom size is 47 m2, serving 40 students, with supporting premises of 9 m2 
that can be used as teacher’s room, storage or for example sickroom. In front of 
entrance, there is terrace, which is covered with roof and equipped with ramp to 
ensure access for disabled students. In classroom there is also emergency exit 
on the opposite side of entrance.

Medium height in classroom is 2,4 m, but the ceiling is inclined and  height 
on window wall is 3,6 m to ensure maximum natural light. When locating and 
orientating the teaching unit, the direction of roof and windows should be chosen 
to create comfortable amount of light and heat according to prevailing conditions. 
Roof is shed roof with long overhangs on sides of long facades. 

Colours of teaching unit are chosen to be neutral according to their 
symbolic meanings and associations, but to give an image of a public building. 
Exterior walls are alumium grey from the outside and white on the inside. Roof 
colour is light turquoise, which eases orientation, when it is visible from distance. 
Light colours are chosen to maximaze the reflection of too much sunshine, and 
make the interior light level comfortable with natural lightning. Turquoise is used 
also in details of teaching unit, for example on handrails and door handles.
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8.2 technical Solution

8.2.1 Frame and Cladding System, Prefabricated Panels

Main idea in modular frame system is multifunctionality. System is flexible 
according to local circumstances – climate, topography, directions and local 
needs. The construction is based on modular unit of 600 x 2400 mm, and building 
can be extended or shrinked with module dimension of 2400 mm. It is also 
possible construct as reversed, or the direction of roof incline can be reversed. 
Also doors and windows can be located in suitable way according to location.

The facades, roof, floor and interior walls are made of pre-fabricated 
panels of this size. The panels are the same size, even it is a wall panel or 
window, so for example placement of windows can be changed according to the 
best direction in the situation. Panels are connected to the frame with hooks and 
bolts, and connection between panels are tongue-and-groove joints, that have 
elastic packing stripe between.

The framework of classroom is made of galvanized H-profile (HEB) steel 
columns and beams, and galvanized steel roof trusses, that are connected to 
each other with bolt joints. All parts of framework are prefabricated and cut-to-
size. Framework is braced with diagonal bracing beams on each directions of 
the building, also roof and floor, making the framework work as a rigid box, that 
makes it more durable for example in case of earthquake.

Teaching unit is based on steel skids, with distance of 2400 mm and 
height of 300 mm. They are hauched on the ends, which allows moving teaching 
unit small distances by tractor without deconstructing and constructing building 
again. Skids also makes possible to locate the teaching unit to different kind of 
soils, without special measures. But to minimaze the damages of standing or 
streaming water caused by heavy rains, the ground underneath the building 
should be raised comparing to surrounding area. It prevents the rainwater erode 
the soil under skids or form puddles that can corrode skids, and are also health 
risk for users.

Materials, used in classroom unit, are chosen to be durable, light weight, 
and safe. As many of the materials as possible are made of recycled material 

11

D

C

B

A

1 2 3 4 5

E

4

1 
20

0
60

0
2 

40
0

2 
40

0
60

0
1 

20
0

3 
10

0
4 

15
0

600 2 400 2 400 2 400 2 400 600
7 800 3 000

6 
10

0

-0,100

-0,100-0,100-0,100
-0,100-0,100

-0,100

A

A

(stove)

emergency exit

batteries

(stove)

+0,000

+0,000

OFFICE
/STORAGE
9,0 m2

CLASSROOM
47,0 m2

water tank

TERRACE
-0,050

-0,550

-0,550

max. 8%

window windowwindow

window window

±0,000

1 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 8001 800 2 400 2 400 1 800

-0,300

+2,400

+2,765

E

E

D

D

C

C

B

B

A

A

-0,550

-0,050

+3,600

+4,545

+6,600

1 800 2 400 2 400 1 800

FLOOR PLAN 1:50

SECTION A-A 1:50

FACAdE 1   1:50

Section A-A 1:100

Steel frame
1) Steel-pur- panels

2) canvas

3) local materials

+



76

and/or can be recycled. Wall and ceiling panels are 50 mm thick sandwich-panels 
with pvdf-coated steel sheet on both sides and polyurethane insulation between. 
Floor panels are made of steel sheet, polyurethane insulation, thermite resistant 
plywood and vinyl flooring. Windows and doors are alumium framed,and are 
equipped with shutters that protect the windows from storm winds.

desks and benches of classroom have steel frame, and surfaces are 
made with plastic boards made of recycled dyed throughout plastic. Cupboards 
of classroom are transport boxes of desks and boards and are alumium framed, 
with plastic/ plywood doors. Cupboard doors serve also as blackboard, when 
doors are changed inside out from transport box, and blackboard side comes 
outside.

8.2.2 Canvas Cladding

Alternative solution to steel sheet-pur-panels, is canvas cladding. It is 
done with cut-to-size polyester/ cotton fabric sheets that have fixings ready on 
the edges of canvases. Steel frame of teaching unit is the same, whether is 
cladding implemented with panels, canvases or with local materials. In canvas 
option, the fabric sheets are connected to frame with  rail-connection and locked 
on place from up edge of canvas.

Classroom tent has double flies, to make the interior comfortable cool, 
when air between flies balances the temperature. Inner fly is cotton and outer 
fly is made with 100 % waterproof polyester. Both flies are fire resistant. Colour 
of tent is natural white, except of the roof, which is light turquoise. doors are 
implemented as fabric curtains , and windows are made with transparent plastic, 
that is ready sewn to the wall canvases. Windows are also equipped with 
adjustable flaps.

8.2.3 Cladding with local materials

In general, it would be favorable to use local materials when ever it is 
possible, to support local market and to avoid transporting materials long 
distances. When it is possible to find some solutions of cladding with local 
materials and there is time for this process, it should be done. 

The frame of classroom unit is designed in a way, that cladding with some 
other materials, than prefabricated panels or canvases is also possible. Suitable 
other materials for classroom cladding could be for example, metal sheets, 
wooden boards or plates, plastic sheets, fabrics and tarpaulins. Also woven 
structures with straws or leaves can be used. Frame has connecting holes, 
where the cladding materials can be bolted, or there can be fixed wooden board 
to frame, where cladding can be fixed for example with nails. Cladding can also 
be implemented mixed - for example, roof with prefabricated steel sheets, and 
walls with prefabricated windows and doors, but with local cladding material on 
walls.

8.2.4 technical Systems

Teaching unit can be implemented independent by power and water supply, 
and does not necessarily need connecting to public networks of electricity, water 
or drainage. Teaching unit can be equipped with adjustable solar panels and/ or 
windturbines to produce energy for its use - mainly for dark-time lightning and for 
needs of small electronical equipment like charging mobile phones. Unit can be 
equipped also with rain water harvesting system. Rain water is collected from roof 
to tank, which is on the side of the building. Water is lead from there to water tap, 
which is located in classroom close to water tank outside. Greywater is lead to 
filtration field, which is chosen to appropriate location and distance from teaching 
unit. If necessary, teaching unit can be equipped also with greywaterfilter.

Ventilation is natural ventilation. Air is designed to flow through classroom, 
and through ventilation can be intensified in hot climates opening the windows 
from opposite sides of classroom. Double roof and long overhangs protect the 
classroom from heat, and special cooling is not required. In cold areas, for 
example in mountainareas, the teaching unit is possible to equip with stoves, 
that heats the interior. But often also in mountain areas, the temperature gets 
cold only in the night, and days can be relatively warm, so classroom, that is 
used only at daytime, does not necessarily nead heating.

Sanitation is implemented with separate latrine building. Latrine unit is 
ventilated pit latrine, that means a pit dig in the ground and small hut above it, 
where is separate sides to girls and boys. Latrine building has steel frame, and 
roof and wall panels are of same size panels as in teaching unit. Floor is made 



77

with recycled plastic boards. Latrine building can also be extended, with 2,4 m 
dimension (3 latrine booths). When pit is getting full, hut that is based on skids 
can be dragged to new location above new pit, and old pit is filled with soil.

8.3 transporting and Relocating

Modular panels of teaching unit are transported on pallets. They are stacked 
on pallets and bound around to avoid collapsing of stack during transport. Frame 
columns and beams are also bound. The furniture of classroom is transported 
in transport boxes that serve as cupboards when building is in use. Teaching 
unit can be transported in containers by ship, train, truck or airplane, or the 
boxes  and pallets can be loaded on the back of a lorry. In case of very difficult 
location by infrastructure, parts of teaching unit can be transported on jeep or 
even donkey. 

Transportation and constructing issues have been kept in mind when 
choosing the materials of classroom. They are light weight, so they are easy 
to move from place to another and easy to lift on their place. Materials are also 
durable to stand hard usage and transport.

Teaching unit delivery has also construction kit, with bolts and other fixings, 
tools that are required for its construction (adjusting key etc.) and manual with 
instructions of constructing. Teaching unit is designed to require the minimum 
construction tools and professionalism of workmen.

8.3.1 Relocating teaching Unit

When there is not need for classroom in the site anymore, teaching unit 
can be deconstructed, relocated, and constructed again. Deconstructing and 
transporting long disatances may not be profitable and by ecological reasons 
not favourable, but for example in case of refugee camp, the teaching unit can 
be transported to nearby village after camp is taken down.

8.4 Siting

Choice of location and orientation of teaching unit is in very important role 
to ensure its comfortable use. Location and orientation must be done according 

to local climate circumstances and keeping in mind the risk of possible fortcoming 
natural disasters. For example teaching unit should not be constructed on low 
lying land in areas where is high risk of floods, or under a slope if there is risk of 
landslides due to heavy rains. In hot climate the short edges of building should 
head to east and west, to minimize the heat and glare of sun. If there are several 
teaching units in same place, there should be left gaps between them if climate 
is hot and humid. But if climate is hot and dry, or cold, buildings should form 
protected yard, where hot/ cold wind is blocked by buildings.

8.5 Combining teaching Units

Flexibility and multifunctionality are in key role in teaching unit. It is possible 
to form a school, if there are several teaching units connected to each other, or 
they can serve as part of existing school. In these cases to create comfortable 
and safe schoolyard, it may be necessary that teaching unit is orientated to less 
favourable direction. Because of modular system, teaching unit can be adjusted 
to suit to the location. It can be build as reversed, or roof can be reversed. Also 
places of windows and doors can be changed. When there are several teaching 
units in school, extra premises can serve all the classrooms together if entrance 
to this premises is from terrace. For example in three classroom school, one extra 
room can be teachers office, second can be storage for teaching equipment and 
third can be used for small group studying. If necessary, one classroom can be 
done bigger, and another one smaller, with modular dimension of 2,4 m.
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STEEL SHEET-PUR-PANELS CANVAS TENT LOCAL MATERIALS

+  quick construction process + quick construction process - requires time for design, material supply and 
constructing

+ possible to relocate (deconstruct and transport to 
new location)

- relocating possible, but may not be wise, because of 
hygienic reasons and condition of canvas

- relocating usually not possible (depends of 
material choice)

+ does not require special skills of workmen or 
special tools

+ does not require special skills of workmen or special 
tools

- requires someone, who finds out what is 
available, designs, makes decisions, and 
organizes constructing

+ possible to be permanent building -/+ temporary solution 
+ hygienic materials - in long term difficult to keep clean, unhygienic if 

relocated
+ supports local industry

- high quality not guaranteed
- materials and construction method can be 
unfamiliar to locals

+ familiar materials to locals

- recycling of polyurethane difficult - short life time of canvases + ecological advantages (does not require 
transporting overseas)

- may be expensive solution + relatively cheap -/+ expenses depend of material choice
- not always available

- panels difficult to repair (needs spare parts) + small repairs possible and relatively easy

8.6 Comparison of Advantages and Disadvantages 
of Different Cladding Alternatives
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5. to whom?


The future users should be in focus when designing new buildings. 
Whenever possible it is useful if they have opportunity to participate on design 
project and tell their needs, wishes and opinions. When designing on crisis 
areas, this may be difficult to carry out, but taking into consideration the following 
facts, and creating building flexible and multifunctional according to prevailing 
needs, classroom can become functional and supporting learning environment 
to future users:


age of students


amount of users and class size


marginal groups. Disabled children or children from different ethnic, 
religious or social groups? What are their special needs?


cultural and religious environment


rural or urban environment


conditions. Refugee camp, area of natural disaster, conflict area. Prevailing 
state of infrastructure and security


teaching methods


use of educational building also to other purposes. What are the other 
purposes, who are the other users, and what are their needs?


When designing in developing countries in general, the community 
participation is significant for future taking care of the school building. Engaging 
local people, especially parents, in dialogue about the layout and facilities of 
school is important. When parents have possibility to effect on the environment 
where their children studies, they can notice that it is safe and healthy place for 
their children, which is especially important in case of girls education.


●
●
●


●
●
●


●
●


5.1 Age and Amount of Students


School is considered as primary, when the pupils are from 6 to 12 years 
old, secondary – when pupils are from 10 to 19 years old, and vocational training 
centre, if students are youths from 14 years and above, sometimes also adults. 
Sometimes schools serve also as community meeting places, and can be used 
for adult learning, for example in literacy or HIV-education. [20]


Class size depends of the current circumstances, teaching methods and 
the age of students, but in developing countries, the usual size of class in primary 
and secondary school can be up to 40 children, even 50 children. In case of 
catastrophe area, it can be assumed that class size is maximum possible, still 
ensuring the good quality learning - about 40 children in class. In rural areas, in 
small one or two classroom schools, the class can be multi-grade, when there 
are children of different age in same teaching group.


The total amount of children on school coverage area must be studied, 
for dimensioning the school and planning how many classrooms and what other 
premises are required in the school. Usually in developing countries, there is 
lack of funds, and the efficiency is important factor. The school and classroom 
should be designed to be good learning environment, even if the class size is 
relatively big. The flexibility of classrooms would be good option, for example 
separating the classroom temporarily to two smaller teaching groups according 
to prevailing needs. The amount of pupils can also vary from time to time, and 
if classrooms are possible to use for some other purposes, it would be good 
feature. Also flexibility according to different kind of teaching methods would be 
good solution.


5.1.1 marginal Groups


As in all conditions, also in catastrophe or conflict areas, marginal groups 
should be taken into consideration when designing educational buildings. In fact, 
the number of these groups and members of them can be larger in exceptional 
circumstances, and it must be ensured that their possibilities to get the education 
are equal to the others.


< Picture 40:  First grade girls at newly opened haish Saidgi Girls’ School in Panjshir Province, 
Afghanistan, June 2009.
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After a natural disasters or war, there can be relatively many children with 
injuries or permanent disabilities. Sometimes these children may require special 
teaching or physical help, but in general, teaching in same group with other 
children is the best solution, and gives best opportunities for disabled child to 
become productive member of their society and be more integrated socially. That 
is why access to all schools is necessary to ensure that children with disabilities 
can participate independently in a mainstreamed environment. 


Marginal groups require often also mental support and education should 
be designed to be equal and support the equality regardless of ethnic, religious 
or other background. Serious question in many African countries is the situation 
of HIV-infected children or children or orphans of HIV-positive parents. Lack of 
knowledge, prejudices and increased responsibility of family’s living threatens 
their possibilities to education or even excludes them from school.


5.2 Cultural and Religious Environment


Cultural and religious issues effect significantly on built environment 
including schools. Traditions, lifestyles and convictions have determined what 
kind of urban structure and architectural solutions have formed on the area. 
Cultural and religious issues effect also on design of educational buildings, for 
example, is there separate classrooms, or even schools, for girls and boys, or 
which is the direction of Mecca. When there are children from different ethnical 
groups their habits may be different from the mainstream habits that make 
challenges both for classroom and education itself. 


Very remarkable effects of culture and religion is the position of women 
and girls in society that must be taken into consideration in school design. Also 
the symbols of cultures and religions are wise to be studied, and their use as 
shapes and colours be considered carefully.


5.2.1 Position of women and Girls


There are several cultural and institutional issues concerning to situation 
of women and girls, that can be a barrier for their education:


community beliefs and practices
gender and cultural stereotypes, low status of women


●
•


male dominated education system
lack of knowledge of the social and personal benefits of education


Economic barriers
school tuition fees, clothing, books, supplies
childcare and domestic duties, or agricultural and market duties


Infrastructure barriers
distance from school, absence of roads and transport
safety issues in school or school way
inadequate basic services in school such as separate latrines


policy barriers
support for conventional role for women
insufficient national budget for primary and secondary education
fees policy, free education policies weak or not implemented


educational barriers
lack of gender-sensitive teachers, curriculum and materials
lack of role models for girls
school calendar/ schedule in contradiction with girls’ domestic or 
market responsibilities
threatening/ non-supportive learning environment [43]


The facts listed above are not all possible to be diminished with design 
solutions on educational building or education itself, but on some of them they 
have effects. By offering safe and supportive environment, at safe distance from 
home, some girls more can have possibility to education. Also by offering low 
cost or turnkey buildings in developing countries, governments may be given 
possibility to reduce the school fees or implement free education system and 
to develop more comprehensive school network. But to remove or diminish 
these barriers, lots of efforts from many sides are required to raise the status 
of women, understand the effects of educating girls, and create schools as 
supporting environment for girls.


The attitudes about educating girls vary a lot from culture to culture, and 
religion to another. Mainly girl’s school enrolment is lowest in Islamic countries, 
especially in conservative areas.  For example in Afghanistan, even Taliban 
regime is over, there are still many restrictions for girls to get to school. Conflict, 
economic hardships and cultural and religious conservatism have never allowed 


•
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●
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the authorities to pay attention to the promotion of education, especially for 
females. Even situation is now changing, there are still many issues that families 
and communities require from schools just to consider putting their daughters 
to school. The type of building is in essential role, and for example in Southern 
regions of Afghanistan, the school must be separated with boundary wall to 
separate areas for girls and boys. Also lack of female teachers can prevent girls 
to get education, because some parents require presence of female teacher. 
Safety issue is also serious question, because of burning of tents and school 
buildings, explosions near school, threats to female teachers and students, and 
violence on school way occur. [60]


In emergency situation, girls are usually at particular risk to be left without 
education, because of well-established historical gender prejudices and because 
normal social norms and actions break down. Their heavy workload increases 
at the same time their physical and emotional safety is further compromised. 
Girls are often the first to be deprived of their educational rights, and gender 
stereotyping diminishes the importance of sending girls to school in destabilized 
situation. While education is increasingly seen to have a role to play in mitigating 
conflict and protecting girls, the cultural and institutional barriers to girls’ education 
that exist before emergency become even stronger as a result of emergency.


5.2.2 Cultural and Religious Symbolism


Different cultures, religions and political convictions are full of symbolism 
that can be unfavorable in some other areas. Symbols can be figures, colours or 
combinations of them. Strong symbols are for example cross, star or crescent, 
that are universally known, but colours are more complicated, because their 
symbolic meanings and associations they make differ a lot from culture or 
religion to other.


Shapes with strong symbolic meaning should be avoided when trying 
to design culturally and religiously neutral building, but unlike other symbols, 
colours are more difficult to avoid in built environment. That is why choosing 
colours should be done carefully. In the following table, the symbolic meanings 
of colours in different cultures and religions are represented, and also typical 
psychological effects of them are listed.


Blue is generally kept as the most neutral colour, with fewest limiting or 
negative political, religious or cultural meanings or associations. This can be also 
noticed in logos and brand colours of remarkable international organizations (for 
example UN-organizations, Plan, EU, NATO) or companies (Nokia, Ford, IBM, 
HP, Samsung). Also according to psychological effects, blue is kept as quite 
comfortable and desired colour in educational buildings. In most cultures, blue 
is kept as calming and cooling colour with feeling of fresh air. It is said, that 
premises that are underground and does not have any windows, should have 
something blue to avoid the feeling of lack of oxygen. Also flies are said to avoid 
colour blue. In western countries colour green is other colour that is kept as 
suitable to premises where high concentration and calm atmosphere are required 
(for example hospital or school). But in Islamic countries it is kept as colour of 
Islamic religion, which is undesirable association in some other countries. Light 
colours in general are useful, because they increase the reflection of light and 
make the room feel more spacious. [63]


Picture 41:  Blue logos of international organizations: European Union, Plan and United 
Nations. and companies Ford and Nokia
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ColoUR ASSoCiAtioN EFFECtS SyBoliSm
REd love, sin, 


fire, blood
dynamic, stimulating,
warming


Western countries: love, passion, danger, war, communism
Asia: joy, happiness, wealth, fame, celebration
Japan and Midlle-East: anger
India and Mexico: fertility
Africa: grief, bloodshed


ORANGE glow, fire, sunset stimulating Western countries: fire, danger, energy
Asia: happiness, love


yELLOW joy, sunlight dynamic Western countires: sickness, envy
Russia: grief, saying goodbye
Arabic cultures: wealth, joy
China and Japan: honor, imperial, wealth
Mexico: death
West Africa: wealth, fertility, health, spiritualism


GREEN nature calming, balancing, fresh Western countries: freshness, life, fertility, ecology, safety
Arabic cultures: strength, power, Islam
China and Japan: youth, future, growth
Israel: bad news
Mexico: hope
West Africa: fertility, health


BLUE space, heaven, water calming, cooling, air, light Western countries: science, wisdom, authority, freedom, honesty
China and Japan: power, heaven, emptyness
Mexico and South-Korea: grief
Western Africa: happiness, love, peace, truth


VIOLET dignity, grief, flowers calming, melancholic Western countries: mysticism, grief, suffering
China and Brasil: grief
Japan: royalty, power, wealth 


WHITE brightness, religion innocence, modesty, light Western countires: joy, innocence, peace, day, truth, emptyness
China and Japan: death, grief, innocence, honesty
Cameroon: grief


BLACK grief, death, night grief Western countries: grief, death, evil, dignity, sin
China and Japan: honor, sadness, sin, evil, cruelty, war
Caribbean: death
Egypt: birth, life


Picture 42:  Colour associations and symbolic meanings in cultures
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5.2.3 Environment and Prevailing Conditions


The environment, urban structure and its prevailing conditions have significant 
role on educational buildings and on education itself. In rural areas, the school 
can be small one classroom school with garden or farm combined to it and 
cultivation can be included to education. Also the difference in attitudes about 
educating children can vary a lot between rural and urban areas even inside 
same country. In rural areas, children’s work effort on farm and taking care 
of siblings may be essential for family and its living. There the importance of 
education may not be understood, because other opportunities of living may 
feel to be far. In urban community, educational and work opportunities are closer 
and may feel more realistic to achieve than in rural areas. That is why education 
should be suited and in interaction to local environment and circumstances, that 
local people keeps the education necessary for their childrens lives.


In crisis circumstances mental support is often required, when children 
have had traumatic experiences of war or natural disaster. In case of refugee 
camp, whole environment is new and unfamiliar for children and their parents. 
Often on refugee camps, there are problems of unemployment, and people, 
especially men, do not have proper things to do, that may cause security 
problems, when restlessness and frustration are increased. Educating children 
and adolescents, but also adults, can have remarkable effects, giving better 
opportunities and feeling of hope to find work and become part of new society.


5.3 teaching methods and Different Kind of Use 
of Classroom


Good classroom or school is flexible and allows variations of teaching 
methods, size of teaching group and it would be multi-functional allowing use for 
other purposes. The variation of teaching methods from conventional sitting in 
school desks and listening to teacher to discussions, learning by teaching, group 
working, play and drama should be possible. Also exploring and studying outside 
the classroom, would be productive way of learning, whenever possible by 
circumstances. In emergency circumstances game-like activities and role plays 


are often used also to therapeutic purposes to handle traumatic experiences 
children have experienced during war or natural disaster.


Often in developing countries, especially in crisis areas, there is lack of 
also other premises, not only schools. When building a school, for example lack 
on community centre can also be solved, by designing the classroom suitable for 
teaching on daytime, and community meeting place in evenings. Also building 
the school close to some other social facilities, gives opportunity for flexible use 
of premises according prevailing needs. For example school close to hospital, 
can serve as place for HIV-education that is provided by health-care personnel.


Picture 43:  Play, drama or dancing can be important part of emergency education. Port-au-
Prince, haiti, February 2010.
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6. how? – thE wAyS oF 
imPlEmENtAtioN


6.1 Principles of implementation


The significant factors in designing and building a school, both in normal 
and in exceptional circumstances, are the scale of a school project, its type of 
function, amount and age range of students. Important factors are also climatic 
circumstances, disaster risk, cultural issues, available building materials and 
skills, terrain, information and communication technologies, facilities for display 
and demonstrations, health and safety. Because some of these factors vary a 
lot from place to place, it is impossible to find an ideal or optimal school building 
suitable everywhere. But by trying to find architectural and technical solutions 
as suitable as possible to as different as possible circumstances, would make it 
a little bit more closer to reality. The answer to different kind of requirements by 
scale, premises and cultural issues, may be found with flexible modular system, 
when the school can be built to its place according to the local needs.


Often on area of emergency, the risk of new catastrophe coming is high. 
For example aftershocks of earthquake or flood occuring on same area every 
year. That is why, the anticipation of new natural disasters must be done when 
designing and building permanent or temporary buildings on crisis areas. In case 
of conflict, the issues of safety concerning to physical violence and mine fields 


must be kept in mind, but the climatic issues must be studied also in this case. 
For example the large refugee camps in Sudan, are in area of severe droughts.


When designing to resist any hazards, process should always begin with 
comprehensive risk assessment. This process includes identification of the 
hazards present in the location and assessment of their potential impacts and 
effects on built environment based on existing or anticipated vulnerabilities and 
potential losses.


 Basic principles underlying this process of mitigation measures are:
The impacts of natural hazards and the costs of their damages, will 
be reduced whether mitigation measures are implemented during new 
construction (preventively) or as retrofits (correctively).


Risk reduction techniques must address as many applicable hazards as 
possible. This approach (a multi-hazard mitigation) is the most cost-
effective approach, maximizes the protective effect of complementary 
mitigation measures and optimizes multi-hazard design techniques with 
other building technologies. [18]


According to studies about recommendations for damage mitigation to 
building construction for bushfires, earthquakes and cyclones, at least 60% of 
the measures needed are common. [38] This is an important fact that can save 
money and enable to find a solution of disaster well-resistant buildings that can 
be used in different circumstances around the world in different natural disaster 
risk areas.


An emergency education programme, as well as educational buildings, 
should have long-term development perspective. Emergency situations often 
present opportunities to “build back better” by introducing innovations, curriculum 
and teaching/ learning practices, and building construction codes.


6.1.1 Alternative ways to Provide Education – is Classroom Always 
obligatory?


Often it is not possible to return to formal school system immediately 
after catastrophe, but the educational activities can be conducted in non-
formal settings. Actual classroom or school building is not always necessary 
for education activities. Temporarily the education activities can be conducted 


●


●


< Picture 44: Concrete-integrated school building 
of 196 m2 with 4 classrooms and 2 staff rooms. 
Pingzhi Primary School Reconstruction Project, 
Sichuan, China, September 2008


Picture 45: Squat toilet of Pingzhi Primary School, 
China
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under trees, tents or other temporary shelters, of course depending of climatic 
circumstances. In emergency situations the alternative ways of education can be 
good solution, for example distance learning at home by self-studying exercises, 
in case of individual injured child or general insecurity of area. 


For example, in Afghanistan during Taliban’s active repression schooling 
for girls and women, The International Rescue Committee began to support 
secret home-schools in 1997. IRC provided teaching materials and teacher 
training. After the Taliban regime was overthrown in 2001, programme of home-
based schools kept on going. Its goal now is to provide schooling for children 
of rural areas with no access to government schools. Respected members of 
community hold classes in their homes or in local mosques, and follow the 
government primary school curriculum. The home-based schools in Afghanistan 
are pointed out to be quite effective in terms of access, completion, learning, 
costs and student well-being. [7]


Alternative teaching methods can also make a classroom not necessary 
or not so essential as learning environment. Learning by doing and experiencing 
can be essential in education for example in case of vocational centre, where 
students learn during working in workshops.


6.2 modular Building System <-> Building on Site


In catastrophe areas, an effective solution of recovery and reconstruction 
is modular buildings in form of temporary shelters or permanent buildings. 
Remarkable advantage in modular building systems is their fast building 
process answering to instant lack of premises. As essential part of recovery, 
some facilities in society are important to get quickly back working, even if their 
permanent premises are not possible to use. School is one of these facilities, 
and providing education in temporary shelters or finding quick ways to rebuild 
schools is important.


Advantages of prefabricated modular buildings in crisis areas are:
does not require local materials, special equipments or high professionalism 
of workmen (There is usually lack of all of them in emergency areas.)


can be built quickly to instant need of premises


●


●


Picture 46:  After wind blew of roof of the school building, classes are held temporarily under 
a tree, Pate Primary School, Kenya


Picture 47:  Building with sand-filled fabric tubes, Project of Nader Khalili
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can be deconstructed, relocated and reconstructed, when building is not 
needed in that place anymore


flexible and can be adjusted to prevailing conditions (depending of the 
modular system design)


possibility of mass production (effects on buildings costs)


Usually, to support the local industry, trade and employment, the best 
solution would be to use traditional construction systems, local materials, 
equipment and workforce. The use of traditional ways of construction can 
be wise because of knowledge of local circumstances, cultural issues and 
transportation expenses. Building on site with local materials also supports the 
local employment and building industry and would help the community to get 
“back on track”. It is often also ecological solution, when materials do not need 
to be transported long distances.


Sometimes, the reconstruction can overload the local constructors and 
suppliers, and there is not enough local materials available, or their demand is 
so wide, that their prices get very high. This happened in Thailand after tsunami 
in December 2004, when after start of reconstruction the demand of building 
materials grew rapidly. Many international organizations also decided to support 
the local market and buy local materials to their rehabilitation projects. The 
prices of materials rose very quickly so high, that local dwellers, who would have 
afforded repairing their homes before price advance, did not afford it anymore. 


[Kalle Löövi, SPR] To avoid this kind of situation, in large catastrophes, the import 
of some materials, or even pre-fabricated building parts, may be desirable.


The solution of delivering sophisticated prefabricated building with frames, 
panels and bolted connections to developing countries is simple and quick, 
but can be expensive if it must be transported long way or if it requires heavy 
transport equipment. Prefabricated materials can be also difficult later, when 
the building needs some reparation. For example when bolts rust and need to 
be changed, probably the appropriate bolts are not locally available. Also the 
interest or skills of taking care of the prefabricated building, is not as high, as if 
the building is built by locals themselves. [38]


Innovative systems, like combining some pre-fabricated building parts to 
some local materials that are available, would be one solution. For example in 


●


●


●


Superadobe system (concept in 1984) of Iranian-born architect Nader Khalili, 
he used fabric tubes, that was filled with sand on building site to create massive 
constructions. These sandbag buildings have served as emergency shelters for 
example in refugee camps in Iran for refugees of Persian Gulf War. [12]


6.3 Architectural Solutions


In longer term, to provide healthy, safe and conducive learning environment, 
the classroom, even very simple and light structure, is often the better alternative 
to ensure the quality of teaching and learning. When designing the architectural 
solution of it, the climatic and other environmental circumstances must be taken 
into consideration. In picture 48. is presented means, how designer can adapt 
the building to different kind of climatic circumstances.


In warm and humid climate air flow through the building is important and 
it can be done by orientating the building and its openings to right directions. The 
long facade should head to the main direction of wind to maximize the through-
ventilation through louvers or open windows. Buildings should not be situated to 
block the wind from nearby buildings. The other important factors are the heat 
and glare of sun. The shorter facades should head to East and West, towards 
the morning and afternoon sun. All spaces should be based on cooling with 
natural ventilation – also the roof that should be double roof, to allow the cooling 
wind to ventilate away the hot air between two layers of roof. The main rooms 
should be high enough to ensure the comfortable conditions, about 3 metres is 
kept as good average height.


Roof should have a reasonable slope for rainwater drainage and have 
large overhangs that protect the facades from rain and sunshine. Louvers and 
canopies can also be effective solutions to protect from rain and sun. White 
or other light colours are recommended to maximise the reflection of thermal 
rays.


The construction can be light weight, because low thermal capacity is 
required. Seasonal rains should be taken into account and adequate surface 
water drainage around the building and raised floors should be arranged to 
minimize water ingress. Levels of terraces or other open spaces should be lower 
than the floor level inside, to prevent the rainwater to ingress inside.  Often 
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Picture 48:  measures, how designer can integrate the building to different climatic 
circumstances 


raising the whole building on piles is good solution in areas of possible flooding. 
Existing vegetation can increase the water absorption into the soil, and trees 
can shade the building from sunshine. Insects and birds should be kept away by 
constructional solutions. [1], [31]


In hot and dry climate construction should be heavy to ensure the high 
thermal capacity, allowing changes in day and night temperatures to level the 
interior heat to comfortable and stable. If structure is made lightweight the 
adequate insulation is required. When building heavy constructions, risk of 
earthquakes should be taken into consideration when building on seismic active 
areas. If properly insulated structures are not available, the double-skinned roof 
with ventilation between the layers reduces radiant heat and the lost of heat 
when it is colder outside. 


The shape of building should be chosen to create cool interiors, which 
usually means bigger depth of building, or inner yards that lifts the hot air up, 
and pulls the cooler air in. Door and window openings should be positioned 
away from the direction of prevailing wind, to help to minimize the heating of 
hot winds and radiation of surrounding ground. This is especially important on 
desert areas. Shade and protection from hot winds can be also gained from 
adjacent buildings or surrounding natural land forms or trees.  [1], [31]


In climate of mountainous areas in tropic the big difference between 
day and night temperature is typical. That is why the thermal capacity of building 
must be good. Wind tunnels should be avoided, and wind-protected yards should 
be created. Morning sun is important to heat the building after cold night, but in 
midday building should be protected from heat and glare of sun just like in hot 
climates. Windows or louvers are necessary. Fireplace can increase the comfort 
in buildings in mountainous areas of tropic, but in case of classroom it is not 
necessity, because building is used usually only at daytime. [1]


In cold or alpine climate heavy construction with high thermal capacity 
is required, but lightweight construction with high insulation can also be used.  
Air flow through the building should be kept as minimal as possible, but personal 
comfort and adequate ventilation for space heaters or stoves should be ensured. 
Door and window openings should be designed to minimize draughts. Stoves 
or other forms of space heaters are essential, but must be appropriate to the 


Floor plan Location Orientation


Roof type Openings Restricting rays of sun


Ventilation Outdoor spaces Insulation
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Picture 49:  Architectural solutions for buildings in hot climate. trhough ventilation and long 
overhangs are important. 


building type. Also floor must be properly insulated. However, rooms should be 
protected from afternoon sun. [1], [31]


On flood areas – the solution to prevent damages caused by flooding 
water is to build the building on piles, which are so high that it raises the building 
above the flood level. Other option is to make the building on floating pontoons, 
when it rises as the water level is rising. In areas of slow kind of floods, this 
floating solution could be effective to use, but in case of fast kind of floods, or 
floods that are linked to other hazards, like tropical cyclones, floating building 
could be challenging. The anchoring to its place and the resistance to waves can 
be challenging questions.


In areas with high risk of earthquakes the special attention should be put on 
form of buildings that effects a lot how stable the building is during earthquakes. 
There are two basic rules to make buildings more stable and resistible 1) simple 
rectangular buildings, when the length of block being not more than about 
three times the width; and 2) symmetrical buildings in plan and elevation are 
better than asymmetrical ones. The maximum distance between wall elements 
that subdivide the building to small box-like enclosures is recommended to be 
maximum 9 m. [37]


f


Figure 6.1 Suitability of typical school building plan


types in Asia and the Pacific


Picture 50:  Suitable building plan forms for areas of 
earthquake risk. Alternatives A and B are suitable, 
because the dimensions are not too long and building 
is symmetrical. C is also acceptable, because it is 
approximately symmetrical.


Picture 51: Double roof and long overhangs to protect 
from heat of the sun. Gando School in Burkina Faso, 
designed by architect Francis Kere
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6.3.1 Floor plan


According to Finnish RT Building Information File (RT 96-10939), 
recommended space for pupil in classroom is 1,38 m² including aisle area per 
pupil. When calculating the area for blackboard and teachers workstation, the 
recommended area per pupil is 2,03 m², if class size is 30 pupils. The total area 
for classroom is then 60,81 m². 


According to The Schumacher Centre for Technology and Development, 
the recommendation of space per pupil in classroom is 1,3 m², and the distance 
from first row to wall is minimum two meters to leave area for teachers desk, 
board and space to move. According to these recommendations, dimensions of 
7x7 metres would be suitable for 30 children. But in any cases the classroom 
size should not be less than 40 m², if the classroom serves as basic learning 
environment for normal size class (over 20 pupils). [20]


When designing to crisis areas, the baseline is, that the amount of pupils 
is high and the classroom should be designed to maximum class size possible, 
still to ensure the good quality learning. The baseline for class size in emergency 
circumstances is 40-45 pupils. For example size of Unicef’s tent school for class 
of this size is 55 m².


In UNESCO general principles of educational building for classrooms in 
tropical areas, the recommended floor plan of school building is single room 
wide with a passage or open balcony along one side, to allow maximum cross 
ventilation. Classroom size varies in length from 7,0 metres to 9,0 m., and in 
width from 4,2 m to 7,0 m. [38] A porch or veranda can be valuable addition also 
to shade the classroom from straight sunshine, and it can be used as addition 
space for teaching, meeting or display. [20]


In normal circumstances, a basic one or two room primary school requires 
a private room or office for teacher or teachers, and room for storage of teaching 
materials and equipment. Rooms of 10 m² each would accommodate teacher’s 
own area and room for storage.  Additionally, if the school is also used for other 
communal purposes, one of the classrooms should be bigger than 40 m². (For 
example 80 m² would accommodate about 100 people standing, or seated in 
rows.) [20] In exceptional circumstances the office area can be considered to 


Picture 52
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Picture 53:  Dimensions of furnishing and of area they require according to Finnish Building 
Norms for schools


Picture 54:  brick jali 


be smaller, or the teachers to work in shared room. Also the amount of teaching 
equipment to be stored can be assumed to be smaller.


 Secondary schools or vocational training centres would generally be 
larger than primary schools and have at least several classrooms. The circulation 
of pupils and teachers from classroom to another must be considered in these 
cases. For example classrooms positioned around a corridor or courtyard 
would facilitate the circulation. Secondary schools and larger primary schools 
could need also additional facilities, like library, rooms for practical classes and 
workshops, an assembly hall, a head teacher’s office, changing or locker rooms 
and wardrobes, a sick room and possibly a dining room and dormitory. [20] In 
crisis circumstances, for example library is unnecessary, but premises like sick 
room or dormitory may be essential.


Desirable acoustics call for no student is more than 6,0 metres from the 
teacher and day lightning levels should illuminate the interiors from 100 to 300 
lux. [38] Recommended minimum illumination levels in schools are 130 lux in 
general classrooms and offices, 200 lux in laboratories and 300 lux for areas 
used for drawing, crafts and sewing. In normal sized classroom it means a need 
of at least two, preferably three, window openings at least size 1500 x 1200 mm, 
or openings of other size with equivalent area, to achieve the 130 lux level in 
tropical areas for sunny or lightly overcast conditions. For more even illumination, 
it is better that the classroom has windows on more, than one exterior wall. On 
the other hand, the classroom should be protected 
from direct sun shine, or reflections and glare from 
some surfaces like boards. [20] Glass windows are 
relatively expensive construction elements and 
are often, in developing countries, replaced only 
with openings on walls or “perforated wall” – jalis. 
These jalis require 1,5 times more area than just 
openings to give the same amount of light. In both 
of these cases the openings should be possible to 
close during heavy rains or storms, but then the 
amount of natural light is not sufficient in interior.
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countries, then accommodation for them is required. Accommodation can be 
realized as small separate building close to classroom building, or as a part 
of the school building. If buildings are realized with modular system, the size 
and location of teachers’ accommodation can be chosen according to prevailing 
circumstances and needs.


Except for cases, when school is situated in centered location, and 
children can go home for meals, it is likely that some meal should be provided 
during school day. In small schools, this could be done simply under some form 
of gazebo structure, where the cooking can be done, but in larger schools or 
colleges, kitchen could be included in design. The meals during school day can 
also be provided by meals that pupils bring from homes, when they need a place 
at school where to have their lunch. Anyhow to make the school day as equal 
to all pupils, even simple meal from school, would be better solution, and could 
even work as incentive for some parents to put their children to school.


6.3.2 Furnishing and Equipment


Temporarily school can work in very minimal, even ascetic circumstances 
according to building, furnishing and equipment, but to ensure good learning 
environment for children and proper and ergonomic working circumstances 
both for teacher and children, furnishing and some teaching equipment are 
necessities. 


School desks and seats can be separate or shared for example to two 
pupils. To save space in classroom, the solution with pair desks, leaving aisles 
on both sides, can be effective solution. desks must be safe to use, and the 
possibility of adjusting the height of them would be good feature. Possibility 
of stacking the chairs or desks, or folding them would ease transportation of 
furniture, and makes the changes of interior more flexible, when desks can be 
taken on side of classroom leaving the floor free for play or drama. desks should 
also be possible to combine in groups to allow group working.


In classroom, there must be also enough storage spaces for teaching 
equipment, children’s schoolbags and jackets. Hook for bags can be integrated 
with school desk, but especially in areas of colder climate, there must be proper 
place for outdoor clothing. Hooks on the wall, close to entrance can be cost and 
space effective solution. If there is separate room for storing, it can be equipped 


Both, in normal and in crisis circumstances, safety is important factor in 
designing school building. This concerns the choice of materials and structures 
that are studied in chapter 6.4, but also the solutions in floor plan. There must 
be properly designed and implemented emergency exits in case of fire or other 
emergencies. Also safety in case of violence or robbery should be taken into 
consideration. Children must be safe when they are at school or otherwise 
parents do not let their children to go to school. The materials and furniture can 
be interesting objects to robbery, especially in crisis areas, when there are lots 
on poverty around, and people must fight for their living. These factors must be 
kept in mind designing the floor plan, window-openings etc.  For example grilles 
in front of windows might be necessary.


Toilettes or latrines are essential in school in any kind of circumstances. 
In case of school building on catastrophe or conflict area, or in normal 
circumstances in rural areas, pit latrines are the most practical, simple and cost-
effective solution. Safe access to latrine (or to flush toilet) is essential for school 
to function effectively. If children are not able to relieve themselves during school 
day, they are likely to be poorer learner. If they must relieve themselves behind 
vegetation, they are in risk of attack of insects or animals and getting diseases or 
infections. Girls, whose education is often curtailed in favour of boys, would be 
particularly disadvantaged if there are no latrines or toilets available. Girls must 
go even further away to relieve themselves, and put themselves even bigger 
risk. Especially in conflict areas, going away from school yard, is a serious safety 
risk, because of risk of violence or landmines. [20]


To avoid unpleasant smells, the latrines should be situated at least 30 
metres away from school buildings and downwind of the prevailing wind. They 
must be properly designed and build to make them comfortable to use, and avoid 
the diseases to spread. Latrine solutions are more studied in chapter 6.4.2..


In catastrophe circumstances, often teaching staff is also affected with 
catastrophe. They may have been injured themselves, lost their family members 
or they have been injured, or have faced loss or damage of property, even home. 
Helping them back to normal life, and giving them support, can speed up their 
return to work and to teach children. In some cases offering teacher and his 
family an apartment can be effective solution. It can be also incentive to make 
them stay on difficult and uncomfortable circumstances. Often on catastrophe 
areas, there is also need of recruiting teaching staff from other areas, even 
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with adjustable shelves, but in case there is no special storage-room, cupboards 
on classroom do also well. The doors of cupboards can be used as blackboards 
or attaching surface. 


Classroom should be equipped with blackboard and in some cases also 
with white board if equipments that need wall for reflecting, are used. The rod 
for hanging things can be also useful in classroom. Classroom should also be 
equipped with water tab and sink for washing hands which can be integrated to 
furniture or be separate sink on the wall. 


All the materials of classroom should have high wear-resistance. Special 
attention should be put on surface and frame materials, their finishing’s, durability, 
maintainability and recycling facility. As well as interior materials, also choosing 
materials for furnishing, the acoustical and cleaning features must be kept in 
mind. Smooth and hard surfaces are difficult because of high acoustical reflecting 
features, but are easier to keep clean. On the other hand, absorbing materials 
are good to dampen voices, but are more challenging to clean. Typical materials 
for frames of classrooms cupboards and other fixtures are steel tubes or different 
kind of boards like chipboard, mdf-board or plywood. The typical materials to 
cover furniture frame are melamine, high pressure laminate, varnished veneer 
or painting. The common materials for working surface are stainless steel, high 
pressure laminate, wood, melamine or acrylic board. School desks and chairs 
are usually made with steel tube or wood frame, and the surfaces are in chairs 
plastic or moulded plywood and in desks lacquered wood, high pressure laminate 
or melamine or acrylic board. [23]


When building on crisis areas, the issues of cost, durability and weight 
are important. Wood or wood based boards may be difficult because of termites 
in some areas. Furniture made of pulp colored plastic can be suitable solution, 
because they are relatively cheap, light weight and easy to keep clean. Suitable 
frame material for furniture would be steel, because of its durability and hygienic 
properties.


6.3.3 multifunctionality and Flexibility According to the location and 
Users


If school building is realised with modular building system, it can be 
constructed and complemented according to prevailing needs and circumstances. 


The size and form of floor plan can be chosen to be suitable for the class size, 
age of children and methods of teaching. Shape and orientation and for example 
direction of roof or windows, can be chosen according to climatic circumstances 
– sunshine, heat and rain.


Use of different kind of spaces should also be flexible. For example room 
for teacher, can serve as storage or as a sick room according to needs. Then 
if school is combination for example of three classroom units, there can be 
one room of all of these purposes plus three classrooms. Also during use of 
classroom, the furnishing can be changed to serve in different kind of teaching 
occasions. For example, if the desks are set on side of classroom, the floor 
is left open for games or drama. The outside areas, like veranda, are good to 
be designed to enable also their use for teaching, drama or play. Of course, if 
climate allows this use.


6.3.4 Accessibility for Disabled


When designing and building on crisis area, it is likely, that amount of 
disabled children can be higher, than in normal circumstances, and special 
attention should be given to their accessibility and classrooms suitability for 
them. In design high level differences should be avoided, and when not possible, 
ramps should be included. The slope of ramp should not be more than 8% if 
the maximum length of it is 6000 mm, or 5% if length is maximum 9600 mm. 
They should be also equipped with appropriate handrails. The doors must be 
wide enough (open width minimum 850 mm) and realised without thresholds 
(or with maximum threshold height of 20 mm) to enable entering classroom with 
wheelchair, rollator or crutches. Also the desks must be possible to use with 
wheelchair, and sink be on proper level. At least one of the latrines should be 
with wider dimensioning to ease the use with implements. [22]


6.4 technical Solutions


6.4.1 materials and Structures


When building on site, the main factors in choosing the materials to be 
used in building, depend on what is locally available and cost of materials. These 
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Outside earthquake zones, usually the foundation is made with pinned 
footing, but this kind of footing in earthquake circumstances can be very moving 
and rotating, when footings move differently than others, and tear the building 
apart. In earthquake areas, feet can be joined with ground beams, which have 
moment resistance to prevent bottoms and columns from rotating. These beams 
may well go even outside the line of the building helping to reduce the total 
over-turning. The columns must be fit firmly to these ground beams with strong 
moment connections. The ground beams should be able to rotate and form 
plastic hinges before either the connection or the column fails. [25]


A variety of structural components can be used to make a seismic 
resistant building like shear walls, braced frames, moment resisting frames, base 
isolation, energy dissipating devices and bracing of non-structural components. 
Strategically located shear walls (stiffened walls) or braced frames can transfer 
lateral forces from floors and roofs to foundation. In moment-resistant frames 


Picture 55: Ground tie beam system typical for small wooden houses in Jamaica, where 
earthquakes and tropical cyclones are common.


Picture 56:  Ground motion inertia 
force


factors vary from place to place, and the material which is cheap and easy to get 
in some place, can be expensive and rare in other place. Local climate is third 
factor determining the material choice and design of building. For example, in 
area, where temperature varies a lot from night to day, massive constructions, 
which heat or cool down slowly, may be suitable to level the varying temperature. 
Usually it would be better to use materials and techniques that has been well 
proven, and well known also in area. Sometimes the alternative materials or 
structures can be used to reduce the costs (for example using waste materials), 
but these should be well studied before using them.


In case of pre-fabricated materials or buildings, weight and measures of 
materials and structures are also important. They must be suitable to different 
kind of climatic circumstances and be easily transported.


A variety of techniques are available to mitigate the effects of natural 
hazards on the built environment. depending of the hazard identified, the location 
and construction type of a proposed building, the structure can be designed to 
resist hazard effects such as induced loads. wbdg Here the different types of 
hazards are studied by the material and structure types suitable on their risk 
areas:


Earthquakes 


Earthquakes are earth’s movements, where the forces which occur in the 
buildings during earthquake, come from the inertia of building masses. Inertia 
force can be described by the formula F=ma, where a= acceleration effectively 
acting on m=mass. [37]


Usually the most damaging forces for buildings in earthquakes are the 
sideways loads. The lighter the building is, the less the loads, particularly, when 
the weight is located high in the building. When possible the roof, floors, walls 
and partitions should be light-weight material.


If the sideways resistance is done with diagonal bracing, it must go all 
around in both directions, and it should be strong to accept load in tension as 
well as compression. All floors must be connected to the framing in a robust and 
resilient way. They should never be able to loose and fall. Generally, it is wise 
to build buildings that are not too high compared to their width, unless special 
precautions are taken.
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column/ beam joints are designed to take both shear and bending, and to be stiff 
to allow some deformation for energy dissipation. Roof and floors of a building 
can be used as rigid horizontal planes – diaphragms, to transfer the lateral 
forces to vertical elements as walls or frames. Base isolation means separating 
the building from the foundation to absorb the shock - when the ground moves, 
the building moves in slower pace. The building must be designed to act as a 
unit, or rigid box of appropriate height (to avoid overturning) and have flexible 
utility connections to allow movement at its base. Besides structural elements 
in building – also the non-structural components (like chimneys, elevators and 
furniture) must be stabilized to prevent their damage to the building. For example 
building machinery can be equipped with seismic isolation devices. [18]


Some construction types and their seismic properties: [18]


C O N S T R U C T I O N 
TyPE


+ -


Wood or timber frame - good energy 
absorption
- light weight


- framing connections 
are critical


Reinforced masonry 
walls


- good energy 
absorption if walls and 
floors are well integrated


- proportion of 
openings and piers 
are critical to avoid 
cracking


Steel frame with 
masonry fill-in walls


- good energy 
absorption if bay sizes 
are small and building 
plan is uniform


Steel frame, braced extensive bracing, detailing and proportions are 
important


Steel frame, moment 
resisting


- good energy 
absorption


- connections are 
critical


Steel frame, 
eccentrically braced


- excellent energy 
absorption


-connections are 
critical 


Pre-cast concrete frame - poor performer 
without special energy 
absorbing connections


Suitable materials for school buildings, from an earthquake safety point 
of view are steel, wood and reinforced concrete. Moderately suitable materials 
are masonry, reinforced brickwork, wood with brick noggin (brick infill panel in 
timber framed construction) and reinforced adobe. Slightly suitable constructions 
are unreinforced brick/ block or stone masonry with good mortar. Unsuitable are 
unreinforced masonry with mud mortar, earthen walls without reinforcement 
and wood logs without anchoring. [37] Besides material choice, structural and 
architectural detailing and construction quality control are very important to keep 
the damages to a limited and repairable range in earthquakes.


Typical building damages on earthquakes are:


Roofs:
falling of parapets, chimneys and cantilever balconies
displacing and falling of roof tiles and cracking of sheet roofing, 
side coverings and ceilings
dislocation of roof trusses, logs or joists
collapse of heavy roofs due to inability of supporting structure to 
carry horizontal forces


Walls:
falling of plaster from ceiling and walls
cracks in walls
gaps in walls because of collapsing proportions of walls
overturning of boundary walls
fall out of infix walls and gable ends


Foundation failures:
sinking, tilting or collapse of building
spreading of individual column footings in soft soils


General damage
partial collapse of building
collapse of free standing staircases
collapse of wooden frames due to deterioration of joints
torsional failure of unsymmetrical buildings. [37]


•
•


•
•


•
•
•
•
•


•
•


•
•
•
•
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Picture 57:  hurricane strap that 
strengthens the connection of wall 
and roof trusses


Picture 58:  wind action on 
buildings 


tropical cyclones


Tropical cyclones have two features, why they are very damaging for 
buildings. Tropical cyclone causes strong tearing winds that can push and tear 
the building from many directions. And they cause heavy rains, that together 
with winds, can ingress into building and can cause serious water damage. Wind 
pressures on buildings vary with wind direction and may range from positive 
(pressure) to negative (suction), and together with rain, loads towards building 
get even higher. Rains and storm surges cause often also floods.


To provide structural adequacy and integrity during cyclonic winds the 
following properties must be designed and built-in through-out the structure. 
These properties can be called as 


the ABC of cyclone-resistant construction


A ANCHORAGE
Every part of the structure must be anchored back to some secure 
point which is capable of resisting the applied forces. This is 
generally the foundations.


B BRACING
Every part of the structure must be held rigid so it cannot tilt, slide or 
rack.


C CONTINUITy
Every part of the structure must be properly connected in a 
continuous line from roof cladding to the foundations.


The main issue in protecting buildings from strong winds is to maintain the 
integrity of the building envelope, including roofs and windows, and to design 
the structure to withstand the lateral and uplift forces. The roof framing should 
be anchored together, as well as to the supporting walls. The roofs should be 
braced to prevent lateral twisting, walls should be braced and stiff enough to 
resist loads, and continuity of fixings should be maintained from the roof cladding 
down to the foundation level. This will enable all building elements to carry out a 
“load sharing” role in resisting forces. [38]
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All these things are common with building on earthquake risk area. As is 
the height of the building: the lower the building, less the loads. When building is 
lower, the wind load is smaller when there is less area where it acts. A common 
roof shape in hurricane countries is hipped roof. The hipped ends are lower 
than a tall gable, so the wind load on them is smaller, and the hip rafters work 
as effective wind bracing system. A good slope on the roof may help to shed of 
the water and reduce wind forces. Also gutters should be designed to overflow 
outwards for full length to avoid water to get inside the building. [25]


Cladding must be resistant to wind pressure from all directions. It must 
lead the pressure to structure and then to foundations. The foundations must 
be strong and heavy enough to resist uplift and sideways load. If there is some 
venting from internal pressure, it helps to reduce some loads, which can be 
caused of failures in windows and doors on windward side. The hurricane straps 
can be used to strengthen the connection between roof and walls, and doors 
and windows must be able to be protected with covering. [18], [25]


tsunamis


Tsunami occurs usually as a result of earthquake under seafloor or tropical 
cyclone. That is why, when choosing constructions and materials to earthquake 
or tropical cyclone risk areas, the risk of tsunami should also be kept in mind, if 
the building site is on coastal area.


As in tropical cyclone, also in case of tsunami, the damages to building 
come from heavy sideways load and damages caused by water. It is unlikely to 
be able to design the walls and frames to resist the pressure of the wave, but 
the damage can be reduced, if the buildings are built on piles or with open first 
floor, to let the water flow under them leaving the main floor above flood level. 
This is effective way also on tropical cyclone and flood risk areas to prevent the 
damage caused by water. [38]


All the structural members should be strongly fixed to the frame and then 
foundations to prevent them floating off. If the soil is sandy or light, the footing 
must be deep. The soil around and under the buildings can be also protected 
from erosion with concrete or tarmac surfacing. On the contrary of buildings in 
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In areas of frequent floods, the lowest floor must be above flood level and 
all materials under flood level must be constructed of flood resistant materials. 
Any mechanical, electrical or plumbing devices should not be installed below 
this level. As in case of tsunamis and floods caused by tropical cyclones, special 
attention should be put on foundations. They must resist the loads of water, and 
be deep enough on the ground, to stand possible erosion of the soil. Building on 
pontoons is also a good solution in areas of frequent floods, when building can 
raise as the water surface raises.


Fire safety


Usually in developing countries, especially in catastrophe and conflict 
areas, open fire is used a lot for cooking and heating. The buildings are often 
located close to each other, and in areas of high temperature climate, the risk of 
fire is remarkable. Also vandalism is a serious threat in crisis circumstances.


All materials and structures used, must be safe in case of fire. The 
materials should be hard to flame, and the structure should resist fire to give 
enough time for people inside to escape from the building, without collapsing. 
Materials should not form dangerous gases, when burning, or melt in dangerous 
pieces, that can cause danger when dropping down. 


In any kind of circumstances, foundations should be done properly, 
according to the climate, soil, and risk of hazards. They must be dug until the 
solid rock or soil until good bearing capacity is reached. In cold climates, the top 
of the footing of the foundation must lie below the frost line. In some cases skid-
foundation can be good solution, especially in case of temporary building. The 
building on skids is easy to move, and skids resist ground shaking of earthquakes 
and erosion caused by water better than column foundation.


Especially in Africa, termites that climb from soil are problematic for 
buildings. Common practise is poisoning the area under buildings to prevent the 
termites, but poisoning is very dangerous to environment and should be avoided. 
Prevention can be done with constructional measures and with avoiding use of 
wood close to ground.


earthquakes, in tsunamis and in tropical cyclones, the weight of the buildings 
foundations and first floor is important. For example concrete floor in first floor 
helps the building to stay on its place despite of the powerful wind or water.
Anyhow whenever possible, the low-lying land on coastal area should be 
avoided, when building in tsunami or flood risk areas.


Floods


The protection against floods is largely the same as in tsunamis or on 
flooding caused by tropical cyclones, besides the floods normally do not have 
same kind of sudden or tearing lateral pressure that is caused by wave or wind. 
Flooding often occurs slowly, and there is more time to do some measures of 
precaution to protect the buildings. Even though there is not as high pressure 
on buildings as in case of tsunami or tropical cyclone, the pressure of standing 
water is strong when it stands against wall. Serious effect of floods is also the 
damage of water to structures and materials when they get wet.


Picture 60:  Coastal schools in areas with risk of storm surge floods. Also in tsunami risk 
areas building on piles, or leaving first floor open for water to flow, may mitigate the damages 
water  causes.
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In areas of natural disaster or armed conflict, hygiene is also important 
issue, when there is high risk of epidemics. All materials used in building should 
be easy clean, even sterilize if necessary, and not be favourable substrate for 
bacteria.


In addition to conventional building materials and structures, in catastrophe 
and conflict areas, as well in developing countries in general, liberality in 
material choice would be desirable, to find new cost effective, ecologic and 
simple structures and materials, that are locally available and do not require 
transporting from overseas. For example sand, rocks and bamboo may work as 
well as building materials, as concrete or timber imported overseas. If there is 
lack of knowledge, workforce or materials, they can be combined, for example, 
to prefabricated building frame, when only part of building materials needs 
transportation.


6.4.2 Energy and water Supply, Ventilation and Sanitation


energy supply


In general, electricity is becoming increasingly important in schools, 
even in rural areas of developing countries, because of increasing use of 
computers and audio-visual media. In the siting of secondary school or large 
primary school the possibility to connect it to electricity grid is important factor. 
When not possible, there are also alternative ways to produce energy. Oil-fired 
generator is commonly used, but requires fuel and is not ecological solution. 
More ecological options would be solar or wind power, but wind power requires 
electricity produced with some other way to work. Solar and wind power systems 
are also relatively expensive investments at beginning. Also biogas can be used, 
but it requires quite much human or animal waste to be effective enough. For 
lightning paraffin or kerosene lamps can be used, but their use increases the risk 
of fire or poisoning. [20]


In catastrophe or refugee camp circumstances the full electricity of 
classroom may be unrealistic, but for example by few solar panels, electricity 
required for dark time lightning or use of small electrical equipment like mobile 
phones or lap top, can be created. Generally the organizations like International 
Red Cross creates the electricity in emergency areas by oil-fired generators, 
because they are the most effective and reliable in use, and are not dependable 


about the surrounding weather circumstances. But in case of International Red 
Cross, electricity is required for field hospitals and for communication networks, 
which require relatively much energy. In case of schools, the requirement for 
energy supply is smaller and the need for electricity is mainly for dark time 
lightning, the alternative ways to produce energy can be efficient enough.


ventilation


In developing countries, especially in crisis circumstances, the building 
should be designed, to have efficient natural ventilation. The requirements for 
ventilation and design solutions according to different climatic circumstances 
were studied already in chapter “architectural solutions”. Through ventilation and 
ventilated double roof are the most important factors in hot climate to create 
comfortable interior with fresh and cool air. If the building is taller than one or 
two storey, the thermal air pressure differences can be used to strengthen the 
natural ventilation. The building is equipped with vertical ventilating ducts, where 
the warm air rises pulling the cooler air from underneath the building inside.


heating


In high mountain areas or in areas in the far North or South, space heating 
would be necessary for all or part of the year. For this purpose various types 
of stoves, that burn oil, wood or other biomass can be used. However in cold 
climates also the availability of wood or other biomass for fuel can be very 
limited. Larger buildings would require boiler and hot water distribution system 
to heat radiators that uses oil, coal, wood or biomass or waste briquette as fuel.
But in small, and especially temporary buildings, the stoves may be the most 
practical in use, if of course fire safety is properly be taken into consideration 
in form of fire safe materials and safety distances. If there is enough electricity 
available, also different kinds of radiation heaters, like infrared radiant heaters, 
can be used. [20]


In areas of cold climate also the insulation of structures is important issue 
to reduce the required heating and loss of warm air. If there is not much dust 
in the air, the air source heating pumps can be also used to generate required 
heat. This kind of technology can be expensive, but in some cases a suitable 
solution for heating and air conditioning. In case, when on same areas there can 
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 Picture 61:  Rain water harvesting system


1 Collection Surface
2 Collection Gutters
3 Gutter Protection
4 Rain head inlet Filter
5 First-flush Diverter
6 inlet Screen
7 Collection Cistern
8 Overflow Port
9 Auto-fill/ Automatic Top-up Mechanism
10 Pump
11 water Filter
12 water level indicator


be both cold and hot seasons, the air source heat pump would also work to cool 
the interior during hot season.


water supply


For hygienic reasons, water supply and sanitation are very important 
facilities that must be included in school design in a way or other. If water supply 
and sanitation facilities are located close to the school, it can be accepted, that 
school children shares these facilities. But the baseline should be to provide 
water supply and sanitation to school. If there is water reticulation available, then 
it should be extended to school, or if not, the school or the area around it should 
be equipped with well or a borehole. Shallow wells or ponds are rarely suitable 
for water supply, because they often get dry when there is no rain, or water is 
easily contaminated with animal or human waste. They can also be security risk 
for small children. [20]


In crisis areas, there is usually lack of clean water, because the water 
distribution system is damaged or contamined. For this kind of situations, military 
forces and international relief organizations usually have systems that can clean 
the surface water as drinking water.  The systems are based usually on sand 
filters, but water cleaning tablets are also used, usually for delivering for local 
people, to clean their drinking water themselves. In case of classroom, small 
sand filters can be used to clean water for drinking and washing hands. 


The systems of collecting rain water, and cleaning it, should be considered 
as prime or additional water supply system. Rain water does not cost anything, 
and in tropical areas there is not lack of it. Only the collecting, cleaning, and 
storing rainwater need its own system. Guttering and a rainwater collection tank 
does not greatly add the costs of the school, but provides significant  benefit. 
The collected water from the tank is suitable for washing as it stands, but a 
simple sand filter makes the use of it as drinking water also possible. [20]


waste water treatment


In case the water is used only for washing, the waste water can be lead to 
infiltration area that is not too close to source of water. In some areas, also grey 
water filters can be used, to clean the water before leading it to the ground. In 
case of flush toilets, they must always be joined to sewer system, and waste water 
must be cleaned properly in decontamination plants. But in crisis circumstances, 
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as well in rural areas in normal circumstances, latrines are commonly used in 
stead of flush toilets. Also in that point of view, that there is often lack of water, 
using water in toilets is not wise alternative.


sanitation


As water supply, also sanitation is absolutely necessary in schools in 
all kind of circumstances. Safe access to latrine (or on urban areas to flush 
toilet) is essential for school to function effectively. The latrine must be properly 
constructed and a proven design for example like Ventilated Improved Pit 
Latrine (VIP) designed by the Blair Research Institute in Zimbabwe, to avoid 
smells and diseases, and prevent flies and other insects getting into the latrine. 
If there is rock below ground, or if there is high water table, the latrine needs to 
be built above the ground, for example as a concrete box type chamber. This 
option is of course more expensive and requires more building materials, than 


the conventional under ground latrine. [20] On emergency areas one toilet for 
50 people is minimum requirement, but there must be separate toilets for males 
and females. [43]


solid waste


From school, there must be access to solid waste disposal, refuse 
containers or clearly marked and fenced refuse pit, of which location is attentively 
chosen to be safe and not contaminant for water or crops. But as much as 
possible, the amount of solid wastes should be kept in minimum, and issues like 
recycling and using decomposable materials must be priority to minimize the 
amount of garbage.


6.4.3 work Force, Equipment and logistics


Usually, in developing countries, there is lack of professional workforce, 
but amount of available non-professional workers is high. In crisis situation, the 
lack of professionals is even stronger, when the professionals may have fled 
away from area, be injured or dead, or occupied for other purposes or projects. 
The problem in building projects is also the usual turnover of work force, which 
makes the developing of professional skills difficult. Anyhow, the training of 
workforce is important in all levels of work. [1]


When building in crisis areas, the baseline should be employment of non-
professional workers as much as possible. This is important to give opportunities 
to local people to get back to normal life and earn money. The building projects 
should be designed and lead in a way, that most of the work does not require 
special knowledge or high professionalism, and non-professionals can work 
safely. Also the building methods used should be mistake proof. This requires 
special attention to simplicity of structures, but also organizing and controlling 
the construction work. Workers need detailed instructions for work and the 
progression of work requires regular control. The professionals can be used in 
instructing and controlling tasks, and in critical stages of project, when special 
knowledge and skills are required. The local building habits and methods are 
good to utilize always when possible. Working is quick, effective and possibility to 
mistakes is smaller, when methods, that correspond to the skills and experience 
of workers, are used. When the use of local building methods is not possible, the 


Picture 63:  Putting ash and soil into composting 
pit latrine. mozambique.


Picture 62:  Ventilated Pit latrine system. if latrine house is relocatable, house can be moved 
over new pit and old one filled with soil, when pit gets full. Flies are in important role.
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The machines and tools supplied to developing countries should be robust, 
easy to use and simple and cheap to upkeep. Also the spare parts should be 
supplied enough. 


The factors concerning to transport are mainly the same as in machines 
and equipment. The requirements for transportation equipments should be in 
the minimum, to ensure the possibility of transporting materials and equipment 
to building site. Small units, gives possibility to transport the materials on lorries, 
jeeps, or even by donkeys, if the infrastructure is limited or damaged. The use of 
local materials should be on priority whenever possible, but sometimes they are 
not available or their use is not wise. But on ecological point of view, transporting 
goods long distances is not good solution.


6.5 location and orientation


In choosing the location for school, the following issues are important both 
in normal and in crisis circumstances:


suitability of soil for constructing in all seasons
topography
the risk of natural hazards on area, and how site is expected to act 
when hazard occurs
micro climate (vegetation, topography, surrounding buildings)
surrounding infrastructure (community structure)
security
accessability.


Choosing a site for school, level site is often more suitable than a sloping 
one. The sloping site might need more ramps or stairs to connect the classroom 
to each other or to ground level. As in cases of permanent school buildings, also 
in temporary buildings, the site should be well-drained and not on high flooding 
risk area. The school should not be situated under slopes, when the falling debris 
can cause serious damages during heavy rains. In hot climatic circumstances 
tall trees can provide useful shading, but in areas of heavy winds and storms 
there is risk of falling branches. On the other hand, the vegetation protects from 
winds and soil erosion during heavy rains. [20]


•
•
•


•
•
•
•


used methods must be simple enough, that they are efficient and safe to teach 
for workers. 


Special attention should be also put on design documents. The practises of 
marks and symbols in drawings, and work descriptions, vary a lot from country to 
country, and non-professionals are not familiar even with local drawing symbols. 
Drawings and descriptions must be done with enough clear instructions, that 
mistakes because of misunderstandings can be avoided. Also it must be ensured 
on building site by control, that drawings are understood correctly. [1]


When organizing work groups and their leaders, the relations of different 
social groups should be taken into consideration. Especially in conflict areas, 
there might be contradictions between some social or ethnic groups, precedence 
and relationships in general.


The use of machines and equipment must be considered carefully. In 
developing countries, especially in crisis circumstances, the need of machines 
may be wise to be in minimum. There are many reasons why:


workforce is normally so cheap, that the machines do not make any saves 
on costs


educated workers to use the machines is hard to find


available machinery is often in poor order and quite constricted by amount 
and type


importing machines from other countries is expensive and time taking 


taking machines to periphery may be difficult, expensive or even impossible 
because of lacking infrastructure and transport equipment


ensuring the energy and maintenance for machines may be problematic.
But there are also some issues that support using machines:


using machines may reduce significantly material consumption or the 
quality of result (for example mixing and compression of concrete in large 
or challenging projects)


	task is hard or impossible to make by human labour (lifting heavy 
elements). [1]


●


●
●


●
●


●


●


●
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The prevailing climate of area must be considered, when thinking about 
situating and orientating the building. In tropical climates interior should be 
protected from direct sunshine. This can be done simply by directing the building 
so, that the main windows are not to South or West, and in some cases by using 
canopies or shades on windows. When climate is both hot and dry, the hot 
desert wind can be cut with building masses, or by situating the buildings close 
to vegetation that protects from wind; the vegetation also shades the building 
from sunshine. When designing larger masses or building groups, narrow streets 
make them shady and more comfortable to walk. Inner yards in buildings make 
hot air rise, leaving milder air on ground level. [1]


On the contrary to hot and dry climate, in hot and humid climate the wind 
is desired to cool the buildings and their yards. The vegetation is good thing to 
create shades and protect the building from sunshine. Also arcades and shelters 
in front of buildings make the yard more comfortable, and protect the interior 
from direct sunshine. Possibility of through ventilation and windows, that are 
directed to North and South, are good solutions to make the interior temperature 
more comfortable. West should be avoided in directing the main windows. [1]


Special attention should be put on rainfall. In almost all areas in tropical 
and temperate climate zones heavy rain showers occur. Heavy rains can wash 
away the soil under buildings, if the proper trenching is not done. Rainwater also 
creates puddles if the trenches do not take the water away, that increases the 
amount of mosquitoes and eels, and the diseases spread by them. Standing 
water is health risk also, because it contaminates the water in wells’ and human 
waste may get into the standing water, because there is no possibility to dig pit 
for latrines. The natural paths of rainwater should be studied before choosing the 
site on building or road, and avoided as locations of buildings and infrastructure. 
[1]


Generally in earthquake risk areas, distance between buildings should 
be long enough to prevent them collapsing on the streets. In Tropical cyclone 
and flood risk areas, locating buildings on low-lying land and land prone to hard 
winds, for example seaside, should be avoided. When the building site is on 
slope, the special attention should be put on soil and foundations of building, 
especially if heavy rains, earthquakes or landslides occur on area. The risk of 
erosion is high, especially when soil is fine-grained. [1]


Picture 65:  Children of the tiavea Primary School in Samoa in front of their school 
building. Village schools are always built in the same way and are embedded in the tropical 
vegetation. 


Picture 64:  Creating comfortable microclimate with wind or by blocking it. 
left: hot and dry climate, right: hot and humid.







67


transportational point of view, centering functions is wise. Creating, for example 
small centres of different functions that support each other, like health care, 
education and food and water distribution, that are located with reasonable 
distances from each other and spread around the area to be easily accessed by 
people, can be effective solution.


For young children a busy main road, river, pond or well near can be a 
hazard. A fence around the school grounds can be useful to keep the animals 
out or to discourage the young children from wandering off. In catastrophe or 
conflict circumstances, the security issue is even more important. The school 
can be interesting target for robberies, when everything is damaged or lost. Also 
the children can be under threat of abuse and violence, and their safety during 
school days and on way to school should be specially taken care of.


6.5.2 Accessability


Reasonable and safe walking distance to school is important to ensure 
the enrolment, especially for girls. Maximum walking distance is kept as 1 km for 
small children. [61] When walking distance gets longer, the enrolment decreases 
strongly, and the enrolment of girls decreases even steeper than boys’. But 
distance issue includes several dimensions, not just physical distance measured 
in kilometres. The cultural distance can be even bigger barrier, if children must 
leave their own community to go into community that may be considered foreign 
or unfriendly. Time distance is also important factor, when physical barriers such 
as mountains, rivers, forest or other obstacles can lengthen the way to school.


In areas affected by natural disaster or conflict, the issue of distance can 
have even stronger effect on school enrolment. The standard of 1 km can be too 
much, if there are security risks in form of violence or damaged infrastructure. 
In conflict areas there can be also severe risk of landmines. The area around 
school and the way to school must be studied to be free of landmines, or the 
landmine areas properly enclosured to prevent children going there.


To minimize the damages of tsunamis and tropical cyclones, on beaches 
of risk areas is not wise to cut down all the vegetation. Vegetation is the best way 
to slow down the strength of the wave or storm surges, and prevent the soil to 
be washed away. It is also better to avoid building on at low level on the shore 
line on the smooth beach. Also in urban/ land planning the effects of tsunamis 
and tropical cyclones should be considered. If possible, the level seashore area 
is not wise place to be built. Also the orientation of buildings is important. In 
tsunami risk areas, buildings should not be at right angle to the wave front, the 
diagonal direction is better letting the water front the pointed corner and divert on 
the sides of building. On roads, it is better, if the buildings have gaps between, to 
let the water flow between the buildings. Otherwise the debris accumulates on 
roadway as the wave goes through and there is no reduction of the height and 
force of the wave as it goes. 


In many cultures, trees and other vegetation has not been used to 
appreciate or protect. Often the need of firewood assigns how the surrounding 
vegetation is used, and the importance of vegetation to prevent erosion and 
damages of floods is not recognized. When designing and building on hazard-
risk areas, the local people should be informed about the benefits of vegetation 
and taught to protect it. On the other hand, in some cultures some trees can 
have religious values for local people, and western designers and constructors 
should respect these values. [1]


6.5.1 Connecting to Surrounding infrastructure


As in normal circumstances, also in building on catastrophe or conflict 
affected area, the surrounding infrastructure and its opportunities, should be 
studied when choosing the location of new permanent or temporary building. 
Thinking about energy supply, water supply and sanitation issues, using the 
existing structures, or sharing the facilities for example with near by buildings 
may be effective. In crisis circumstances, for example International Red Cross 
has generators and water cleaning devices to create electricity and clean water 
for field hospitals etc. When locating the temporary school near field hospital, the 
needed electricity and water can be produced at same place, when the capacity 
of equipment and specialists are centred on same area. Also for safety issues, 
centering functions may be good solution to ensure the safety of equipment and 
work force and keeping the required security staff amount in minimum. Also in 
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Picture 66:  typical african village. Butre, Ghana. 
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MOdULE A  MOdULE B
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7. ExAmPlES oF imPlEmENtED 
moDUlAR SChool PRoJECtS


There is wide range of modular classroom projects in the world, but most 
of them are based on big modular units that create classroom for example 
of two modules. The size of unit is determined with dimensions and capasity 
of transport equipment - usually of transport container. In Western countries, 
where transport opportunities are good, these pre-fabricated modules are good 
solution, but in areas, where condition of infrastucture is poor, and possibilities 
of transport are limited, smaller modular units would be more suitable. Here are 
examples of modular classroom in normal circumstances, and two solution of 
classrooms in emergency areas.


ARC - Carrol School Green modular Classroom, lincoln, massachusetts, 
2007


 The goal of architectural company ARC in Green Modular classroom was to 
create permanent portable, flexible, safe, durable and environmentally friendly 
learning structure with realistic budjet. Classroom is combination of two 
prefabricated modules, each size of a trailer. Floorplan is simple: classroom with 
vestibule and storage room. Windows can be located on either side according 
to location and orientation of building. As many of the materials as possible 
are eco-friendly; recycled steel, MdF-board made from recovered wood fiber; 
bamboo, recycled-content carpet tiles and formaldehyde-free paint. Electrical 
usage is minimazed by using day-lightning and with efficient heating and cooling 
system, with minimal heating or cooling losses. Also white roofing was made to 
reflect solar heat and reduce cooling loads.
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Shigeru Ban - Temporary Paper Tube Schools, Sichuan, China, 2008


Framework of schools designed to earthquke area of Sichuan were made 
from waterproof and fire resistant recycled paper tubes. Walls were made from 
local  construction board that was cheap and easy to produce in China. Roofs were 
made of plywood with polycarbonate insulation. Building methods and plans were 
developed to suit to unprofessiolal workers, such as volunteers, that worked in 
their construction. Three buildings (nine classrooms) were completed in about forty 
days.


V Picture 72       
V Picture 73       > Picture 74
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UNiCEF tent school, Port-au-Prince, haiti, 2010 


UNICEF has four tent types in storage ready to be sent to emergency 
areas. Rectangular 42 m2 tent is usual size to be used for education purposes. 
Ground length is 7,0 m and width 6,0m, with central height of 2,05 m. 42 m2 tent 
school can serve a class of 50 children. 


Tent has double fly (outer fly white PVC-fabric, inner fly 50% cotton and 
50% polyester), which ensures comfortable inside temperature in hot climate 
areas. Ground sheet is made of PE. Tent has windows on both sides, that are 
equipped with mosquito net and adjustable flaps, and doors on each gable end. 
Frame is self supporting galvanized steel or aluminium frame that is secured 
with wires to withstand wind of minimum 30 m/ second.


V Picture 75: Children going to school in Port-au-Prince, haiti, march 2010
> Picture 76: Installing outer fly of UNICEF school tent, Port-au-Pirince, Haiti, March 2010
> Picture 77:  temporary primary school launched by UNiCEF and Danish Red Cross in Port-
au-Prince, haiti, in February 2010
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8. DESiGN: moDUlAR tEAChiNG 
UNit to AREAS oF NAtURAl 
DiSAStER oR  ARmED CoNFliCt


Goal in the project was to find multifunctional and flexible solution of 
relocatable modular teaching unit that could be located anywhere in catastrophe 
areas in different kinds of climatic, cultural, religious or political circumstances, 
and could be “tuned” according to local circumstances and needs. It could serve 
as part of existing school, forming a new school with group of teaching units or 
serve alone smaller amount of students. It could be owned for example by state 
or by humanitarian organization, and be part of disaster recovery programme.


8.1 Architectural Solution
Floor plan is designed to be as simple as possible. In basic solution 


classroom size is 47 m2, serving 40 students, with supporting premises of 9 m2 
that can be used as teacher’s room, storage or for example sickroom. In front of 
entrance, there is terrace, which is covered with roof and equipped with ramp to 
ensure access for disabled students. In classroom there is also emergency exit 
on the opposite side of entrance.


Medium height in classroom is 2,4 m, but the ceiling is inclined and  height 
on window wall is 3,6 m to ensure maximum natural light. When locating and 
orientating the teaching unit, the direction of roof and windows should be chosen 
to create comfortable amount of light and heat according to prevailing conditions. 
Roof is shed roof with long overhangs on sides of long facades. 


Colours of teaching unit are chosen to be neutral according to their 
symbolic meanings and associations, but to give an image of a public building. 
Exterior walls are alumium grey from the outside and white on the inside. Roof 
colour is light turquoise, which eases orientation, when it is visible from distance. 
Light colours are chosen to maximaze the reflection of too much sunshine, and 
make the interior light level comfortable with natural lightning. Turquoise is used 
also in details of teaching unit, for example on handrails and door handles.
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8.2 technical Solution


8.2.1 Frame and Cladding System, Prefabricated Panels


Main idea in modular frame system is multifunctionality. System is flexible 
according to local circumstances – climate, topography, directions and local 
needs. The construction is based on modular unit of 600 x 2400 mm, and building 
can be extended or shrinked with module dimension of 2400 mm. It is also 
possible construct as reversed, or the direction of roof incline can be reversed. 
Also doors and windows can be located in suitable way according to location.


The facades, roof, floor and interior walls are made of pre-fabricated 
panels of this size. The panels are the same size, even it is a wall panel or 
window, so for example placement of windows can be changed according to the 
best direction in the situation. Panels are connected to the frame with hooks and 
bolts, and connection between panels are tongue-and-groove joints, that have 
elastic packing stripe between.


The framework of classroom is made of galvanized H-profile (HEB) steel 
columns and beams, and galvanized steel roof trusses, that are connected to 
each other with bolt joints. All parts of framework are prefabricated and cut-to-
size. Framework is braced with diagonal bracing beams on each directions of 
the building, also roof and floor, making the framework work as a rigid box, that 
makes it more durable for example in case of earthquake.


Teaching unit is based on steel skids, with distance of 2400 mm and 
height of 300 mm. They are hauched on the ends, which allows moving teaching 
unit small distances by tractor without deconstructing and constructing building 
again. Skids also makes possible to locate the teaching unit to different kind of 
soils, without special measures. But to minimaze the damages of standing or 
streaming water caused by heavy rains, the ground underneath the building 
should be raised comparing to surrounding area. It prevents the rainwater erode 
the soil under skids or form puddles that can corrode skids, and are also health 
risk for users.


Materials, used in classroom unit, are chosen to be durable, light weight, 
and safe. As many of the materials as possible are made of recycled material 
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and/or can be recycled. Wall and ceiling panels are 50 mm thick sandwich-panels 
with pvdf-coated steel sheet on both sides and polyurethane insulation between. 
Floor panels are made of steel sheet, polyurethane insulation, thermite resistant 
plywood and vinyl flooring. Windows and doors are alumium framed,and are 
equipped with shutters that protect the windows from storm winds.


desks and benches of classroom have steel frame, and surfaces are 
made with plastic boards made of recycled dyed throughout plastic. Cupboards 
of classroom are transport boxes of desks and boards and are alumium framed, 
with plastic/ plywood doors. Cupboard doors serve also as blackboard, when 
doors are changed inside out from transport box, and blackboard side comes 
outside.


8.2.2 Canvas Cladding


Alternative solution to steel sheet-pur-panels, is canvas cladding. It is 
done with cut-to-size polyester/ cotton fabric sheets that have fixings ready on 
the edges of canvases. Steel frame of teaching unit is the same, whether is 
cladding implemented with panels, canvases or with local materials. In canvas 
option, the fabric sheets are connected to frame with  rail-connection and locked 
on place from up edge of canvas.


Classroom tent has double flies, to make the interior comfortable cool, 
when air between flies balances the temperature. Inner fly is cotton and outer 
fly is made with 100 % waterproof polyester. Both flies are fire resistant. Colour 
of tent is natural white, except of the roof, which is light turquoise. doors are 
implemented as fabric curtains , and windows are made with transparent plastic, 
that is ready sewn to the wall canvases. Windows are also equipped with 
adjustable flaps.


8.2.3 Cladding with local materials


In general, it would be favorable to use local materials when ever it is 
possible, to support local market and to avoid transporting materials long 
distances. When it is possible to find some solutions of cladding with local 
materials and there is time for this process, it should be done. 


The frame of classroom unit is designed in a way, that cladding with some 
other materials, than prefabricated panels or canvases is also possible. Suitable 
other materials for classroom cladding could be for example, metal sheets, 
wooden boards or plates, plastic sheets, fabrics and tarpaulins. Also woven 
structures with straws or leaves can be used. Frame has connecting holes, 
where the cladding materials can be bolted, or there can be fixed wooden board 
to frame, where cladding can be fixed for example with nails. Cladding can also 
be implemented mixed - for example, roof with prefabricated steel sheets, and 
walls with prefabricated windows and doors, but with local cladding material on 
walls.


8.2.4 technical Systems


Teaching unit can be implemented independent by power and water supply, 
and does not necessarily need connecting to public networks of electricity, water 
or drainage. Teaching unit can be equipped with adjustable solar panels and/ or 
windturbines to produce energy for its use - mainly for dark-time lightning and for 
needs of small electronical equipment like charging mobile phones. Unit can be 
equipped also with rain water harvesting system. Rain water is collected from roof 
to tank, which is on the side of the building. Water is lead from there to water tap, 
which is located in classroom close to water tank outside. Greywater is lead to 
filtration field, which is chosen to appropriate location and distance from teaching 
unit. If necessary, teaching unit can be equipped also with greywaterfilter.


Ventilation is natural ventilation. Air is designed to flow through classroom, 
and through ventilation can be intensified in hot climates opening the windows 
from opposite sides of classroom. Double roof and long overhangs protect the 
classroom from heat, and special cooling is not required. In cold areas, for 
example in mountainareas, the teaching unit is possible to equip with stoves, 
that heats the interior. But often also in mountain areas, the temperature gets 
cold only in the night, and days can be relatively warm, so classroom, that is 
used only at daytime, does not necessarily nead heating.


Sanitation is implemented with separate latrine building. Latrine unit is 
ventilated pit latrine, that means a pit dig in the ground and small hut above it, 
where is separate sides to girls and boys. Latrine building has steel frame, and 
roof and wall panels are of same size panels as in teaching unit. Floor is made 
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with recycled plastic boards. Latrine building can also be extended, with 2,4 m 
dimension (3 latrine booths). When pit is getting full, hut that is based on skids 
can be dragged to new location above new pit, and old pit is filled with soil.


8.3 transporting and Relocating


Modular panels of teaching unit are transported on pallets. They are stacked 
on pallets and bound around to avoid collapsing of stack during transport. Frame 
columns and beams are also bound. The furniture of classroom is transported 
in transport boxes that serve as cupboards when building is in use. Teaching 
unit can be transported in containers by ship, train, truck or airplane, or the 
boxes  and pallets can be loaded on the back of a lorry. In case of very difficult 
location by infrastructure, parts of teaching unit can be transported on jeep or 
even donkey. 


Transportation and constructing issues have been kept in mind when 
choosing the materials of classroom. They are light weight, so they are easy 
to move from place to another and easy to lift on their place. Materials are also 
durable to stand hard usage and transport.


Teaching unit delivery has also construction kit, with bolts and other fixings, 
tools that are required for its construction (adjusting key etc.) and manual with 
instructions of constructing. Teaching unit is designed to require the minimum 
construction tools and professionalism of workmen.


8.3.1 Relocating teaching Unit


When there is not need for classroom in the site anymore, teaching unit 
can be deconstructed, relocated, and constructed again. Deconstructing and 
transporting long disatances may not be profitable and by ecological reasons 
not favourable, but for example in case of refugee camp, the teaching unit can 
be transported to nearby village after camp is taken down.


8.4 Siting


Choice of location and orientation of teaching unit is in very important role 
to ensure its comfortable use. Location and orientation must be done according 


to local climate circumstances and keeping in mind the risk of possible fortcoming 
natural disasters. For example teaching unit should not be constructed on low 
lying land in areas where is high risk of floods, or under a slope if there is risk of 
landslides due to heavy rains. In hot climate the short edges of building should 
head to east and west, to minimize the heat and glare of sun. If there are several 
teaching units in same place, there should be left gaps between them if climate 
is hot and humid. But if climate is hot and dry, or cold, buildings should form 
protected yard, where hot/ cold wind is blocked by buildings.


8.5 Combining teaching Units


Flexibility and multifunctionality are in key role in teaching unit. It is possible 
to form a school, if there are several teaching units connected to each other, or 
they can serve as part of existing school. In these cases to create comfortable 
and safe schoolyard, it may be necessary that teaching unit is orientated to less 
favourable direction. Because of modular system, teaching unit can be adjusted 
to suit to the location. It can be build as reversed, or roof can be reversed. Also 
places of windows and doors can be changed. When there are several teaching 
units in school, extra premises can serve all the classrooms together if entrance 
to this premises is from terrace. For example in three classroom school, one extra 
room can be teachers office, second can be storage for teaching equipment and 
third can be used for small group studying. If necessary, one classroom can be 
done bigger, and another one smaller, with modular dimension of 2,4 m.
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STEEL SHEET-PUR-PANELS CANVAS TENT LOCAL MATERIALS


+  quick construction process + quick construction process - requires time for design, material supply and 
constructing


+ possible to relocate (deconstruct and transport to 
new location)


- relocating possible, but may not be wise, because of 
hygienic reasons and condition of canvas


- relocating usually not possible (depends of 
material choice)


+ does not require special skills of workmen or 
special tools


+ does not require special skills of workmen or special 
tools


- requires someone, who finds out what is 
available, designs, makes decisions, and 
organizes constructing


+ possible to be permanent building -/+ temporary solution 
+ hygienic materials - in long term difficult to keep clean, unhygienic if 


relocated
+ supports local industry


- high quality not guaranteed
- materials and construction method can be 
unfamiliar to locals


+ familiar materials to locals


- recycling of polyurethane difficult - short life time of canvases + ecological advantages (does not require 
transporting overseas)


- may be expensive solution + relatively cheap -/+ expenses depend of material choice
- not always available


- panels difficult to repair (needs spare parts) + small repairs possible and relatively easy


8.6 Comparison of Advantages and Disadvantages 
of Different Cladding Alternatives
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