SDDRC

oy
v

\

<wO
L
==
Sdo
S
<3
NO
A
Om_
<La<C

@

University of Khartoum
Faculty of Architecture



WATCH THE VIDEO

Part | of the handbook has been carried out by University of Khartoum - Faculty of Architecture - by Walaa Munir, Matab Salah,
Mirametta Botrous, Balsam Saifeldin, with the support of Arch. Stefano Rosso, Arch. Islam Mirghani and Dr. Marco Barone.

Part Il of the handbook has been carried out by ARCO - Architettura e cooperazione.
Designer on site Arch Stefano Rosso, Eng. Filippo Condorelli, Arch. Candida Vassallo and Eng. Tammam Adam Ahmed Alageeb.

The community who participated: Tarig Salih Mer Maatoug, Abbas Ali Abbas Gadmoon, Saifaldeen Mohamed Adam Mohamed,
Saeed Mohamed Hamad Aburia, Esmaeel Aldirdiri Esmaeel Atia, Ahmed Hashim Adam Nassr, Yassin Nassir Haroun Hashim,
Mohamed Yousif Haroun Abbakar, Waleed Mohamed Abdelkarim Ahmed, Abbakar Ebihim Abdulwahid Nouran, Omer Abbakar
Abdulwahid.

Windows and doors have been decorated by: Obayda Mahmoud Hajtaha Ahmad, Al Rasheed Abid Aldana Mahmoud, Al Hameem
Almahl Ibrahim Almahi, Annia Arosa, Al Samawal Abdalbassit Amin Yousif, Malaz Abdallah Othman Mahmoud, Mahmoud Saad
Karasi Mohamed.

The metal structure of the school has been realised with the support of Vincenzo Racalbuto, Qurashi Ahmed Hassan Qurashi
and Al Sayid Hamid Ahmed Eldowa.

The cover picture has been taken by drone by CIMA Foundation - Italian Civil Protection.
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The handbook “A place called Mayo: The path to resilience” has been realized within the project "Communication
and visibility" AID 11202 funded by the Italian Agency for Development Cooperation.

The views expressed in this publication are those of the authors and do not necessarily reflect the views or
policies of the Italian Agency for Development Cooperation.

The Italian Agency for Development Cooperation is not responsible for any inaccurate or libelous information, or
for the erroneous use of information.
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CONTEXT

Sudan has gone through great political changes since
the end of 2018, with the beginning of the protests
which then turned into the revolution. The success
of the revolution followed by the formulation of
the transitional government that ended 30 years of
dictatorial regime, decades of political hegemony,
economic mismanagement, social divides and a heavy
legacy of war, which collectively led to a complete
system failure.

Sudan is multiethnic and multicultural nation. As one
of the Low Developing Countries (LDC) it is facing
multiple challenges in economic, institutional and
social development issues. The country suffers of
deep structural problems of economic nature and to
internal conflicts that still affect various areas of the
country. The economic plan illustrated in the SERP -
Sudan Economic Recovery Plan 2019-2030 - contains
measures to mitigate the impact of the economic
transition process, and measures to address the
economic distortions affecting Sudan, including:
widespread lack of basic food, fuel and electricity,
very high youth unemployment, high inflation and
related erosion of purchasing power, the continuation
of an unsustainable system of commodity subsidies
and exclusion from the global financial system.

The review of humanitarian needs outlined in the
Humanitarian Needs Overview 2021 shows a serious
and protracted humanitarian crisis, of which some

elements are emblematic: a significant increase in
the population in need of humanitarian assistance:
from 5.4 million (2015) to 13.3 (2021) and generalized
food insecurity on a large scale: 6 million people in
need of food assistance, the highest number since
Integrated Food Security Phase - IPC classification
was introduced (11.8 million in IPC-2, 4.8 in IPC-3, 1
in IPC-4)

The response of the international community to the
new Sudanese political course is consistent: on the
occasion of the Berlin Sudan Partnership Conference
on 25 June 2020, of $ 1.8 billion have been collected
from institutional donors to support Sudan’s
economic and democratic transition. Economic
reforms, democratic transition, peace building and
overthrowing Sudan’s position as an international
pariah require lasting and convinced commitment
from all the international community. The estimated
financial needs to meet immediate humanitarian
needs and to support economic reforms are very
high, the international community is called to an
extraordinary effort so that the country’s path towards
democracy does not fail, helping to mitigate the
social consequences following the macro-economic
restructuring plan, that could generate a resurgence
of internal conflicts and political instability.
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Fabio Scuto - Journalist

They arrived in this clearing of land parched by a
burning sun, chased by violence, war, hunger, finding
only in desperation the strength to move their legs.

They arrived in this dusty and malodourous land
between two modest arms that stretch from the Nile
about 10km from Khartoum. They were thousands,
tens of thousands and now are certainly more than
half a million, but no census has ever been made,
because Mayo does not officially exist. Mayo is a
“non-place” inhabited by a silent humanity that does
not exist, which has cut ties with its place of origin,
sometimes forever, and has walked without identity
towards something that it will probably never reach.
People born to pursue truths that are only in transit -
as the Sudanese poet K. Eltinae writes in "The Moral
Judgment of Butterflies”.

Among these shacks of mud and dung, struck by
abandoned garbage swirling in the hot wind, a school
was born. A challenge that seems as impossible as that
of David against Goliath, but brick by brick it became
a reality. Few hundreds of pupils and thousands who
would like to become one to escape starvation and
abandonment. One step after another, the Mayo
school built by the Italian Agency for Development
Cooperation has become a point of reference not
only for the children of this muddy metropolis, but also
for their mothers in search of a humane redemption.

In the morning the teachers give lessons - equipped
with a single piece of chalk - to pupils without pens or
notebooks. In the afternoon their mothers sit behind
the old desks, donated by a Genoese Association,
to whom health prevention, nutrition and hygiene
programs are directed. In the school there is also a
kitchen to give at least a meal to those who attend it,
because among Mayo women, groups of apprentice
cooks have been formed. The school could represent
a new start for many other initiatives involving youth
and their families: because with nothing everything is
necessary, with a single but powerful goal: a dignified

life as the essetial key to the human condition.
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Gianlugi Vassallo - Ambassador of Italy in Sudan

In 2021, the institutions and the people of Sudan
are engaged in a pioneering effort with a potentially
deep transformative impact internally and which may
set an example at the regional level. At its core lays
the transition to a democratic system of government,
with the participation of all sectors of society; the
regeneration of the economy and the renewal of its
ties to the international community; the attainment
of a more sustainable and inclusive model of social
development seeking to reach out to the most
vulnerable sectors of society and to bridge the divide
between the center and the peripheries of the
country.

On the outskirts of Khartoum, the Mayo area - hosting
approximately 600.000 people coming from Darfur,
Nuba Mountains, Kordofan and from South Sudan
encapsulates the challenge presently confronting,
on a larger scale, Sudan as a whole: the pursuit of
integration of hundreds of thousands, in this case
refugees and internally displaced people, in order
that this culturally very diverse group may evolve into
a community whose future is sustainable in terms
of living conditions, livelihood options and cultural
coexistence.

That is why, in our partnership among equals, Italy and
Sudan have joined forces in Mayo in different sectors:

0 In health care, by seeking to improve the treatment
options available to mothers and children. The
Emergency Pediatric Clinic - as an example - provides
free of charge health care for children up to the age
of 14, antenatal and postnatal care and screening
programs for malnutrition.

¢ In education, by helping rehabilitating schools
not just as places of learning but as meeting spaces
where children from different backgrounds and their
families can learn to live together. The Yarmouk Girls’
School with its 1.800 students and Ghaar Hiraa with
its 300 students are two examples of how education
may promote resilience and provide children with
basic tools against future radicalization and violence.

0 In disaster risk reduction, where the lItalian Civil
Protection’s intervention contributes to better
preparing the population of Mayo to face the periodic
emergencies that nature gets in their way.

¢ In supporting livelihoods and small businesses,
aimed at creatinga community-based socio economic
infrastructure. Our three years’ project with UNDP
generates income for youth, facilitating the stability
and strengthening the resilience of vulnerable groups.

This book is part of the story of the people of Mayo. It
is about their challenges and our shared commitment.
To them, this book is dedicated, as proof that it is

possible to work together for a future worthy of their
potential and their hopes.
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Vincenzo Racalbuto - Head of Office, AICS Khartoum

The ltalian Cooperation enters in Mayo Open Areas
in 2018.

The handbook “A place called Mayo: The path to
resilience” has been realized in the framework of the
project Mayo Community Stabilisation Project aimed
at improving the living conditions of the population
in Mayo open areas, improving the delivery of
fundamental services (health water; education) and
strengthening therefore the resilience mechanisms
of the population and promoting social cohesion and
community stabilization, in line with the “Leaving no
one behind’ core development priority of AICS.

The handbook is the results of an innovative and
inclusive approach in the area of Mayo, an informal
settlement 15 km south of Khartoum at Jabel Awlia
Locality. Our commitment in working in this area
comes from the relevant target of Goal 11, which is
to ensure access to safe and affordable housing
by 2030. As defined in the in the UN Habitat book
Informal Settlements in the Arab Region Analysis and
Prospects “Towards Arab Cities without Informal
Areas”! informal or spontaneous settlements “are
settlements whereby persons, or squatters, assert
land rights or occupy for exploitation of land which
is not registered in their names, or government land,
or land legally owned by other individuals”. Informal
settlements are rarely serviced by water, sanitation
facilities and waste collection.

The Third United Nations Conference on Housing
and Sustainable Urban Development - Habitat il
(Quito, October 2016). Habitat llI's outcome document
and the New Urban Agenda pledge to “promote

housing policies based on the principles of social
inclusion, economic effectiveness, and environmental
protection...[and] support the effective use of public
resources for affordable and sustainable housing.”

85% of informal settlements in Sudan are built on
governmental land, while 10% is on private land,
and 5% on high risk land? . According to official
statistics® , Sudan hosts over 1,1 million refugees and
approximately 2.6 million IDPS* : Conflict, political
instability, sudden onset disasters, semi desert
and desert areas and poor economic conditions
have generated this massive migration waves and
protracted crisis. IDPs and poor migrants have
concentrated in particular areas among which Mayo-
officially designed as an IDP camp ® and which became
- since 1991- an indivisible and invisible part of the city
which has grown over and around the camp. Mayo is
hosting around 600,000 internally displaced persons
coming from South Kordofan and refugees from South
Sudan, Nigeria and Chad¢ . The informal settlement of
Mayo - organized in four areas Gabboush - Mandella
- Angola and Yarmouk - faces serious environmental
and sanitation problems and is exposed to climatic
shocks and stresses. In 2020, floods have devastated
communities all over Sudan as the Nile River and

some of its tributaries reached their highest levels
in 100 years. As a results, the overwhelming majority
of the population living in Mayo in self-built houses
made with shack “shawal” and mud rooms built with
non-durable materials has been heavily affected
deteriorating the situation and generating an increase
of food insecurity, malnutrition, and a lack of access
to basic services, particularly health services.

The first part of the handbook is dedicated to a close
and deep analysis of the social composition and
homes structure of 40 families - interviewed by AICS
and University of Khartoum team - living in the area
of Mayo Mandella.

The assessment shows clearly the adaptive ability
and the incredibly skilled capacity to utilise simple
solution and poor materials to face daily challenges.

The second part focuses on self-building tools
aimed at boosting the population in the construction
process of houses and shelters.

" https://unhabitat.org/sites/default/files/2020/12/regional_is_report_final_dec_2020.pdf
2 National Fund for Housing & Re-construction, Informal Settlements Questionnaire, 2019

5 https://data2.unhcr.org/en/documents/details/86348

4 https://www.acaps.org/country/sudan/crisis/complex-crisis

5 https:/www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion-files/6520.pdf

$ Humanitarian Policy Group, Annual Report, 2011
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National Fund for Housing & Re-construction, Informal Settlements Questionnaire, 2019

https://data2.unhcr.org/en/documents/details/86348

https:/www.acaps.org/country/sudan/crisis/complex-crisis

https:/www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion-files/6520.pdf

Humanitarian Policy Group, Annual Report, 2011
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Alessio Battistella - President of Arco - Architettura e
cooperazione

ARCO is a cooperative founded in 2008 by a group of
architects and engineers, dedicated to the production
of sustainable architecture, landscape and urban design.
Its projects are based on the constant pursuit of social,
economical and environmental sustainability.

ARCO explores the local traditional techniques, in order
to guarantee that the construction phase can be run
independently by the communities involved. Moreover,
ARCO consolidates the environmental side of each
project by using natural or reused and recycled materials,
renewable energy sources, and by applying passive
bioclimatic architecture principles.

Through this approach, ARCO has designed and built
several schools in Palestine, Iragq, Mozambique, Ethiopia,
Uganda and now in Sudan.

The Mayo Up project promoted by AICS helped to explore
a particularly complex country and reality. This complexity
represented a strong stimulus in the research conducted in
the field of low-tech architecture. In the Ghaar Hiraa school
the effects of natural ventilation and of thermal inertia have
been applied and emphasized using walls made of solid
baked bricks, granting also their durability. Furthermore,
the project elaborates on the theme of space flexibility,
alternating closed and outdoor classrooms, screened by
the typical &quot;sharaganie&quot; mats made of natural
fibers that allow shelter from the sun. Themes that can be
explored in the second part of the handbook.

In the design for the Ghaar Hiraa school, Arcd materializes
in a public building the sense of identity expressed by the
very same community that will use it.

7

In Mayo, Arco carefully observed the contextual reality of
theintervention, tryingto interpretits landscape, materials
and customs, the people who will inhabit the buildings, and
the construction systems, combining knowledge acquired
in Europe with traditional methods.

This approach enables to interpret the most appropriate
technologies, namely those that best respond to the
cultural, social, economic and technological context
in which they are applied, in terms of production and
maintenance. Therefore, the best response to a technical
problem is not the one that is most advanced in technical
terms, but the one that is most adaptable to the context,
and capable of augmenting its autonomy.

Arcd’s architecture has its foundations in the fundamental
reasoning of construction and protection from the
environment.

As often happens among architects operating in the south
of the world, the form is suggested by the techniques
utilized and the nature of the materials. Therefore, as
forcefully characterizing elements in Ghaar Hiraa school
we find large bases to protect against rain and humidity
rising from the ground, and wide roofs required for
protection from sunlight. Designing in these places means
going back to basics in order to maximize results. Here
we can observe the primal meaning of construction,
where every gesture, every detail is the consequence of
a process of knowledge based on experience. In Ghaar
Hiraa school we can recognize the archetype of shelter,
in which the form is a direct consequence of the relations
with the environment in which that shelter is inserted and
from which it protects itself.
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Akram Ahmed Elkhalifa - Dean, Faculty of Architecture,
University of Khartoum

Serving the community always comes on the top of the
goals of higher education institutes. As the pioneer in
the field of teaching and research in architecture in
Sudan, the Faculty of Architecture (FoA), University of
Khartoum is truly privileged for being a key partner
in the realization of MayoUp project. No matter how
big or small the size of the project is, contributing to
the improvement of community’s quality of life - in
this case, the population of Mayo - remains a Nobel
goal to achieve. We have sensed the genuine desire of
the people Mayo in bettering their life and acting as
a resilient community. Deeps thanks go to the people
of Mayo, who welcomed the project team, showed
high level of collaboration, worked hard on attaining
some of the pillar UN SDGs as planned for through
the project.

The project’s journey wasn't easy nor smooth,
however, overcoming the challenges proves the
sincere commitment all participant made. The period
within which the project was realized added to the
challenges and put more burden on the shoulders of
all the participants. The pandemic of COVID-19 along
with the economic hardship were alone enough to
make everyone who contributes to the success of this
project proud of what has been achieved. The route
was turbulent and full of obstacles, however, the true
will that every participant has towards getting the ship
to the shores of success was evident.

| would like to pay special tribute to the teaching
assistants - Walaa Munir, Matab Salah, Mirametta
Botrous (from the Faculty of Architecture) and
Balsam Saifeldin (Faculty of Geographical Sciences
and Environment) - who showed great level of
commitment, diligence and professionalism in
achieving whatever has been assigned to the them.
My thanks are due to Amal Abashar (FOA registrar),
Samia Mohammed (FoA accountant), and Barachott
Alfaki (FoA driver) for all the efforts they made to
facilitate the team’s mission. Last but not the least, |
would like to thank the Italian Agency for Development
Cooperation (AICS) for inviting the FoA to participate
in this project. My sincere gratitude goes AICS team
for the high level of cooperation and collaboration
devoted to this project and for making life easier
for the FoA team in all ways possible. My thanks go
to Francesca Nardi, Candida Vassallo, Islam Mirghani,

Stefano Rosso, Marco Barone and Vincenzo Racalbuto
AICS Khartoum Head of Office.
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Maj.General Abdelrahaman Abdelhameed
Commissioner General
Sudan DDR Commission

Dear readers,

I would like to express my gratitude to the ltalian
Agency for Development Cooperation, donor and
partner for many SDDR projects.

Our collaboration started in Mayo area in the
framework of the Sudan Community security and
stabilization project (C2SP) implemented by UNDP
and funded by the Government of Italy. The project
- in Khartoum and Blue Nile States - contributed
to local stability and security through livelihood
interventions, building of infrastructures, trainings
and community mobilization.

Our joint effort to improve the living conditions of the
population in the Mayo open areas continued within
the Mayo Up project: a project aimed at improving
the delivery of services, strengthening the resilience
mechanisms of the population and promoting social
cohesion and community stabilisation.

In this framework, the Italian Agency for Development
Cooperation together with the Italian Civil Protection
- Fondazione CIMA - rehabilitated three channels
area in order to enhance the risk knowledge and
decrease population vulnerability to disaster events
defining possible solutions to drain surface water in
the district of Mayo-Angola.

The commitment of Italy in Mayo continued with the
construction of Ghaar Hiraa School in Mayo Mandella:
a school for almost 150 students built through the
involvement of the local community and by using only
local materials.

This book is about this experience: an experience of
[talian and Sudanese commitment in improving the
resilience of the most vulnerable people.

Once again, thank you very much for your support
and friendship.
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lhab Hashem Ismail
Executive Director of Jabel Awlia Locality.

We extend our sincere thanks and gratitude for
your great services and your contribution to the
development and rehabilitation of the Mayo Area in
the educational and health sector.

Ghaar Hiraa complex is the best evidence of your
commitment in the area in those above mentioned
sectors: AICS realised our new school and develop
activities in the field of nutrition, reproductive
health, environment, micro finance, breast and
cervical cancer awareness, handicraft.

We hope that the collaboration between the
Italian Agency for Development Cooperation and
Jabel Awlia Locality will continue for more fruitful

programs and projects.

Osman Belal - Director of Hope and Friendship for
Development Organization

The Sudanese Ngo Hope Sudan, funded by the Italian
Agency for Development Cooperation, took part in
the community construction of Ghaar Hiraa school
in Mayo Mandella. The commitment of the local
population has been full of enthusiasm despite the
Covid-19 difficulties. The school has been completely
through a community approach with the support of
community member and Youth Committees, trained
by ltalian Engineer and Architect.

Basic education is one of the most important
investment to be done in an area lacking of schools
and educational structures. The 150 students used to
study in a degraded and old building and in the shed
of the close mosque.

The school’s design is unique and is characterized by
the use of local materials. The concrete foundation
will preserve the school during the raining season.

The community - students, teachers, youth committee
- welcome the new school that became a gathering
place. They commit themselves in preserving the
school alive and clean in order to allow others to have
the opportunity to start their educational path.
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2. THE SOCIAL
CONTEXT ANALYSIS



<« Image 2.0.1
The team was
introduced
to the
householders
by community

leaders.

THE SOCIAL CONTEXT ANALYSIS

2.0 Metodology

The data collection has been carried out
on the state of conservation of the houses
and their spatial organization through:

0 Surveys: Aquestionnaire with 16 questions
has been designed in order to capture
a picture of the 40 families located in 31
houses in Mayo Mandella area.

The questionnaire  combined open
ended questions and multiple-choice
questions with predefined answers offering
respondents the possibility to choose and
rank among several options.

The questionnaire was about:

1. Number of persons

2. Family description (age, gender

of members)

3. Origin and date of arrival

4. Religion

5. Average monthly income

6. Type of employment (Fully-time -
Part-time - Freelancing/self-employed-
unemployed)

7. Education (llliterate - kindergarden -
primary - secondary - graduate - coranic
school)

8. Disabilities

9. Chronic diseases

10. Year of cosntruction of the house

11. Year of major maintenance work

12. Typlogy (with yard - without yard)

13. Composition of the house (rooms -
latrines)

14. Dimension of the house

15. Construction methodology (foundation
- walls - roofs - floors - doors - windows)
16. Services (electricity - water - drainage
- garbage disposal - sewage)

¢ direct observation, also known as
observational study, in which the evaluator
watches the subject in his or her usual
environment  without  altering  that
environment.

¢ Who: 40 families for a total of 275 persons
(151 male and 124 female) living in 31 houses

0 Where: Khartoum - Mayo Mandella -
Ghaar Hiraa area - Area A and Area B

¢ When: December 2020
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Figure 2.0.1: Location of households

Area A

/ 26 %

Area B
74 %

Source: Assestment data

Image 2.0.3
31 houses.
275 persons
have been
interviewed
during the

survey

Area A (northern area) has not been divided into plot and the houses have been built
according to irregular pattern;

Area B (southern area) has been divided into an average of 220 square meters by the Ministry
of Planning.
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Image 2.1.1 p
Two children in
their shed.

THE SOCIAL CONTEXT ANALYSIS

2.1 Population

According to the UNDP Humans
Development Report 2020 Sudan’ has an
HDI” equal to 0.5 which put the country
in a low human development category
positioning at 171 out of 189 countries and
territories.

The population is young, with about 60%
of the total population under the age of 24
years. The life expectancy at birth is 65.3
(67.2 for female and 65.3 for male) and a
very low median age of 19.7 years.

The above picture is reflected in the
investigated area.

7 http://hdr.undp.org/en/countries/profiles/SDN

While  the  population of  Sudan
predominately descends from both
indigenous African groups and Arabs, today
most of the population in the country speak
Arabic and the Arab culture predominates.
Over 97% of the population of Sudan
is Sunni Muslims with a small Christian
minority.

Human Development Index - HDI: is a summary
measure of average achievement in key
dimensions of human development: a long and
healthy life, being knowledgeable and having a
decent standard of living.

Investigated sample

o
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A Image 2.2.1

A map illustrating the origins of people of Mayo

THE SOCIAL CONTEXT ANALYSIS

2.2 The origins

There are 2.6 million internally displaced?
people (IDPs) in Sudan. Most of them are
in Darfur, South Kordofan, and Blue Nile,
which have been the epicentres of conflict
over the past 17 years.

Of the 1.1 million refugees in Sudan, about
75 per cent (763,000 people) are from
South Sudan? .

Khartoum and White Nile States host two
thirds of all South Sudanese refugees in the
country, with Khartoum having the highest
number amongst all States.

Figure 2.2.1: Origin

White Nile
State

North
Kordofan
State

www.unocha.org/sudan
? UNHCR via ReliefWeb Data - Mar 31, 2021

In the investigated area, the 275 persons
are coming from the following States/
countries:

45.82% from Mayo* / 19.27% from South
Darfur / 9.09% from Sennar State /
4.36% from White Nile State / 8.73%
from Al Gedaref State / 8.36% from North
Kordofan State / 4.36% from White Nile
State / 4.36% from Chad

*To be noticed: 45.82% of th investigated
population declare that they are coming from
Mayo, as they were born in Mayo and consider
themselves from Mayo.

B Mayo
B South Darfur State
I Sennar State

Al Gadarif State
@ North Kordofan State
[0 White Nile State

I Chad
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Figure 2.2.2 : Year of arrival
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THE SOCIAL CONTEXT ANALYSIS

2.3 EmplLoyment

In 2020, the estimated unemployment rate
in Sudan was approximately 17.7 %.

The agricultural sector provides
employment for about 42% of the total
labour force; public service and trade
employ 19% and 11%, respectively.

In the investigated area, the common
answer to : How many family members are
currently employed" was "1 or 2 persons"
per family.

The typical scenario is that the father is the
breadwinner and the only one working to

Image 2.3.1

A member of
the community
working at
Ghaar Hiraa

school.

>

bring income.
An estimated 60% of the workforce is
directly engaged in the informal sector.

Figure 2.3.1: Employment

Employment rate
measured on the investigated population

Employment rate
Employment rate 15-65 years old

employed
17.8%

unemployed
55 %

80% 45%

unemployed employed

Source: Assessment data

10 https://data.worldbank.org/indicator/SL.UEM.TOTL.ZS?locations=SD
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Figure 2.3.2: Typology of employment

FULL-TIME

14.3%

PART-TIME

2%

FREELANCE/SELF-EMPLOYED

83.7%

Source: Assessment data

Image 2.3.3 p
Building site
Ghaar Hiraa

school
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THE SOCIAL CONTEXT ANALYSIS

2.4 The school education®

Sudan has one of the largest number of - 5.8 % declared to be illitrate
out-of-school children in the Middle East - 17.4% declared to have attended
and North Africa region. kindergarden

- 29.5% declared to have attended
primary school

- 14.5% declared to have attended
secondary school

- 2.9% declared to be graduated

- 12% declared to have attended
the Coranic school named Khalwa

- 17.8% did not anwer

It's estimated that over 3 million children
aged between 5-13 years, are not in
classroom.

In Mayo, analysing the survey outcome the
above mentioned data are represented:

Figure 2.4.1: School attendance rate
N. of people
20

80

70

&0
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30
20
1
: =

Not answer llterate kindergar den Primary Serondary Graduate Khalwa

8

(=]

Source: Assessment data

51 2 www.unicef.org /sudan/education
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3.1 Single family houses and shared houses

Families in Mayo are nuclear™.
They usually live in plots of land within a range of 120 and 220 square meters.

Each house is inhabited by 8 indivuiduals sharing common utilities.

Almost 77% of the families of the sample are living by their own, whereas 16% of the families
are living with other two families and 7% are living with 3 other families.

<« Image 3.0.1
Streets in the

unplanned area.

13 A nuclear family, also called elementary family, is a group of people who are united by ties of partnership and
parenthood and consisting of a pair of adults and their socially recognized children and in a few cases, they had a
grandfather or daughter-in-law with them.
www.britannica.com/topic/nuclear-family

Figure 3.0.1: % of families living in single houses

3 families
7%

2 families

more than 200 sgm

1 family
Source: Assessment data 77 %
Figure 3.0.2 : Plot size per number of families
less than 50 sgm
u B 1 family
I 2 families
100 - 150 sqm h W 3 families
150 - 200 sgm L

Source: Assessment data
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<« Image 3.0.2

Typical inner

d of a house




Block A

old
settlement

Block B

new
settlement

3.2 The vernacular architecture of Mayo~

Vernacular architecture can be defined as a
type of local or regional construction, using
traditional materials and resources from
the area where the building is located.

Consequently, this architecture is closely
related to its context and is aware of the
specific geographic features and cultural
aspects of its surroundings, being strongly
influenced by them. For this reason, they
are unique to different places in the world,
becoming even a means of reaffirming an
identity.

The houses in Mayo are built by joint
efforts, by the household head alone or by
paid labourers.

The houses have one floor and are built with
local and recycled materials such as jute
bags called shawal, mats called sharganie
and red bricks called Al Toub al Harari.

Most of the houses are constructed from
the ground level without digging trenches
for foundations.

100% E

50%

© 0000000060000 0000000000000000 00

% of walls % of roofs
collapsed in  collapsed in
2020 2020

4 https:/www.archdaily.com/951667/what-is-vernacular-architecture

Walls

The vernacular architecture of Mayo

The weakness of these houses is most evident during rainy season when severe flooding
ruins houses, disrupts transport and impedes movement.

House cost

The average cost of one brick house in Mayo with two rooms and one latrine is around
830.000 sdg whereas a house made of mud is around 370.000 sdg’®.

Foundation E

Doors and . Roof
windows .

15.830.000 sdg is equal to 1.820,00 euro and 370.000 sdg is equal to 813,00 euro (infoeuro 2021) 40



Image 3.0.3 p
Diverse
combination of
materials and
construction
typologies used

in one house.
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3.3 The utilities

SOURCE OF WATER

Mayo does not have a drinking water
distribution system and therefore the
houses are not connected to the water
network.

The community has organized a door-to-
door distribution network led by groups
of young boys who carry barrels of water
pulled by donkeys. They are called “carro”.
Every carros can sell at least 2 jerry can per
family.

The cost of 2 jerry can is about 25 sdg

whereas a whole carros (320 It) cost around
400 sdg.

The water is stored in small clay pot and or
buckets in the family yard

SOURCE OF ELECTRICITY

The distribution of electricity is not yet
widespread. Often several housing units
share electricity. Only the houses in block
B are connected to the electricity network,
whereas houses in block A - without
electricity network - are using radom wires
connected to closeby houses.

SOURCE OF WATER SOURCE OF ELECTRICITY
100% 0
% ... e ... . S .
% ... e %% .... N . B . ..
From Public
neighbour network
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. Source of
. electricity

1)

3 Garbage

. disposal

.
* Source of

Surface drainage o :

Water

aQ,

Sewage

treatment

WASTE MANAGEMENT

Garbage is collected in several places in Mayo and
then burned. The collection points are not delimited
and change constantly. This situation causes
widespread pollution. Channels are often used as
open-air collectors. There is no collection system.

SEWAGE TREATMENT

100%

50%

0%

There are no sewage systems.

100%

50%

0%
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5.4 The organization of spaces

3.4.1 Courtyard

The composition of the houses in Mayo
comes from traditional architecture. The
areas of old formation have a more irregular
and very different urban structure from
that of the newer areas. The oldest houses
have a more irregular and less compact
shape.

Veranda

The most featuring characteristic of the
house is the yard at the entrance and most
of the spaces open onto it.

The yard cannot be used during the day
due to the high temperature and the lack
of shade. The families use it at night as
sleeping area.

Kitchen

1

Bedrooms

46



MOST FREQUENT PROBLEMS

Collapsing of boundary walls

Fit
Latrine

Absence of mortar between bricks

Absence of door frame Main

Entrance

pot B B4

Use of inappropriate materials to repair the — E'Zili
boundary walls < (5% Beds)
"_1r:\1| -
I I ;H \1 KitchsnstlT;;
1 | ~
e 2
BedRoom

<
Shed —
ﬁ (Rented Seperately) BedRoom

CHARACTERISTICS OF THE HOUSE % of entrance
The entrance of the housing units are usually made 0

with metal door.

At the entrance, it is common to find a drainage water 50%
channel for rainwater. S et eeeeccccc s

) n E
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MOST FREQUENT LAYOUT w

Main
entrance
Pave/repair

v‘/ after rain

l//\\i it Latrine
(:mt‘msd@
é{HHMHHmHHHHMHHHHHHKHHE] ! I :
L E % g
g E 6_%,1.3' E é Courtyarel %
z g 2 HUHHHHUHVHHHHHH’? E } //I ]
§ TV, room + //é S e f \'\
E Bed Ko b pillars for
= holding sheds
i«IIIIIIIIIIIIIIIIIIIII
% rd Nelghbours
ﬁ—" corridor - -
d&) S
E MT- . HUHWL
domestic storage - -
It
CHARACTERISTICS OF THE SPACE % of yards
Yards are typically the wunbuilt area of the plot. O e

The presence of a yard depends mainly on the
number of families living in the same house. 50%

The house with a yard is characterised by having all the

rooms and shaded areas opening to the central yard. 0%

The yard in the house with several families is n B
sometimes used as room and/or shaded area.
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MOST FREQUENT LAYOUT

- Frontyard and backyard

()

| S

Rooms are located in the center of the yard and allows
an easy movement around them.

space for circulation

L

L
F

@ Private yard
—

aa

In case two or more families are living together, every

family has its private yard.
corridor = =
St
private yards - -
It
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Meighbours

Neighlsomer

A

(fawh,ud * WG,

Ig...._( Labrwg

e e e of Fibre. cloths
= — —Shed — ——
(Kitchen)  — —
Back yard
(Store)
g
5
:
Room 2 3
Living L Room3 =
Room .
—
Few courses
of tha wall
—ﬁ fallen part
Front yard
Room 1
g
Main
Entrance Road
T~
=
i j
'-QS“'\
J
J
z

A

e Negative space yard

Meighbours

Maim
Entran 3

e

e

>
HHHHHHHHHHMHHHHHHHHN}YQ‘&“I
29

Road

Some houses might be characterised by having
“negative spaces yards”: yards are to small to be used

by children to play or as spleeping ares and are used as
simple passage from one room to the other.

IF

Negative space yard

TS

F

e

=

LTI AT N
SUE

el
g gE

Veranda

of Flpre, cloths

Meighbours

= [\.

\'% E - BedRoom
2 E House 2
Sy HnmeE

i _l\'\,/l
BedRoom 3 % E
+ Kitchen 3 E i
i’ 1 3 % 3 Living
E JIE = Room
E Bartitions
2= gall >
Shed/
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USAGE OF YARDS USAGE OF YARDS

é Plantation % Classrooms

Yards are used for domestic plantations and/or Yards are used as school classrooms. The owners may
commercial purposes rent part of the courtyard to host students.

© Water Storage

Yards are used as water storage place. The water is
usually stored in clay pot called zeer.

MOST FREQUENT PROBLEMS

0% Funand Activities

Water stagnation

Yards are used as playground.

=4

Most of the vyards are unpaved and because of O
continuous soil removal due to the daily cleaning, the
floor of the rooms becomes lower than street level

and the water stagnates in the rooms. ‘ _

Animals

o

Yards are used as animals’ shelter.

54
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CHARACTERISTICS OF THE SPACE

i
RANDAS

(e

% of verandas

Verandas are used as living area. Guests are usually
received in this room, which is made up of arranged
mattresses, chairs and beds. The verandas are a place
where women gather to cook in groups, or chat and
can also be used by family members to sleep if they
don’t use the courtyard.

Verandas common construction materials

Roof
Roofs are made by zinc sheets or with straw ceiling.

Wall
Brick walls or Mixed structure with timber poles, texile
panel or zinc corrugated panels

100%

50%

’ a

% USAGE OF VERANDAS

=

EHE
(1p
bicas

L
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Neighbours

y

Sleeping area

Kitchen/kitchenette

TV room

Sitting areas/living room

Verandas have a direct access to the

yard

TS

Kitchen

Yard

Shed

Pit
Latrine

h

Shart wall
sepirates
yardin 2 to
b used by
2 families

Verandas

EIIIIIIIIIIIllmlIIIIIIIIIIIIIIIIIIIIIH;
3 j—-—

P
i

Kitclhene#e
i

Living

g
3

i
I
!
'
!
|

|

Shed

Heighbours
k.
eath
e !
ot
Foom
Shop
Hiiw =
E

Main

.
2 Entrance

Fit.
Latrine

Store
I b |
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MOST FREQUENT PROBLEMS

Q Lack of natural ventilation and daylight

—-(\J Most of the houses are oriented north - south
because of wind direction, yet people close-build
window openings for safety issues and cleanliness.

£ e T H E B E D RO O M s .A .Structural problem

Most of the structural problems derive from moisture
saturation.

mFa!‘SL-J.

CHARACTERISTICS OF THE SPACE % of bedrooms ’_\H s v e

Zheats
;umumuuuuuummmu.

100%
© e 0 0 0000000000000 0000000000000 00 e l‘tp...._‘
Families could decide to rent a room to increase ’

their income. In this case, the room will be used as a
“whole house” and will host in one single space beds, 50% R 2o Shhs
wardrobes and kitchenette. il

The common space will - on the contrary - be used 0% Shed
by all the inhabitants of the house. e € vernndal) @
+ 2
EHchen

Y

revn ok s

Bedroom
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USAGE OF SHEDS

QO

A shaded part of the yard can are used as:

Living

Room

Neighb
£84 Kitchenette SR
1°[°]°]

W Laundry space

N

2R Gathering point for women and family members

=4 Sleeping areas

—. : TYPICAL STRUCTURE OF A SHED
) T -
f' Short wall -
. Pit seperates [ |
“ 0 Timber poles for wall structure Latrine vardin 2 to 5
¢ River reeds and straw for roofing with timber Z‘éﬁiﬁ:’:’ ’
joists
0 Sackcloth or other textile for wall cladding.
Neghbour
— CHARACTERISTICS OF THE SPACE ﬁ
@g Gonk Entrance
The shed - called areesha - is a semi-closed area, the =
coolest place in the house, well ventilated and the

main gathering point of the family.

cemank

E% blocks
Ofem. LE¥ zint

v Sheats i
Space waker

59




MOST FREQUENT PROBLEMS

A\ Lack of natural ventilation and daylight
T

Windows are shaped with Nubian designs, such as
triangles

I Structural problem

Most of the structural problems derive from moisture

oot Neigh bour
. El———-——— == anim F i i
CHARACTERISTICS OF THE SPACE % of kitchen e I b
z T (Kitchen) T~ —
: . : : 100% Back yard Rt
The space dedicated to the kitchen is flexible: @ il eeeeeiieeeeenneonoooonnnnnas B (stare) 1.
small kitchen could be in open spaces (shed) or in ; 4 L i
. £ <
dedicated rooms. H — $ —E :
o, Z Qo it +h 4 "
5. ... ......... i Lving L room 7 Courkpord 2
2
1 Few coursas m F‘ibﬁ Clothes
...... .. .. .. — Ll
H‘- Front yard = -
Room 1 Brick P;H"'s
A Rond [open spue

Ta 4

e o or,,  Road Kitchen

it
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CHARACTERISTICS OF THE SPACE s

% of latrines

Most of the investigated houses have dry latrines
which are the simplest and cheapest forms of pit
latrines. They consist of a square, rectangular or
circular pit dug in the ground covered by a slab

Pit latrines should be constructed on a slight mound
in order to be higher than the surrounding area and
water will flow away from the hole. Latrines should
also have a lid that can be placed over the hole to
reduce flies and bad odours.

The latrines are without roof and have a door or a
textile to guarantee privacy.

5 http://www.who.int/water_sanitation_health/hygiene/
emergencies/fs3_4.pdf

100%

50%

0%

Latrines

Showering rooms

Common zoning of latrines

Inside the plot but near to the entrance for drainage
reasons

Cars
Entrance

Shower

Most of the houses do not have a shower corner

HNeighkours

b

Fot

Tower

i

v
s

collapsd in
2020

Autumn
Living
Room

J

Eitchen

Neighbours

Mlound

Pidba,, A
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very
common

common

rare

3.5 Structural elements

3.5.1 Building materials

GREEN BRICKS
ADOBE

WOOD ROOF

CONCRETE
BLOCK

VERTICAL
STRUCTURE

RED BRICKS

METAL SHEET

GLAZE FOUNDATION

INSULATING
MAT
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Foundations Adobe Bricks

15

Strip stone Cement
foundation Blocks
None
Walls
Adobe bricks
25
Red bricks Cement blocks
Windows
None
25
Wood Steel
Steel & wood Steel & glass

67

Floors

Plain Concrete

25
Sand & tiles Sand
Concrete screed Sand & Gravel
Aluminum insulated sheets
15
Reinforced Aluminum
concrete sheets
Baladi roofing
Doors
Steel
30
Wood Steel & wood




A Image 3.2.1

69

Workers in the
building-site
of Ghaar Hiraa

school

Block A = Old settlement
Block B = New settlement

Adobe bricks

An excavation of 10/20 cm is made and
the adobe brick wall is built directly on
the ground.

87%

0%

Foundation

0%

13%

i

Cement blocks

An excavation of 10/20 cm is made and
the brick wall is built directly on the
ground.

% of houses with the
B following foundation

26% . Adobe bricks
48% Concrete block

9% [ Strip stone
foundations

17% . None

Strip stone foundation

Fired bricks are burned in a kiln which
makes them durable. Composed of
clay, water and excrement.

||

«¢

MOST FREQUENT PROBLEMS

Depth of foundations

The excavation of the foundation is not sufficiently
deep. Foundations are often made with earth bricks
that do not support loads. Furthermore, the bricks in
the ground completely loose their functionality over
the years.

Load distribution layer

Foundations often do not reach ground level. There is
no load distribution and water resistant layer between
the foundation and the walls. Often the walls of the
houses have cracks in the corners.

W '

aw
= W

\\\

W

S
L
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MOST FREQUENT PROBLEMS

Internal floor level

||

As the floors are lower than the street and courtyard
level, the major problem is the stagnation of water
during the rainy season.

A Image 3.2.2 % of houses with
Typical sand A B the following floor
floor in ayard
house. A 0% | 13% [ Plain concrete
100% | 74% Sand
Floors Insufficient slope
0% 5% . Concrete screed ( P
During the rainy season, large amount of water
g:octg B (N)Id Set’;l[elmentt 0% 5% . Sand & gravel stagnate in both indoor and outdoor spaces because
oc = New settiemen . of incorrect inclination of the ground floor.
0% 4% . Sand & tiles

CER=R- I SRR A
B8 0 o N AR AT REA
Lo ool N -4 LA BNLTA L
.90 T 0x50.97 I/L‘\;”’\lr\/\>l/“\;l’\l
b o 227 9 RN ZSHASINZS
B . D RNAN /171/;\/5/)
o7 &2 a7 ¢ AN VAN
S5 0 S S =YLl 03> G
|- ~o.qo-s .. S XARNS YA
S ot o] ~/\\JI\</\‘\V[\/\\H\</\
ol S o YT o L7A LS N BNLTA LS
o ef oo SN RSN
) 2 o, B2 AN TN
Plain concrete Concrete screed Sand Sand & gravel Sand & tiles
Cement + sand + Cement + sand Pressed sand Pressed sand + Pressed sand +
gravel gravel ceramic tiles
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MOST FREQUENT PROBLEMS

f Wall crack

Wall cracks typically start at windows, doorways or
house corners.

Lack of adequate foundations, season expansion and
clay soil contractions are the main causes of wall
cracks.

% of houses with

A Image 3.2.3 .
Mud wall made A B the following walls A Loose bricks
by “green Y
bricks” 100% | 74% . Adobe bricks The lack of adequate roofing causes the dissolution

of the walls and the gradual loss of structural

0% 17% Concrete block strength.

0% 9% . Red bricks

Block A = Old settlement
Block B = New settlement

Q Rising damp

“Jaloos” is the typical colloquial name given to the
combination of mud, hay (fodder) and animal manure.
While some walls are mainly built up from Jaloos,
others are just plastered by it, as a way of protection.

Red bricks

Cement blocks

Adobe bricks

73

Hand made not pressed. Composed
of earth, water and excrement. Straw
might be added.

Standard size rectangular block (20cm
x 40cm). Composed by sand, fine
gravel and 7% - 10% of cement.

Fired bricks are burned in a kiln which
makes them durable. Composed of
clay, water and excrement.




MOST FREQUENT PROBLEMS

|§| High heat transmission

A good part of the roof structures are made of metal.
The structure is made up of metal profiles connected
directly to the walls. On the top, corrugated
sheet panels without insulation are mounted. The
transmission of heat is very high and this type of
cover does not ensure adequate levels of comfort
inside homes.

THE ROOFS

A Image 3.2.4 % of houses with the
Living room with A B foIIowing roofs
no insulated
metal sheet

0% 9% . Aluminium insulated

corrugated roof. sheet

0% 52%

Aluminium sheet © Infiltrations
100% | 26% . Baladi roofing The other most common type of roofing, especially in
older homes, is the traditional baladi roof technique.
The structure is made of wood. River reeds of one
centimeterindiameter are placed above the structure
and covered with a layer of earth on top of them. In
some cases a layer of plastic material is inserted to
improve water resistance. The problem with these
covers is their durability and low resistance to rain.
:~ °o °° Water comes into contact with the roof and wall
structures compromising the structural strength: this
is one of the major causes of collapse of structures.

Block A = Old settlement
Block B = New settlement

S O &

0% | 13% || Reinforced concrete
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Aluminum insulate sheets

Metal  structure  with
insulate  material and
aluminum sheed on top.

Aluminum sheet

Metal structure with and
aluminum sheed on top.

Baladi roofing

Typical structure made
with wooden structure,
river reeds and earth.

Reinforced concrete

Reinforced concrete slab.




MOST FREQUENT PROBLEMS

@ Low fab

The accuracy of windows and doors is often not high.
The finishing of windows and doors is not accurate,
and water and sand passed easily through them.

Families keep the windows closed during the day to
protect themselves from the heat.

% of houses with

A B A B doors & windows
0% | 0% 3% | 9% . None
50% | 96% 0% 82% Steel
7 Insufficient solar transmission
0% | 0% 26% | 0% [ Steel &glass h
/
The absence of transparent or translucent parts does
2% | 0% 13% | 0% . Steel & wood . g e g
not allow sunlight to enter the interior spaces.
38% 4% 25% 9% Wood .
. The strong sandstorms - called haboob - and the high
percentage of dust forces people to keep windows
and doors closed.
///
pl4 [ 12
Steel Steel & wood Wood Steel and glass
Metal profile structure Metal profile with wood Wood structure with wood Metal profile with glass
panels panels
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Image 3.3.1
A young boy
over a carro
transporting

water

<

Image 3.3.2
a young boy
in charge of
water supply at
a construction
site in Mayo.
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Scalability and modularity

Thedesign startsfromtheideaof scalability
and modularity. These two principles
influence the configuration of the space
and allowed to split the construction
process in different phases. The concept
of modularity allows the transformation
of the project according to the needs that
arise and facilitates the possible extension
of the complex in a second phase. The
base unit constituting the spatial complex
is represented by two closed rooms plus
two outdoor rooms held together by a
large roof. The repetition

of this module allows

the easily expansion of

the complex in the

space following the

same geometric rule.

CLOSED CLASSROOM
dalseoll dualysll 82a

haill jl)sig gaugill dilila

Cun hoilljl8ig gugill @il 646 (o puesaill Iay
olhonng dabuall Gugli (e Gbslell olim 4igy
anling Jalo ol ol ds e

laag egpitell Jugais dihaill 3agll 0ggao o
oaoll guugill dyillol Jguug i (il Gilaliadl
diglall dpwludll 8aagll Jiaii ili dlaje (na
udl daba b puisles Guiape (o goaell dabuel

Jbbwe a Jgodl iy hodl e I8 aou
dpsigll saclall puai cbily gaaell

(3)

The schemes show the
basic unit parts (1), the
composition of the basic
unit creating the complex
(2) and the big roof joining
all the parts (3).

(2)

8aagll cljal cilhhaall puagi
83a0dl Gagdig s (1) daulou dll
(2) goaoll diglall dpubu dll
by 3l pdll cadallg

() (3) cliadll graa

OUTDOOR CLASSROOM
LRIl clogll na dulysll 523 88
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The architectural project

The project consists of the reconstruction/
rehabilitation of the Ghaar Hiraa school in
Mayo Mandella area through the use of
local materials with a low environmental
impact. The school building complex
consists of two blocks: the school block
and the office block. Both of them are the
result of the repetition of the base unit.

The school block consists of two closed
classrooms and two outdoors classrooms,
where it is possible to test a new innovative
way of teaching. In the same way, the
office block consists of two volumes and
an open space, the result of a different
composition of the same module.

duulysdl 63an
CLASSROOM

KITCHEN

Y

duayld dabwo
COVERED

OUTDOOR
SPACE

I ) el '

)lo=all £9pisall

duyao Juoli dsle] / cliy dsle] o gopirall Gronaly
elaatwl JUa po thaile 9_|Lo dahio o clj jle
oodiy Lafull (e aadio wili culs ddaall slgall

utireg dujsell (use Guite o duwpsell goae
uillall

oodiy drwbudll sangll hai il daii leads
oadeos  Guoulpy gibads o dugsell aeo
64 dayh jlial ooy S wonylh (iladg
illall guse ool sagill Gildig Guyyaill 6ayna

douwlys j2a
duulyadl 6an -TEY]EN
CLASSROOM "
OUTDOOR
‘ a CLASSROOM
\ 4

.

4‘\ duala dutls 20 tL—/i:‘&ﬁ:
: OUTDOOR )
CLASSROOM awlpll s (1

" CLASSROOM

PNl

Ground floor plan and west elevation of the Ghaar Hiraa school
el ke duaysned uu;.vﬂ ELé.'l'JJ“g gub,.i]l j9dl hhiao

The school building consists of a single
floor and a simple geometry. The
rectangular modules of the classrooms
mark the square plan and the elevations
that are characterized by different
material surfaces. The facades result
from the repetition of the solid texture
of the bricks of the closed rooms and
the weaved texture of the permeable
panels. The double roof breaks the
cadence created by the regular
shape of the volumes and ensures the
correct shading with its inclination.

Section of the Ghaar Hiraa school

dwirimg aalg Gilh o dwpall i Holi
dpwlpsdl Joaall dihiwell Glsagll dhay
Gl slgay el (ull Gileladydl go Gileypally 65330
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ditlioy apvall Julhill pauayg pla il phiiall

Visualization of the Ghaar Hiraa school
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Environmental strategies

The first measure taken in relation to
the environmental contest was to raise
the floor in order to avoid potential
damages in the interior space due to the
flooding. In order to meet the
needs related to the mostly hot climate, it
was decided to exploit the inertial power
of brick walls delaying the temperature
variations and maintaining the interior
environmental conditions for longer.

The alignment of the windows favors natural
ventilation and the passage of air.

The roof with significant overhang protects
the buildings and the outdoors spaces
from the direct solar radiation. The double

1)

Wi

roof improves the interior environmental
comfort.

The system allows the activation of the
convective movements and guarantees a
lower perceived internal temperature.
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Building process

The construction materials were chosen on
the basis of the resources availability and
the respect for the local tradition.

The buildings rest on direct continuous
foundations, strip stone foundations,

completed byafoundation system with brick
walls and concrete beam. This system allows
to raise the floor above the ground level of
65 cm in order to avoid the risk associated
with floods. The closed classrooms
are defined
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by the texture of the bricks walls using the
construction technique of the continuous
masonry, while the outdoor classroom
are delimited by permeable panels.

The false ceiling improve the thermal
inertia and protect the interior space. The
steel trusses rest on the R.C. head beam,
which ensures a box action behavior,
and support the metal sheet cover.
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Advice

The cement-sand
volume quantity has to
be evaluated on the
basis of the available and
selected sand.

The ratio between
cement and sand has to
be:

1:3 for structural
functions
1:4 for finishing work.
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Strip stone foundations

Materials: proportions and granulometry

The two main components for the strip
foundations are the mortar and the stone.

For the mortar the right proportions
of its components for 1 m3 are:

sand 1 m® gravel 0,2 m3 (granulometry
between 1- 3cm), cement 250 kg, water
1401

Regarding the stones, the granulometry is
between 10 and 30 cm.

SAND
Joy

Stone granulometry

CEMENT
o
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Advice
e Check the level quote

of the ground
e Check the diagonals

TOOLS

afbai
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Process - Marking out the foundations

The first step is to check the level quote of the ground. Then the second step is to mark out
the foundations on the ground in order to provide the construction site workers with the
necessary references for the execution of the foundations excavations.

Guburdll 3u3ai - dilasll
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Advice
e Protect the walls of the
excavation, especially
when the ground does
not offer guarantees of
resistance.
aikai
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Advice

Mortar recipe
sand 1m3
gravel 0,2 m3
cement 250 kg
water 1401

¢ "X” dimension between
40 and 60 cm.
e Fill the gaps between
the stones well.
e Check the level quote
of the ground
afbai
:digoll daing
m3 1 Joy
m3 0,2 Juanall
@48 250 Criauwl
3il 140 clo
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Process - Excavations
Slyaall - ddosll

The next step is to prepare the ground, to dig and level the soil with shovel until the resistant

ground has been reached. At the end check the level quote of the ground inside the

excavation.
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Process - Mortar layers and stones
Jladllg digoll Cilarh - dulasll

Once the surface layer of the resistant soil has been removed by excavation, a leveled
horizontal surface must be created using the mortar casting (1). Then the excavation is filled

with stones (2). In the third step the stone layer is covered with another layer of mortar 3).
After that the excavation is filled with another layer of stones (4). Then the stone layer is

covered with a mortar layer (5).
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Advice
The granulometry of the
gravels is between 1 and

3cm.

dilai
guanll Sla gubs aghiy
ey} 3 9 1 O

Concrete recipe:
sand 0,5m3

gravel 0,7m3
cement 300 kg
water 1401

Check the final levels of
the lean concrete casting
in order to have a leveled
horizontal surface.

sdilunall daung
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Foundation system and base

dhyydall selgall Cibuwbul
Materials - Proportions
ol - slgell
- Lean concrete
For the lean concrete the right proportions of its components for 1 m? are: sand 0,5 m?
3
M? 0.5 Jay igpm M 11 giligkol dapuall camsill ol  dibusj3ll il gravel 0./ m

cement 300 kg
water 1401

3l 140 <lo ©2$ 300 Ziionul m® 0,7 Juaall

SAND GRAVEL CEMENT

Joy uuvaa Cioaul
Mortar
For the mortar the right proportions of its components for 1 m® are: sand 1Tm?
M3 1 oy i e M® 1 1 dilighal dauvall cauill ,.b.ll.o.l.l druilly gravel 0,2m?

£l 160 <bo ©2$ 300 Ziionwl

m3 0.2 uaall cement 300 kg
water 160 |

Process - Leveling with lean concrete layer
iashd dyiluags dighy drgauill - dxlasll

A lean concrete layer is laid in order to level the
upper part of the strip stone foundations and create
a leveled horizontal surface for the foundation
system and the base.
It also has the function of distributing the loads of
the base system.
u.ogg.lg_“ :):.“mg.u.udﬂu.ocm.mnd.ubupdmbg.;a 9 el
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Lean concrete layer
daui dyilugys il

Mortar recipe
sand Tm3

gravel 0,2 m3
cement 300 kg
water 1601

e Immerse the bricks
in water before placing
them in order to avoid
the rapid absorption of
the water used to mix the
mortar.

e Start from the corners
e Keep the bricks wet
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Process - Brick walls foundations
wghll glyaa Sbubui - dulesll

Once the walls have been marked out, 50 cm brick walls foundations are built
on the lean concrete layer in order to better distribute the loads and to protect
the reinforced concrete beam (grade beam) from water and atmospheric agents.
In order to protect the brick wall foundation from the atmospheric agents, an
external plaster layer can be created.
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Raising the floor above the ground level is very
important in order to protect the walls and the
interior spaces from the risk of flooding.
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Concrete recipe
sand 0,5 m?

gravel 0,7m3
cement 300 kg
water 1401

Advice

¢ Keep the distance of 15
cm between the stirrups
¢ Keep the formworks at
least 3-4 days

e Protect the metal pillars
with an anti-corrosion
treatment
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Process - Grade beam and pillars connection
630clll hyy g duaydll Gbajlell - ddo<ll

The foundation system is completed with a grade beam that supports the walls and the pillars.
This phase involves the positioning of the reinforcements and the concrete casting.

ciljjeill guagaed dlajall oda (ouaii bxocilly Ghaall @esi (il duayill Cibajlell pubudl plai Joik
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‘ 30 cm

It is important to anchor the pillars to the
foundation system. This procedure allows to
have the connection between foundations,
pillars and roof structure so that they can
work as a single system.
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Concrete recipe
sand 0,5 m?
gravel 0,7m3
cement 300 kg
water 1401

Advice
e Compact the selected
material
e Check the final levels
of the lean concrete
casting in order to have
a leveled horizontal
surface.
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Process - Filling and concrete slab
diluyall dh il gudaa - dulasll

The base consists of the filling of the voids between the foundation system with selected

material and the implementation of a concrete slab.
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Advice
The best ratio between

the dimensions of
the brick, taking into :
account the 1 cm mortar

joint, is 1:2:4

thickness =t

width (w)= 2t+1joint
length (I)= 4t+3 joints =
2w+1 joint

Advice

Keep the thickness of the

mortar joint between 1-2
cm.

105

Structural wall
ULl jlaall

Materials - Proportions, dimensions and characteristics
uaibaillg sleyll il - slgall

For the mortar, the right proportions of its  :gwwm® 11 diligdal daall cuwill s digel] dnill
components for 1 m?® are: mé 1 Joy
sand Tm? (e 1-3 G Siluall Gulis) M3 0.2 juan
gravel 0,2 m®(granulometry between 1- 3 cm) 2¢ 250 Ciiosul

cement 250 kg ¥l 140 <o
water 1401

A Joy CT |
The bricks have proportional dimensions that allow them to be assembled with different
textures. Taking into account the 1 cm mortar joints, the dimensions of the bricks used in
Ghaar Hiraa school are:

thickness (t) =6cm
width (w) =9cm
lenght (1) = 2xwidth + 1 mortar joint = 19 cm

Thethicknessesofabrickwallisobtainedasmultiplesofthewidthor*head” oftheusedbrick.The
width or “head” of the brick is therefore the basic reference module.

By increasing the thickness of the perimeter walls, the thermal inertia increases.

More mass means that the temperature variations are recorded with more time delay,
keeping the environmental conditions unchanged for longer.

The joints must always be appropriately | |i '
staggered in order to avoid creating parts of kN T

lower resistance. (1) N r:—‘ D%lm%lg
The thickness of the mortar joint is the same in 7 ;

all layer of the wall. (2) ! |! | [
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Advice

e Check the diagonals

e Check the level quote
of the slab
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Mortar recipe
sand 1 m3, gravel 0,2

m3, cement 250 kg,
water 1401

® Immerse the bricks in
water

e Start from the corners

e Keep the bricks wet

e Keep the same thickness
of the mortar joint.

® Press the mortar to avoid
voids.

e Stragger always the
mortar joints.

e Check always that the wall

is not out of plumb.
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Process - Marking out the walls
Oljaall hihAi - ddoeell

The first step in the construction of the walls is to mark out the walls on the foundation system

and base in order to provide the construction site workers with the necessary references for

the execution of the walls.
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Process - Wall construction

Jlaall cliy - dulosll

For the wall construction it is necessary to proceed in horizontal layers organizing the bricks
in order to create connection throughout the extension of the wall. The intersections of
the walls must be carried out carefully in order to obtain a well-bonded masonry of good
resistance. In hot climates it is essential to immerse the bricks before laying in order to avoid
the rapid evaporation of water and the alteration of the settmg
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Layer A Eer B

Advice

¢ Make the panels using
the locally available
material.

¢ Protect the panels
from rain and
atmospheric agents.

e Choose the material
in relation to the
durability.
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Permeable panels
dylle dy3lai il algli

The first step in the construction of the permeable panels is the choice of the dimensions of
the panels in accordance with the available material on site.

Once the dimension of the panel has been chosen, the next step is the implementation of
the frame. After that, the fiber mats are weaved and placed inside the frames.

The advantages related to the use of these
permeable panels are:

-modularity (they can be made easily and in a
short time)

-flexibility (they can be disassembled and moved
as needed);

-permeability to the air, creating convection
currents, and to the light.
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Advice
Consider an overhang
with Tm - 1,5m dimension

ailai
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Advice
Consider:
* a soft slope (1-3%) for
small roofs
¢ a 5-10% slope for big
roofs.
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Roof
.

Overhang
udaio caduull

In order to protect the building from the atmospheric agents and to decrease the
direct solar radiation on the building, it is advisable to use a roof with overhangs.

Julailg dgall Jolgall go nirell dilos Jal go O
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In order to avoid the stagnation of the rainwater on the roof and to speed up the
rainwater disposal, a slope must be attributed to the roof.
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Advice

Different materials can
be used for the internal
roof or false ceiling such
asbamboomatsorwoven
straw mats.

Put a plastering layer
under the internal roof
or false ceiling finishes
in order to improve
the thermal inertia and
protect the interior
space.
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Recommendation:
check for rust formation
at least every 4 years. If
rust is found, proceed
with the anti-rust
(rustproof) treatment.
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Double roof
293j0 Ladwm

The double roof allows to improve the
internal environmental comfort.

The system filters direct solar radiation and
influences thermal comfort by activating
natural vantilation: it contributes to the
optimal thermal isolation and the indoor
comfort.

This system decrases the internal roof
temperature and guarantees a lower
perceived internal temperature.

1. External roof

It has the function of shading from the
sunrays and protecting the building from
atmospheric agents.

2. Internal roof or false ceng{

It has a lower temperature, thanks to the
sunray protection of the external roof
and the natural ventilation that is activate
between the two roofs.
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Concrete recipe
sand 0,5m3

gravel 0,7m3
cement 300 kg
water 1401

dibwpll da:ag
m?3 0.5 Jo)

m® 0.7 Juaall
©25 300 Suiouwul
31l 140 <o

Head beam and anchoring system
“uidill ol g cadll Cibiyle

Above the wall it is advisable to make the head beam in any case (for intermediate slab or

roof). The head beam plays the role of absorbing the vertical loads coming from the roof and
distributing them evenly to the underlying wall.
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POTENTIAL
VARIATIONS OF. THE
| ~ WALL

The anchoring system instead has the function of connecting the steel trusses to the metal

pillars and the foundation system. AL o ; 'K_ Im I
In this way all the parts work as a single system. { . J
It is composed of a metal plate welded to the metal pillar and to the steel trusses. Vi it '|
Once the beams have been positioned and welded to the anchor, the next step is the e 1 !
assembly of the roof covering. S - | =
It is important: 0 NN R L .
- to start with the lower layer (1); ‘ L A e S ) "
- proceed with the intermediate one (2); | N o TS / 5
- then put away the upper layer (3) in order ‘ — . ,& | E ¢ E
to avoid the infiltration of rainwater. i L f@l& E | ;
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Advice
It is very important to
test the soil to define
the correct percentage
of clay, sand, etc. Each
soil is different
‘aibai
dyilljlial dylell pgall Ho
davall dodd] sgaail
U3 ll log Jopllg publl
Galive dyi J$
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Earth Bricks
vaydll cigh

Materials: proportions
il slgall
Usually the right proportions or ratio of clay

and sand are found to be 3:1, meaning 3
buckets of clay for 1 bucket of sand.

13 (a Jollg publl daall dwill godi Lo sl
Joyll 5o 3alg gls J&U guhll go cdls 3 gl

774 4

Clay Sand Straw

The straw’s ratio could be from 1 bucket
to 3 buckets depending on the rate of
absorption and the final consistency of
the mix. The recommended length of
straw pieces should be between 5-10cm

cdls 3 adl 9ls 1 G Gixdll drand ki o gden
Julgill glusilllg pakaiodll Jszo e I3laicl
@ 5-10 Hu algh yodl pinall ghs ciay hylall

STEP 1: Process - Soil screening

Do not choose the soil from the top of the
ground. The first level is used for agriculture.
The lowest level is a rocky ground. The good
soil to use is located between the two.

dyyill dluyé dyloc :ydgdll ghall
Jodll sgimall 13m0 ooyl kel o duyill liai

gai dupun ooyl seiue gusl laiy .deljill eaiiug
O giuedl G gl g ‘o|;ii;.u_lJJ daaall duyill

Soil Filtration 1.1

separate stones and gravels or clay from sand
with a perforated grid (like a chicken net) to
have a uniform soil.

1.1 dyall apduyi

elxatuls Jodl o ouhll ol Juaallg jlaadll dml
i (ke Jgsaall (plaall akuds Jio) o ddi
.03a90

Soil Filtration 1.2

2.1 ayill agsinyi
Calgadll :
TOOLS ¢ If the grid is flat:
: all big stones and gravel are fallig through
the holes.

igdal JSiy dygiue ddadudl Suld 13
cigall Jua oo 83l Guaally 8ylaall JS hawwiw

If the grid is inclined:
all big stones and gravel don’t pass through
the holes.

size of the wire mesh: Tcmxlcm
sdlilo dluidl Cuils 131
auidl pre jopadl Go 8 sl Guaall g &jlaall pdeili ol

The structure of the mesh simply lays on the
ground with an inclination of 45°. The Earth
is thrown sideways.

45 Jaoy o)l ke d8uiill Yy @ag iy
guily iy paydll aph pd days

The structure of the mesh lays on the support
not directly on the ground.
The earth is thrown overhead.

8o puulg peall (e dduindl JSum guag piy
.oy dl e 16
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STEP 2: Mix

Process:

1. Mix clay, sand and straw with water
to get a mud-mortar

2. Fill the holes between the stones
with the mud-mortar to prevent
the water from damaging the wall

hlall :2 6ghall

dilozll puu

Gisall g Josll bl gjou @b .1
Othll ajo (e Jgsaall <loll 2o

aioa 8yl G caléljall ol .2
spall Gl go sloll giol Guhll
hibll

STEP 3: Proportions

Details

1. Follow the proportion to catch a
good brick. If the mix is too sandy or
too clayey, the brick will be friable or
will crack.

2. Add sand to get the good proportion,
you have to test your soil to find your
good proportions.

3. The starting point is:

& Sand 1
S&& Clay 3

&Straw 1-3

il 13 ghall

Jualaill

131312 cagh gde Jguanll il giil 1
arle cley gl Jopl ale cuday qaujall OB
§adiinw ol Liva hilll gduua uhll

cwlii e Junai Jogll oo Tsajo canal .2
Syl o] sail
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The bottles are used to
lighten the bricks and
use less material, but it
is not necessary to use
them.

saail bl eadia
slgo plxaiwlg wighll 0i9
wigpall o gl oo+ Jal

Lgolaiiul

Calgadll
TOOLS

<&

STEP 4: Bricks

Process dylosll p

1. Put two bottles in the middle of a

bottomless box

p.l.\.c@g.\uﬂ] | casniio um(pulajg.a.a’l

<§L6J|

wghll :4 5ghall

1. Put the mix inside

JAlsdl b qujell gaa 1

1. Press it regularly to compact

In order not end up :

with fragile bricks it s

recommended to store the

bricks in a shaded area and
not under direct sunlight.

It is also essential that the

cover is waterproof and
resistance to evaporation

and the cover shouldn't be

transparent.
The bricks could be placed
in a closed room.

AT el ol I egell go
illho dihio 6 wighll
ool dedil i gualg
Layl siopall go Spulall
cloll loglao clheall Goda ol
0gse Ul g il boglieg
Lalads claell
dayt (o wghll gihg (Gl

dals

Calgadll
TOOLS

STEP 4: Bricks

Process dylosll p

4. Remove the bottles from the box

Gosiuall 5o Grialajll il pb 4

wghll :4 5ghall

5. Remove carefully the box from
the compacted mix

U0 azay 9 @risall dlljl b 321 .5

boauaoll ayjoll

Humid curing and final storage

yulgill (jaillg dighyll dal

1. Store the blocks under the
waterproof cover

gouiroll Zai caghll gyjaiy eé .1

leodl

3. Cover with thick waterproof cover
for another 7 days

2. The blocks will stay 2 days
and 3 nights under the wa-
terproof cover. After 2 days
sprinkle the blocks

Jai JUl 3 9 Grogs wghll (néu .2 7 630l Aypaudl clhall cighll ey .3
@8 Orogy 3219 clall pgléo clhe sl ell
cghll Gy
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Calgadll
TOOLS

Process

STEP 5: Wall

1. Use sand with the proportion of clay and
straw as shown in (step 3) and mix it with water
to get a mud-mortar

ol guais ondll 9 Jodl go duyi plsaiuly pa .1
&0 lgajos @i g (3 8ghiall) b auago gm Las
oshll aujo e Juaail cloll

hilall

:5 ghall

dde=ll ju

SUMMARY

2. Put a line of the mud mix on the ground
ool de ouhll mjo o dith a2

3. Put the mud mix on one little side of
the brick and put the brick on the ground
Jud g dughll go paall cilall (e Gabll yjo @4 .3

vaydl e dghll

Materials: Proportions
ol slgall

V774

Clay

Straw

4. Repeat 3. until the end of the line (use a
2 points fixed string as a baseline to remain
straight)

hall plaaiml e8) caall dilgi (a3 sghall 58 .4

5. Put the mix on the first line of bricks. Repeat
2. and 3. with a slide at the measure of half a
brick. Repeat all these operations till the end
of the wall

I @ aghll Go Jodl ball (e aujoll @a .5
hilall dilgi i Ll duloall jlj8i @b @i .3 g 2 Guighall

Soil Filtration

duyill Qi

Mix
hia

77

Straw

Wall
hilall

The blocks will stay
2 days and 3 nights
under a waterproof
cover. After 2 days
sprinkle the blocks
and cover with thick
waterproof cover for 7
days

Humid Curing
hilall

oot wghll (éuw
chell ciai Jul 3 g
Oto91 22y clall pglio
uthayg wighll Glip
630l ol clhally

oli 7

Bricks

<ohll
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Calgadll
TOOLS

123

Earthbag walls
alyill Gubsi dhuulgy swudaill

Process: bag preparation
oulsdll juAai sdadasll

clyi
Using perforated bucket as a funnel gulsill cJol goas cagaio gls elsaiul Earth
fo Hi the bags with sarthcement pEr AT L L —— I
(6%).
It is possibile to use the same filling :S'jLJ‘TL:" o Pl%ﬁlm: ‘; wigido gls
tecnhics with the separeted bags as Sl s Eﬁg&ated
with the earthbag. i T RHESE

" MR

\ 7

Process - Closing
GUell - dnlosll
To close each bag you have to fold the edges so they are closed by their weight.
lgijg1 lga el @iy (nia aloall (ab wlyle cuny o pud JS @l

=

, Nm

Gilgadll
TOOLS

Process - Pressure and rising up

elaiydllg haall - dlasll

Put the bags one by one and than push on
them using feet or other instruments. (1)

To avoid the horizontal movement it is necessary

to fix the bags usign barbed wire between the
strip. (2)

lg=asl @i spadll oli daalg puldll ga
(1) sl dilgsly ol plaadlly
O_o P— .jJI d_{)g]l . L oo

elainl Guls Il Sydl (sygpall
(2) pindl G d@$iLindl & W i

. (2)
Another way to fix the bags

is by using iron line to bind Il
them each two strip. (3)

L)"JLL“UI e.lJJ.D_!J LSPi d.Q.JJ.b dl-Lm Ly X T T TN TTA T OCTITy ) (N e e
JS byl L_.S-\-.I.Aﬂbipls-‘\luﬂgmg %ﬂ = |
(3) .o —_—

L] || (3)
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Tyres walls
Sl dnanlgy swudaill

: Process - Ground preparation
Cilgs il vaydll puaai - ddosll

TooLs The next step is to prepare the ground, to
¢ dig and level the soil with shovel.

L oaydll jagai e @il sghall
g dapall lgiyguig duyill jang

Process - Tyres filling
JljUall duei - ddosll
Work on the tyre. Put the soil under the tyre borders in order to obtain a solid base. Then
: start filling the tyre with the soil.
Cilgsdll Pyl ol cdo (o Il @i diha aeld (ale Joguoall Ciljlall sgaa Cuni duyill g ilyladll ke Jasll
TOOLS :

It is important to fill completely the tyres. First with hands press the soil, then use the

hammer to obtain a very compact soil. )
dyi e Jouanll daghall esaiul @i sdyill gule saadll hsual dgl .Joléll Cilyladll co pgall (oo

To press the soil you can use your feet, but remember to use also the hammer.
Laul daphall plsailul 835 98lg + rosd plaaiuml Lidoy s dipll (le haall

— ok B




At the edges of the walls, where there will be windows or doors, use the net to fix the soil to

the tyres.Use metallic stopper to fix the net. If there are not stoppers available you can use
aluminium can.

aSoinll paaiul + wlgl of 3algi clim (g&iw Eua o glaall calga sic

Process - Plasterin
Gralll - dulosll

It is very important to plaster the wall on both sides (internal and external side) with a coat

of clay and sand for the inside and lime (or cement) and sand for the outside.To plaster use
trowel.

pallg Jaladl Jopllg puhll go darhy ((aaylallg (dalsdl cuilall) Guilall U8 (ade jlaall Gual 132 pgoll o
dapall eaiiul Guall.ayall Jopllg Cuiondll gl)
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