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Abstract: ‘El Mina’ is an elementary school where pupils are also taught special 
techniques such as sign language and Braille to cope with their sensorial disabilities. It 
was founded jointly in 1985 by the Mauritanian Ministries of Health and Social Affairs on 
the one hand and Education on the other. The 200-m2 building discussed here, opened on 
28.01.2008 and consisting in three classrooms for deaf and dumb children, was erected by 
Madrid’s Institute for Cooperation in Basic Habitability. 

Where conventional construction materials were lacking, they were replaced by specific 
local materials. The bearing structure consists in concrete made with sea shells 
(aggregate is not to be found within hundreds of kilometres of Nouakchott) and the non-
bearing enclosures were made of plaster blocks made by hand on site. The parabolic 
vaults, with a two-metre span and four centimetres thick, are lowered and reinforced with 
welded wire fabric.  

The building design was particularly attentive to bioclimatic interactions in a desert 
climate, with high ceilings and perimetric hallways behind lattice walls as protection 
against the sun’s rays. 

The ICHaB hopes to undertake a second stage shortly, to consist in three classrooms 
for blind pupils, identical in volume and symmetrical to the building described here, to 
which it will be connected by a shaded playground. 
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1. Introduction. Construction background. 

The system used to build the school had been successfully deployed in earlier 
construction in Nouakchott’s El Mina quarter, to which it owes part of its conceptual 
design. 

1.1. The ancient cities 
The first step taken, then, was to observe Mauritania’s ancient cities. At present, only 

four of what were originally settlements remain: Tichitt, Chinguetti, Walata 
(www.walata.org) and Uadán (www.ouadane.org). 

The architecture and type of dwelling were developed in these hubs of cultural and 
commercial exchange differed little from those found in other Islamic cities. The climate 
and lack of construction materials (stone and acacia and palm tree wood, which is neither 
abundant nor strong) led to the development of cities comprising a motley collection of 
buildings with short portal frames, crowded around a water source. Mauritanian, and 
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Islamic cities in general, may be said to arise from the inside of the homes outwards, and 
the outer area is merely a residual space between homes. 

1.2. The haima 
This is undoubtedly the type of architecture most widely used in the desert, both 

because of its portability (bearing in mind the nomadic origins of the population) and 
because it is well suited to its surroundings. It is lightweight and can be dismantled and 
configured according to the time of day or weather conditions and is a fine example of 
ephemeral architecture in perfect harmony with its environment. 

These tents were originally made only of camel wool and from the sheep that 
accompanied the caravans as meat on the hoof. They are now made of cotton fabric and 
are one of the Mauritanian people’s favourite places to rest.  

1.3. The Rosso Catholic Mission 
In the nineteen eighties, a low-rise concrete catenary vault system was designed at the 

Catholic mission in Rosso (southern Mauritania) that spanned up to four metres with a 
thickness of only 2,5 cm. The aim was to create a room module that could easily be 
duplicated with a minimum amount of material and a maximum cost savings. 

Designed as roofs for housing, these vaults used standard steel formwork to cut costs, 
and the catenary shape meant that forms could be stripped in less than 24 hours.  

2. The school. Building system 
The origins of the building system described hereunder are to be found in the foregoing 

models, and an ongoing series of meetings with the populations targeted by the habitat 
project launched by Fundación CEAR in Nouakchott in January 2002 (HABITAFRICA).  

Based on the above, the decision reached was to erect a building with very specific 

characteristics: modular construction, simple construction, adaptation to the physical and 
social environment, use of local materials. 

Architecturally, the three classrooms were designed as a single rectangular unit 
surrounded by a shady area that keeps the enclosing walls in constant shade all day long. 
The succession of vaults and latticework panels affords the school a style of its own. 

2.1. The concrete 
Since no aggregate is at hand for the manufacture of concrete in Nouakchott, in 

accordance with local practice, the concrete was made from dune sand and seashells. The 
shells are abundant in the area, for a bed several metres deep that extends dozens 
kilometres underground ensures that this resource is essentially inexhaustible. 

Figure 1: Planned expansion of the school 



 3

The resulting concrete requires special proportioning to achieve the appropriate 
strength, for several reasons: 

• There is a very significant gap in the particle size distribution between the dune 
sand (continuous) and the smallest shells. 

• The seashells (calcium carbonate) do not bond well. 
Tests are being conducted to see how the strength of the concrete increases when the 

shells are crushed prior to mixing to improve bonding and the continuity of the particle size 
distribution. 

2.2. The basic module  
A 3x2-metre rectangle is formed, with a vaulted, reinforced concrete roof supported on 

two beams and four pillars that rest on isolated footings. The bays are enclosed with 
materials available in situ (blocks of gypsum and stone, adobe, sandbags and in extreme 
cases, more cement blocks; in short, LOCAL MATERIALS). With this use of local 
materials, 30-35 % of the budget can be used on enclosure solutions typical of the area 
where the building is located. 

The basic module can be repeated lengthwise and breadth wise to cover different types 
of areas. Because of construction conditions in Mauritania, a system of portal frames with 
relatively small spans was chosen. However, in the case at hand, the length was 
increased to 6 m to provide large enough classrooms with no intermediate columns. 

With this module, construction may proceed by stages, with new members overlapping 
existing elements. Given its small size, plans for expanding the building can be fairly 
precise. 

2.3. Woodless construction 
Both the posts and beams have a small cross-section and steel ratio, as these are 

single-storey buildings. As a result, the effective cross-section of the load-bearing 
members can be housed inside a “sheath” comprising concrete blocks or special pieces 
for lintels and beams.  

In light of the scant QC over workmanship (or the means used), this “sheath” ensures 
that the reinforcement has a cover of at least 3 cm, the thickness of the walls of the blocks 
themselves. This protection is especially necessary in Nouakchott, whose harsh maritime 

Figure 2: Basic module 



 4

environment and concomitant salinity and saltpetre accelerate the corrosion of unprotected 
rebar. 

Furthermore, using mortar block sheathes (also made with shells <20 mm in size) 
obviate the need for formwork. This results in savings and makes construction more 
environmentally friendly in a county where wood is scarce. 

2.4. The vault 
Perhaps the most characteristic feature of this building system is the low-rise catenary 

vault, which can bridge spans with a considerable savings in material while ensuring 
stability. 

A vault with a 2-m span was designed, using formwork comprising 1x1 m reusable steel 
elements that can readily carried by a single worker. The 4-cm thickness and the use of 
welded wire surface reinforcement also accommodate considerable allowance in 
construction. Misalignments of up to several centimetres angling the vault do not 
jeopardize the stability of the roof, which is over sized. 

To ensure a constant thickness, tea glasses are used as guides. Embedded into the 

structure, they provide more or less natural lighting depending on their number. Normally 
two glasses are used per square metre, although more may be used with no safety risk. 

The building pace is brisk and depends on the number of forms available.: formwork is 
erected in one day, the concrete is cast the next day and the forms are stripped on the 
third day. The concrete, still in a plastic state, adapts to its new location and shows no 
cracks when compressed. 

2.5. Local materials. Practical and social issues 
In this modular design, the wall sections between columns are filled in with materials 

available in the area. For the construction of the school in Nouakchott, gypsum blocks 
were chosen for this purpose, as one of the world’s largest gypsum deposits is located 40 
km away.  

The blocks need have no bearing capacity, for all loads are borne by the module 
structure. Prior analysis showed that the Mauritanian gypsum is equivalent to Spanish 
plaster E.30, and quick-set moulds were designed to be used with the mix that afforded 
the best mechanical properties. 

Adobe or stone has been used in buildings in other parts of the country, but always 
independently of the load-bearing assembly. A building type not yet implemented in sandy 
areas consists in assembling sandbags to erect wall sections between columns. 

In all social construction conducted in Mauritania in recent years, the beneficiaries have 
always requested buildings made entirely of concrete. One of the primary premises of 
sustainability (from the vantage of “exogenous” building design) is the use of entirely local 
materials; this principle may be rejected by the hosts, however. 

Figure 3: Tea glass on the vault 
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The idea of a concrete load-bearing structure, which ensures the stability of the whole, 
with an enclosure built of local materials is an “intermediate” solution that has earned 
social acceptance wherever it has been used in Mauritania. 

3. Building stages. Advantages and drawbacks 
The advantages and drawbacks of the construction type chosen were taken into 

consideration for the building stages of the school shown below, to enhance the benefits 
and minimize the disadvantages. 

The parameters addressed are shown below: 

Table 1: Mixed construction 
Item  Advantages  Disadvantages 

• (Imported ) cement 
structure with spaces that 
need to be filled (local 
materials) 
• Catenary vault roof 
 

• Small size, favouring 
worksite flexibility and 
adaptation to complex 
terrain 
• Modular system in which 
the basic module can be 
oriented in both directions 
• 20 – 30 % local 
materials 
• Guaranteed strength 
• Safe construction 
 

• Involvement of several 
trades in walls 
• Cracking in contact 
areas due to differential 
expansion 
• Technique that requires 
prior training 
• Conditions room 
dimensions 

 
Table 2: Foundation and weatherproofing 

Item  Advantages  Disadvantages 
• Reinforced concrete pier 
footing foundations 
• Isolated shaft 
excavation 
• Foundation columns +  
tie beam and base for 
masonry 
• On-site waterproofing 
that prevents capillary 
absorption 
• Standard 1-m roll, cut 
into four pieces 

• Easy adaptability to 
different topographies 
• Less excavation 
• Less concrete 
• Saves on solid blocks 
• Strength and stability 
• Protection against 
salinity 
• Minimum cost 

• Removal of sand that 
supports the ground slab 
• Standard formwork 
• Use of reinforcement 
• Need for precision 
• Less convenient 
excavation 
• Continuity with the walls 
• Complex operation 
involving boiling asphalt 
• Prior finishing of tie 
beams 
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Table 3: Masonry sheathing for columns and beams 
Item  Advantages  Disadvantages 

• Blocks are richer in 
cement and wider than 
those used in habitual 
local practice 
• Containing two frogs 
• Central frog for splitting 
• U-shaped blocks for 
beams and tie beams 
• Supporting props and 
troughs 
• Modular structure 

• Protection against harsh 
marine environment 
• Guaranteed 2-cm 
minimum cover 
• No need for wood for 
formwork 
• Smaller losses 
• Gradual setting of 
concrete 
• Higher column strength 

• Slower construction 
• Requires precise 
workmanship 
• Interior mortar burrs  
• Calls for trough and 
prop installation 

 
Table 4: Gypsum (or other local material) masonry and insulation 

Item  Advantages  Disadvantages 
• Gypsum blocks as wall 
fill  
• Mass production with 
hand-operated machines 
• The same size as 
cement blocks 
• Plastic bag-based 
thermal insulation 
• Creation of a maze of air 
spaces to dissipate heat 
transfer 

• Use of non-imported 
materials 
• Thermal insulation 
• Acoustic insulation 
• Humidity regulator 
• Motor oil recycling 
• Solution to a fairly 
frequent type of waste 
• Thermal insulation 
• Steel instead of wood 
doors 

• Slower construction 
• Requires prior training* 
• Different expansion 
coefficient from cement 
• Production machines 
not very sturdy 
• Planimetry 
• Scant social acceptance 
• Construction requires 
additional labourer 

 
Table 5: The vaulted roof 

Item  Advantages  Disadvantages 
• Four-cm thick catenary 
vault roof reinforced with 
galvanized wire mesh 
• Use of tea glasses as 
guides to control 
thickness 
• Use of reusable steel 
formwork for mass 
production 
• Stripping in 24 hours 
• Beams or tie beams with 
continuity steel to 
distribute the weight 

• Women’s participation to 
make the wire mesh 
• Protects against heat 
• Natural lighting 
• Speedy formwork 
stripping 
• Ease of handling  
• Noise-free (rain or wind) 
• Symbol of the district’s 
identity 

• Training required* 
• Slower than building 
with zinc sheet 
• Worksite complexity 
• The system is adapted 
for desert climate 
conditions. In rainy 
weathers it would need 
additional improvement of 
weatherproofing  
• Use of bolts and screws 

 
4. Other examples of the practical application of the modular system described 

In an effort to boost local economies, materials available locally are used wherever 
possible to obviate imports. The aim is to make use of what is available to reduce the final 
cost and make housing solutions affordable. To this end, adaptations are proposed to suit 
the materials and conditions prevailing where the housing modules are located.  
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4.1. Housing in Rajaa quarter, department of Ryad, Nouakchott 
Riyad quarter, 13 kilometres from the centre of Nouakchott, is where the inhabitants of 

a shanty town that had sprung up near the centre of the city were relocated.  These 
unplanned settlements were a consequence of the drought in the country's interior. 

The Spanish NGO “Fundación CEAR" (www.fundacioncear.org) arrived in this district 
with a plan for building low-cost housing with a subsidy and repayment system in keeping 
with the income of the area’s inhabitants. 
The local material chosen for wall siding was gypsum block, for Mauritania has one of the 
world's largest deposits and the manufacturer is based only a few kilometres from the 
quarter. This led to a series of training sessions on the use and handling of this material 
and the possible aggregates to make it more resistant to the effects of water (SALAS, et al 
2004). 

Finally, 130 homes were built, most of which comprised three basic modules: latrine, 
perimeter wall and living area. 

4.2. Health care centre in Tellaba, Mauritania1  
The improvement of infrastructures formed part of the “Support Project for Ouadane 

Commune, Mauritania”, funded by the Agencia Española de Cooperación Internacional al 
Desarrollo [Spanish International Cooperation for Development Agency - AECID 
(www.aecid.es) and implemented from 2006 to 2008. One such action consisted in 
building a health care centre for Tellaba (10 km from the main city of Ouadane). 

A proposal to use a combination of the vaulted construction modules and a double 
enclosure with stone walls (abundant in the area, and therefore always used in traditional 
buildings) was raised to the Ministry. 

                                                            

1 Revista Informes de la Construcción 61 (513) pag. 112 del CSIC (2009) 

Figure 4: Group of homes at Rajaa, Nouakchott 

http://www.fundacioncear.org/
http://www.aecid.es/
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Figure 5: Health care centre at Tellaba, Mauritania. Note use of stone siding. 

 
5. Conclusions 

The construction module used in the school and other buildings described has now 
been adopted by several local builders, who have readily adapted to the construction 
procedures At present, small contractors are using the model after having participated in 
the work/training process for the first buildings to be erected. 

This system involves adapting to the building customs in the area; however, the 
method is not specific to any given region, but can be adapted to different climates and 
available materials. 

Therefore, it is an architectural solution that is socially accepted, as it combines the 
sturdy construction demanded by beneficiaries and the use of building materials available 
in the area. Hence it saves on both economic and environmental costs. 

The module has yet to be tested in other areas and with other materials, a goal that can 
be achieved with simple adaptations of the basic module. 
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