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Classroom block (north elevation). In the foreground, 
the social hall; in the background, the main classroom. 
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In 1975 a vault supported on low, bearing walls was built in an 

open lot in the city of Dakar, Senegal. It was built by D'lallo, 

a mason, using sand and cement alone, without the addition 

of expensive imported wood or steel elements. The idea of 

introducing the vaulting technique to Senegal had been pro

moted by a group of architects from a United Nations agency. 

For them this prototype represented the successful first phase 

of developing inexpensive building systems. Placing it on an 

accessible lot in Dakar as a demonstration piece was the be

ginning of the second, implementation, phase. A resident of 

Nianing, Florentin Diouf, saw the model and envisioned an 

application of the prototype for the housing of an agricultural 

school he was planning for Caritas, a social-welfare organisa

tion.2 Diouf contacted the prototype sponsors, BREDA (a 

UNESCO Regional Bureau for Education in Africa), and thus 

Caritas and BREDA joined forces in the making of the Nian

ing Agricultural Training Centre. It was to become an experi

ment in regional self-sufficiency. 

1. The Nianing region. Near the Atlantic shore, the centre is 

surrounded by its fields and gardens and adjacent to the village of 

Nianing. 

A G R I C U L T U R A L  T R A I N I N G  C E N T R E .  
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Dellicour, Sjoerd Nienhuys, Christopherus' Posma, Paul de 

Walick; Master Mason: D'lallo.1 
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BREDA's Dakar experiment was stimulated by an allied 

UNESCO organisation, UNEDBAS (UNESCO Regional Bu

reau for Education in the Arab States). In 1973 UNEDBAS 

had published the results of their survey on constructing edu

cational buildings. The survey held as its basic premise that 

the architectural and social gap between school and society 

should be reduced. In order to realise this goal they recom

mended regional and local self-reliance in school construc

tion. Three components determine self-reliance: scale, la

bour, and materials. The scale of the project must correspond 

to a community's level of organisation. The labour force 

should be local, and organised by technical leadership that 

promotes on-site training, thus developing a community's 

base of skills. And the construction should maximise the use 

of indigenous building materials—an economic and cultural 

consideration. 

The Dakar prototype promised to fulfill all these ob

jectives through a short-span masonry structure. Working 

with the Dakar masons and suggesting new procedures, the 

BREDA architects developed a simple construction sequence. 

This building process was labour intensive, the materials local 

and inexpensive, and the enclosure sufficiently simple to 

serve a wide range of programmatic needs. The Agricultural 

Training Centre offered the first opportunity to apply and re

fine the system. 

The Agricultural Training Centre. The Agricultural Training 

Centre sits on two hundred acres (160 square metres) of land 

just to the east of the village of Nianing and less than a kilo

metre from the ocean. The site, like most of the Sahel region, 

is mainly flat, dusty savannah, dotted with hearty baobab 

trees. Subject to dry spells, the area was ravaged by a four-year 

drought beginning in 1968. ' Although droughts in Sahel-

Sudan countries are cyclical, this drought was exceptional in 

its geographic extent and severity, and, consequently, in the 

number of people and livestock it affected.4 Starvation could 

be countered by widespread foreign-relief efforts, but soil ero

sion and desertification, unstopped, have long-term effects on 

the agriculture of a region. Caritas Senegal, the sponsors of 

the centre, have been committed to developing agricultural 

capacities. Accordingly, they responded to the 1968-72 

drought with plans for a training centre. 

The objective of the Agricultural Training Centre is to 

introduce new agricultural methods to youths throughout 

Senegal in order to bring the region closer to agricultural self-

reliance. At the school, every two or three hours of classroom 

theory is coupled with five or six hours in the actual practice 

of farming and allied skills. For this purpose the school devel

oped a sixty hectare demonstration area on an adjacent farm. 

Though facilities at the school were intended for fifty, as 

many as eighty students have been enrolled at a time. Gradu

ates return to their villages after two years of training in agri

culture, animal husbandry, hygiene, and first aid. In this way, 

model farming methods taught to a few can be widely intro

duced for the benefit of many. 

The school complex is organised into three basic units ac

cording to function: the teaching block, the student dormito

ries with adjacent sanitary block, and the teachers' housing. 

The entrance to the centre (the main teaching block) leads 

through a portico and hallway which then opens into a large 

open hall, the focus of all social activities, used variously for 

meeting, instruction, and dining (there is no actual dining 

room in the programme). Connected to the hall by passage

ways and organised around an interior garden court are the 

single large classroom and school library. To the left of the 

entrance, enclosing a second courtyard, are the director's of

fice, kitchen, and service area. The open space between the 

teaching block and the student dormitories behind it is suffi

ciently protected to be used on occasion for teaching. 

2 , 3 .  A  s h a d e d  c o u r t y a r d  h a s  b e e n  d e f i n e d  b y  c l a s s r o o m  b l o c k ,  

student dormitories, and teachers' housing. 



All student rooms open onto a common courtyard, closed 

at one end by the sanitary block and at the other by a block of 

faculty housing. Each of the six student houses accommodates 

twelve students, two men to a room. The sleeping rooms are 

arranged around a shared common room. When enrollment 

swelled to eighty, some common spaces were appropriated for 

needed sleeping rooms. The two large blocks of the instruc

tors' houses define still another courtyard to the west. Units 

are of two sizes, one or two bedrooms, each with living room 

and shower/water closet. 

An Architecture of the Vault. The architecture of the Nianing 

centre is based on a structural system of barrel vaults support

ed by parallel bearing walls. As this is a compression system, 

no imported steel or expensive timber is required. Rather, lo

cally available masonry materials are used for construction.5 

The structural capacity of the materials—sand and ce

ment-— is the major determinant of the vault span; however, 

the length of the vault can be any dimension desired. For the 

sake of expedient construction, vault spans were standardised 

to either 301 or 141 centimetres (the 141-centimetre vaults 

cover service spaces). The vaults are constructed parallel to 

each other with the outer walls of any group buttressed to 

compensate for the outward thrust of the vaults they support. 

When the programme needs called for a space wider than a 

301-centimetre span, arched openings were made in the bear

ing walls to extend the space. As many as three vaulted spaces 

are combined into a single room through arching. 

The infill end walls are the major source of light and air. 

The openings filled with claustra work soften the light as it 

enters the building. They also permit the free circulation of 

air—no glass is used for windows—while being sufficiently 

deep to prevent rain from entering the building. Although the 

client initially feared the low nighttime temperatures in win

ter would require greater insulation, the 20-centimetre thick 

sand-cement brick walls and the cement vaults offer reason-

4. Site plan, plan of classroom block, partial section through class

room block. The centre is organised into three blocks—classroom, 

student dormitories, and teachers' housing; the space between 

forms courtyards and open walkways. The architecture of the 

Nianing Agricultural Training Centre develops a simple structural 

theme into a rich composition of light, texture, and colour within a 

clearly ordered community of spaces. 
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able thermal protection. The walls proved to retain sufficient 

daytime heat which was then radiated at night to ensure satis

factory nighttime temperatures in the dormitories. 

The school's plan is realised with a limited number of ele

ments, using the span of the barrel vaults as the primary mea

sure of space. By varying the vault length, combining vaulted 

spaces into groups, connecting parallel spaces with arched 

openings, and clustering groups to create interior and exterior 

courtyards, a spatial hierarchy is created. 

As a complex, the architecture of the Nianing Agricul

tural Training Centre develops a simple structural theme into 

a rich composition of light, texture, and colour within a clear

ly ordered community of spaces. And it accomplishes this end 

within a limited economic, material, and constructional 

framework. The architecture is a remarkable exercise in the 

discipline of constraint. 

Construction. In giving the BREDA team complete freedom, 

Caritas made it possible for them to experiment with the 

building system. This was particularly valuable since BREDA 

could realise its two goals: to construct a good building; and to 

develop a building process which would offer the maximum 

investment in the community economy (here seen as reducing 

the investment in materials in favour of increased labour ex

penditures). The BREDA architects, along with third-year 

students and professors at Dakar's Ecole d'Architecture, 

planned the project in the first half of 1976. Two students 

were then hired to elaborate the initial drawings before con

struction began. During the thirteen months of work on the 

centre, the initial plans and details were changed, construc

tion techniques and training and management of labour were 

improved, and various systems for paying worker wages were 

tried. From their experience in Nianing, the BREDA team are 

convinced that allowing for a period of experimentation and 

training during construction is essential for developing self-

reliance in building. 

The first construction phase—building the student dormi

tories—brought about the greatest number of innovations.6 

With priority given to developing masonry skills, the BREDA 

5. Classroom courtyard. 6. Main classroom. 7. Social hall. 



architects supervising the work found it necessary to reject 

inadequate workmanship. Some walls were demolished and 

reconstructed to assure quality. Contrary to local practice, the 

masonry was left exposed, free of all finishes. This was done 

not only to reduce costs, but to encourage quality in the pro

duction of the bricks and in the bricklaying. 

The building process of the centre was characterised 

by successive refinements. There were adjustments to the 

structural system and its construction technique; and gradual 

improvements came in the quality of masonry craftsmanship, 

efficiency in execution, and development of an increasingly 

effective method of labour management. 

Brickmaking. The first step in the construction process was 

producing the bricks. The materials for brickmaking, sand and 

cement, were obtained locally; sand is a material found in abun

dance in and around Nianing. Two types of sand were used: sea 

sand, which was taken from the upper sand layers along the 

beach and desalinated naturally by the rain; and dune sand, 

scraped from beneath the upper earth layer. Added to equal 

portions of these two sands was a small amount of local cement 

comprising eight percent of the total mixture weight. Formed 

into masonry units, this mixture can withstand 175 kilograms 

per square metre of compression stress (more than necessary for 

the centre's structure), and is resistant to erosion. Since the 

structure was subject only to compression stress the exclusive use 

of local materials was possible. 

The sand-cement mixture was formed in metal moulds by 

a brickmaking crew. Bricks of three sizes were moulded; a 

8. Constructing vaults at Nianing. For this experiment in regional 

self-sufficiency, both skilled and unskilled labour were recruited 

from the area. Construction provided the workers with training. 

Several men who began as common labourers rose to the status of 

mason during the project. 

9. From right to left, the sequence of constructing arches for the 

main classroom. 

10. Axonometrie illustrating construction sequence of the Dakar 

prototypical vault. A movable wooden form is seated on the bearing 

walls. On the form is placed a shuttering of millet stock (a) fol

lowed by a layer of sondi cement (b); wire mesh (c) is incorporated 

at the apex of the vault; and a second layer of sand/cement (d) 

completes the construction process. 



fourth brick size was made by cutting down the largest brick.7 

The bricks were made with a single metal mould that could be 

compartmentalised according to the desired brick dimensions. 

Partway through the project, a second mould was added, elim

inating the need to cut bricks. 

Once in the mould, the sand-cement mixture was shaken 

and tamped with a wooden mallet to compress it. The bricks 

were turned out and cured on a cement slab for a period of six 

days. During the drying period they were sprinkled with water 

and at times covered with plastic or straw to prolong the dry

ing process. The brickmakers patterned a number of bricks 

with relief designs. The masons then used these special bricks 

as decorative elements in the walls. 

The workers made two types of brick claustra: trapezoidal 

and triangular. Also cast in metal moulds, these units were 

made of the same sand-cement mix, and were cured using the 

same methods. 

Building Bearing Walls. Construction of the short-span struc

ture began on rammed earth foundations, stabilised by later

ite. The bearing walls supporting the roofing were made of 

solid blocks in order to ensure homogeneity and to counter 

the horizontal forces of the roofing units. Outside walls were 

buttressed to absorb the thrust of the barrel vaults. All the 

bearing walls were topped with a protruding course of brick 

that served as a shelf for the form work used during the erec

tion of the vaults. 

In constructing arches, a brick "forming" wall was built 

without mortar to the shape of the desired opening. This wall 

could then be dismantled upon completion of the arch. To 

help shape the semicircular forming wall, a plank was placed 

at the center of the desired opening and used as a compass to 

draw the construction form. This technique proved to be an 

easy one for the masons to use, and made it possible to span 

wall openings of 7.2 metres using only masonry. 

Forming Vaults. Vaults were built with plywood struts to sup

port a shuttering of millet-stalk matting; installing this frame-

1 1 .  C o n s t r u c t i o n  c o m p o n e n t s  o f  b u i l d i n g  s y s t e m :  e n d  i n f i l l  w a l l ,  

decorative brick details, claustra, vaults, scupper. Sand, the pri

mary building material, was obtained locally. 

work required no special skills. A layer of mortar was then 

applied in the same way as for slabbing. Wire mesh was in

cluded along the centre of the first vault layer to stabilise the 

mortar. The subsequent mortar layers were laid after the shut

tering had been removed. When completed, the thickness at 

the vault's summit was 4 centimetres. Making such a vault 

presents no particular difficulty, although a strict order of 

working is necessary to ensure good stability during the proc

ess of construction. 

Labour. There were two major divisions of labour: brick pro

ducers and masons. All labour came from local sources, since 

there was an abundance of unskilled workers in the region at 

the time the project began. The construction system was de

signed to require a minimum of specialised skills; the only 

specialists on the site were the few masons who were required 

to assure quality in bricklaying. Thus, the number of tasks to 



be mastered by any one person was limited, enabling the un

skilled labour force to develop the necessary skills. 

Work on the site was begun by the master mason and his 

assistant, both of whom had built the short-span prototype in 

Dakar. At the end of one month, the team consisted of six 

masons and twelve unskilled labourers. Regular supervision 

was carried out by the BREDA architects two or three times a 

week. A few months after the work had started on the site, 

the team consisted of ten masons and twenty workmen. As 

the work progressed, the master mason trained teams consist

ing of one mason and one workman; it was estimated that half 

of the unskilled labourers were trained as masons during the 

construction period. It was the duty of the site foreman to 

recruit the necessary labour, and it was he who proposed the 

composition of each category of workers. The workers were 

paid by the local Caritas representative, at the rates laid down 

in the Collective Agreement for Buildings and Public Works.6 

Important training was also acquired during this period by 

the BREDA team. From the construction of the first small 

experimental vault to the school's completion, the team im

proved the design and implementation of the system, so that 

other projects built subsequently were built quickly, without 

constant supervision, and more cheaply. 

Economics. Per metre construction costs—expenditures for 

labour and materials—declined as the project progressed. The 

student dormitories, where the system was first introduced, 

were built at a cost of 12,400 CFA per square metre. Costs 

were later reduced more than 30 percent due to simplification 

and modifications made in the construction process and to 

experience acquired by the masons. Overall, construction 

costs averaged 10,000 CFA per square metre, the figure stipu

lated by the client at the outset. ' And labour expenditures 

accounted for a full sixty percent of the total 17 million CFA 

cost of construction. 

When the BREDA vault system was compared to other 

roofing systems, only undulant cement roof proved to be less 

expensive.10 Only slightly more costly, the BREDA vault sys

tem offered the added benefit of training the local population 

to build for themselves. 

Replicability. A series of eight projects, based on the short-

span system, were built following the construction of the 

Nianing centre: chicken coops for the Agricultural Training 

Centre, grain silos built in Ndiarao, a private school in Nian

ing village, a chapel at Sandiara, a nursery school in Dakar, 

an intermediate technical school at Nguekohe, a centre for 

Intermediate Practical Education in Koubanao, and a Koranic 

school in Melika. " These projects testify to the adaptability of' 

the short-span masonry construction system for a variety of 

programmatic needs. In each of the projects building costs 

were considerably lower than those of conventional modern 

construction methods. By the use of entirely local labour, with 

wages comprising sixty percent of the total building cost, 

these projects made optimal use of community resources. Self-

reliance in construction was realised, and in teijms that are 

architecturally gratifying. 

Subsequent applications of the Nianing building system in Senegal. 

12. Grain silos, Ndiarao. 13. Chapel, Sandiara. 14. Classroom 

of Koranic school, Melika. 15. Private school, Nianing. In addi

tion to the four projects shown here, four other buildings based on 

the short-span system followed the construction of the Agricultural 

Training Centre. 


