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ABSTRACT

SELF-HELP LOW-COST HOUSING CONSTRUCTION
TECIINOLOGY IN BRAZIL

Brazilian cities suffer from an increasing shortage
of housing for low-income peorple. Governamental efforts to
eliminate the p.oblem have not been successful, and there is
a need for other approaches to the problem, Among these, self-

help housing seems to be very promising.

In this study, a self-hclp low-cost housing techno-
. _ . . 2
logy is presented, and the construction of a 22 m” prototype
is described. The development of the technology was based on
four parameters: User's participation, use of low~cost materi-

als, modular coordination, and man-egquipment interaction.

The technology was developed to provide the basic
shelter , which consists of the following sub-systems:
foundation, walls, plumbing and electrical systems, floor

and roof.

The results obtained in the construction of the
prototype encourage the adoption of the approach used, and
provide a basis for further development of the technology

to easy the housing problem in Brazil.
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INTRODUCTION




CHAPTER T

INTRODUCTION

1.1 URBAN HOUSING DEFICIT IN THE STATE OF
RIO GRANDE DO SUL - PROBLEM STATEMENT

1.1.1 Migration

The State of Rio Grande do Sul is located in the
extreme south of Brazil, having borders with Argentina and
Uruguay. Its climate is sub-tropical and its economy is
based on agriculture. However, there is an increasing level
of industrialization which brings important modifications to
the distribution of the population throughout the state,
with a tendency to concentrate in the main cities. This
internal migration, which is very characteristic of economies
in development, brought to the cities a great number of un-
skilled labourers who could not be absorbed by industry:

"the preoccupation to create a strong industrial sector in
the country generated a process of concentration of invest-
ments. As a consequence, we had the uprising of poles of
growth and the decontrolled attraction of migration flows,
which provoked an increasing housing deficit in the large
cities". (1)

In this thesis, a proposal to help solve the housing
deficit of the capital, Porto Alegre, is presented. The
proposal addresses the problem at the technological level

only.




Squatter settlements are directly related to migration
flows, and so the characteristics of the people who compose
them must be studied to understand their attitude and their

expectations about the future.

An increasing mechanization of agriculture, together
with a tendency to concentrate the land in the hands of a
small group, left the common countryman without work or land.
Their only option is to migrate to the city, even without
skills or a prearranged job.

(2)

D.J. Dwayer defined two different patterns of
migration: "Step Migration", where the migrating people move
from the rural area to a small city, from there to a larger
one, and so on. By this means, they can reach the capital or

a very large city, but the adaptation process from rural to

urban environment happens gradually.

The second way is the direct move from the rural
context to a large city. In this case, there is no possibility
of gradual adaptation. The migrant does not have time to learn
a job or get used to the rhythm of the city, so his chances of

failure in the new situation are much larger.

The migrants tend to find jobs which do not require any

skills. As a consequence, their income is usually extremely




low. Many of these workers are not even legally hired and
do not have a permanent job. These illegal procedures,
possible only due to the ignorance and their need to survive
in the city, prevent them from using the government's social
support (such as medical assistance) or to participate in

government housing programs to buy or build their own houses.

1.1.2 Natural Growth of Cities

The large low-income urban stratum is increased not only

by migration. There is also the natural growth due to the
large difference between fertility and mortality rates in the
city. "This combination of 'pre-industrial fertility and
post-industrial mortality', to quote Davis (1971), has given
the contemporary third world city the greatest rates of

(2)

natural increase ever found in cities."

Unfortunately, people born in the lower social and
economic levels of large cities do not have the chance of a
good education, thus increasing the mass of future workers
without skills and with very restricted chances of having an

improvement in their level of life.

People from both situations described above will form

the larger part of the squatter settlement population.




Some will learn a job and increase their salary, but
this is not sufficient to improve their living standards,

as will be shown later.

Perspectives of the future do not leave anv chance for
optimism. Indeed, it seems that rural-urban migration and
high populational growth will remain the same or even get
worse in the near future, forcing the housing deficit for low

3)

incomes to increase in time, as shown in the graph below:

Maximum

Minimum

M.W. (Minimum Wage) C$ 80.00

‘l Deficit of Dwellings

(in thousands)

0 -1
M.W.

Year

Fig. 1.1 - Deficit of Dwellings for Low-Income
People in the State of Rio Grande Do Sul




Many attempts to solve the problem have already been
made by the government in these efforts. BNH (National
Housing Bank) has played a main role. 1Its activities must
be analyzed to see which are the problems the government
confronts and assess the possibilities of success in the

future.

1.2 PRESENT SOLUTIONS FOR THE HOUSING PROBLEM

1.2.1 The National Housing Bank (BNH)

BNH is a second line bank which centralizes all the
governmental housing policy decisions. Since adequate sub-
sidization of housing is not possible due to the scarce
resources of the country, the Bank developed a network to
capture the resources it needs. There are basically two
sources of funds: the Savings and Loan Passbook Accounts,
and an Employee Guarantee Fund financed though payroll

deductions.

The Bank was created with the purpose of financing
housing for low-income families. However, it was also
necessary to finance houses for higher-income people apply-
ing higher interest rates, not only to lower the interest
rates of mortgages for lower incomes, but also to cover the

interest rates paid to the Savings and Loan Accounts.




With time, however, a distortion emerged. The
financing of housing for higher-income families became the

Bank's main task, absorbing the majority of its resources.

The maintenance of such distortion generated a surplus

of capital, which was applied to sectors other than housing.

"From its origins as an institution primarily
responsible for tackling the ubiquitous low-cost
housing problem, the BNH has evolved into a
super-adency unparalleled in Latin America. Its
concerns cover a full spectrum of urban affairs:
sewage and water networks, mass transit, real
estate markets, community facilities, the cons-
truction industry, building materials supply, and
job training. This broadening of the housing
bank's surview has been based partially on a
surplus of loanable funds for strictly housing
purposes, and partially on a perception of the
interrelationships among the many dimensions of
the urban environment." (4)

To improve the performance of the Bank in the lower-
income sectors, a new low-income housing finance system
(SIFHAP) was formed. Basically, it established new relation-
ships between the BNH financing agents and the state housing

companies (COHAB), which were to play the main role.

There are three main programs under COHAB's supervi-

sion in the state of Rio Grande do Sul:

a) PLANHAP-RS: It finances the families' earnings

between 2 and 5 MW (minimum wage) through a loan

payable in 20 to 25 years.




b)

c)

PLOFILURB: This program intends to provide sites and

services to families earning less than 2 MW. The
house must be provided by the dweller without finan-

cial support.

PROCASA: It is similar to PLANHAP-RS, and is aimed
at families that already have a site and wish to

obtain financial support to build their houses.

BNH also works with other institutions whose main

efforts are focused on low-cost housing. They are: the Muni-

cipal Housing Departments (DEMHABs), whose main interest is

becoming to provide families with the site, instead of the

house;

the Housing Cooperatives (INOCOOPs), who work with

families earning between 5 and 10 MW; other smaller insti-

tutions working with specific BNH programs.

1.2.1.1 Problems Found in Mass Housing Proijects

In spite of the efforts of such institutions, it is

still extremely difficult to reach the lowest income families,

even applving lower construction standards. Families earning

less than 2 MW have no possibility of financing their houses

through a BNH and COHAB program. Even in other programs not

related to COHABs, the financial support tends to be utilized

by families with incomes close to the upper limits of accept-

ance due to demand-supply unbalance and smaller financial

risks involved.




The lowest income families, therefore, have to solve
their housing problem by living in slums under extremely bad
conditions, commonly without any services (piped or even

treated water, sewage, pavement or electricity).

People who can afford to buy an apartment or a house
in a mass housing project do not reveal a high level of
satisfaction, either. The problems are not the same, but
the main ones are the long time required for the payment of
mortgages (in some cases, up to 25 years) which, together
with high unemployment and under-employment levels, causes

(5)

many families to fail to meet their obligations with the

consequent risk of losing their houses.

Low construction quality is also present in many
projects. This causes rapid deterioration, worsened by the
fact that people do not have resources left for maintenance,
since all are being utilized in the payment of the

instalments.

Other problems related to the mass housing projects
refer to their location. Normally, the projects planned
for lower-income people have the worst location, because
the land is cheaper in places far away from downtown. In
some cases, workers have to travel more than one hour to

reach the downtown area, and in some cases only go there




to take another bus which will leave them near their jobs

in another suburb. It is not difficult to find someone who
spends almost two hours traveling to his job. This implies
that they spend around four hours per day traveling in
crowded buses. But, more than the lack of comfort or waste
of time, there is the problem of cost. Bus tickets cost

more for long distances, and the poorest, who live far away
because the land is cheaper, spend a good portion of their
salaries on transportation. This can consume up to 20 or 25%

of the salary of an unskilled construction worker.

Architectural solutions presented in mass housing
projects - more specifically, reduced room dimensions - are
not satisfactory. The room size in one such project was

(6)

2 x 3 m, or 6 m2, far below the minimum recommended

(9.3 m2 2

for the first bedroom and 7.9 m~ for the second).
People believe that the sacrifice is excessive to pay for a

house that is too small from the beginning, for over 20 years.

It is not difficult to understand, with all these
problems, why low-income people often do not trust the
government initiatives related to mass housing projects,
preferring to live in squatter settlements, even when the
living conditions there are so bad, or, in other cases, why
people return to the squatter settlements after having lived

for some time in a mass housing project.




Basically, they feel that it reguires overall an

excessive effort without enough return from it.

1.2.2 Housing Construction Technology Presently Used

An analysis of the technology available at the moment
will provide information on how it contributes to (i.e. fails

to reduce) the housing problem of low-income people.

Technology in this context is very important from two
points of view: with respect to its diffusion in the cul-
tural heritage and with respect to its cost. Technology is
always more accessible to lower-income people when it is
transmitted in a way that is integrated in the popular cul-
ture, and less accessible when it becomes more sophisticated

and requires specialized labour and equipment.

The first case is easily encountered in the so-called
"more primitive" cultures, as the South and North American

Indians, the Africans and Asiatic groups.

In these cultures, a house is accessible to everybody,
essentially because its construction technology 1is incor-
porated into the culture, and was developed based on raw

materials found in abundance in the place of construction.




Any man can build his house without depending on specialized
labour and equipment, and without needing to spend money

on costly materials.

In the developed cultures, specialization became a
more and more present feature. New materials could be used
and new technologies were developed. Construction then
became a specialized work. Since the poorest do not have
money either to buy the new materials or to hire the spec-
ialized labour, and because in these cultures the primitive

technologies have been abandoned in the past, these people
(7)

are now incapabie of providing their own houses. Ken Kern

understood this problem very well:

"It is unquestionably our drive towards specia-
lization (stemming from a basic failure on the part
of our whole educational system) which is primarily
resvonsible for modern man's inability to provide
directly his own shelter needs. Despite this trend
the owner-builder home can be an economical as well
as an aesthetic success. It has been so for centu-
ries for millions of families, and it continues to
be so today. Furthermore, the process of building
one's home can become one of the most meaningful
and most satisfying experiences in one's life - as,
indeed, it should."

Contemporary construction technology in Brazil will
now be analyzed, bearing in mind the considerations

discussed above.




In Rio Grande do Sul, the technology used in construc-
tion is based on a combination of materials and components
obtained from different levels of industrialization, and
require different levels of labour specialization, then

becoming more or less accessible to the people.

1.2.2.1 Foundations

There are basically two kinds of solution for founda-
tions. The first one is the direct foundation wall footing
or short columns directly laid on the ground, normally
utilizing stones. This technology is available to most of
the people, because it requilres little specialization.
However, material is expensive and some people prefer to

build short brick columns for wooden houses.

The location of the foundations in the ground (the
foundation layout) is a bottle-neck in the construction
process and normally requires a specialized person. The
reasons for such problems will be studied later. For now,
it 1s enough to note that this technology requires a certain
level of education, not always present, and a certain level
of intelligence to apply in each specific situation the
principles learned. It is not a coincidence that only the

foreman is allowed to set the foundation layout. This work




(at least in Brazll) is a reason for pride when it is well
done. Indeed, it is one of the most complex and sophisti-
cated operations, and it is one of the last to be learned
by the construction workers. 1In a few words, this foundation

technology requires a knowledge not available to everybody.

Pile foundations and drilled belled piers are also
commonly used foundation technologies. However, they require
special equipment, and are executed only by specialized

companies.

1.2.2.2 Walls

Walls are normally constructed of bricks or wood
boards. Another technology, using earth either as adobe or
as plastic covering a bamboo or wood lightweight frame, was
abandoned in favour of the first two. It was used in the

cities until five decades ago for internal partitions.

The brick wall technology is widely disseminated
among low-income people, mainly because many of them have
worked in the construction field as masons or assistants.
However, orobably the main reason to choose this technology
is the status it provides to the owner if compared with a

wooden house.




Unfortunately, people without experience in the field
do not achieve either a good quality or a reasonable produc-
tivity with this technology. The difficulties remain in
activities such as levelling, plumbing, measuring and
squaring. Time and practice are required to develop the
ability to provide precision to the walls. However, in many
cases, this practice can be exercised only in one's own house.
This situation is extremely frustrating for the people without

shelter.

Wooden wall technology presents less problems, since
the boards can be easily fastened on the framework of the
house (which, however, must have been correctly plumbed,
levelled and squared). However, the problem is not solved;
it only becomes easier, since now there is a smaller number
of larger elements to be precisely located. Also, wooden
houses provide inadequate thermal comfort in the winter, as
well as in the summer (with internal temperature varying
from +SOC to +3OOC), since the walls are composed of one
layer of boards (commonly 2.0 cm thick). There are also
problems related to maintenance, which is becoming extremely
expensive, forcing many owners to abandon correct maintenance

procedures.




1.2.2.3 Plumbing and Lighting

Plumbing and lighting are definitely specialized tasks
at the present technological stage. The plumber or electri-
cian has to read a drawing and translate the solutions

presented there to the real world.

In lower-cost housing, the user has neither the money
to hire specialized persons to design and execute these

systems, nor the knowledge and ability to do it by himself.
The problem is commonly solved by hiring a self-taught
person, with the risk of getting a malfunctioning and

dangerous system.

1.2.2.4 Roof

The roof is one of the most difficult parts of the
house to build; it must be impermeable to water and struc-
turally stable. A good roof should also present some
thermal insulation. The roof structure is normally
provided by a wooden frame, made by a carpenter. Commonly,
the covering material is clay tiles of asbestos-cement

sheets, which can be laid by unskilled labourers.

If the roof is a concrete slab, the work becomes

even more specialized. This implies an increase in the




roof cost. This solution is too sophisticated and expensive

to be used in a low-cost housing project.

Wooden and metal windows are produced in independent
factories by specialized labour in order to be competitive
in the market and keep a reasonable level of quality. The
owner has to buy these windows at the market price, and in
a low-cost house the cost of openings can go up to 17% (8) of
the total cost. Since many people cannot afford such expenses,

it is common to find curtains replacing internal doors and

pieces of wood nailed together replacing the windows.

1.2.3 Conclusion

It is important to understand that the lower-income
people do not have a satisfactory solution for their housing
problems. They cannot buy a house offered on the market due
to economic constraints, as shown in the analysis of the
BNH's activities. Also, they cannot utilize the current
building construction technology because it requires spec-
ialized labour. The result is an enormous effort on the
part of these people to buvild their houses the best they
can, paying for specialized labour as much as they can and
buying the best materials their constrained budget permits
them to do. Yet, the product of such effort is, quite

often, a slum house.




1.3 PROPOSED SOLUTIONS

Many proposals have been presented to solve the housing
problem. They come from practically every part cf the world
and are based on different approaches, requiring different
degrees of transformation in the receiving society, 1f they
are to achieve their original goals. For those who require
the deepest changes, only an economic organization with the
power associated with some international status, coupled with
a greater mutual comprehension, would permit the achievement
of some result.(g) Another current of thought is that it 1is
enough to transform the internal social and economic struc-

ture of the problem ridden country itself.(g)

United Nations consultants generally emphasize approa-
ches requiring from the government a certain level of con-
sciocusness about the problem. They ask for a larger effort

to solve the problem, enlightened by a clearer view of it.(9)

Some thinkers propose complete government responsi-
bility to solve this problem, and argue that it should
provide for all the housing needs of the population, perhaps
forgetting that they are talking about countries with scarce

resources.




Others support the view that lower-income people
should provide their own shelter through government-oriented
programs. This seems to be a more reasonable approach, since
it considers more realistically the economic situation, not
only of the unsheltered masses, but of the country as a
whole. As a matter of fact, squatter settlements are them-

selves a product of spontaneous self-help activity.

The basic arguments against the use of an approach

other than self-help are:

- the pragmatic recognition of the government's
incapacity to provide housing for all who need it,
at an affordable price. In Brazil, this incapacity
was admitted by the president of the BNH, who said
that the intention of the Bank is not to eliminate

the housing deficit, but to avoid its increase;

- users' dissatisfaction when living in government
sponsored housing projects. This kind of approach
proved to produce a housing solution far below the

users' expectations;

- the users' monetary problems that arise with the
purchase of a financed house: there is a decrease

in the level of living for an excessively long




period (25 years), and the lack of stable employment
frequently impedes the payment of the instalments on

time.

Quite frequently, these two causes force the users to
abandon the program or a repossession of the house by the

sponsor.

All of these problems reinforce the belief that a
self-help attitude is the only manner in which these people

have to satisfy their housing needs.

There are, however, many different proposals on how
to provide people with the necessary support for a self-help

attitude. The various solutions will be presented according

to a classification proposed by Reinaldo Roesch da Silva:(lo)

a) "Spontaneous" Self-Help System: the user controls the
majority of the decisions to be taken;

b) "Aided" Self-Help System: the user establishes his
goals according to a series of options and pre-
established rules;

c) "Oriented" Self-Help System: the user participates

in the construction process with his labour, but he
cannot interfere in the decision process in a signi-

ficant way.




1.4 SELF-HELP ADVANTAGES AND DISADVANTAGES

There are some advantages and disadvantages in a self-

help process, which are worth analyzing:

1.4.1 Advantages

- Construction costs are smaller for the owner-builder.

The savings come essentially from the management and
financial costs, and the labour cost. Of course, the
amount of savings depends on the kind of self-help

and the context in which it is carried out.

The savings come from the replacement the dweller makes
of the money he would spend hiring skilled labour or
someone to manage the construction process, by time

he spends constructing and managing the house by
himself. This reduction of costs is described by

William C. Grindley.(ll)

"Field work tells us that the owner-builder
method of planning, construction and mainte-

nance is efficient. The first major savings -
a conversion from money to time - occurs in
administration and management. Since an owner-

builder is, by definition, one who administers
and manages the construction of his house, this
very heavy liability is transferred into a
demand on leisure time, which the owner-builder
will happily give up (if, in fact, he does not
view building his own house as recreation or
therapy) for the saving in cash it will mean
for him.




"An owner-builder's savings on construction
costs range from 22 to 53% of the construction
cost of developer-built houses. It should be
emphasized that these savings do not include
the equity earned on the actual labour an
owner—-builder may invest in his house. Selec-
tive purchasing of materials and favourable
arrangements for construction help (donation
of time by friends, also use of moonlight
craftsmen, and so forth) also significantly
reduce costs.”

Maintenance costs are reduced. Mailntenance costs vary

fundamentally with the quality of the house and the
care the user takes of it. The quality of the

house, in its turn, depends on the quality of materials
used and the quality of labour. The well-oriented
owner-builder tends to produce a house of quality at
least as high as if it were built by a professional,
since he compensates his lack of skill by much more
responsible and careful work. Also, he only buys
materials he believes are good enough to last for a
long time. 1In other words, the owner-builder is the
most perfect quality controller of his work and
materials acquisition. With respect to the mainte-
nance, no tenant could take more care of the house
than the owner-builder. This is partially due to

his involvement and sense of responsibility developed
in the construction phase. Also, the skills and

knowledge he acquires at that time help him during
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the occupancy phase. The importance of a self-help

attitude in the maintenance of the house 1s expressed

(12)
by Ervan Bueneman.

"A person who has built his own home has a stake
in and an appreciation for that home. An indi-
vidual's involvement in the construction pro-
cess results in a feeling of responsibility
for his home; a responsibility which can
preclude the development of management
problems after occupancy."

The positive feelings of pride and satisfaction are

commonly much higher in a self-help process than in

a buying process. The self-help approach in con-

struction is not important to the owner only as an
economically adequate solution. There are many
feelings that come along with it. This point of view

(13)

is shared by Edward Allen. Two of the most impor-
tant are the feelings of pride and satisfaction for
what has been built by cne's own hands according to

one's own planning and design.

The author has noticed the human need to transform
and adapt the surrounding environment according to
his needs and preferences. Such need is more

fulfilled in a self-help housing process.




- The self-helper can build his house according to his

capabilities and availability of capital and time.

Since the self-helper provides his own work, he can
stop and restart the construction activity as many

times as he needs . He does not have to worry about
hiring and firing people with all the embarrassment

that this brings.

Also, he can capitalize his resources, buying construc-
tion materials which will not depreciate with time.
Actually, this is a very common procedure among

Brazilian self-helpers.

- The self-helper capitalizes his leisure time. Due to

the housing shortage, dwellings built by self-helpers
are wanted by people with better financial conditions.
When selling the house (if they so decide), they are

selling their work, improving their economic situation.

1.4.2 Disadvantages

The Puerto Rican Planning Board carried out a self-help

(

experiment 14) from which some conclusions were drawn. This
institution has ifound various problems related to their

experiment. It 1is interesting to note, however, that such




problems - or disadvantages - are not inherent to the self-

help approach and can be overcome. The disadvantages are

listed below:

"Too long a time is required to build self-help
houses (an average of six months to construct about

twenty houses).

To construct the dwellings, under a cooperative
arrangement with small groups that consist of fifteen
or twenty families, is difficult owing to the delicate

job of orientation.

An organization of engineers, inspectors and adminis-
trative personnel is required in the agency to

administer the program.

The cost of these dwellings, especially in the rural
areas ($350.00) does not reflect the true costs,
since this figure ignores the cost of the land in
the rural community, the salaries of the technical
and administrative personnel, and the cost of future
improvements to be made in the rural communities to
fulfil the government philosophy of providing

essential services.




5. The need to acguire and operate costly construction
equipment.
6. Construction by the families is imperfect because

of the lack of experience.

7. No great economies or efficiency in construction 1is
obtained, since the modern techniques of mass pro-

duction are not used."

This list of problems can be increased by including

the following obstacle to the use of the self-help techniques,

as mentioned by Charles Abrams:(15)

"Reliance on industrial workers to learn building
crafts and to find time and energy for building
will generally prove disappointing. The forty-hour
week 1s still a long way off in many places. Sel-
ection of those with common objectives and free
time is essential. But this tends to make each
project a special case and such benefits fail to
accrue to the bulk of the working population.”

Furthermore, the time spent in learning skills is a
costly and time consuming task: costly, because it implies
an administrative and teaching cost proportional to the
number of skills which have to be learned and to the

quality required; time consuming, because to learn such




skills is not a question of days, but months. And all this
learning process will be useful only for the construction

of one's own house.

Self-help housing presents specific problems when

its organization is based on mutual-aid groups.

The decision to participate in such programs is the
most important one of the whole process, and the owner must
be absolutely clear about what he is entering into. (16)
must be sure that this is the right time to do so. However,
government agencies in charge of creating and assisting such
groups normally do not rely on owners' capacities of analysis;
groups are formed through a selection of families who intend
to join the program. This selection is intended to select
those who are motivated enough to carry out the project to

its end, then providing each family with a reasonable stable

group. However, problems exist.

Due to the considerable employment instability, many
low-income people pass through unemployment or under-
employment periods, with practically no savings to deal
with such situations. So, investments that would normally
be applied in housing have to be deviated to more urgent

needs like food, medicine and clothes. Such facts allow




one to anticipate that two things might quite possibly happen.
First, the individual himself is unemployed and is obliged

to drop from the group. Secondly, other persons drop from
the group, forcing the individual to abandon the program

due to the absence of a group structure to support him.

Even if the owner-builder obtains a loan for his
construction expenses, he still may have financial problems
during the amortization period. The common procedure adopted
by financing agents in Brazil is to take the property back
after a three-month delay in instalment payments. Changing

this rule 1is considered to be a stimulus for bad payers.

Obviously, this repossession is even worse than
stopping the construction, because the self-helper has his

house already built.

All these considerations lead to the conclusion that
the self-helper should be provided with as much flexibility
as possible to start building his house. The ideal situation
would be to enable him to take his decisions individually
without depending on anyone else. Oppositely, the larger
the program and the more people he depends on to start his
housing process, the more artificial and "forced" this

starting point will be, with higher chances of failure.




After the analysis presented above about the impor-
tance of user independence with relation to a large program,
it is necessary to analyze the importance of this participa-

tion in the various phases of the housing process.

1.4.3 Conclusion

We have presented both the advantages and disadvantages
of a common self-help proposal. It is necessary now to
develop techniques which can utilize the advantages and
eliminate - or at least minimize - the disadvantages. Such

techniques will be proposed in the next chapter.

Management procedures and land and urban problems are
beyond the limits of this thesis, which is concerned with

the physical process of construction.




CHAPTER II
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CHAPTER IT

CHARACTERISTICS OF A USEFUL TECHNOLOGY

THE USEFULNESS OF TECHNOLOGY

[N
]

In essence, housing technology is useful in direct rela-
tion to its capacity to provide the attainment of a dwelling
responsive to the user's needs and expectations. This rela-
tionship should be kept in mind during the development of such

technology.

2.2 THE PHYSICAL PROCESS OIF CONSTRUCTION
DET'INITION

Technology 1s applied during the physical process of
construction, which can be defined as the transformation
and combination of materials into the final project (the
building itself), through one or more phases. These trans-
formations are obtained by the combined effort of man and

equipment.

2.3 CHARACTERISTICS OF A USEFUL TECHNOLOGY

Since the intention of this research work 1is the

development of a technology which enables self-helpers to




carry out the physical process of building, it is necessary
to analyze each part of the above definition and to propose
solutions that will utilize the advantageous characteristics

of self-help systems. The following aspects deserve special

consideration:

- The final product must be built according to the needs
and expectations of the self-helper. Thus, it is not
only necessary to provide for his participation in
the construction phase itself, but also in the design

and selection of materials.

- Certain technologies are developed only after the
materials to be used by them are specified (eg.: soil-
cement). The intention of this research work was to
predefine materials only for those sub-systems which
are part of the basic shelter. Such materials have to
be inexpensive and, at the same time, must provide the
house with satisfactory structural, thermal, aestheti-

cal, safety and functional performance.

- The use of modular coordination is important, since
it facilitates the standardization of eguipments and

procedures.




- The combined man-egquipment effort has to be studied.
This study will show how each of them has to interact
with the other to provide the best possible product
with minimum effort and cost. The interaction bet-
ween man and equipment will be established based on

their inherent characteristics.

- Finally, it is necessary to take into account the
characteristics of each material, in order to

transform and combine them more efficiently.

2.4 USER'S PARTICIPATION IN THE CONSTRUCTION PROCESS

2.4.1 Design Phase

The participation of the dweller in the design phase
is essential, since the needs of the family will be satisfied
only 1f its members are able to express them, preferably

without getting involved in technological problems.

It is necessary to determine to what extent this
participation is possible and useful, and what is the role

of the architect in this new interaction with the user.

Mass housing projects commonly standardize the

possible housing solutions, offering only a few different




layout options.Such a procedure is justified by the economy

of scale obtained.

(1)

An entity called "the average man" is used for the

determination of which solutions should be adopted. Unfor-
tunately, the number of families that will have their needs
really satisfied is very small, being cnly those who have

needs close to the adopted average.

Indeed, the needs of a family are as varied and diffe-
rent as are the relationships existing between the members of
each family multiplied by concepts and expectations of each
member of the family with respect to the house to be built
multiplied by the different economic conditions of each
family when building the house. This point of view is

expressed by Anne Vernez-Mondon, based on her observations

(2)

at Les Marelles:

"A second lesson from Les Marelles concerns the issue
of housing standards. The broad differences found
in dwellings that could be considered as belonging
to the same conventional categories are striking:
for example, the four apartments averaging 117 gross
square meters (including the terrace space), cover a
range of one to three bedrooms. Within this sample,
the sizes and types of kitchens, their relationship
to eating and living spaces are so varied that they
defy generalization and point to the actual variety
of needs, tastes and values prevailing in so-called
homogeneous segments of the housing market. On the
basis of these examples, one must seriously gquestion
the established norms and standards that are widely
applied in housing today."




It seems clear that users must participate in design
decisions. The planner must find a way to let them express

their needs without having special knowledge or ability.

Commonly, users' participation in design is restricted

to the dwelling itself, as in Les Marelles, the "supports"

(3)

or an experiment with low-income

(4)

families in Mexico City. However, users' participation

proposed by Habraken,

can be very worthy, as shown in an Argentinian experiment,
conducted by a research group from the Universidad Del

(5)

Chaco, where the information provided by the dwellers
helped to plan an urban structure which reached their goals
more nearly than if this planning were executed only with

the concepts normally used in urban planning.

At the single dwelling level, the above systems
present a limited freedom for users' expressions of needs.
There are some parameters that have to be kept unchanged:
the modular grid, the thickness of the walls, and sometimes

the plumbing system.

Normally, users are allowed to define the size of and
interrelationships between rooms. It seems that the use of
a 1:10 model of the house is the easiest and the most
approved way for users to express their needs. This model
includes walls and furniture, which works as a reference for

dimensioning the rooms.




Working together with the user, the architect plays
the role of counsellor and source of information. He must
not impose any solution, but rather explain the consequen-
ces of the solution adopted and the aspects which the users
must take care of. So, 1f the user decides to adopt a
solution, he is aware of the consequences that decision will

have.

2.4.2 Selection of Materials

Users should be given the possibility to choose the
materials and elements which are not pre-defined by the
technology to be used. This would provide greater satisfac-
tion and would utilize the different capabilities they may

have to obtain different materials.

The author's experience has shown that different users
find different conditions to buy the various materials. This
potential should be used to increase the users' purchasing

capacity.

These different conditions come with the purchasing
of recycled materials from demolished buildings, and new

surplus materials from other buildings.




It is also important to consider the self-helper's
previous experience. It seems clear that it would be better

if the user could utilize a material with which he has

already worked.

2.4.3 Construction Phase

User participation in the construction phase is very
important to minimize costs. This importance comes from the

amount of time and money consumed in this phase.

However, the development of a technology that could be
absorbed by the owner-builder cannot depend on any skill,
since it has to be accessible to those who have not had pre-
vious experience in building construction. This problem will
be analyzed in depth later. Now, it is enough to have clearly
in mind that this characteristic must be present in a techno-

logy that is pertinent for this application.

2.5 USE OF LOW-COST MATERIALS

Materials that will be utilized to build the basic
shelter have to be defined for the development of appropriate
technologies. Such materials must have certain characteris-
tics to be successfully applied. The requirements are

that they:




Be Resistant to Rapid Deterioration. The problem of

deterioration is more important when the owner does

not have much money either for maintenance or for
replacement of deteriorated materials. When poor
quality materials are used, the tendency observed
in existing low-income housing projects in Brazil is
to have the owner abandon maintenance activities,

(6)

provoking an even faster building deterioration.

Be Acceptable by the Users. Materials acceptance by

the users is essential, due to the importance of psy-
chological aspects in self-help construction. This
acceptance may even be transformed into an enthusiasm
that will help the user to overcome future problems
related to the materials. On the other hand, his
lack of confidence will bring a real risk to the
success of the process, since every problem will
serve to reinforce the owner's idea that he is

wasting his time and money.

Be Lasy to Utilize. The use of materials will be made

easier if no skill or special knowledge is required for
its handling. It is also interesting to use materials

which do not require special and expensive equipment.

Have Simple Quality Control. This requirement is

closely related to the one above. The reasons are




the same: the easier the control of the material,

the easier its utilization. If the material requires
sophigticated equipment or a long time for testing its
guality, the owner may avoid guality control, with

possible bad consequences.

- Have Good Performance. This 1s somehow too vast a

characteristic. Depending on their application, mate-
rials should be sound and heat insulators, present
reasonable impermeability, have good resistance to
compression, tension, dynamic loads, impact and

abrasion, etc.

These are the characteristics which should be present

(7,8,9,10) have exhaustively

in materials. Previous works
recommended two materials as deserving special attention:
soil-cement and wood. Each of these will be analyzed in order

to establish to what extent they can be useful as low-cost

materials.

2.5.1 Soil-Cement

- Cost. Soil-cement is one of the cheapest materials

to be found, basically because the major part of it -

the soil -~ can be obtained directly by the owner-builder




without any cost. The only cost is that of the
cement, added to stabilize the soil. Its cost is
around one-gquarter of that of a masonry wall with

similar characteristics.

Deterioration. If the mixing of the materials is

well-done, there is no risk of fast deterioration to
the soil-cement wall. There are, indeed, several
examples of soil-cement houses that have been kept
without major maintenance problems for several decades

(7)

in many places around the world.

Performance. walls shall be analyzed in terms of
acoustic, thermal insulation, moisture penetration,

structural performance, resistance to impact and

abrasion.

In terms of thermal insulation, the soil-cement wall
presents values which are similar to a brick wall.

1)

. . Lo (1 .
Experiments in Brazll( provided the value of
-3 cal.cm o i i
K=1.83 x 10 TZgzsat 60°C. Some variations
are due to the percentage of voids in the material.
This percentage decreases with compaction, also
depending on the so0il granulometry. Water permeability

devends o the percentage of voids and on the granulo-

metry. The author's experience has shown that in any




case, it is necessary to apply a protective painting

on the outside of external walls.

The structural characteristics of a soil-cement wall
depend basically on the percentage of cement added to
the soil. It can be set at 6% for the soil found in
Porto Alegre, Brazil. This cement percentage provides
an average compression strength of 2.8MPa. The

Bureau of Standards of the U.S.A. published a report

on structural, heat transfer and water permeability
properties of various earth-wall constructions. The
strength test results were presented in THE OWNER-BUILT

(12)
HOME from Ken Kern .

Facility of Use. Soil-cement is one of the easiest mate-

rials to work with, independently of the construction
system proposed (small blocks or rammed wall). This
facility is due to a series of factors. Some of the

more important are:

- no requirement for sophisticated equipment or care

to handle the material;

- no requirement for special facilities for material

storage;

- no requirement for special training of labour to

use the material.




- Acceptability by the Users. The material is well-accepted

due to the users' past experience with similar materials.
In the State of Rio Grande do Sul there is a traditional
way of building using earth and wood; there is also the
frequent use of adobe construction, mainly in the

countryside.

- Quality Control. The quality control of soil-cement is

extremely easy. It does not reguire expensive equipment
or special skills, or even great knowledge by the person
charged with it. 1Indeed, this control can be carried
out by the self-helper. There are some procedures

that provide good information about the quality of

(7)

the material to be used. These procedures will

be described below.

2.5.1.1 Procedure to Select Soil

Granulometry Curve

The Granulometryv Curve is fundamental in the use of
soil-cement. A high percentage of clav would require too much
cement to stabilize the soill, while an excess of sand would
also bring about some problems, since there would be no clay
to fill up the spaces between the sand grains. The following

soil characteristics are proposed:(l3)




a) Grain Size Distribution Limits:
Maximum Size : 7.5 cm
Passing No. 4 Sieve : at least 50 percent
Passing No. 40 Sieve : 15-100 percent

Passing No. 200 Sieve: not more than 50 percent

b) Plasticity Test Limits:
Liguid Limit : not more than 40
Plasticity Index : not more than 18
c) Organic Content:
Upper Limit : 2%

Water addition also has to be controlled. Normally,
the value which produces the maximum density of compacted

material can be adopted.

The best way to obtain the information is through
laboratory tests. However, extremely simple field tests can
also be carried out by anyone without any problem. These
field methods are described in several publications. Ken
Kern (12)described one of these methods, which provides

basic information:

"The simplest test is merely to pick up a handful of
dry earth and to rub it between the fingers. Sand
particles are gritty to the touch, while silt and
fine particles adhere closely to the skin and have
a silky feel."
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Clayey so0ils should be avoided. In another field

. 12
test described by the same author:( )

"In another field test for determining exact sand-
clay proportions, £ill a one~guart mason jar one-
quarter full of the soil sample. The earth should
first be screened through a No. 4 sieve, 6 squares
per inch. The jar is then filled with water, and
a spoonful of common table salt is added to speed
up the settling of the clay. The jar should then
be agitated thoroughly and allowed to settle for
one hour. The sand and clay will settle in succes-
sive layers, the bottom layer being sand and the
top layer being clay. Measure the height of the
sand and divide it by the total of soil settled
in the bottom of the jar. This will give the
percentage of the sand in one's sample."

The percentage of sand should be between 50% and 85%.

2.5.1.2 Cement Dosage in the Mixture

The cement percentage depends on the type of soil used
and the desired final strength. Clayey soils reqguire a higher
percentage of cement, since the volume of clay to be stabilized
is larger. So, a sandy soil is more economical. There must be,
however, some amount of clay to fill the spaces between the

sand grains.

In sandy soils, the percentage of cement can be as
low as 6% in weight, while in clayey soils it can go up to

12

oo

in weight to obtain the same resistance. In practice,
the percentage of cement is measured by volume, using

appropriate boxes.




2.5.1.3 Soil Obtainment
To obtain soil is not as easy as 1t would seem at first
glance. This is due to three main factors: soil glanulometry,

volume of soil to be used, and the need to use socil without
organic material. Due to this last factor, it is necessary
to excavate the ground and remove the upper layer. This
layer can be as deep as 1.0 meter. Soil containing organic
material is characterized bv the colour (dark soil) or by

the presence of roots.

The volume of soil required may be very high.

For instance, the volume of soil is about 25 m3 for a wall
20 cm thick. This represents a hole of 5 x 5 m, 1.0 m deep.
Adding the layer which has to be removed to avoid organic
material, the result is a hole of 5 x 5 x 2 m. It seems
obvious that, for the majority of cases, the soil cannot

be obtained from the user's courtyard. It must be obtained
from another place, preferably from a public place which has

to be levelled near the construction site.

2.5.1.4 Ways of Using Soil-Cement for Walls

There are two basic ways of using soil-cement:
small blocks and monolothic wall. Both ways have advantages

and disadvantages. The basic difference between them in terms




of cost refers to the amount of cement to be added to the
soil. Small blocks require a greater percentage of cement,
since the entire wall becomes less resistant due to the
greater number of joints and localized compression forces

across the joints.

The relationship between the resistance of laboratory

. . 14
test specimems amd the actual wall 1s:( )

Blocks R = 0.28 R
w L
Monolitic wall R_ = 0.55 R
W L
where Rw = resistance of the actual wall
RL = resistance obtained from laboratory test specimens
2.5.1.5 Other Ways of Soil Stabilization

There are other ways to obtain soil stabilization.
Two of the most common are the addition of bitumen or lime
to the soil. Bitumen is mostly used when small blocks are
to be used. The bitumen makes a thin film that surrounds
the clay particles, thus stabilizing the soil. This

process is more suitable when clayey soils are used.




Lime as a stabilizer is used alone or with the
simultaneous use of fly ash, which takes the place of clay
and silt when the soil is too sandy. The compressive strength
of the mixture of so0oil with the lime increases more slowly

than when cement is used.

2.5.2 Wood

It 1s necessary to divide the analysis into two parts,
the first one referring to timber such as pine and eucalyptus,
and the second to bamboo, which is an excellent material for

certain uses.




2.5.2.1 Timber in Pole Construction

Timber will be analyzed according to the

criteria used for soil-cement.

- Cost. The cost of poles for structural purposes is
much lower than the cost of other materials, such as
reinforced concrete, steel, or even lumber. The
low cost justifies the use of wooden poles
as construction material for low-cost housing. In
Porto Alegre, an untreated log 5000 x 100 g mm costs

about 0.75¢, or 0.15¢/meter.

Furthermore, if adequately planned, the cost of timber
in a large housing project could come close to zero.
Since it is utilized practically in natura, it seems
feasible to organize a housing project in which

one of the points would be the planting of trees to

provide these poles.

If used for light structures, like roofs with short
spans, these poles could be obtained from fast-growing
species. Trees of a suitable diameter could be cut in

21 or 3 years.




Deterioration. Deterioration 1is always considered one

of the weakest features of wood. However, if certain
procedures are followed, the wood structure will
last as long as the entire house. When wood is used,

three procedures should be observed:

- it should be chosen from a wood with high natural
resistance to fungi and insects, mainly if poor

maintenance 1s expected;

- the wood diameter should be chosen before its
use: "if untreated poles are to be used, the
effective diameter should be taken as the dia-
meter exclusive of sapwood, as sapwood is liable

to decay";<9)

- the design should always help the preservation
of the timber: "ventilation should be provided
to ensure that any molsture which enters into
the wood dries out before any decaying organisms

(9)

can develop".

Structural performance. Wood has good resistance to

compression and tension, while being a light material.
Also, "the round pole possesses a very high proportion

of the basic strength of its species because knots




have only half the effect on the strength of naturally

round timbers compared with sawn sections.

"Generally, poles could be very easily erected and
provide a rigid framework to support the roof and

9
walls and, if necessary, part of the floor as well."( )

As can be seen, poles present a good structural perfor-
mance if adeguately used for housing framework, and

more specifically, for roof structure.

Other performances. The susceptibility to fire

hazard is diminished in pole construction, 1if compared
to light frame structures. This is due to the larger
cross-section used in pole construction, which allows
a structure with fewer elements. The larger sections
also last longer when exposed to burning due to

greater volume/surface ratio.

Facility of use. Pole construction is more appropriate

than lumber for use by unskilled labour. This is due
to the smaller number of pieces which have to be
handled, and to lower precision requirements for

cutting and fitting.




There are other advantages to wood: it does not pass
through any chemical transformation when it is beinc
used; it does not require either special facilities
for storage or special equipment; abilities required
to work with wood such as nailing, sawing, etc. can
be easily learned, and indeed, most people already

possess them.

Acceptability by the users. Since wood is one of the

oldest, and most widely known and used construction
materials, there is no problem of acceptability.

Pole structure could give a more rustic impression,
and some self-helpers may have a certain resistance

to it. But, since it will be utilized in the roof and

covered later, this problem, if existent, is minimized.

Quality control. The only gquality control required 1is

related to the diameter of the poles used, since it
comes ready from nature. If the wood is treated, the
quality of this treatment should also be controlled.
However, these are not difficult tasks and could be

performed by the owner.




2.5.2.2

ggmboo

Cost. Planting costs are very low, since bamboo does
not require special eguipment or very fertile soil.

The growing phase does not require special and constant
attention either. Equipment used to process the bamboo
after cutting does not contribute an important part of
the cost. Preservation against insects and fungi is

the main cost factor in the use of bamboo.

Deterioration. Most of the bamboo species are very

sensitive to insect and fungi attack. The lifetime of
untreated bamboo is very short: "bamboo posts embedded
in the ground are destroyed in six months to two years.
Bamboo stored above the ground gave, in tests, a

useful life of 22 to 41 months. Bamboo, under cover
and not in contact with the ground, may last from two

(8)

to seven years."

Structural performance. The strength of bamboo

"varies with species, age, growth conditions, moisture
content, disposition of nodes, and position along the

culms”.(8) It presents a high tensile strength which,
however, cannot be fully utilized in bamboo-reinforced

concrete, since it "would fail in shear long before




(8)

its full tensile strength was developed". For

design purposes, the modulus of rupture is adopted.
It "varies from 900 to 1700 kg/cm2 or an average of

8)

1300 kg/cmz".( "The compressive strength parallel

to grain ranges from 315 to 725 kg/cm2 Oor an average

of 520 kg/cm?", (8)

The above values show that bamboo can be used as a
structural element, alone, or combined with concrete,
"as reinforcement in flat as well as sloped roofs,

(15)

beams, stairs, cantilevered porticos" and other
I

situations.

Water permeability. Large-diameter bamboo can be used

as roof tiles, adopting 30° as the minimum pitch.

Such roof "can be made completely watertight.(g)

Facility of use. Bamboo can be processed, cured and

used without requiring sophisticated equipment.
The processing of bamboo consists of cutting and
splittinc the clums. Bamboo "cutting is generally

done by hand with axes, machetes or saws".
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Splitting is done with very simple devices, since
bamboo already has such a tendency. Generally
speaking, any object which can expand a crack in

the clum can be used to split it.

The use of bamboo as roof tiles is extremely easy,
since it consists basically of superimposing the
halves previously prepared. The only restriction
refers to the use of nails. Most of the bamboo
species will split if large nails are used. Small
nails can be used, but the best solution is to have
the elements lashed to each other. Horizontal joints
are simple, but joints for vertical elements are more
sophisticated. 1In any case, this is a problem in

using bamboo in roofs.

The use of bamboo in reinforced concrete is a more
sophisticated work. Only well-oriented and supervised
workers can use it, which limits its use in self-help

housing.

The use of bamboo is also limited by the need for
preservative treatments, The simplest methods are:
water leaching and coating (not efficient for

exposed inner walls). Chemical treatment is more




effective, but also more dangerous, and its use should

be adopted only when safety procedures are ensured.

Acceptability by the users. 1In Brazil, bamboo has been

used in fences, lightweight roof elements and as
reinforcement for mud plaster walls. It is also used
as water pipes in rural areas. These varied uses made
this material well-known, mainly by the low-income
people, which increases the possibility of acceptance
for new uses, especially if these prove to be more

economical than traditional elements.

Quality control. The use of bamboo as a structural

element requires constant supervision and control,
which makes its use only possible in a well-organized

housing project.

For roofs, attention has to be paid to fastening
procedures, and to the integrity of elements used (to
avoid partially splitted clums). These tasks, however,
can be performed by the self-helpers without much

training.
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2.6.1

2.6.1.1

USE OF MODULAR COORDINATION AND STANDARDIZATION

The use of modular coordination has its importance
d in three stages: during the design and production
equipment, during the design of the house, and during

of the equipment in the construction process.

Modular coordination should be incorporated into the
ment of technologies from the preliminary stages, so
can exercise its influence and bring benefits from

inning. Evidently, the design will influence the

solutions.

Design forms an important part of the preparation
for construction and can influence not only its
quality, but also the method of construction,
productivity of labour and construction cost. It
is possible to use design to create prerequisites
for rationalization and the industrialization of
construction. Standardization and design influence
the quality of construction”. (16)

Advantages and Disadvantages of Modular Construction

Advantages

Cost of equipment (eg., wall forms) is reduced. Since

a few different sizes are used, the same eguipment can

be used several times, even by different users, who

adopt the same modular grid.




- Technology is more easily learned and adopted. The
small number of different activities facilitates the

learning process.

2.6.1.2 Disadvantages
- Limitation of freedom in the design process. This
. . (17)
reduction of freedom is seen by some authors as

a need for"'creative discipline' which, nevertheless,

does not mean unifcrmity or monotony".

2.6.2 Characteristics of a Sound Modular Design
(18) . .
Marcel Franssens emphasized the need to base design
. . (19)
on a detailed observation of the real world. George Banz

differentiated between "oppressive" and "non-oppressive"
modularity. The second kind would be the answer to the

problem of the reduction of freedom in modular design.

To obtain a non-oppressive modularity, we established

three conditions to be met:

1. All industrially-produced modular components must be
definable in human (experimental) terms and not

merely in terms of production process.
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Modules must be diverse enough to be able to
accommodate all functions they are expected to

serve.

Modular design must be open-ended so as to permit

the occupant of the "modular environment" any desired

elaboration of spatial arrangements and architectural

form acceptable to the community".

Other characteristics are:

minimum eqguipment diversity;

matched to ergonomic premises with respect to

equipment size and weight.

Proposed Modular Grid

The figure below shows the results of a survey about
(18)

the size variation of certain rooms .
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Fig. 2.1 Frequency of Room Dimensions Found
in Practice
The preferred widths are approximately: 1.75, 2.20,
2.40, 3.00, 3.50 and 4.05 m. If the 2.20 m value is
excluded, one can observe that these values are close

to the multiples of 60 cm, or 6M (where M = 10 cm).

This analysis encourages the adoption of a 6M grid.
The following table shows room dimensions obtained,

using walls 20 cm thick, lying on the grid lines (see




figure below) and the comparison between these dimensions

and the values obtained from the graph:

6M = 1lmv = 1 multi-module

61M
| 1 mM
.
; } SR 200 mm
i ! i g &
12 M
~4 >
2 mM f
| Wall
] 6 M
1000 mm
B ] e B 1 mM
1
{ |
i y
/ |
L |

200 mm 2»60 mm

Fig. 2.2 - Location of Walls on The Grid




1 2 3 4
Results of Series Generated Room Dimension Difference
the Survey from a €M Grid Wall = 20 cm D=1 - 3 (cm)

1.75 1.80 3mM 1.60 15
2.20 2.40 4mM 2.20 0
2.40 2.40 4raM 2.20 20
3.00 3.00 5mM 2.80 20
3.50 3.60 6:M 3.40 10
4.05 4.20 7mM 4.00 5
Table 2.1 - Relation of Room Dimensions Provided

by the 6M Grid With Those Found in

Practice

The table shows that the difference of values does not

increase or decrease constantly.

It seems clear that a 6M multi-module provides a
good fit to the figures found in the survey. However,
these figures refer to large rooms, like living rooms,
dining rooms and bedrooms. It is also necessary to analyze
how well dimensions generated by the module chosen can
satisfy the dimensional needs of bathrooms, corridors

and kitchens.

(20)

For corridors, the minimum acceptable width is 1.00 m,
and this 1is exactly the value which is obtained with the 6M

grid: 2 x 6M = 1.20 m -~ 0.20 m Wall = 1.00 m.

For bathrooms, again the minimum width is 1.00 m and
the minimum depth depends on the equipment installed. It is

interesting to place all the plumbing equipment in one wall
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of the bathroom, so that a plumbing tree can be pre-designed.
The minimum equipment should be: 1lavatory, toilet bowl and

. (20) . .
shower. The construction code requires the minimum

dimensions according to the following drawing:

M2OQ< 450 __lSQ“ 450 ”JSO_, 800 g
A A
350 l

( 1000
Box :
600 ;
|
i 5
i |
50 !
\ -
2200
- ™

All the values
are in mm

Fig. 2.3 = Minimum Dimensions for Bathrooms

According to the figure, the minimum dimensions required
correspond to 2 x 6M for the width and 4 x 6M for the length.
It could be argued that, in this case, the self-helper is

practically forced to adopt such measures. Indeed, if he




wanted a wider or longer bathroom, the dimensions would pass
respectively from 1.00 m to 1.60 m, and from 2.20 m to 2.80 m,

which are extremely large for low-cost housing.

However, since the bathroom presents the highest cost
per square meter in the house, it seems reasonable to build

it within the minimum possible dimensions.

The kitchen 1is another room which deserves a more
careful analysis. The concept of a standard plumbing tree
requires the kitchen to share one wall with the bathroom.
However, this does not limit its size to a minimum of 2.20 m
for that wall. Indeed, the kitchen could be 3 x 6M or 4 x 6M
or more. This decision has to be made by the user. However,
it seems that the regular grid provides enough flexibility

to the user.

The municipal code also imposes some restrictions
on the minimum dimensions of the kitchen. However, these
restrictions do not apply to low-cost housing. There are
special rules for such projects. Minimum width is 1.50 m

.. 2
and minimum area of 3.0 m”.

The author's experience show that users tend to design

large kitchens rather than small ones, due to the social

ESCOLA DE ENGENHARIA
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role of this room: it serves as an informal living room for

the family. This is probably due to the rural background,

common in low incomes.

In conclusion to this analysis, it can be said that
the multi-module adopted satisfied general users' requirements

with respect to room dimensions.

2.7 CORRECT MAN-EQUIPMENT INTERACTION

The necessity of studying the man-equipment interaction
in the construction process was stressed at the beginning of
this chapter. Indeed, this interaction is one of the most
important factors during the development of a technology

and should be studied in depth. The advantages of this

approach were expressed by Jones.<21)

"The cost and time needed for man-machine systems
designing, as a prelude to design procedures of
the existing kind, is likely to pay for itself
in reducing the high costs and long delays that
are commonly encountered when systems are
developed from an exclusively mechanical point
of view."

2.7.1 The State of the Art

(22)

Some authors, among them Singleton, have given a

general structure for a man-machine system design. However,




they agree that this kind of approach has not yet received
the attention it deserves. They also stress that these
general theories are not sufficient to solve problems in
specific areas. Therefore, the intention here is to try
to establish some rules for a man-~equipment design approach

for housing construction technology.

2.7.2 Man and Machine Attributes

It is necessary, first of all, to discover which are
the man and machine attributes, which will be called their

inherent characteristics. Jones presents a list reproduced

. . 21
below. It 1s reproduced from Slngleton.( )
Machine Man
Speed Much superior. Lag 1 second.
Power Consistentat any level. 2-0hp for about 10 seconds
Large, constant standard forces. 0 5hp for afew minutes

0-2hp for continuous work over a day.

Consistency ldeal for : routine ; repetition ; Notreliable : should be
precision. monitored by machine.

Complex activities Multi-channel. Single-channel.

Memory Best for literal reproduction Large store, multiple access.
and short term storage. Better for principles and strategies.

Reasoning Good deductive. Goodinductive,

Computation Fast, accurate. Poor at error Slow, subject to error. Good at
correction. errcr correction.

Input sensitivity Some outside human senses, Wide energy range (10'?) and variety
e.g.radioactivity. of stimuli dealt with by one unit;

e.g. eye deals with relative location,
movement and colour. Good at
pattern detection. Can detectsignals
in high noise levels.

Can be designedto be insensitive Affected by heat, cold, noise and

to extraneous stimuli. vibration (exceeding known limits).

Overload reliability

Sudden breakdown, ‘Graceful degradation’.

None.

Intelligence Can deal with unpredicted
and unpredictable ; can anticipate.
Manipulative
abilities Specific. Great versatility.

Reproduced by permission of Her Britannic Majesty's Stationery Office
Table 2.2 - Man and Machine Attributes




This is a list of general characteristics and it
does not focus on any specific field. Later, a list
including the characteristics needed in the construction

field will be presented.

2.7.3 General Procedure to Develop Man-Machine Systems

Two systems design approaches were found in the

literature. The first one was proposed by Singleton.(36)

DEFINITION OF
OBJECTIVES

SEPARATION OF m ALLOCATION OF TASK - SKtt

FUNCTIONS Ciogre | Functions SYNTHESIS D ANALYSIS

TASK
aaLysis “5’7

| I I

X
. vy MAN MACHINE SELECTION &
DE > HARD¥ARE INTERFACES 108 4108 TRAINING

L [ I L ]

SYSTEM SYSTEM
INTECRATION SVALLATION
—

Fig. 2.4 - Procedure to Design a Man-Machine
System, According to Singleton

The other approach was present in "Design Methods -

Seeds of Human Futures":(Zl)
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Fig. 2.5 - Procedure to Design a Man-Machine
System, According to Jones

Both approaches stress the need for designing the
man-machine interface at the same stage than the hardware
(or machine component design). The next figure shows
the difference between traditional sequence and man-machine

. (21)
systems design sequence.







the aspects involved, in such a way that the final result
is an optimized man-equipment interaction. These conside-

rations lead to the concept of Appropriate Effort:

HUMAN PRODUCTIVITY INCREASES IN DIRECT RELATION
TO THE SUITABILITY OF TASKS TO THE INHERENT
CHARACTERISTICS OF MAN. THE SAME RELATION IS
VALID FOR THE EQUIPMENT.

By definition, such characteristics are not skills,

since those have to be learned, requiring time and resources.

The incorrect allocation of tasks leads to a
sub-optimization of man-equipment systems potential. 1In
other words, if man and equipment are required to execute
only the tasks for which theyv have an inherent capability to
verform, the effort to fit into the system would be much less.
A high productivity level would be reached faster with less

skilled labour, and a more appropriate contribution by the equipmen

2.7.4.1 Human Characteristics

An analysis of Table 2 shows that man's potential
lies in the following characteristics: memory,
reasoning, input sensitivity, overload reliability, intelli-
gence and manipulative abilities. Such characteristics will
be considered the human inherent characteristics. Another

characteristic, mobility, must be added to this set, since




it enables man to move around in the construction process.
Computation should also be included, since computers are

not presently available to the construction process.

The inherent characteristics will also be called
Primary Characteristics, which can be combined in various
ways to form the Secondary Characteristics. These, also
combined, will generate the Tertiary Characteristics, which
express the human potential in the construction process.
These three levels are shown in the following figure (next

page) :
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It is interesting to note that man is assigned for
organization and control efforts, but not for the

production process itself.

It should also be remembered that there are some
human characteristics that are not exactly inherent to man,
but, due to cultural imposition, every man has developed them
to a point that they could be considered as inherent to man.
One of these characteristics is the ability of man to codify
and decodify different communications systems. These special

learned characteristics will be noted in this study.

2.7.4.1.1 The Learning Process: The Difference
Between Knowledge and Skill

Before man can perform any task, there is a learning
process, where knowledge is obtained. However, knowledge and
skill are different concepts. Knowledge is basically
information which must be used during the construction
process, and which can be obtained through a
codified information source. In other words, to absorb
and use this knowledge is basically a brain activity. On
the other hand, skill is a brain-body activity, which has to
be trained, therefore requiring a greater effort to be obtained.
However, it 1s not possible to completely avoid any kind of
requirement for skill in the whole construction process. The
question is how to use those skills which require the leas£ effort

to be learned.




2.7.4.2 Equipment Characteristics

Figure 2.2 also indicated the inherent characteristics
of equipment: consistencv, speed and power. Manipulative
abilities and input sensitivity are also important charac-
teristics in more industrialized processes. Mobility

should also be included.

These are the primary characteristics which lead
to secondary and tertiary ones, as shown in the next

figure (next page).

The use of three primary characteristics not used
before - consistency, speed and power - generate secondary
and tertiary characteristics which are used to execute
the construction process itself, in opposition to man's
characteristics, which were used to organize and control

such process.

In other words, this comparison favours a division
of activities, where man would be in charge of organizing
and controlling the systems activities, where equipment
would be in charge of the production process itself,

divided into several routine activities.
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2.7.5 Five Basic Characteristics

The division of activities between man and equipment
can be clearly understood by the adoption of five basic
characteristics used in the construction process: organi-
zation, control, precision, speed and power. The first
two would be supplied by man, while the other three by
equipment. Here, precision substitutes consistency, since
it expresses more accurately the need for dealing with

dimensions and position of elements.

The idea of working with these characteristics is to
determine at which level of industrialization a specific
solution should be developed, according to the context where

it is to be applied.

At first glance, it would seem inconsistent to mix
secondary characteristics (organization and control) with
primary ones (precision, speed and power). However, this
mixture was proposed to facilitate the understanding of
this division. It could be said that the fundamental
characteristics are input sensitivity, intelligence, memory
and computation instead of control; and intelligence and
memory instead of organization. However, this purer

division could lose in clearness.




The idea of working with these characteristics is
to determine at which level of industrialization a specific
solution should be developed, according to the context where

it is to be applied.

2.7.6. Influence of the Context

From the concepts presented above, one could conclude
that it is necessary to respect human and equipment potentials
and combine their effort in such a way that the five basic
characteristics would be distributed as proposed. However,
that division is only proper for an ideal situation, where
man and equipment can be required for their full potentials.
Unfortunately, this ideal situation does not exist very
frequently, particularly in underdeveloped countries. The
decreasing of potential tends to affect equipment more intensely
since high level technology is not available or is uneconomical.
On the other hand, in post-developed countries computers are
used in control and organization tasks, increasing equipment

participation in the construction process.

Shifting from the initial distribution of tasks aims
to reestablish the balance of a man-equipment combined
effort. There are certain rules that should be followed

when this new equilibrium point is being sought. There

are two possibilities: in the first one, man replaces
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equipment. This kind of replacement is most likely to happen
in a less industrialized context. In the second case, equipment
substitutes man, and this should happen in a highly industria-

lized context.

The basic reason for replacement of man by equipment
(or vice-versa) is to achieve a coherence between the
technology utilized in the construction process and the

level of industrialization of the context.

The case where the technological level of the context
is too low to allow the whole equipment potential to be

used will be analyzed.

Some authors have analyzed the consequences of placing
high technology plants in such contexts. Ian Donald Terner 23)
has described a case in South America where a local company
tried to produce large prefabricated panels. After a while,
sO many technological problems had arisen that the plant was
transformed into a "self-sufficient island", attempting, at
great and unanticipated cost,to reproduce in miniature the

supporting elements of the society around it, "most of which

were found to be unacceptable or unreliable".




The problem of high level construction technology

(24)

has also been studied by Patrice Dalix who associated it
with imported technology, mainly for underdeveloped contexts.
It could bring technological dependence and the acceptance of

an approach and a solution developed for another context.

It seems clear from those examples that there is the

need for understanding the influence of less industri-

alized contexts. With this understanding, it will be

possible to orientate the development of a technology in
3)

2 .
such a way that it will be what Ian Terner( called an

"appropriate technology'.

The question of finding the equilibrium point, with
the ideal distribution of tasks for man and equipment for
each context docs not have an easy answer. Essentially, the
question is: in a given context, which - man or equipment -

would be less expensive considering all these factors.

If equipment is to be considered, for each of the
five basic characteristics, there is a cost which decreases
with the increase of the technological level of the

context.

If man is to provide those characteristics, their

cost increases with the higher technological level of the

context.
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These variations of cost are represented conjecturally

in the graph below:
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Departing from the ideal zone to less developed
contexts, it seems reasonable to propose, at first, the
replacement of machine power by human power. This option
is based on the fact that machine power normally requires
heavy and expensive equipment, with a high technological
level and expensive operation and maintenance costs.
Furthermore, the energy source, whether electrical or liquid
fuel, is not always available in a dependable way. The ten-
dency in cases where machine power is adopted, is to create

the self-sufficient "islands" mentioned by Terner.

At a certain point, the decrease of productivity
caused by the substitution of equipment by man will be com-
pensated by the fact that a supporting technological "island"

is not needed anymore.

The second step would be the substitution of machine
speed by human speed. This change is represented mainly by

electrical hand tools.

It is important to note the difference between such
tools and the heavy equipment of a fully mechanized

construction process.

Precision should not be provided by man in any event.

This is because both manufacturing and location precision,




when provided by man, require some kind of skill which,

as seen before, should be avoided.

If, with time, the context becomes able to support
higher-level technologies, equipment will supply speed, and

eventually power.

An interesting situation occurs when computers are
considered. 1In this case, equipment gains some primary
characteristics that were exclusive to man. These charac-
teristics are: large input sensitivity, memory and compu-
tation. If somebody analyzes the table of man's characteris-
tics, he can note that these characteristics, together with
intelligence and overload reliability, are the ones which are
necessary to provide control to the system. The evident
conclusion is that now equipment is also able to exercise
some kind of control, which does not reguire intelligence
(or logical capacity, meaning potential to cope with the
unexpected) or overload reliability (the last level of

responsibility has to remain with man).

Another consequence of the increased potential of
equipment is its new ability to organize simple tasks (single
steps) or cooperate in the organization of larger tasks,

due to its computing speed and memory.




However, this is not a complete analysis of the
phenomenon; it is not only necessary to know if a certain
technology is available and economically viable in a certain
context - it is also necessary to know if the prospective
user of such technology has the economical conditions to
utilize such technology. This is especially important for
low-cost technologies. Such problems can be solved or
minimized if the government subsidizes the cost of equip-

ment or if cooperatives are formed to buy it.

2.7.7 The Question of Precision

This basic characteristic deserves further analysis,
since it has to be provided by the equipment instead of by

man.

Precision in location can be provided by the equipment

even if man brings the materials to their final position.

The equipment provides the location through its
opposition to the material movements towards wrong directions.
Any point of the equipment which opposes the material's move-
ments can be defined as a "physical location point". 1In
contrast to that, there is the "imaginary location point",
which is visualized by man while locating the material, but
cannot influence the positioning of the materials. In this

second case, precision is really provided by man, who has to




locate the materials and check thelr position in successive
attempts. The positioning and control activities can be
exercised simultaneously, but this can be done only by a

skilled worker.

Analysis of an example will clarify these theoretical
arguments. The example is the construction of a wall using

conventional technology.

In conventional technology, man builds a house,
generally using bricks and concrete blocks. In this case,
the process requires man to provide precision directly (naked
hands), or indirectly (with tools like level, plumb line, etc.).
This precision is expressed by the orthgonality and verticality
of lines and the flatness of surfaces, the dimension and posi-
tion of the wall. The tools do not provide precision by them-
selves, but help man provide some imaginary points (eg.: the
alignment obtained with a string. They also help man during
the control, checking to see if his work is acceptable against
established standards. This second kind of tool is used in
an iterative process of control: e.g., the plumb line, the

square, the level, the tape.

Since man is required to perform tasks for which he
does not have an important inherent aptitude, the result

will be an increase in costs, caused by the fact that man




has to be trained to obtain skill. This traininc takes
years of apprenticeship, and even 1f he acguires the
skills, his productivity is still limited within a narrow

range.

It is also important to notice that man's manipulative
abilities and, more specifically, his ability to bring a
certain object to a predetermined point in space decreases
with the weight and size of such object. This aspect must
be taken into consideration when the equipment and prefabri-

cated elements are being designed.

2.7.7.1 Adaptation to the Material's Characteristics

The full evaluation of the question of precision can
be carried out only after the analysis of the material 's
characteristics is considered. The reason 1s that preci-
sion will ultimately be located in the construction materials.
In other words, the materials have to "absorb" the precision,
which is being provided by the equipment. For this to happen,
it is necessary to study the materials' behaviour while they

are being located.

Materials can be classified into the following three

types:




- rigid;
- flexible;

- amorphous.

Probably there are scme materials which cannot be
precisely defined in one of these types; however, for the
majority of construction materials, such classification can

be easily applied.
The study of precision in materials starts with some
principles about precision in construction. Some of these

principles are already well-known:

1. About straight lines in space:

- to define a segment of a straight line in space,
it is necessary to have at least both extreme
points of this segment or one of these points

and a vector.

2. About the location of rigid elements in space:

- for a rigid undimensional element in space to be
located, two of its points, or a point and a

vector, must be correctly located.




- two and three-dimensional rigid elements

follow the same principle, but now the correct
location of at least three of its points are
necessary to ensure the correct location of

every other point of the element.

About the location of flexible elements in space:

- the edges and the forces that act along the
flexible element have to be defined to have it

located in space.

About the location of amorphous elements:

- each point of the surface of an amorphous element

must be obtained individually.
- the exception to this principle is the case of
the horizontal surface on the top of a material

plastic enough to have a fluid behaviour.

About the transmission of precision through rigid

elements already located:

- a rigid element can have one or more points used

for the location of another element.




- a three-dimensional rigid element has automati-

cally defined the planes parallel to its surfaces.

With these principles in mind, it will be possible to
develop a method to transmit precision throughout the construc-
tion process, in such a way that not only the equipment, but
also the already located elements will participate of such

transmission.

Some examples show that the transmission of precision
can be made through already lccated elements. This is the
case of the interlocking sulphur blocks, developed at

McGill University.(25)

2.7.8. The Question of Control

Control is directly dependent on knowledge: without
a known reference pattern, it is not possible to verify if the

real product or process is correct or not. This verification

is the system control.

However, in some cases, such explicit control can be
replaced by a control implicit to the system. Such control has
the advantages of not requiring a pre-learned reference pattern,
and avoiding waste of time and material due to wrong

procedures.




The basic idea is to design the equipment in such a
way that only one sequence of procedures, as well as one way
of executing a certain activity, 1s possible. In other words,
it could be <called a system with "logical rigidity". Such
concept will be explored during the development of the

equipment.

2.7.9. Building Sub-Systems Without Clearly
Defined Basic Characteristics

The construction process also includes some activities
where the division betweer knowledge and skill is not clearly
defined, and where precision is not an explicit component.

Among these activities are three which deserve special
analysis: to execute the plumbing and electrical systems,

and to construct the roof.

These activities involve some kind of brain activity
that could be called an "intellectual ability" to solve the
many problem situations that emerge, using only some basic
principles and routine procedures. In terms of the five
basic characteristics, it seems that there is a kind of
pulverization of organization and control, in such a way that
there are many small decisions to be made in each situation.
The problem is that these decisions require special knowledge
of some principles. It seems that the difficulty remains in
using those principles in specific situations, with great

differences from each other.
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In other words, the worker finds great trouble to
surpass the large gap between the basic principles he is
using and the reality in which he is working. The diffi-
culty does not reside in executing the task itself, but
in taking the decisions on how to apply the principles. To
minimize the problem, it is necessary to minimize the gap.
So, if decisions are made in advance, minimizing the variety
of solutions, the knowledge to be learned is restricted to
the pre-designed solutions. As an example, a standard
plumbing panel should be adopted instead of an ever different
plumbing installation. The panel would be drawn full scale

on a plywood sheet and copied by each self-helper.

2.7.10 Distribution of Tasks - The Real Situation

The distribution of tasks between man and equipment,
with each of them providing some of the five basic
characteristics, does not present so clear-cut a pattern
as was suggested by the graph presented earlier. One of
the reasons for the presence of "grey" areas was already
referred to: the final decision depends on the financial

condition of the owner.




Other problems related to that initial distribution
refer to the available technology. For instance, in a certain
moment, it is advantageous to have a machine providing speed
for a certain task, but if there is no such machine available,
the initial choice cannot be kept, and man has to provide

the speed.

In general terms, it could be said that the graph
gives an initial solution, which is further influenced by

other specific factors.

2.7.10.1 The Case of Porto Alegre, Brazil

Porto Alegre is located in a developing region, sO
the first approximation would suggest that man would be in
charge of providing organization, control and power, while
the speed has gradually to change its source from man to

equipment, which also has to provide precision.

This initial evaluation will be influenced by the
specific context. The site where the work will be carried
out is a squatter settlement, which is located on the slope

of a hill without paved streets.

The electrical power is provided only by one phase
plus neutral line, impeding the use of powerful electrical

machines. Only hand tools can be used. There is no




evaluation of the financial capacity of the dwellers, but
a survey carried out by the author among the potential
self-helpers showed that their monthly contribution would

stay between Cr$l,000.00 and Cr$2,000.00 (C$15.00 and C$30.00).

A research in the local market showed that a concrete
mixer would cost about Cr$50,000.00 plus a fuel-powered motor
(Cr$20,000.00), operation and maintenance costs. So, the initial
cost would be around Cr$70,000.00 (C$1,100.00), while the
operation and maintenance costs would varv according to the
use, but would not be less than Cr$10,000.00 (C$150.00) per
user. A sawmill would cost initially about Cr$150,000.00
(C$2,500.00) and would have a maintenance and operation cost
of Cr$1,000.00 (C$15.00) per dweller. These values give an
idea of the impossibility of using such equipment. Indeed,
due to the scarcity of financial resources, it seems clear
that all the available capital should be used to buy mate-
rials, while power and the greater part of speed would be

provided by man.

The proposal for a labour intensive construction process
seems reasonable in the context presented above. Indeed, the
more man uses his own effort to provide the elements necessary
in the construction process, the more he can devote his
scarce resources tO materials for his house and other

primary needs. Furthermore, the purchase of expensive




equipment would only be affordable if the settlement were
well organized to minimize the costs for each dweller:

this is not the present case.

In conclusion, it can be said that, in the distribution
of tasks, man will play the main role. He will provide orga-
nization, control, power and most of the speed. Equipment
will provide some speed, mainly through electrical hand

tools, and precision.
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CHAPTER IIT

PROPOSED CONSTRUCTION SYSTEM

A construction system based on the characteristics

discussed in Chapter II is proposed here.

The author's experience in conducting a field test of
building a prototype utilizing this system is also discussed.
A grant was obtained from a government agency to pay some of

the costs.

The application was carried out in a squatter settle-
ment (or "favela"), called "Beco Do Adelar", located on the
border of the urban area of Porto Alegre. Such application
can be divided into two basic phases: selection of families

and construction of prototypes.

3.1 Selection of Families

At first, a contact with the leader of the favela was
established, and the idea of conducting an experiment in

housing using self-help labour was explained to him.

The leader reacted favourably to the idea and offered

his cooperation. After that, a meeting with the favela's




union directorate was held, and the same idea was explained
to them in this meeting. It was established that a new
meeting with all the families of the favela interested in the

experience would be held.

About 30 families attended this new meeting, when a
general explanation about the experiment was given. The

explanation included:

- basic information about the construction system;
- the material acquisition procedure; and

- the criteria to select families.

The information about the construction system included
a short talk about the design phase and the various sub-systems
of the construction phase. Emphasis was placed on the founda-

tion, walls and roof systems.

Material acquisition was divided between the owner
and the author. The criterion for this division was: since
it was an experiment, it could result in failure, and it
would not be fair to ask the owner to pay for the materials
of an experiment, for which he was not responsible. However,
if he could reuse the materials in another house, or sell
them, he would have to pay for them. 1In other words, the

materials that could not be reused would be paid for by the




author using the grant obtained, and the materials which
could be used later would be paid for by the owner. The

equipment would also be vaid for by the author.
The criteria to select the families were:
- to have a great desire to build the house;

- to have a site which would allow the application of
the construction system. The site should be large

enough (more than 100 m2), and without huge rocks;

- to agree to helping other people, if they wanted to

build their houses by the same method;

- to have economic conditions adequate to pay for the

reusable materials.

From the meeting, 6 families were pre-selected. From
those, more specific information was gathered, and finally,
two families were selected. However, one of them had to
abandon the program after the design phase. The problem
was that they expected to obtain a site where they could
build their house, since their actual site had too many
rocks. However, due to bureaucratic problems, they could

not obtain the site in time and dropped from the program.




The other family continued through the construction

phase.

3.2 USE OF MODULAR COORDINATION

The construction system includes three sizes of founda-
tion and wall segments: 6M, 12M and 18M. The reasons for the
adoption of such sizes are: ergonomic considerations with
respect to equipment size and weight (which will be discussed
later) and an analysis .to determine the minimum equipment

diversity necessary to satisfy the user's needs.

In this analysis, the potential of a selected set of
multiples of the multi-module adopted is measured through the
critical number ‘) obtained with such a set. An initial set of

12M and 18M generated the following critical number:

C.N. = (2mM - 1) x (3mM - 1) = 2mM

where 1mM = 1 multi-module = 6M

This means that this set can generate every multiple
of the multi-module, from 2mM. To allow greater flexibility to
the user, 1ImM is included in this set. Various combinations of
such multiples are possible to obtain larger wall sizes. They

are shown in the following table:
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FORM SIZE (Quantity in parenthesis) TOTAL SIZE
(1) ImM* 6M
(2) ImM; (1) 2mM* 12M
(3) 1mM; (1) 1ImM + (1) 2mM; (1) 3mM* 18M
(4) ImM; (2) 1ImM + (1) 2mM; (1) ImM + (1) 3mM;
(2) 2mM* 24M
(5) 1mM; (3) 1mM + (1) 2mM; (2) 1mM + (1) 3mM;
(1) ImM + (2) 2mM; (1) 2mM + (1) 3mM* 30M
ETC

* Preferred combination in normal circumstances

Table 3.1 - Various Options to Combine the
Multimodules Adopted

Some solutions are presented below in order to show

the votentials of this modular design.
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Fig. 3.1 - Various Architectural Solutions Obtained
With the Use of the Multimodules Proposed -
3.3 DESIGN PHASE
3.3.1 Proposed System

The participation of the self-helper in the design phase
is limited to the single dwelling. This participation is mani-
fested through the use of the modular grid proposed above.

The self-helper is presented with a 1:10 wooden model, which

includes:

- the standard furniture for five rooms: 1living room
(one sofa, two armchairs, 1 small central table);

kitchen (1 dining table, 4 chairs, 1 refrigerator,




1 stove, 1 counter, 1 sink tied to the plumbing panel);
main bedroom (1 double-size bed, 2 lamp tables,

1 closet, 1 drawer); children's bedroom (3 single

beds, 1 closet, 1 drawer); bathroom (lavatory, toilet

bowl, shower, all tied to the plumbing panel);

- a modular grid basis 13 mM x 16 mM, where the wall panels

could be fixed;

- modular panels having the 3 equipment sizes (1 mM, 2 mM
and 3 mM). These panels may have a window, a door or
be closed. The thickness of the panels (2 cm) corre-
sponded in scale to the thickness of the actual walls
(20 cm). On the top of the panels, a coloured line
identifies its size: 1 mM has a blue line, 2 mM a red
one, and 3 mM a green one. These colour identifications
are important for illiterate people and will be used

when they copy their final solution.

The self-helper is asked to develop his design solutions
with the model, following certain procedures and respecting
certain constraints. An architect advises him in any doubt
he has and comments on the consequences of the solutions
adopted. The self-helper can keep his solutions or change

them according to his own judgment.




The constraints which are imposed on the design are:

only modular dimensions can be adopted;

the plumbing panel has to be shared between the

bathroom and the kitchen;

unless special conditions exist, the preferred combi-

nations of panel sizes have to be used.

The recommended procedures are:

to locate the rooms according to the best solar

orientation, which is:

BEST ORIENTATION AND

ROOM WINDOW ILOCATION
- living room North (East and West are alsoc good)
- bedroom North (East and West are also good)
- bathroom South
- kitchen South

Table 3.2 - Room Orientations

to dimension each room according to its furniture;
the self-helpers are asked to arrange the furniture
of the rooms first, and enclose this furniture with
the wall panels as 1is shown in the following

picture:
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solution achieved and discusses it with the self-helper,

who will decide about further changes.

When the final solution is achieved, the self-helper

receives a sheet with the modular grid. He has to reproduce

his solutions on this grid, using the colours on the top of

the panels. Windows and doors are represented too, according

to the code below:

Window

Door “—H——

Figure 3.3 - Code Used to Represent Openings

Furniture is not copied.

Before the self-helper starts his work,

the architect

provides him with some information related to the cost of

construction, and the size of his site and its

on the house design.

influence

Cost information is not specific for each item, since

this would be time-consuming, while the dweller needs fast

answers for his decision process. Instead, an
for each grid square he increases his solution
With that, the self-helper has a basic idea of
cost of the house, just by counting the number

and multiplying by the unit cost. Also, if he

average cost
is provided.
the total

of the squares

expands a
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room, he can know the increased cost by counting the number

of squares added.

The size of his site also has a strong influence on
his design solution. Before the design phase starts, the
site is visited and measured. After, these dimensions are
reproduced in the modular grid with scotch tape. According
to the municipal code, windows have to be 1.50 m from the
site limit. This information is transmitted to the self-
helper, who can then develop his solution. Of course, he
cannot keep all this data in mind. In the case of a mistake,

the architect is charged with alerting him.

The design procedure described above presents some
important advantages. First, the self-helper is able to
express his expectation in a very easy way. The solution
achieved through this procedure is much more suited to his
needs than a solution provided by a huge housing project.
This subject will be discussed in the next section.
Secondly, he designs his house according to his economic
constraints and potentials. He is able to know the cost of
the house from the very beginning, and makes his decisions
according to such information. Also, he makes trade-offs
between the sizes of the various rooms. Thirdly, this
procedure is much less time-consuming than a formal archi-
tectural approach. This subject will be commented on later.

Fourthly, since the scelf-helper reproduces himself the
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solution he adopted, this procedure will help him during

the construction phase. If he were given a drawing of his
solution, he probably would have much more difficulty
understanding it. Fifthly, the use of modular panels
familiarizes him with such methodology, making it much easier
for him to work with modular eqguipment during the construction

phase.

The full potential of having the owner as the designer
of his house will be understood in the next section, when

real cases will be presented.

3.3.2 "ield Results

The first family, called Melo, was represented by the
mother, who started to define the solution alone and, later,
received the cooperation of her husband. The house of the

second family, called Ramos, was designed by the father.

In both cases, the procedure was the same. The
modular grid was presented and the rules to work with the

model were explained. These rules were:

- to design the house using the modular grid;

- to share the plumbing panel between the bathroom and

the kitchen;
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- to respect the borders of the site and keep the

windows 1.5 m away from them.

Other information referred to the cost of each square
of the multi-modular grid added to the solution, and to the

orientation of rooms with respect to the sun.

It was suggested to the self-helpers that they start
their design in a corner of the base panel, so that they would
use the space better. To dimension the rooms, they followed

the instructions explained above.

The author noticed at the start a certain lack of self-
confidence from the mother of the Melo family. But with time,
she gained more confidence and was able to manipulate appro-
priately the model and explore its potentials. When her
husband arrived, some discussion about the solution took
place until a final agreement. Then the architect, Reinaldo
Roesch da Silva, and the author proposed some changes. Very
few were accepted. The whole process took no more than two
hours. After that, the solution was copied as described

earlier.

The author proposed to the Melos to try another
solution and to choose the better. However, they refused,

stating that that one was quite satisfying.
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The solution found by the Melos is presented in the
following page, and it is worthwile discussing. It is
interesting to note that the kitchen is the largest room and
is the center of the house. This is possibly due to the
rural background of the Melos. This background is also respon-
sible for other rather unusual solutions adopted: the bathroom
is at the corner. Indeed, the prime intention was to put it

outside the house, as is normally made in the countryside.

The Melos have one daughter and four sons. It seems
that the daughter deserves much more attention and vigilance,
since the access to her room is through her parents' room.

The boys, on the other hand, can be as free as they wish, so
they have a room which not only has independent access to the
kitchen and bathroom, but also they have an independent access

to outside the house.

It seems clear that such a solution would never be
found in any pre-designed house. This stresses the capacity
of the design system to allow the self-helpers to express

their needs.

The second house designer provided a different
solution, which was also influenced by his urban background.
Mr. Ramos understood quite easily the instructions and

designed his house in 45 minutes. Again, the author's
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3.4 CONSTRUCTION PHASE

3.4.1 Location of the House

3.4.1.1 Proposed System

Locating the house on the site is one of the most
difficult tasks in the construction process. This difficulty
comes from the fact that, to locate a house in space, preci-
sion 1s required. Such precision is manifested in the dimen-
sions of the various parts of the house, the horizontality of
the plane where such dimensions are registered, the location
of the house on the site and in the angles between the

various lines.

In the traditional process of construction, such pre-
cision, as stated earlier, is provided by man through a com-
plicated process, where the principles are applied in so many
different ways that only somebody very skilled and with a

certain intellectual background can be in charge of such a task.

To overcome such difficulties and allow the self-helper
to locate the house by himself, a locating system, based on
the adopted modular grid, is proposed. Such locating system
is expected to provide the precision elements discussed
earlier, plus the verticality for the walls, without needing

any skill from the self-helper.
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The system consists of an aluminium frame composed
basically of two parts (see following figure), nodes which
provide the angular precision and verticality, and circular
tubes, which transmit horizontality and provide the dimensional
precision. Such tubes have modular lengths. The precision
transmitted by such a frame is retained in steel tubes with
square cross-sections, which pass inside the nodes and are

driven vertically into the ground.
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Aluminum Tubes
Fig. 3.12 - Elements of the Aluminium Frame

Since the elements of the system are already defined,

it is necessary to describe the procedure.
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precision. However, at this stage, the location of the
perimeter serves only for determining the position of the

two first steel tubes.

The steel tubes driven into the ground have the function
of providing the precision to the wall forms. This precision
includes the levelling of the forms, its verticality and its
positioning. Thus, the distance between two successive steel

tubes must be equal to the size of the forms.

These first two steel tubes are fixed in the ground in
the following way: a 20 x 20 x 40 cm hole is made in the
ground where the tubes will be located. After, an aluminium
structure keeps a modular distance between the tubes, also
ensuring that they are parallel. The tubes are positioned with

the help of a spirit level (see figure below).

Fig. 3.14 - Location of the First Two Steel Tubes
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When the tubes are levelled, soil~cement is poured into
the holes and tamped with a timber pole or a 8 cm x 8 cm wooden
piece. The soil-cement takes at least 24 hours to acquire
enough resistance. After this time, the location process is
restarted. The procedure to locate the other steel tubes is

described below:

1. Two pairs of nodes joined by aluminium tubes are placed
on the steel tubes. They are prevented from sliding down

by clamps fixed to the steel tubes.

Fig. 3.15 - Aluminium Nodes Placed on the First
Two Steel Tubes
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Aluminium tubes are fitted horizontally in the lower
nodes, having the same modular dimension of the form.
To prevent these tubes from sliding off the nodes,
pins are used. The deflection due to the weight of
the tubes is less than 1.0 mm for the tube 2 mM long,

and 5mm for the tube 3mM long.

e
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9

Fig. 3.16 - Aluminium Tubes Connected to the Nodes

To avoid further deformation, when the complete frame
is connected to the end of these aluminium tubes,

support devices are used.
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Fig. 3.17 - Device Used to Support the Tube

A semi-circular support slides on a vertical tube up
to the aluminium tube height, and is fixed by a

butterfly bolt.

The lower aluminium frame is completed. Again, pins
are used. The tops of the last nodes are around 4 mm
lower than the previous ones due to loose fitting
between the various elements plus the deflection on

the aluminium tube.
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Fig. 3.18 - Completion of the Lower Aluminium Frame

The upper frame is positioned in the same way, also
oriented by the previous steel tubes. The reason for
this double aluminium frame is to prevent a large
cumulative error in the location of the tubes. If only
one frame were used, the cumulative effect of looseness
between the previous steel tube and the node, the node
and the aluminium tube and, finally, the aluminium

tube and the second node would provide a displacement
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of 10.0 mm on the top of the next steel tube, as shown

in the figure below, if the tube height is 70 .0 cn.

10 mm

2mM

B> A
~

Ground level

Fig. 3.19 - Displacements Produced by Loose Fittings

If this process were repeated five times in the same
direction, the final displacement would be 50.0 mm.
Since these steel tubes are extended up to the total
height of the house, the displacement on the top of
this total height between the first and the last tube
would be 170.0 mm, which is unacceptable. The double
frame forces the next steel tube to be parallel to the
first one, since the distance between the center of

the nodes of both frames 1s the same.




- 118 ~

4mm
—
1 i
‘——ﬁ__ 7 |
- d !
- ]l
o R 4 e
'4
i
- -
Fig. 3.20 - Displacement Produced by the Double
Aluminium Frame
6. The next steel tubes are slid into the nodes and

driven into the soil with a 3 kg hammer, until the
top of the tube equals the top of the upper node.

This is shown in the following pictures.
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Fig. 3.23 - Removal of the Aluminium Frames
9. The whole process is repeated.

The result of the process is a series of steel tubes

driven in the ground, positioned at the corners of the

modular grid.

The basic idea is to have the initial precision, provi-
ded by the first two tubes, spread through the site. An

example will clarify the concept and procedure.
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The design solution is presented below:

N LR I

%/
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Fig. 3.24 - Design Solution

The first two tubes, which are located in a conven-
tional way, have the numbers 1 and 2 (see following figure).
The next tubes are located according to the procedure
described before. The distance between the tubes is equal
to the size of the panels, represented by the different
colours. The sequence is presented in the following

figure.

ESCOLA DE ENGENHARIA
BIBLIOTECA
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Fig. 3.25 - Sequence Adopted to Locate the Nodes

Tubes #4 and #8 are removed after the location process
is finished, since they are located in the middle of the
rooms and serve only to transmit the precision to the next

tubes.

When the site is sloped, special care has to be taken.
In such cases, the first two tubes must be located in the
lowest part of the perimeter (see following figure). The
distance between the node and the ground must be around 15 cm

for the first two tubes.
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For the subsequent tubes, this distance decreases.
When 1t reaches between 0 and 5 cm, the upper frame becomes
the lower one, and the steel tubes are positioned 15 cm higher.

This is shown in the figure below:

Aluminum frame C:F I —3
rL X 1 T \ R 1 I
1 T . 1
3 ot — 30+ T"/_“—_/—T
T T — T S S o S P\
All the values Change of
are in mm Height

Fig. 3.26 - Change in the Height of the Aluminium Frame

To keep all the steel tubes the same height, the
higher tubes must be further driven after the upper frame

1s removed.

If that original height is necessary for the location
of the other tubes (as could be the case of tubes #6 and #8
to locate tubes #12 and #13), a piece of the same tube can
be added on the top of those tubes. This piece is removed

later.







- 125 -

The first two steel tubes were positioned by the
author, helped by the owner. These were left for two days

so that the soil-cement could reach adequate strength.

The location process restarted with the location of
the next steel tubes. The self-helper rapidly understood
how to use the aluminium frame. At the beginning, only one
frame was used. However, due to the error generated, two

superposed frames were adopted.

The procedure as described earlier was written out for
the self-~helper to facilitate his work. It seems that, since
all the steps were in a logical sequence, he did not have
much problem in learning the procedure. The only step the
self-helper frequently forgot was the use of the supports
to avoid further deflection in the aluminium tube. Also,
care had to be taken when the steel tubes were driven into
the ground. The self-helper had to stop hitting the tube
when i1ts top reached the top of the upper node, since the
frame would not retain the steel tube, following it down and

being deformed.

These problems were easily learned and the location

of the first part of the house took no more than 7 hours.

The following figure shows the sequence adopted to

locate the tubes:
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3.4.2 Foundation

3.4.2.1 Proposed System

3.4.2.1.1 Excavation

After all tubes are driven and the unnecessary ones
removed (tubes #4 and #8 in the example) the foundation is

built.

The first step consists of opening holes along

the rows of steel tubes. These holes do not need to have
precise dimensions. The depth is related to the exposed
part of the tubes: the hole must be deep enough to allow
at least 60 cm of the top to stay uncovered. This measure
is related to the height of the form that is going to be
utilized, the top of which coincides with the top of the
tubes. The worker should excavate until he finds a mark
on the tube. That mark represents the 60 cm of the tube.
The width of the hole must be around 60 cm. This measure
is also obtained empirically by experimenting with the
forms. The holes are of appropriate size when the forms

can be placed in the right position.

The excavation can be done by any unskilled labour,

using conventional tools.

are
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sheets 1is divided by its large axis, the result will be two
pieces 55 cm wide. Since the only constraint specifically
related to the height of the forms is that it should not be

(2)

greater than 60 cm, "“’this 55 cm was adopted.

These dimensions must also be checked against ergonomic

considerations, which impose constraints on the weight of such

forms.

A reasonable upper limit for man's lifting capacity
is 30 kg. The following table provides the weights of various

form sizes:

CORR .MODULES SIZE OF THE FORM (cm) APPROXIMATE WEIGHT (kg)*

1mM 60 10.6 * Considering
specific
2mM 120 19.3 wooden

form design
3mM 180 28.0

Table 3.3 - Dimensions and Corresponding Weight of Forms

According to this table, the maximum size of a single
form would be 3mM (180 cm). If a larger form were to be used,
it would weigh around 40 kg, being 2.40 m long. Such weight
could not be lifted by a single person, and to require more
than one person to lift the form would go against the basic
concept of having a self-help technique with a minimum of

outside labour.
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Ergonomic considerations also raise the question of
man's capacity to handle objects. This capacity decreases
with the increase of the size and weight of the equipment.
The author's experience has shown that the workers manifest
a greater difficulty to locate the 180 cm (3mM) form than
to locate the 120 cm one. Certainly, a 240 cm (4mM) form

would bring much more difficulty to such a task.

The forms are positioned through specially designed

steel devices, which connect them to the tubes.

To provide lateral rigidity to the forms, wood profiles
are nailed laterally on them. At the edge of these profiles,
flat iron bars are screwed. All those details can be seen in

the following figures:

. Connector
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Fig. 3.3.6 - Forms
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Fig. 3.37 - Connectors

The walls are 20 cm thick, while the foundations are
35 cm thick. To obtain these wider foundations with the
same set of forms, special spacers are used (see following

figure).
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Fig. 3.38 - Spacers

The locating system composed of steel tubes, connectors
and spacers, positions the forms in the right place, but does

not hold both sides together.

To perform this function, different solutions can be

adopted. The author chose one based on his own experience.

ESCOLA DE ENGENHARIA
BIBLICTECA
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It consists of four iron bars which pass through the iron bars
screwed on the form at both extremes. A pin holds these bars
together, preventing them from moving. The system is repre-

sented in the figure below:

Form 20 mm thic%

Wood profile 70 x 50 mm

Lateral bar 30 x 6 mm

Extreme bar

Pin 60 x 12 ¢ mm

Detail of the fastening
system

All the values

13 are in mm
101 7
%f" ¥ 4
o jﬂ 122
30 4 ?AA
ot S
Extreme_bar Foundations: d= 530
Walls: d= 380

Fig. 3.39 -~ Fastening System Adopted

When the system is used for the walls, there are no pro-
blems. However, for the foundation, the overlapping of blocks
is unavoidable, and some part of the already built foundation

has to be cut.
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The overlapping problem is shown in the following figure:

11 100
*ioo 1100 O

To Be Cut
,U_/J/C;‘i 5‘ Y
T TG 15 iy v
g 3 /
4wﬁ$- /
75

/ All the values

are in mm

|
1200 | |
|

/
S5teel Bars/

/!

Fig. 3.40 - Overlapping of Foundation Blocks

This type of problem is likely to occur four or five

times during the construction of the foundation.

The mounting of the forms for the foundation is

extremely easy. The whole procedure is presented in steps:

1. The expanders are fixed, so that the foundation will

be 35 cm wide.

2. The forms are connected to the expanders. When the

forms are connected, they are automatically level,
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squared and dimensioned.

3. The lateral flat bars are fixed and the pins are

fitted. The forms are plumbed.

Aluvinum irane

Connector

Sracer ™ Lateral

3ars

Bars to Join
the Forms

Lateral

Fig. 3.41 - Form Mounted for the Foundations

4. Lateral wooden forms are mounted to avoid the

soil-cement from flowing out of the form.
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Lateral
Enclousure

Fig. 3.42 - Forms Ready to Cast a Foundation Block

This procedure can be executed by only one person,

but there is room for two persons to work.

There are various reasons to adopt wider foundations:

- the soil support capacity: when tests are not run

to determine this capacity, it should be adopted as
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50 kPa. The weight of the wall, plus roof, plus

accidental weight is about 1.5 tonnes per metre,

which requires a minimum foundation width of 30 cm;

the location of the forms: the bottom of the forms

is loose, which may produce a small lateral inclina-
tion when the soil-cement is poured and tamped. For
safety reasons, the foundation should be larger than
the wall to neutralize this deviation from the ver-

tical axis (see figure below);

Feundation
Block

All the values are
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Fig. 3.43 - Deviation of the Foundations from the
Vertical Axis

the difference of width between foundations and
walls is used to level the floor (see following

figure);
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Fig. 3.44 - The Floor Level is Based on the Difference
Between the Foundation and Wall Widths

3.4.2.1.3 The Use of Soil-Cement

The theoretical aspects of the use of soil-cement
were already discussed in Chapter II. The important issues
in this chapter are related to the practical use of it,
more specifically, how it is prepared and how it is applied

in walls and foundations.

The first steps are related to the selection of the
soil to be used and the laboratory test to determine the

correct cement percentage.
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After the correct proportion between soil and cement
is defined, it is necessary to make such results useful in
the field. The problem with correct dosage of cement is
always present. To solve such a problem, pre-designed con-
tainers for cement and soil dosage based on volume must be
provided. It is preferable to utilize absolutely distinctive

containers - preferably one much larger than the other.

The way of mixing is similar to concrete: the soil is
brought to the place where it is going to be mixed. If it is
manual mixing, the soil is laid on the ground, preferably on
some protective material to avoid its mixing with common

organic soil.

The cement is dropped onto the middle of the soil.
The best way*to ensure a reasonable control of quantities
is to require the workers to fill the containers (normally

[ . .
wooden boxes) to the top, without tamping the material.

The soil and cement are mixed with conventional
equipment and the water is added little by little. The
correct amount of water is determined by feeling. The
mixed material must be mouldable when pressed by hand, and
break in few parts when dropped to the ground.(})

The control over the amount of water used by quantity is

much more difficult, due to variations in the humidity of

the soil used.
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To tamp the soil-cement in the form, a special tool

is used. It is shown in the following figure.
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Fig. 3.46 - Tampers

These tampers are used with both hands. The worker makes

a vertical movement, holding onto the top of the tool. The
up and down movements must not be very fast because, other-
wise, the worker will get tired very quickly. The movement

must be rythmic.

The following picture shows a worker using the tamper.
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produces thin and clear lines, the material is well-compacted.
However, if it produces an undefining line, breaking the
material while moving, that is a sign that it is not

well-compacted.

The soil-cement must be dropped in the form in layers
of no more than 20 cm of soft material. If a layer thicker
than that is compacted, its lower part will not be well-

compacted and will disintegrate very easily.

When the forms are full of compacted soil-cement, they
can be removed immediately. The soill-cement block stands
without any deformation. However, it cannot be loaded or
struck, since its resistance is only due to the compaction
of the soil and not to the cement added to it. The proce-
dure presented above must be repeated until all the foundation

blocks are cast.

3.4.2.2 Field Lxperiment

After the steel tubes were in place, the foundation
started. The self-helper was asked to excavate between the
iron tubes, so that the forms could be used as shown before.
The first hole between two tubes took a longer time, since

the self-helper did not know its correct size. However,
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the remaining excavation was done at normal speed, without
any further problem. The forms were always tested between
two tubes to ensure that the hole was large enough. This

task took three weekends.

Casting the foundation blocks was started on the
following weekend. The boxes used to measure the soil and
cement quantities were built and the mixture prepared.(*)
It took between 10 and 15 minutes for one person tc prepare
the mixture and between 7 and 12 minutes for two persons.

Three mixture cycles were necessary to fill the 2mM form

and five to fill the 3mM one.

The mixture was carried in the larger box to the forms
and dropped in to be tamped. Tamping took between 5 and 7

minutes in the 2mM form, and 7-10 minutes in the 3mM form.

3.4.2.2.1 Fastening Systems

The time required to fix the form varied according
to the fastening system used. During the entire construction

phase, four systems were tried. They were:

(*) See Appendix: DETERMINATION OF THE SOIL-CEMENT
TRACE: LABORATORY AND TEST RESULTS
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Bolt Fastening: Bolts were used to hold the forms

together, as in the case of the form for the roof
structure. TwO main problems arose with this

system - it could not be used for the foundations
since 1t was impossible to remove the bolts after the
blocks were cast. Another problem was that the bolts
were too susceptible to damage when in contact with
soil - their screws were damaged. Also, a finishing

problem appeared due to the holes left.
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Fig. 3.48 - Bolt Fastening System

Clamp fastening: The clamps were "U"-shaped and

held the forms together, according to the following

picture.
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__Bar
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Fig. 3.50 - Pin Fastening System

The basic problems of this system were the difficulty
in assembling and disassembling the forms (mainly at
the corners), and the finishing problems, also at

the corners.

Modified pin fastening: Some modifications in the

pin system improved the assembling procedure and
reduced the problem of finishing. Instead of large
pins, small ones were used. Also, the bars were

modified in this new system, as explained earlier.
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this system was not used to cast the

However,

foundations, where the clamp system presented fewer prohlems.

A table with a more complete evaluation of the various

It shows that the last system

systems is presented below.

used has the best performance.
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3.4.2.2.2 Productivity

After each block was cast, the forms were removed and

fixed between two other tubes.

The whole process, including preparing the mixture,
setting the forms, tamping and removing the forms could

vary, depending on:

- the number of people involved in the process;

- the physical and emotional aptitude of workers;
- the fastening system used;

- the size of the form

- unexpected fixing problems.

For the foundations, this time variation is shown

in the following table:

FORM SIZE NUMBER OF WORKERS
One Person Two FPersons
2mM 1:15 - 1:40 h 50 min - 1:20 h
3mM 1:40 - 2:20 h 1:20 h - 1:40 h

Table 3.5 - Time Required to Cast the Foundation Blocks
The procedure to realign the top of the iron tubes

was easily understood and followed.
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At the beginning, forms 100.0 cm and 160.0 cm long were
used, and columns had to be cast between the blocks. However,
it was difficult to fix the forms for these columns and to
cast them, since the large tamper could not be used. This
system was later abandoned in favour of larger forms (120.0 cm

and 180.0 cm).

3.4.3 Walls

3.4.3.1 Proposed System

The procedures applied in the foundation are used for

building the walls. The material is the same, as well as
the equipment. The only difference lies in the thickness
of the wall, which 1is 20 cm. To ohtain this thinner wall,
the worker has only to mount the forms, connecting them

directly to the steel tubes, without using the spacers.

To guide the forms, the steel tubes are extended

up to the final height of the wall. This extension 1is
provided by a piece of wood which fits tightly inside the
steel tubes. Half of this piece is inserted in the lower

segment and half in the upper segment (see following figure).

To ensure that the tubes are in the correct position,

the aluminium frame is mounted again on top of it.

The wall is built in blocks, with 47 cm height, except

the lowest one. The smaller courses come from the need to



Fig.

support the form.

- on the lower block, preventing the upper one from moving down.

While the bars were not in place,

3.51 - Piece

Steel
Tube

To do that,

=

of Wood Used

the lateral flat iron bars lay

steel bars held the forms.

This is shown in the following figure.
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Fig. 3.52 - Block Height and Support to the Forms

to Extend the Tubes
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The total height of the wall is 243 cm, corresponding

to 5 courses of soil-cement.

When building the walls, the correct order of casting
the blocks should be observed. 1In the corners, the block
which includes the corner must be built first. This is

shown in the foliowing figure.

o (@ © J\\ 3 o
To DBe
Forms Cut Forms

R

I ©

Incorrect
Sequence

Correct se
Sequence

Fig. 3.53 - Correct Sequence of Casting the Blocks

In the incorrect sequence, part of the block #2 has
to be destroyed to allow the form to be installed for block

#3. In the correct case, there is also some damage to the

previous block, but this is not a major problem.
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When the blocks are being built, after a layer is
tamped, its upper surface must be scratched with a sharp
metal to provide asperity to the surface and improve the

bond.

The use of forms provides a good solution for the
problem of precision. Since soil-cement is an amorphous
material, all its surface points must be precisely located
(according to the principle stated at the end of Chapter II).
This location is provided by the internal surfaces of the
forms. The solution does not require further surface treat-
ment to obtain a smooth wall. When the form is removed, the

surface is ready to be painted.

3.4.3.2 Field Ixperiment

After the foundations, the walls were cast. At
first, steel tubes were extended 1 m, and the aluminium

frame fixed.

The access to the whole site was possible by not
casting two wall segments, as shown in the following

figure:




Construction

/

T ] 270 To Be Built Later

e N ———% Traffic

01d House

Socil~-Cement

Mixing Place

Fig. 3.54 - Sequence of Casting Adopted to Allow
Access to the Various Points of the House

At first, the bolt and the clamp fastening systems
were used. However, they had to be abandoned due to the
problems with the tamping procedure. Then the pin system

explained previously was adopted.

The time required to build one block varied. The
reasons for this variation were the same as those
explained for the foundations, with the addition of the
height of the blocks: the higher blocks took more time.
The walls took less time to cast, since they were thinner.

The variation of time is shown in the following table.




- 156 -

NUMBER OF WORKERS

FORM SIZE One Two
2M 1:00 h - 1:30 h 40 min - 1:00 h
3M 1:20 h - 1:50 h 1:00 h - 1:20 h

Table 3.6 - Time Required to Cast the Wall Blocks

During the construction of walls, it seemed that it
was necessary to find an aid to speed up the construc-

tion process, since it was taking place only on weekends.

To solve the problem, a labourer was hired and the
self-helper was paid Cr$7,000.00 ($110.00). The important
gquestion was to know if the payment to the self-helper
would not spoil the whole experiment. To do so, it was
necessary to look at the goals which were to be achieved

and analyze how they would be influenced.

The goals were to develop a technology which could
be understood and absorbed by the self-helper. The guestion
of whether or not he would abandon the program in case of
working only on weekends could not be answered. However,
it was not the proposition of the experiment to measure
the self-helper's capacity to maintain his interest in the
process (such evaluation would reguire a much larger project,

to work on statistical values).
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The soil used in the foundations and walls also
deserves some consideration. At first, the intention was
to use the soil obtained in the site and vicinities.
However, there were problems related both to the volume
of earth involved and to the quality of the soil, in which

a

organic matter was found, even in samples taken from 1 m

depth.

To neutralize such organic matter, so much cement and
lime would be required that it was found to be cheaper to
use a better soil from another place a few kilometers from
the site. Additional advantages were that the soil came ready
to be used, while the local soil had to be broken down and
pulverized before it could be used, and the site was not

damaged by removing a large amount of earth.

The earth brought from the other place presented
some variations in colour (due to different clays) and
granulometry. It was yellow, when montmorillonite clay

Ae,Si,0 (OH)2 was present, and pink when kaolinite clay

2774710
Ae203.25i02.2H20 was present. The first one tended to
absorb water and swell very easily, so that the pink soil
was found to be the better one. These considerations were

confirmed on the site, where the stronger blocks, with

a better surface, were made out of the pink soil.
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- the compaction process.

The amount of water used for mixing was very important
to the resistance of the material and the surface. At first,
the common procedure described above was used to
determine the correct amount of water to be used. It could
not provide a precise measure, but was considered to produce
good results. After a while, larger amounts of water were
used. The main consequences were a block with no great
decrease in resistance, but with a smoother surface. It was
also observed that, if the forms were removed immediately

after the block was cast, the surface was not as smooth

as when the forms were kept in place for at least 6 hours.

The amount of soil poured could not surpass 25 cm
height. When that happened, the lower part of that layer
became badly compacted and, as a consequence, friable and

easily erodable.

The compaction also had an enormous importance for
the quality of the final material. If the mixture was not
compacted enough, again the surface became friable and

erodable.

The last comments on the construction of walls refers

to the way the mixture was poured into the forms. For the










surface of the blocks is levelled, the dummy becomes
automatically levelled, too. The forms compress the dummy
keeping it plumbed and not allowing it to move. The dummy

is braced to avoid deformation due to soil pressure.

It is interesting to note that the system does not
impose a specific window size, in spite of the modular wall
system. Any window size can be used between two consecutive
steel tubes, leaving only 1% cm at each size, to avoid too
weak a wall segment or interference with another block (see

following figure).
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Fig. 3.59 - Location of Windows and Doors in
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This flexibility in window and door sizes is extremely
important, because many times these people obtain second-hand

doors and windows with random sizes.

The following figure shows a window dummy already in

place.
Steel
Tube Steel
* Tube
H::\% -
0 Bracing "
) L.
Form
N
— R > ) h
Wall
Fig. 3.60 - Location of a Window Dummy

The wood for the dummy can be of the cheapest type,
even recycled boards. The frame can be utilized several

times, if there are various windows or doors of the same size.

The structural problem of how to provide the window

or door lintel is easily solved by adding some reinforcement
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to the soil-cement. This reinforcement goes along the span
and can be construction steel or bamboo. However, for

cultural reasons and safety, users tend to prefer steel.

Three days after the block is cast, the dummy can be
removed without problem. The frame is fixed in place with-

out any problem.

To avoid the problem of precision related to the size
and angles of the dummies, the self-helpers make them having

the actual frame as the model, with no measurement involved.
The bracing does not offer additional problems.

ﬁifferent fastening solutions exist to fix the frame
on the wall, depending on the material used. Wooden
frames are simply nailed on the soil-cement wall. Metal
frames are fixed with anchors in drilled holes, which are

then filled with a stronger soil-cement mixture.

Alternative solutions may be provided for those who
do not have enough money to buy factory-made frames. It
is not convenient to.make windows or doors which are
readily found in the market, as it requires expensive

tools and specialized labour. Instead, cheaper provisional
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light is required, the smaller frame is used. Finally,
when neither light nor ventilation is required, an internal

curtain 1is closed.

There are two other problems: security and precision.

For security, an additional wooden panel may be added.
The required precision could be obtained by providing standard
window and door dummies together with the equipment, so that

the self-helper could copy their dimensions.
In economic terms, probably the best solution would
be the creation of a cooperative, which would be in charge

of buying materials and prefabricated elements.

3.4.4.2 Field Experiment

The dummies for the openings were built according to
the frames the owner already possessed, which were two steel
windows 1.00 m x 0.90 m and a door 2.10 m X 0.80 m. The
author did not help the owner to build them. The result,

however, was quite satisfactory.

The owner decided to put the base of the window above
the third block row, following the general pattern found in

the favela.
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The only problem was related to the pressure made by
soil-cement against the dummies. This pressure broke one
side of a window dummy and caused a small deviation in the
bottom of a door dummy. Those problems, however, were

solved once the frames were reinforced.

There was no problem in removing the wooden dummies
to fix the frame. Also, no structural problems or cracking
were observed near or above the top of the opening, even

after the wooden dummy was removed.

The windows were fixed in place without any problem
related to tolerances, since the proper place was left by the

dummy .

3.4.5 Plumbing and Drainage System

3.4.5.1 Proposed System

As discussed in Chapter II, certain activities,
including plumbing, do not present the five basis charac-

teristics as clearly as others.

A pre-designed solution is proposed, consisting of
a drawing on a "J-"—shaped three-dimensional panel, showing
the plumbing and drainage systems, with all the pipes and

other elements specified.
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Fig. 3.6.3 - Three-Dimensional Panel With the
Plumbing and Drainage System

The model, having a 1l:1 scale, permits the self-helpers
to measure and connect correctly the pipes and other elements.
The plumbing system is shown in the vertical panel, while
the drainage system is presented in the horizontal panel.

The system includes the basic elements of a bathroom, a

kitchen, and an external tank for washing clothes.

The bathroom elements are: 1 shower, 1 toilet bowl,
1 lavatory; the kitchen has a sink as well as the tank. The
drainage system collects and directs the waste water to
outside the building. The treatment of such waste will be

discussed later.
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The plumbing system is shown below:
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Fig. 3.64 - Plumbing System
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The drainage system is shown below:

All the values are
in mm

=

- L\“\/—'

Fig. 3.65 - Drainage System

Together with the panel, which is part of the equip-
ment, the self-helper is given a small drawing representing
the same system, and a list of all materials and elements
that must be bought to build the system. Again, a cooper-
ative would be very helpful for buying materials at lower

prices.

The self-helper will build the system following

the procedure presented below:

1. Obtain all the necessary equipment;
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2. Cut the pipes according to the drawing;

3. Mount the complete system, superimposing it on the

system drawn on the panel;

4. If any significant difference is noticed, correct

the error, mount and check the system again;

5. If the result is satisfactory, glue the various parts
together;

6. Install it on the site, tying the plumbing system to
the iron tubes. The inlet ends of the sewage system

must be parallel to the foundation blocks, as shown

in the figure.

The problem of disposing of the sewage is very serious.
The probability of having a public sewage system is very small
and alternative provisional systems should be proposed. It is
out of the scope of this thesis to analyze and evaluate such

(4)

systems. Other authors have already done that.

To let the ground absorb the wet waste does not seem
hygienic, and electrical or mechanical processing systems
are much too sophisticated and expensive. It seems that

the best is to propose the development of a cheap aerobic
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or anaerobic system that could be installed and maintained

by the owner.

For today, the best alternative seems to be the use

of a septic tank.

3.4.5.2 Field Experiment

The squatter settlement did not have a public sewage
system to which to connect the domestic disposal, so a dry

well was proposed. The author presented to the owner

the solution shown above.

Due to economic, time and space constraints, the
author did not provide the owner with a full scale panel.
Instead, a drawing of the plumbing and drainage system was
provided, representing the different diameters with different

colours, and showing the sizes of the various segments.

The solution seemed to work well. The owner built
the system making only one mistake: for one segment, he
used a pipe with a diameter larger than the one shown in

the drawing.

The owner had no problems in gluing the segments and

fixing the plumbing system in the correct place.
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3.4.6 Electrical System

3.4.6.1 Proposed System

The electrical system presents the same general problem

as the plumbing system: a number of decisions have to he

made by the person who is building the system, using some
general theoretical principles that have to be applied in
different solutions. This problem is worsened by the fact
that, unlike the plumbing system, it is not possible to
pre-define the system, since it depends on the house plan.
Furthermore, there is the safety problem. It is much more
dangerous to have an incorrectly designed or built electrical
system than plumbing system, therefore, some form of control

is necessary before the system can be utilized.

These difficulties make it doubtful that there is a
simple and elegant solution for the electrical system

problem.

It seems clear that a single solution is impossible.
The most reasonable approach is an attempt to diminish the
gap which exists between the principles to be utilized and

each specific solution.

The proposed solution is divided into three parts:
design, installation of conduits and installation of wires

and fixtures.
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The design phase is again divided into two parts.
At first, it is necessary to establish where fixtures such
as lamps, plugs, etc. will be placed. Since this decision
does not influence anything except the user's comfort, he
will choose where such fixtures are to exist. Technical
problems such as sufficient well-distributed illumination
in a room and the accessibility of switches are solved by
the self-helper's experience and common sense. Furthermore,
if some very unusual solution is proposed, there 1is always
the possibility of the architect-advisor discussing it with

the self-helper.

The layout of the fixtures is made on a copy of the
architectural solution, using a code for each kind. Such

code is presented below:

FIXTURE CODE
Switch A&’
\ /
P
Ceiling lamp \'<:>
~ ~
/
Vr
Lateral lamp [),4
S

Plug =

Fig. 3.66 - Code Used by the Self-Helper to
Represent Electrical Fixtures
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After the self-helper defines the positions of the
various fixtures, there is a discussion of the proposal
carried on with the architect-advisor. If no changes are

required, the second part of the design phase starts.

This part does not have user participation. It is
concerned only with the technical problems and must be
solved by a specialized person. It might be questioned
that the user carries out the design phase, but such dis-

cussion will be postponed until later.

The construction of the electrical system starts with
the location of the conduits. This can easily be done by
the user. The boxes for the switches and plugs are connec-
ted to plastic conduits. This set is tied to the iron tube
that is closest to the position established by the owner.
The plugs are tied just above the first row of blocks,
while the switches are tied above the third row. This
provides an equal height for all fixtures. The following

figure illustrates the procedure.
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Fig. 3.67 - Location of an Electrical Box

As the next blocks are cast, the conduilt is embedded.

When the walls are completely built, segments of the
conduit remain exposed at the top. Using bends, the user
brings all these conduits to a central box placed above
the ceiling level. There are two alternatives: either there
is a central box for each room, with all these boxes inter-

connected, or there is a central box for the entire house.
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Both alternatives are shown in the figure below, using

one of the architectural solutions presented previously.
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Fig. 3.68 - Electrical System Designed With a
Central Box for the Whole House
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Fig. 3.69 - Electrical System Designed With a
Central Box for Each Room
The total amount of conduits used in the first case
(only one central box) comes to approximately 40 m, while in

the second case it comes to approximately 30m. Of course,
these figures are related to the specific solution presented.

However, it seems logical to expect that using a central box
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in each room will diminish the amount of conduits and wires

used.

After bringing all the conduits of a room to a central
point (the lamp fixture), and connecting the boxes of adjacent

rooms, the self-helper has to install the wires.

The self-helper is required to insert a pair of wires
in every conduit. These wires have to be 40 cm longer than
the conduit, so that an excess of 20 cm appears at each end.
To avoid complications, the self-helper uses only two wire
diameters, one of each colour. The thinner one is used to
connect the various fixtures to the central box. The

thicker one is used to interconnect the various boxes.

Unless the user is an electrician, his Jjob in the
electrical system is finished. The next step is performed
by a skilled labourer, who connects the wires, installs the

fixtures and checks the circuits.

However, the majority of the work has been done by the

self-helper, without any danger.

The conduits will be covered by a ceiling. An

alternative using exposed wires should always be
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avoided, since it is dangerous, mainly when there are

children living in the house.

The problem of having specialized labour is practically
unavoidable. The best that can be done is to select somebody
in the settlement who is an electrician or an apprentice,
and to charge him with making the final installation, as
described above. In return, the beneficiaries of his
service can pay him back by helping him to build his own

house.

3.4.6.2 Field Experiment

The location of switches, lamps and plugs in the
house was established by the owner on a copy of the house
layout, provided by the author. Such solution is pre-

sented on the next page.
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The owner's solution followed the preceding code.

It seemed that the solution adopted is quite reasonable

and did not need any modification.

During the construction process, the only step
actually executed while the author was in Brazil was the placing
of vertical conduits. First, conduits and boxes for the
switches and plugs were bought. The conduits were cut in
two parts and the boxes were fixed. The owner attached the
conduits for plugs above the first course, and the conduits
for switches above the third course. The system worked

perfectly. After the following courses were cast, only

the open side of the boxes could be seen.

The rest of the electrical system was not built in

the presence of the author and will not be commented on.

The following pictures show a box inside a block
and the top of the conduits above the walls. Such conduits

should be cut later.
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3.4.7 Floor

3.4.7.1 Proposed System

The floor is built after the walls and roof structure
have been built, so that it will not be damaged by traffic.
The levelling of the floor is obtained directly from the

top of the foundation blocks.

The first step consists of compacting the soil with
the tamper described earlier, to provide a good base, soO

that the floor itself does not have to be very thick.

The soil base is compacted until is is approximately
10 cm below the level of the foundation blocks. The diffe-
rence is checked by using the aluminium frame. Two Or
three segments can be added to cover the span. The frame
is used in the smaller room dimension. The space between
the soil base and the frame can be measured by using the
four fingers of a hand as reference. The figure below

illustrates the procedure.
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Fig. 3.73 - Procedure Used to Level the Floor

After the so0il is compacted, the same soil-cement
mixture used in the walls is prepared. The mixture is
spread over the soil base and compacted. The compaction
should start from the edges so an excess or shortage of
material can be noticed. The compaction continues towards
the center of the room, keeping the aluminium frame close

for easier control.

The soil level should be checked constantly, so that

hollows or bumps are readily found and corrected.
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After the soil has been compacted, the finishing
treatment consists of wetting the soil, spreading cement
powder by hand on the surface and smoothing with a trowel.
The smoothing process must start in the corner opposite

the door.

The last step required some skill, but it can be
easily learned, since the surface is already levelled. The
result i1is a hard and smooth surface. Coloured floors can be

obtained by adding a pigment.(4)

3.4.7.2 Field Experiment

The owner made the floor in two stages. At first, he
compacted the soil inside the rooms, following the proce-
dures described earlier. He developed very quickly the
filling of the correct height between the top of the

foundation and the compacted soil.

The second stage - a soil-cement floor - was not
executed in both rooms, but only in part of one of them.
The owner could not execute the floor while the construc-
tion was still in progress, since it could be damaged.
However, the finished part presented a very good result.
The owner compacted and smothered the floor very easily.
The author also smoothed the floor and found it a very

easy task.
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3.4.8 roof
3.4.8.1 Proposed System

The roof can be divided in two parts: structure and
covering. The structure seems to be the most difficult to

solve, since it has to be cheap, safe and of easy

construction.

The slope and support for the roof is provided by a
triangular wall built above the ceiling level. This wall
is built using the same scil-cement mixture used in the

walls.

A special wooden form is utilized to provide the
inclination. It is fixed with bolts and is levelled by the
wall which supports it. The following figure shows such a

=

Torm:
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Fig. 3.74 - Gable Form

The procedure to use this form is explained below:

1. The forms are held together by a pair of bolts of

the upper row, and are laid loosely on the wall.




The forms are brought to the corner and the bolts
are tightened up. A piece of plastic tube 20 cm
long is used between the forms to protect the bolt

and to facilitate its removal.

A wooden lateral panel is fixed inside the form, to

retain the soil-cement.

<

f , r . .

Fig. 3.75 - Form Mounted on the Wall

The pre-mixed soil cement is poured in the form and

tamped.

The bolts are loosened and the form is removed.

The form is located on the opposite corner, and the

same procedure takes place. This alternating
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process has two advantages: it allows the soil-cement
wall in one corner to dry for around 1% hours, which
provides it with enough strength to avoid deforma-
tion when the form is used in that corner again; and
it allows the self-helper to know how many times he

has to use the form at each side of the triangular wall.

7. The form is brought to the initial corner and the same
procedure takes place. To adjust the form and to
maintain the modular dimension, it overlaps the
previous wall up to the first bolts (20 cm). This

procedure continues up to the triangle.

The drawings below show the procedures:

First Block

To Be CasQJ/////




Fig,
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[ Third Bleclk to
Be Cast

To Be Cut

Second
Block to

t. Be Cast

Last Block to
Be Cast

.76 -~ 3equence to Build the Gable Wall
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If a cross wall exists, the triangular wall is
built up to this wall, Then the same forms used to build
the common walls are used. To do so, new segments of
steel tubes 55cm long are used. The wall has to be built
until it reaches the height of the triangular wall.

The solution is exemplified below (the numbers

express the order to use the forms):
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Fig. 3.77 - Roof With Cross Wall




When an orthogonal wall exists, it has to be cut close
to the wall which is supporting the triangular form. This

cutting is necessary to allow the triangular form to lay on

the wall.
=
Form
Cut in the Bt 6
Hall
| A
Fig. 3.78 - solution for Orthogonal Wall

When all the triangular walls are built, a ridge pole
is placed across the apexes, resting in circular holes made

at the apex of the walls.

Pole on tha

Ridge of the Roof

Fig. 3.79 - Ridge Pole Structure
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To complete the roof structure, other poles are laid

on the sides of the triangle walls, parallel to the ridge

'

cla — S o e Teg < =S oke {
- ne ZLS8STAnCe retween TC.ilges IZetenlds O Tl Coverlndg

that will be used (see following figure).

The polec are located using a special spacer, which

provides the proper distance to instal the covering sheets.

"q" depends on the size of the

asbestos-—cement sheet to be used.

Fig. 3.80 - Location of Roof Poles

Two covering solutions are proposed: bamboo and

asbestos—-cement sheets.

Large diameter bamboo can be used by splitting in
the middle and laying the halves as shown in the following

figure.




Fig. 3.81 - Bamboo Covering

However, the main problem of using bamboo is how to
obtain it, since it is not readily available and a plantation

would take around 23 years to be cut.

When the covering adopted is asbestos-cement sheets,

two main advantages arise:

- it is cheaper than any other well-accepted and

reasonably tested covering in Brazil; and

- it is easy to install and maintain.
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3.4.8.1.1 Conclusion

The sub-systems described above are the essential ones.

Further improvements may be sought by the self-helper.

3.4.8.2 Field Experiment

The roof was not built while the author was in Brazil.
However, a previous discussion with the owner about the
system which should be applied showed a resistance to the
use of poles. This resistance was probably related to the
family's cultural background, since a roof using poles for

structure is commonly related to very poor or rural housing.

The owner changed his mind when the economic advantages

were shown to him.

3.4.9 Surface Treatment

The author proposed a cement-base paint for the
external surface treatment, as well as in the bathroom and

kitchen. The proposal was accepted.

3.4.10 Other Finishings

Other finishes such as ceiling, wooden or ceramic
floors, were not proposed to the owner and could be provided

by him later.




3.4.11 General Considerations

The author observed that the owner increased his care
for the house as time passed. He became ever more concerned
with the quality of the house and started to propose solu-

tions and analyze the results.

It also seemed clear that he was able to absorb the

new technologies, without needing a long learning process.




CHAPTER IV

CONCLUSION
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CHAPTER IV

CONCLUSION

4.1 Analysis of the Proposed Technology

The validity of the technological solution is closely
related to the results obtained in the field experiment.
There, the success is measured by the capacity the self-

helper has to understand and utilize the technology.

It seems that the potential of the technology can be
evaluated in two aspects. First, since it is based on the
five parameters proposed in Chapter II, it is necessary to
consider the validity of such parameters. Secondly, it is
necessary to see if the various sub-systems satisfied those

parameters, and to what extent.

4.1.1 Evaluation of Parameters

4,1.1.1 Modular Coordination

The standardization and reduced number of equipment
sizes provided by modular coordination was extremely
valuable in economic terms. The great simplification in
design and construction elements facilitated the self-

helpers' learning process and increased theilr capacity to

ESCOLA DE ENGENHARIA
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explore the system's potential. It permitted a greater

repetition of tasks and, as a consequence, a better control

by the self-helper himself.

4.1.1.2 User's Participation

While developing their own architectural and electrical
solutions, the users seemed to be able to give answers to
their needs so completely, that it is quite valid to question
if an architect, with a completely different background,
would be able to understand and accept those needs. Another
important consequence of a self-helper's design is the possi-
bility of reducing the expensive participation of the archi-
tect, while still having a critical evaluation of the

solution.

Self-help construction has its highest value in
helping the poor to overcome economic constraints.
This parameter could not be evaluated during the whole
process due to the payment of the self-helper for a certain
period. However, his ever increasing interest and involve-
ment allows one to conclude that the self-helper tends to
develop positive feelings of pride and satisfaction, as well
as great care for his house, which appears as quality control
on the construction phase, and better maintenance in the

occupation phase.




4.,1.1.3 Use of Low-Cost Materials

Since a large part of the labour is provided by the
owner himself, materials are responsible for the majority of
construction expenses. The use of low-cost materials seems
to be essential if an affordable house for low-income people
is intended. These materials may be new or may be traditional
but used in a new way. Two problems related to their use
arose during the experiment: the evaluation of their per-
formance in use, and the user's cultural inertia, which
generates resistance to the use of new materials. These
problems deserve special attention, since they can create

serious obstacles to the implementation of new technologies.

4.1.1.4 Man—-Equipment Interaction

This new approach to the construction process, consi-
dering man and equipment characteristics as the basic deter-
minants of the tasks they should perform and the way they
interact, seemed to have an enormous influence on the self-

helper's capacity to build his house.

In general terms, this approach helps to eliminate the
need for skilled labour, always present in traditional tech-
nologies. It also tends to lead to higher productivity and
more constant quality, which are hard to achieve with

unskilled labour.




The approach alsoc provides a new view to the problem
of establishing the optimum level of industrialization.
With man and equipment characteristics clearly set out, it is
easy to determine at which level one should develop a techno-

logical solution.

4.1.1.5 Influence of Materials Characteristics

Since materials are to be transformed, their charac-
teristics should be considered. This parameter cannot be seen
so clearly as the others. However, it plays an important
role in technological development, and, more specifically,

equipment development.

4,.1.2 Systems Compatibility with the Basic Parameters

For some sub-systems such as foundations, walls and
roof, it was possible to take into consideration the various
parameters discussed. For others, however,this was not
completely possible. These sub-systems were plumbing and
electrical sub-systems. For them, some improvements were
made, so that the requirements for skilled labour and costly
materials were substantially decreased. When this was not
possible, one of the main reasons seems to be the way those
systems have been developed and the elements found in the
market to bulild them, as in the case of the electrical

sub-system.




In an overall view, it seems that the main goal -
to increase the potential of low-incomes to obtain their
homes through the development of technologies that would

allow a self-help attitude - was achieved.

Another important aspect refers to the self-helper's
feelings towards the house and the construction process. The
author's experience, in spite of its limitation, tends to

suggest that strong feelings develop during such a process.

The owner's involvement can become a valuable and
constant source of motivation, which slowly changes to pride
and satisfaction during the process. However, if those ex-
pectations are frustrated, feelings of rejection and
criticism can also build extremely quickly and with the

same intensity.

4.2 Potential for New Research

The problem of housing low-income people is old and
vast, vet there is need for much more information than is
presently available in every single aspect of it. However,
some points deserve special attention as there is little
knowledge of them, and yet they seem to be very promising.

These aspects are:
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- user's participation in the design phase;

- search and evaluation of low-cost materials;

- man-equipment interaction;

- psychological behaviour of low-incomes during

the self-help period;

- the process of learning new technologies.

The above-mentioned aspects bring the conclusion that
the construction process cannot be viewed alone, but it is
necessary to develop knowledge in complementary fields,
mainly in a self-help process, since human factors play a

central role.

With respect to the construction technology, some
sub-systems need more research, so that building procedures

can be simplified. One of these is the electrical sub-system.

The forms used to build the walls also need to be
improved, to avoid problems related to finishes. It seems
that a good way to solve the problem would be to assemble
various segments 6M long to build an entire wall each time.
Segments 4M long could also be used to solve the problem of

corners.

ESCOLA DE ENGENHARIA
BIBLIOTEC



The prototype built should be evaluated after
contsruction for the following aspects: thermal comfort,
water permeability of walls and roof, erosion of walls,

and maintenance cocsts.
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APPENDIX

DETERMINATION OF THE SOIL-CEMENT MIXTURE:
LABORATORY TESTS AND RESULTS

The exact quantities of soil and cement that should be
added were determined in three steps: selection of soil;
laboratory tests; and determination of containers' dimensions.
The aim was to obtain the least expensive mixture (implying
the minimum amount of cement), which could satisfy loading

requirements for walls.

Selection of Soil

The soil found on the site was tested and the results
showed that an excessive percentage of organic matter inhi-
bited the bonding action of cement. The soil also had a high
percentage (50-60%, according to the depth) of montmorillonite
clay. When test specimens were left submerged for 24 hours,
they fell apart due to the expansivity of the clay and the

absence of cement bonding.

To neutralize the effect the organic matter had on
cement, 4% lime was added. The results, however, were
scarcely better. The test specimens survived the 24 hrs

submersion, but their compressive strength varied from



0.4 MPa to 1.2 MPa, for a cement percentage varying from 11
to 12%. Furthermore, there was a large variation of results

obtained with the same percentage of cement.

Based on such results, the author decided to utilize
a more suitable soll. It seemed economically reasonable to
do so, since the cost of the so0il, including material and

3 (C$2.50/m3), while

transportation, was around Cr$150.00/m
the cement cost Cr$300.00/sack (C$5.00/sack) of 50 kg.

Thus, the increase of 1% in cement would cost Cr$120.00
(C$2.00)/m3. Since the reduction of cement percentage using

the better soil would be not less than 10%, this would imply

a reduction of cost of about Cr$1,050.00 (C$l7.50)/m3.
An excellent soill was found 5 km from the site. A
simple field test (described in Chapter II0 showed that the

soil had a large percentage of sand.

Laboratory Tests

At first, the granulometric curve of the soil was

determined. The results obtained were:
Passing No. 4 Sieve : 93%
Passing No. 40 Sieve : 46%

Passing No. 200 Sieve: 22%




There was no trace of organic matter since the soil

was extracted from 2-5 m depth.

The optimum water content was also determined. The soil
was compacted according to ABNT (Brazilian Technical Norms
Association). The compaction was made as follows: the soil
was compacted in a brass cylinder 100 x 50 4 mm in three

layers, with a 4 kg piston, falling from 500 mm height.

Water contents were 14, 16, 18, 20 and 24%. The
maximum density was obtained with an 18% water content, and

was 2.24 g/cm3.

This water content was used for the soil-cement
mixtures. Test specimens utilizing 6, 8 and 10% of cement
were compacted in the same way described above. The results

of these tests are presented below:

Percentage of Average of
cement 2 specimens

weight volume

6 7.2 2.8 MPa
8 9.6 3.3 MPa
10 12.0 3.6 MPa

The required resistance was 2.0 MPa, so that the 6%

cement mixture was adopted. Lower percentages were avoided
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for safety reasons, since the control of water percentage,

soil density and quantity of cement could not be precisely

controlled in the field.

The last step was the dimensioning of two containers -
one for soil, and one for cement. These containers provide
the correct volumes of each. The containers had the

following dimensions:

Soil : 33 x 33 x 31.5 cm = 34.4 dm3 x 3 times = 103.1 dm3

Cement: 20 x 20 x 20 cm = 8 dm3

o
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