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ABSTRACT o
SELF-HELP LOW-COST HOUSING GONSTRUCTION :
TECHNOLOGY IN BRAZTL, o \ ' .

1 ‘ ’ . . ] “
Brazilian cifies suffer from an increasing shortage
. q (N .

N\
IS

. T of housing for\lowfihcome people. Governamental efforts to S
'eliminate the problem have not been sdccessful, and there is
o a need for other approaches to the problem, Among these, self-
. help_housing eeemS'oalzi*Very ptgmisiﬁg. r " | '.. ) ]

Nt . In this-study, a selfahelp low«eost housing techno- ; ‘

2

.. ; ‘ *  logy is presented, and the constructlgn of B 22 m2 prototype o ’

is descrlbed The development of the technolOgy was~based of S

-

four parameters. User‘s partxcxpatlon, use of low-cost materl—

B ]
als, modular coordlnatlon, and man-equlpment 1nteractlon.

.
" . .

¥

-

The technology was developed to proyide the basic
. shelter ¢- which con51sts of the following sub-systems:

‘foundation, walls, plumbing and electrical systems, floor ?

and roof, . ’ ‘ '

e ek v~ s s

K]
4 M ! 3

. o _ Y
“ ‘ ' The results obtained in the construction of the '

: ' - prototype encourage the adoption.of the approach used, and
‘ pro$§de,a basis for further development of the technology

' ‘ ) " Co N -
to easy the housing'problem in 8razil,
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, This study and the building of' the prototype .
. ! |

"were financed" by gr_an&s from CNPq - Coﬁgelho Nacional :

‘de Desénvolvﬁento Cientifico e Tecnologico. e
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CHAPTER I \
" INTRODUCTION T \
1.1 " URBAN HOUSING DEFICIT IN THE \STATE oF -
2 GRANDE DO SUL - PROBLEM STATEME_N/;/

* -

S, J . .
1.1.1 \ gzggation ‘. : '

. . * ¢

' The State of Rio Grande do Sul'is located in the

o

extreme south of Brazil, having borders with Argentina and’

*

Uruguay. Its‘clihate is sub-trépical and its economy is .,

based on agriculture. However, there is an increasing level
\

Y

of industrialization which brings important modifications to

the distrfbution of the population throughout the state,

»

] with a tendenc concentrate in the mai#¥n cities. This *
. Ccy -1td 18

» &
internal migration, which is very characteristic of economies

in development, brought to the cities a gfeat number of un-

skilled labourers who could not be absorbed.by industry:

" "the preoccupation to create a strong industrial sector in ~ ,/’
. = e .

the country generated a process of concentration of invest-

\

ments. As a consequeqcé, we had the uprising of poles of -

growth and the decontrolled attraction of migration flows,

which provoked an increasing housing defigit in the 1§rge

cities", (1) ' R ' ‘ . '

.

[

‘ In—this‘thesis, a ﬁropqsgl Eo help'solve the housing
deficit of the capital, Porto Alegre, is presented. The L~
’pfopaéal addresses the problem at the tgdﬁnological level
only. : L | ' s

i e T S




-
WY
i,

Squatter settlements are directly related to migratioﬁ)

flows, and so the characteristics of the people who compose
X \ .

them must be studied to understand their attitude end»their

: Y
expectations about the future. = N

LI

‘ An increasing mechanization of agriculture,. together

?

with a tendency to.concentrate the land in the hande of a v

Small group, left the common countryman without workior 1land.

k ' Thelr only optlon is to migrate tgithe city, even w1thout

* gkills or a prearranged job. : ’

<

1

(2)

. DJ.J. Dwayer defined two different‘patterns of

v ,
' migration: "Step Migration", where the migrating people move

3

from the rural .area to a small city, from there to a larger
one, and so on. By this means, they can réachf:BeAcapital or
m

a very large city, but the adaptation.process fro rural to

o '
¢

¥

ufban environment happens gradually.

.- . ‘The. second way is the direct move from the rural
context to a large city. 1In this case, there is no p0531bility

of gradual adaptatlon. The migrant does not have time to learn

-

‘a job or get ﬁsed to the rhythm of the clty, so- his chances of -

'

- . failure in the new situation are much larger.

/

"?he migrants rend to find jobs which do not require any

by

° \\\skills. As a consequence, their income is usually extremely
— : :

S s St
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low. Many of these workers are not even legally hlged and
{

do not have a permhnéht ]ggk) These illegal prod@dures, -

,p0551b1e only due tq,the 1gnorance and thelr need to survive
1n the city, Drevent tﬁem from u51ng theggovernment 's social

/ .
support (such as medical assIstance) or to pa;t1c1pate in

‘

-

'goverﬁment hou51ng programs to buy-or.bu1ld their own houses.
°‘% - . ] ' N4 ’

- . ¥

1.1.2 Natural ‘Growth of Cities - s .

& .
., 'Bhe 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 iﬁ the

city. "This combination of 'pre-iﬁdustriél fertility and

- post*industrial mortalit&', to quote Davis {1971), has given -

the contemporary third world city" the gréatest rates of

o

. : ey s 2

natudral ‘increase ever found in cities." (2)

- ’ - 2, - - " )
,‘. .

")‘\. . ’ , . : e i ‘ ‘ N

Vi * )

Unfortunately, people‘bqfn,inﬂthe lower social and

N

9

economic ' levels of large cities do not have the chance of a
. " o

i
!

"good education, thﬁs-inqreasing the mass of future workers

]

without skills and with very restricted chances of having an

LS

L improvement in their level of life.

A ’ 0
- People from both situations described above will form

the larqeiaparp’pf the squaéter settlement population.

)
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- - optimism. 1Indeed, it seems that rﬁral
. R S N ot

-urban migration and

r

high populational growth will remdin the same or even det

A b
AT | ) _
el o
- 3
i - s " :
- ' ’ -.4 - ) v H
. . . . . e’? s
A g ..
. Some will learr a job and- increase their saldry, but ’
this is not shfficient to improve their living standards,
. ' R ' . 0 ‘ i
..+ as will be shown later. ‘ . 3
. . , &’r.x 1'
. . -~ ‘ H
- ' ' - r . o !
Perspectives of the.future do not leave any chance for :

¥ . L\ i ) .
' worse in the near future, forcing the housing deficit for low
" L \ ) . :"
vg » . e ‘ . R (3
incomes to increase ih time, as shown in the graph below: )
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Mény attempts to solve the problem have'already beeh

‘made by the government in these efforts. BNH (National

"

Housing Rank) has played a main role. Tts activities must
k )

]

~

be'énalyzed to see which are Eﬁe problems the boyernment

confronts  and assess the poés!bilities of ﬁuccess in the

]

* future. . ‘ ’ ‘ T
. «?
1.2 PRESENT SOLUTIONS FQR THE HOUSING PROBLEM
1.2.1 The Natioral Housihg Bank (BNH)

®
»

BNH is a second 1line bank which centralizgs‘all the

>

- governmental housing policy decisiqns.'isfnce adequate sub-

-

sidization -of housing is not . possible due to the scarce’

resources .of the country, the Bankideveloped‘a network to
. N - I T

capture the resources it needs.” There are basically two

" sources of funds: _the Savings and Loan Passbook Accounfé,'

.and an Employee‘Guarantee:Fund~financed though payroll

a R b . o

deductions. | o .
» ; S Co »
The Bank was created with the ﬁurpose'of finagcing~
housing'for low~income families. However, it gas also .

necessary to finance houses for higher-income people apply—
Lng hlgher 1nt§fest rates not only to lowergghe interes@”‘f"\
rates of mortgages for lower 1ncomes, but a156 ¥o cover the’
interest rates paid.;;~:he Savings anduLoan Accounts. | V \

i
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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.
} h‘ .

~

The maintenance of such digtortion geheratqd a surplus
of capitai, which was applied to sectors other than housing.
1

"From its origins as an institution primarily-
~ responsible gbr tackling the ubiquitous low=-cost )
housing problem, the BNH has evolved into a ‘ X ‘
super-agency 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 ingustry, 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 dlmen51ons of ‘
the urban environment.” (4)

N

v . . : e

.To improve the performance of the Bank in the lower-
b ' r
ihcome sectors, a new low-income housing finance system

'

(SIFHAP) was formed. Basically, it established new relation-
ships between the BNH finapcing agents and the state housing
companies (COHAB), which were to play the main role.

: ° - (/ ;(

There are three main programs under COHAB's, supervi~-.

-

a) PLANHAP-RS: It finances the famiiies'%garnings
‘ between 2 and 5 MW (minimum wage) through a loan

payable in 20 to 25 yedrs. -




Lcd

b) . '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-

v

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 housiﬁb. They' are: “the Muni-

cipal Housing bepartmentsk(DEMﬁABs); whose main interest is.
becoming to provide families with the site,‘instead of the
house; the Housing Cooperatives.(;NOCQOPs), who‘wofk with
families earning between 5 and 10 MW; oﬂher 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 fam111es;
even applying lower construction ‘standards. Fam111es earnlng
.less than 2 MW have 56 ;ossibility of financing their houses
thrpugh a hNH and COHAB program. ‘Even in other‘programs not
. related 1;0 COHABs, the financial support tends & be ﬁtilized
by families with incomes close{to the upper limits of accapt-

ance due to demand-supply unbalance -and smaller %1nanc1a1

risks involved.



’} | ‘ : \

The lowest income families, therefore, have to solve
their housing problem by living in slums under extremely bad

s#onditions, commonly without any services (piped or even

treated water, sewage, pavement or electricity).

People who can afford'go buy'aq'aparfment or a house‘ ‘
in ; maSSVhousing‘project do not reveal a hégh level of
Satisfactioﬁ, either. fThe'probléms are nét the same, but -

the main ones are the long time required for the paymgnt 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. , Cy
' ) [ 3 . N L]
Low construction quality is also present in many

projects. This causes rapid deterioration, worsened by the

fact that people do not have reéourcés left for maintenanée,

since all are\being utilized’in the paymenf of the

instalmeqts: '

Other’problems related té the maé% housing projects .,'-
refer to their location. Normally, the projects planneé ¢
r lower~-income peoplg-havé the worst location, .because

‘thekland'ig cheaper inzﬁiaces far'awaf £rom downtown.  In

'some cases, workers have to travel more than one hour to

.

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




U
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‘ because the land is cheaper, spend a'g

- problems, why low-income people often do not trust the

to téke"anéther bus which will leave them ﬁear their jobs
in another suburb. It is not difficult to find someone who
'spends almost two hours tréveling t6 hisljob. Thas implies
that they spend around four hours per day traVellng in

.crowded buses. But, more than, the 1ack of comfort.or waste

of time, there is the problem of cost. Bus ‘tickets cost

[

* more for long distances, and the poorezz%/wh live far -away
d

portion of their

salarieifpﬁ\gggasportation. This can consume up to.20 or 25%

\ : !

of the salary of an unskilled construction. worker.

» . 3 . 0

Architectural solutions presented in mass housing

projects - more specifically, reduced room dimensions - are
Qot satisfactory. The yxoom size in one such project was

2x 3m, oreé m2, far below the minimum recommended (6)

2 . 2 C

(9.3 m“ for the first bedroom and 7.9 m“ for the second).

°

LPéople believe that the sacrifice is excessive to pay for a

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

[y

It is not difficult to understand, with all these L

3

government initiatives related to mass housing projects,
preferring to live in.gquapter settlements, even when the
liéing condiéioné there are so bad,‘or, in otherlcases, why
pedple return to'the squatter settlements aéter hévin§ 1ived

for some time in a mass housing project.
J-' . . s ‘. \'

S e
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always more accessible to lower-income people when it is

- mta g

»

Basically, they feel that it requires overall an ¢
excessive “effort without enough *eturn from it. }
' . N 53 !
‘

5;2.2 ﬁousing Construction Technoldgy Presently Used N\ . )

An analysis of the technology available at the moment

‘

will provide information on how it contributes to-(i.e. fails
. i *
to reduce) the housing problem of low-income ‘people.

Technology in this context is very important from;tw&
points of view: with respect to its diffusion in the cul-

tural heritage and with respect to its cost. Technology is

transmitted in a way that is integrated in the populhr cul- -
¢ . : i
ture, and less accessible when it becomes more sophisticated

and requires speciélizeq labour and equipment.

v - . .

The first case is eésily encountered in the so-called
"mdré'primitive" cdltures,_as the South agg'North American
Indians, thelAfricans and Asiatic gréhps. o

'In these cultures, ‘a house is ;céessible'to:everybbdy,
essentially because iﬁs cbnsﬁruction technolggy is incor-
porated into the culture, and was developed based on raw . -

matefials found in abundance in the place of construction.

?
v
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Any man ¢an build his house withod; depending on specialized

- . N
o . - " !
. . .

labour #nd equipment, and without needing’to spend ' money \i) ,

on costly materials. -

. A
R .

‘In the developed cultures, specialization became a -

_.more and more present feature. New materials could be used o
and new'technologies were developed. Construction then

K

. became a spec1a11zed work. Sunce the poorest do not have
money elther to buy the newv materlals or to hlre the spec- T 1

ialized labour, 'and because in these cultures the primitive -.

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

are now incapable of'periding their own housés. Ken Kern

understood this problem very well:

t . .
. s

"It is unquestionably our drive towards‘’specia-
lization (stemming from a basic failure on the part
of our whole educational system) which is primarily
resoonsible 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

. v;as an aesthetic succegs. It has been so for centu-
‘v fies 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 meanlndful
and most satisfying experiences in one's llfe -.as,.
indeed, it should."ﬂ\ R '

? <%

Contemporary construction technology in Brazil éill
now be analyzed, bearing in mind the considerations \\
discussed above. N . -
| N

»

" e
e

ot




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 fw

‘require different levels of labour specialization, then
L ’ b, i - )
becoming more or less accessible to the people. .

. .
e, o ' . !

- =

- ! +
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‘ . 1.2.2.1 Foundations - 4

. v,
[ ' |

There are basically two kinds of solution for founda- ‘

tions. The first one is the direct foundation'wa%l footing
. : ) ' A
i or short columns directly laid on the ground, normally

utilizing stones. This technology is available to most of
the people, because it requires little specialization.

o ’ |
However, material is expensive and some people prefer to

b . build short brick columns for wooden houses.
)

The location of the foundations in the ground Jthé : |

p \

i . féundat%on'lqyodt) is anb$t£1e~neck in the construction
‘ process’ and normally requir;s a spgcializé& person. -The
reasons for such problems will be studied later. For ﬁow, ‘
Z; it\is enough to note that this technology réquires a‘céréain

level of education, not alwayé present, and-a certain level

of intelligence to aﬁply in each specific gituapion the

principles learned. It is not a coincidence that only the

1

; , .foreman is allowed to set the foundation layout. This work-
! !
«




w

Hf“

L

3,

¢ .
.

(at least in Brazil) is a reason for. pride when it is well
done. Indeéd, it is one of the most complex and séphisti-
cétgd opergtions,,and it is. one of the last to be learned
by the construétiqp workers. \In a few words, this fqunaation

technology reguires a knowledge not available to everybody.

¥
~Pile foundations and drilled belled piers are also

. : o 4
commonly used foundation technologies. However, they reguire
. ‘ [ . .

special equipment, and are executed only by specialized '

companies.

»

L]
¢

1.2.2.2 © Walls

Walls gfe normallyiconstfucted of brickg or wood .
boards. Another technology, using earth either aézadobe or -

as plastic-covering a bamboo or wood lightweight frame, was

. abandoned in favour of the,firb;'two.' It was used in the

cities until five deca@es ago for internal partitions.

P , . - k.
° 'The brick wall technplogy is widely'aisseminé%éd
among iow—inqome people, mainly because many of them have
worked in the construction field as masons or aseistants.

However, probably the main reason to choose this technology:
is the status'it provides to tle owner if compared with a &>

S

woodéh house.

£

. ' '
” . . - - f f
' »
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Unfortunately, people without experlence in the field
do not achleve either a good quallty or a reasonable produc—

tivity w1th this technology. The difficulties remain in

‘activities such-'as levelling, plumbing, measuring and

squaring. Time and practiq?\are»required to develop the

ability to provide precision tq\the walls. However, in many-
TR .

cases, this practice can be exercised only in one's own house.

a_

ThlS situation’is extremely frustratlng for the people without
‘shelter. T ' 3
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 sduared) However, the problem is not solved

it only becomes ea51er, 51nce now there is a smaller nunber

¢

of larger elements to be prec1sely located. Also, wooden
houses provide inadequate thermal comfort in the winter, as
well as in the summer (with internal temperature varying

~

from $+5°C to. 430°C), 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

1
°

expensive, forcing many owners to abandon correct maintenance

_procedures. ° ‘ /
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ot st e s

. systems, nor the knowledge and ability to do 1t by himself". o
,person, w1th the’ risk of getting a malfunctlonlng and.

©1.2.2.4 - Roof

: provided by a wooden frame, made by .a carpenter. Commonly

- 15 -

1.2.2.3 . Plumbing and Lighting

ﬁlumbing and lighting are definitely specialized tasks
at the present'technological stage. The plumber or eiectri—
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 de51gn and execute these-

.,

g

\ ‘ ’
.
- - A i
A

The problem is commonly solved by hlrlng a self- taught

N

dangerous .system. ¢
@ A\

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 goéd roof should also present some

thermal insulation. The roof structure is Qormally

A

the covering material is clay téles of asbestos-cement e

sheets, which can be laid By unskil labourers.

.
+ . .
“

4 : .
If the roof is a concrete slab, the work becomes

€

even more specialized. This implies an increase in the
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roof cost. This solution is too sophisticated and. expensive

o

to be used in a low-cost housing project.

"

. =&

4 d

.Wooden and metal windows are produced in independent

§
factories by specialized Zabour in order to be competitive
. E o ’

'in the market and keep a reasonable level of quality. m%e
) < y

»

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%1(8) of

Jthe total Epst. . 8ince many people cannot afford such expenses,
. , [ 3, ,

B w

it is commonito ‘find cuetains replacing internal doors and

pieces of wood nailed together replacing the windows. T,
g, -

1.2.3 ‘Conclusion '

*+
’

It is important to understand that théllower-income
pébple do no? have a satisfactory solption for their housing' -
problems. They cannot buy ‘a house offered on the market due

' éo ec0nomic constfainps, as shown in}the analysis of the
BNH's activities. Also, they canﬁot uéil}ze tﬁe'currept‘
building construction. technology bquuse it requires spec-

. ialized lapur. The result is an enoAmbué effort on the

t part‘of these peo;le to build their houses the best they

can, payiﬁgifor_speciglized labour as much ég'they can and

buying the best: materials their constrained:budgetypeimits

" them to do. Yet, the product of such effort is, quite
. s W A N

5
0

‘.often, a slum house.
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1.3 PROPOSED SOLUTIONS T - |

' - ' ' ;

=4 . ' - . r4
co _ : ‘i ‘

Many proposals have been presented to solve the housing

problem;' They come from practically every part of the world

- ¥

: and are based on dif%erent app.paches, requlrlng dlffifent . . g

-

degrees of transformation in the rece1v1ng soc1ety,°1f they" 7 i
are to achieve their original goals;‘ For those who require,

the degoest changes, only an economlc organléatron with the

power assocxated with some international’ status, coupled w1th ' , o

a ‘greater mutual’ comprehens&on, would permlt*the achlevement ' ’

of some result.( ) Another current of thought 1s that ,it. 1s

2

‘enough ‘to transform the internal 5001el and econaqmi€:struc- .

ture of the problem ridden colntry itserf. (?)

United Natroggf?onsultants generally emphasize apéroa—

ches requiring'fﬁom the government a certain level of con-
. . .

sciousness about the problem. They ask for a larger effort

to solve the probiem, enlighteneéd by a clearer .view of itf(g)

: 3
Some thinkers propose comglete goveénment responsi-
bility to solve this problem, and argue that'it should !
provide for all the housing needs of the populatlon, perhaps

forgetting that they are tal about countriés Wlth scarce

I S SN
“/ ' c ' . ’ . /‘\ ne
. . . . ¢ , \ ¢ . \‘




' \\\ ) Others support the viéw that 1ower-1ncome people
£ -

¥

o ' should prov1de thelr own shelter through government-orlented : j

e

Ca
v L , programs. ,This seems to be a more reasonable approach 'sxnce

- 1t considers more reallstlcally the economlc 51tuat10n, not ~
- ('I‘f '
Y only Off the unsheltered masses, but of the country as a
. i 4 % ' " ke B
s whole. As a matter of Fact, usqua‘tter settlements are themr

\ , selves a product of spontaneous, self,—help activity. T

v
S

< L3 . «’
RS S . " ( / . . : 6, b Y
.. ' . - » ‘
. ) . . . ' . . ,,/

R .
4 o . The ba51c arguments dgainst the use of an approach

-

T "other_ thah self-—help ‘are: - C o
. X o o N . 5

. . e
i . . ' M «

v*, b -’ : ’
s I . v - (\he pragmat:.c recogn:.t:.on of the government s

g o .J,ncapa01tyw to provzdg, hOusmg for all who nea&d it,

SR at an affordable prlce. In Brazil, thlu mcapa01tyq ‘

O *) . “ ' {wd@ admitted \by the prgftdt;nt‘of the BNH, who said , o
> ‘rthat the intention of the Bank is not'to. ‘sliminate

4 ‘

ZRR e g .' the. housut‘g deflClt, but to av01d its J.ncrease, v

£ 4

A\ . . ' ' f .o
) \. T l j
\'\,', t , -usets di'ssatisfaction when 11ving in government

. 'A L. sponsored ‘housing pro:ects. This kind of approach
" °,. : , B ) s « S ‘
- R proved i:o produce a housing”solutjion far below thi
IR ' . us,ers"'éxpectétions; '

e

o ‘ N

) , ” \ N o " the usérs' monetary prot;lems ;thatx“_ar"ise with the ,

)

b > . /"/pnirchasé of a financed house: there is a decrease

'in the level of living for. an excessively long




' Q) "Oriented" Self-Help System: ‘the user participates

Pt Y

!
o)
(V]
1
.
A .
N 3
E
[

period (25'years),}aﬁ the lack of- stabple employment .. f

« frequently impedes thel payment of the instalments on

~

‘time. o :

-—

‘Quite frequently, ‘these two causes force the users to

? Iy

" abandon the program or a repossession af the house’ Hz\ihe ST

o

5ponsor. ' * .

b

)

H

. \ X
All of these problems reinforce the belief that-a o
self-help dttitude is the only manner in which these people
have. to satisfy thelr housing needs.'j . ’ .

.

There are, however, many different proposals on how

R
N

to provxde people w1th the necessary support for a self- helpﬁ,

attltude. The various solutlons will be presented according

g * . AN
to a-classification proposed by Reinaildo’ Roesch ‘da Silva:(lP)

\A

I

. ‘a)’ ,v"Spontanedus“ Self-Help System: the user controls th®

’

1 * majority of the decisions to be taken{ X
b) , "Aided" Self-Help System: thi.user establighed his

goals. according to a series\of options and pre-

a

established rules; , . .
1 ‘ : A

s . i & 7 SR

L ] ’

b L4 . .
..~ in the construction process with his labour, but he

E A s y
cannot i{teffere in the decision procea§ in’ a signi-

{ . _ )
/- ficant way. . L - - ,

. Al N
% :
. R
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i 1.4 SELF-HELP ADVANTAGES AND DISADVANTAGES
:/{ ~ \ . ' ¢ <
There are some a van@éges and disadvantages in a self-
r ' ’ '

- help process, which ar i‘jorth analyzing: ' ‘
- ? ) f
1.4.1 Advantages

‘ ' b
s I3 .
- . "Construction costs are smaller for the owner-builder-.

f
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(?bntext in which it is carried out.

¢ . : . & '
, . The savings come from the replacement the dweller makes

"of the money he would spend hiring skilled laboir or e

. ® “
- someone to manage the constructlon“process,'bY~tlhe

. he spends constructing and managing the house by

-

himself. This reduction of costs is described by

. Wwilliam C. Grindley. %)

'

v’ ‘ Fl . 7
"Fi®ld 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
v " therapy) for the saving in cash vt wxll mean
for him.
Iy g
N . v
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"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
d : arrangements for construction help (donation
, > of time by friends, also use of moonlight
o craftsmen, and so forth) :also significantly
* : reduce costs." ' '

Maintenance costs are reduced. Maintenance costs vary

e w4
]

fundamentaily with the quality of the house and the
) R

W STk S b s AL e e < -

care the user takes of it. The quality of the

a

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 ot

. -
P . ~least as high as if it were built by a professional,

TNy —

. , since/he compensates his lack of skill by much more

responsible and careful work. Also, he only buys

F
b

g

" materials he believes are good enough to last for a

[ : ) long time. In .other words, the owner-bui er is the

" .

most perfect quality controller Qf 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 partiall§ due to "o

his involvement and sense of responsibility developed : B

in the construction phase. Also, the skills and.

<P -

knowledge he 'acquires at that time help him during \. \

a i ‘ . ' N

AT L

Al
o
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. a
the occupancy phase. The importance of a self—help
‘ attltude in the maintenance of the house is expressed ‘
(12) . 3
by giyan Bueneman.

<

"A'person who has built his own home has a stake i
in and an appre01at10n for that home. An indi-
vidual's 1nyolvement in the construction pro-
cess results in a feeling of responsibility
for his hope; a .responsibility which can
preclude the development of management , e

. 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 sélf-help approach in con- e
_étruction is not important to the" owner only as an

economically adequate solution. There are many

feelings that come along with it.

is shared by Edward Allen.fl3)

This point of view
Two of the most 1mpor-.

tant are the feelings of pri and satlsfactlon for \

.

"what has been/built by.dne‘ own hands accordlng to

/ . - one's owh planning and dei;gn.
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-hélp housipg'process.
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- ) The'self—helper can build his house according to his:

EapaBilities 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 5nd~firing people with all- the embarrassment

that this brings.

Also, he can capitalizé his resources, buying constryc-
'?ion materialé which will not depreciaté with time. \
Actually, this is a very common vro¢tedure among
Brazilian self-helpers.

N\

- The self-he;per.capitalizes hig leisure times Due to

the housing shortage, dwellings built by self-helpetrs
are wanted by people with better financial conditions.
When selling the hdpse (if'%hey so decide), they are

selling their work, improving their economic situation.

o~

1.4.2 Disadvantages

e

The Puerto Rican_Planning Board carried out a self-help

experiment(14).from which.some conclusions were drawn. This

- institution has fpufd various problems relaggg to their

expe“iment. It is intgresting to note, h%yever, that such

/
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probléms'~1or disadvantages - are not inherent to the self-

help épproach and can be ovefpcome. The disadv&ntages are

listed below:

1.

. twenty houses) .

%

g -

"Too long a time is required to build self-help

houses (an.average of six months to construct about

.

v

w4 : ’ ‘.,
f '.a;;!,

' ‘To comstruct 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 Q;ganizétion of engineers, inspectoré and adminig-
trative person;el is redquired in the agency to
administer the program.

The cost.of these dwellings, especially in the rural
areas ($350.00) does not r;flect the true costs,

- gince this figure ignores the gost‘of the lané in
theiru:al communiéy, the salaries of the technical
and administrative personnel, and thé cost of future‘
impfovements to be made in the rural communities to™

,fulfil the gé?ernment philosophy ef providing

essential services. » /' -

e




.. "Reliance on industrial workers to learn building

~ 25 - )

The-need to acquire and operate costly consfruction\

Y
equipment.

Construction by the families is imperfect because

@

of the lack of experience.

.
i

No great economies or efficiency in construction is

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,

(15)

as mentioned by Charles Abrams: ; N

o -

crafts and to find time and energy for building
will generally prove disappointing. The forty-hour
week is 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

gostly and fime 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 requi:ga;ttime consuming, because to learn such -

.
aTirm e ey e e

——

e e
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skills'is not a question of days, but hbnths. And all this
learning process will be useful only for the.conséruction -

‘of one's own house.

Self-help housing presents specifie'prqblems when
its organization is based on mutual-aid groups. .

The decision to partiéipaté in such-prqgrams is the
nmost important one of the whole process; and'the owner must .,
bé absolutely clear about what he is entering into. (ls)mHe
must be sure that this is the right time to do so. However,
government agencies in charge of créating 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
ihose who are motivated enough to carry ouéfthe project to
its end, then providing each family with a reasonable stahle

group. However, problems exist.

bue'to the considerable employment instability, many
low-income people pass through unemployment or under-
employmentsperiods, with practically no savings to deal
*’ﬁith'such situations. Sq, investments that would normally '

be applied in housing have to be deviated to moré urgent

needs like food, medicine and clothes. §32h facts allow

%)

e e < s ot




S

T e

e
.

F

3

e e

‘ ' 0 4
N . L) N * . ' - .

- 27 -

one to anticipate that two things'might quite possibly happen.
First, the individual.himself is unemployed and is obliged \
to, drop from the group.. éeqonaly, other persons‘grqp from
the group, forcing the individual to abandon{fghe program

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

Even if thé'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
L - ' N
this rule is 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 copsiderations lead to the conclusion that

ﬁhe 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 anyoné 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.

x

WA Y,
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develop techniques which can utilize the advantages and
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After the analysis presented above about the ‘impor- /"W
tance of user independence with relation to a large program, s

it is necessary to analyze the importance of this participa-

tion in the various phases of the housing process..

1.4.3 Conclusion T

~

* ‘
a /

" We have presented both the advantages and disadvantages

of a common s&lf-help proposal.~ It is necessary now to

e;iminate - or at least minimize - the disadvantages. Such
te?hniques 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: .

-
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, development of a technology which enaéées'self-helpers to
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CHAPTER IT

CHARACTERISTIBS OF A USEFUL TECHNOLOGY,—

[

-

2.1 : THE USEFULNESS OF TECHNOLOGY

In eésénce, housin§‘£ecpno;ogy is useful in direct ré1a4
tion to its capacity to proviﬁe the attainment of a dwélliné
respon51ve to the user's needs and expectatlons. This rela-
tionship_ should be kept in mind during the development of such

-~

technology. )

-

2.2 ° THE ngsfﬁgi PROCESS OF CONSTRUCTION
‘ DEFINITION ) Y, -

Technology is'applied,during the physical procéss of

\cOnstrdction, which%can be defined. as the transfofmgtibn :
and combination of ﬁaperials into the final project (the
.building itself), through one or more phases. Thése trans-
foimations are obtained by the combined effort of man and _' oL
equipmént; ' o )
¥
2.3'  CHARACTERISTICS OF A USEFUL TECHNOLOGY ‘

Since the intention of this research work is the




|} bR

carry out the physical prqcéss\of building, it is necessary

to analyze each part of the abbve definition and to propose

+

solutioens that will utilize the advantageous characteristics

of .self-help systems. Tbe following aspects deserve special

L d . [ ¥ . . 5
consideration: , T
o . N : ’ i

D . A3 -

4

N *-Thexfinal'product must be built according to the needs

and expectaiibns 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

)

!

o and selection of materials. E .

. o “
- Certain technologies are developed only after the
t

&

.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 -

e

" be inexpensivé and, at the same time, must provide the

house with ?atisfactory structural, thermal, &Fstheti-

cal, safety and functional performance.
R ,Dn ' o .

T - The use of modular coordination is important, since
. ' N .
. it facilitates the standardization of equipments and

procedures.

.
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“ ‘possible hbpqiﬁg bplutions,_offering only a few.different

»
-
-
.
*
I3
!
i
et bl

. The comblned man-equlpment effort has to beg,studled .
< - 2 b |
. 2. +This study w111 'show how, each of them'has to 1nteract
E N . -

.w1th the other to provide the best possible product
AT . ® . ‘. v/

with-minimdm effort and cost. The interaction bet-' .

.

» ween mpn and equlpment w1ll be establlshed based on % :V’e

. their Qﬁherent characterlstlcs.\ “

'
’ » .y

_ . ! . ' ‘ o i
Ve .- A :
~ = - Finally, it is necessary to take into account'the

~

characteristics of each material, in order to .

-transform and combine them more efficiently. . \
» 2 \ .,
! ‘e 0 v (

2

2 4 . USER'S PARTICIPATION IN THE CONSTRUCTION PROCESS *
@' 2.4.1 | Design Phase ‘ ) ‘ '

"

4
o ¢ The: partic1pat10n of the dweller lnlgge de31gn phage

lS essentnal slnce the needs ‘of the family will be satisfied

without gettlng 1nvolved in tec ological problems.

iy « -
v » .

n
"only if 1ts members are able toq;;?ress them, preferably

. ‘ ‘. 4 . LY ( .
It is necessary to determine to what extent this
participatiou is posgible and usefulb and what is the role

of ghe architect in this new interaction witp the user.
. ‘,"w.u' ' A

[ N ' L.
" (m'~pa¢l housing projects commonly standardize the
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§
_ )
layolyft options.Such a procedure is justified by Lhe econdmy

#of scale obtained. ’ N

v

o

v
"

[l

. An entity called "thelaverage'man"(l)

is used forhthe
.- P . . .
determination of which.solutions should be ;H ed.

B

Upfdr—

tunately, the number of families that will{have their needs

v - & .
really satisfied is very small, being _only thos7/%ﬂgkhave >

» needs close to the adopted average.

. N N ! ¢
2 . s 3 . ! &

Indeed, the needs of a fémlly are%?s varied and dlffe—
"rent. as .are the relatlonshlps existing between the members of
‘o

each fam;}y multlplled by concepts and expectatlons of each
member of tbe family with respect to the house to be built
Qg}tipliéd by ‘the different economic conditieﬁs of each
family when building the house. This point of view is
expressed by Anne Vernez-Mondon, based on her obs:;Vatlons

(2)

at Les Marelles: . 4y

¢ - B . » i

"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 bedrdoms. 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 question
N - the established norms and standards that are widely
C applied,in housing today.

’
-
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‘ the plumbing system.
e Y {

".’includes walls and furniture, which

‘di@ensioni‘g~thelroomsq; ) R RS S
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It seems cledr that users must participete in design
3 v ’ - .

. » .
decisions. The planner must find a way to let them express

their needs without having special kﬁowledge or ability.

Commonly, users' participation in design is restricted -

¥ .
© to the dwelling itdelf, as in Les Marelles,  the "supports"

‘proposed by Habraken,(3) or an experiment with low-income

(4)

families in Mexico City. . However, users' participation
:’ r‘ .

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 planniné.'

At the single dwelling level, the aboui systems @(
present a 11mited freedom for users' expre351ons of needs.

There are some parameters that have to be -kept ‘'unchanged:

: g ' . .
the modular grid, the thiekness of the walls, and sometimes

l

Normally, users are allowe to define the size of and

interrelatxonships between rooms. It seems that the~use of

a 1 10 mndel of the hohse is the easiest and the most B

.approved way for users to expreas their needs. . This model
wé:k

s‘as,a'reference for
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2.4.2 Selection of Materials

' find different conditions to buy the various materials. This

‘ surplus materials from other buildxngs.

~ 34 -

.Working toqefher 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 asnects which the users
must take care of. So, if the user dec1des to adopt a
solution, he is aware of the consequences that decision will

have.

“

~

Users should he given;the possibility to choose the

4\

materials and elements which are not pre-defined by the
technology to be used. This would provide greater satisfac-
tlén and would utlllze the different capabilities they may

have to obtain different materials.

N

)

The author's experience has shown that differeht users

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 -«




. 2. 5 USE OF LOW-COST MATERIALS

" that they: . - | | L
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1

[\' It is aiso iﬁpqrtant to consider the self-helper's

-previous experience. It seems clear that it would be better

if the user could utilize a material with wlgich he has

already worked.

2.4.3 . Construction Phase

User participation in the construction phase is very
Aimportant to minimize costs. This importance comes from the
amount of time and money consumed in this phase.

1

However, the development of a technolagy that lcould be

‘ abg%rbed by the owner-builder cannot depend on any skill,«‘

since it has to be accessible to those who have not had pre-

. ‘ . ' ) .
vioys experienge 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-

iogy that is ﬁertinent for this application.

.
f
H
Materlals that w111 be utllized to bulld the ba51c

'shelter have to be defined for the development of appropriate '

P
technologies. Such materlals must have certain charactéris-

tics to be successfully épplied. The r?quirements are
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Ber Resistant to Rapid Deterioration. The problem of

deterioration is more important7§hen'tﬁe owner does
not have much money either for maintenance or for |
replacement of deteriorated materials. When poor

quality,materials are used, the tendency observed

if existing low-income housing projegts 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 essehtialyfdue to the(impé¥tance of psy—
cho;ogical aspects in self-help construction. This
acceptance may éé%n.be transfo;méd into an enthusiasm
.thaf willAﬁelp the user td overcome futu;e problems
related to the materials. On the other hand, his
lack of confidence will briné 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.

e

Be Easy to Utilize. The use of materials will be made
. . \ -
easier if no skill or special knowledge is required for

its handliné. It is also interesting to use matérialé
“which do not require special and expensive equipment.

9 . . v

Havé Simple Quality Control. This requirement is.

e

closely nqgated to the one above.- @he‘reasons are

e — -




the .easier the‘contx?} of the material,

the easier|its utilization. If the material requires
sophisti ed equipment or a long time for testlng its

ity, the owner may avoid quality control, w1th

possible ‘bad consequences.

b4

+

> S - Have Good Performance. fhis’is somehow too vast a
characteristic. Depending on their application, mate-
rials.éhould be sound .and heat insulators, present
reasonable impermeability, have good resistance to

" odmpression, tension, dynamic loads, impact and -7

v ~ abrasion, etc.
‘* . S ¢
These are the characterlstlcs whlch should be present
inbmaterials. Previous works(7 +8,9,10) have exhaustively
tecbﬁmended two materials as deserving special attention:
soil-cement and wood. Each of these will be analyzed in order’

to é;tablish to what extent they can be uéeful as low-cost

materials.

. B ' '

{

2.5.1 Soil-Cement (

a

. . R N
Co = - Cost. Soil-cemeﬁt'is one of the cheapest materials .

to bc found, basically becauae the majot part of' it -
the soil - cag'be obtained directly by the owner-builder

1\. ) . , .
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" acoustic, thermal :msulatJ.On, moisture penetration,

' This percentage decreases with compaction, also

.depends on the percentage of voids and on the' granulo-

without any cost. The only cost is that of the

cement, added to stablllze the soxl. ‘Its cost is

!
w
Lo o]
| I
-~
i _ .
T e Dt gy .

around one—quarter of that of a masonry wall with

Mt o e

similar characteristics.

7

Deterioration. If the mixing of the rhateria,ls 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
: R .
without major maintenance problems for several decades

in many places around the world. (7]

b] .

Performance. Walls shall be analyzed in terms of

structural performance, resistance to impact and T

abrasion.

In terms of thermal insulation, the soil-cement wall
: ' y 4
presents values which are similar to a brick wall.

Experiments in Brazil (11)

cal.cm
K= 1.83 x '10” clcm®.s 2 at 60°c. some variations

3
rcentage of voids in the material.

provided the value of -

are due the

4

depending on the soil granulometry.  Water permeability

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

13
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case, it is necessary to apply a protective painting -
on the outside of external walls. ;0 B
. 4 ‘

The structural characteristics of a soil-cement wall
depeﬁd- basically on” the percentage of cemen,t added to
the soil. It ::an be set at 6% for the soil found in
Porto Alegre, Brazill This cement i::ercentaqe provides
an average compression strength of 2.8MPa. “The
Bureau of Standards of the U.S.A. published a report.'
on structural, .heat trensfer az&d water permeabiLLty

properties of various earth-wall constractions. The

strength test results were presented in THE OWNER-BUILT :

HOME from Ken ‘Kern (12). A

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

. rials to work with, independently ",otl the construction

system proposed (small blocks or rammed wall). \9&»5

. facility is due to a series of factors. Some of the

more important are:

~

( | ; RN

t

- no requirement for sophisticated equipment or care

<

to handle the material;

- . no requirement for special facilities for material
storage; B |
-c no requtgement. for special ‘training :of labour £0

. use ;he material.
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- . Acceptability by the Users.- The material is well-accepted

due to the users' pést experience wif:h similar materials.
v In the State of Rio Grande do Sul there is a tradition@l

way of buiiding us‘ing earth and wood; there is also the

'frequent; use of adobe construction, mainly in the

countryside. N

[EC

( - Qualitf éontrol. The quality control of soil-cement is
extremeiy elasy It does not requ:!.re expen51ve equlpment
or sgblal skllls, or even great knowledge by the person
-charged with it. Indeed, this control can be ca;:ried

" out by the self-helper. There are some procedures
Q .

.that provide good information about the quality of

: : the material to be used. (7) These procedures will

Lot}

j ‘ be described below. . :

. 'y ‘ ' -
2.5.1.1 Procedure to Select Soil

»

Granulometry Curve

The Granulometry Curve is fundamental in the use of

- soil-cement. A high percentage of clav wouid require too much

‘cement to stabilize the soil, while an excess of sand would
" also bring about some.prt?blemé, siﬁce there would be no clay"

to £i11 up the spaces between the sand grains. The following'

.soil characteristics are proposed (13)

|
i
RS
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a). Grain Size Distribution Limits:
* , Maximum Size : 7.5 cm, 2

{

Passing No. 4 Sieve ': at least 50 percent

. Passing No. 40 Sieve : 15-100 percent’
- ‘ ﬁJPassingaNo. 200 Sieve:" not more than-50 percent
! . . b) Plasticity Test- Limits:

. Liquid Limit : not more than 40
. ' . Plasticity Index ~ :_ hot more than 18 ' . ’ rl
. ! N '
c) Organic Content: < g
, ¥
Upper Limit : 2% | . o

Water addition.also has to be controlled. Normally,

the valpe which produces the maximum density, of compacted

{

maferial can be adopted.
| ! o
The best way to obtain the information is through
laboratory tests. However, extremely 81mp1e f1eld tests can
" also be carried out by anyone without any problem. These . |
,fieid methods greﬁdescribed in several publications. Ken

- - L .
Kern (lz)described one of these methods, which provides *

) ‘ <“"\asic information: ‘ ‘. \ ‘ _ ‘ h L
o ' '"The simplest test is’ merely to. pick up a handful of
’ , - - " . dry earth and to rub it between the fingers. 'Sahd .

. particles are gritty to the touch, while silt and

fine particlek adhere: closely to the skin and haVe

o) an silky feel., }
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Clayey soils should be avoided. In another field

test described'bylthe same‘authorz(lz)

"In another field test for determining exact sand-

- clay proportions, fill a one-quart mason jar one- .
quarter full of the 5011 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 y
sand and divide it by the total- of soil settled \D
in the bottom of the jar. This will give the
percentage of*the sand in one' s sample., "

.
i

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

A

2.5.1.2 Cement Dosage in the Mixture

s |
The cement percentage depends on the type of soil used
and the desired fZZAI strength. Clayey soils requiré a higher

t, since the_volume'of clay to be stabilized

‘ ’ -~

‘percentage of cem
,is larger. So, a sandy soil is more economical. There must be,
however, some amount of clay to fill the spacés betweeL 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
. 128 in'weight to obtain the same resistance. In practice,
the percentage of csment'is measured by yolume( using

appropriate boxes.
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2.5.1.3 Soil Obtainment

°

}

' /

‘To,oﬁtain soil is not as easy as it would seem at first
qlance. This ié due to three main factors: §o}1 glanulometry,
volume of soil to be.uéed, and the need to gse,soil withort
orgaﬁ;c material. Due to this last ﬁgctor, it is necessary
to excavate the ground and remove the upper layer. Thisl
iéyér can be as deep as 1.0 meter. .Soil‘containing orggnid.
material is characterized by the colour (darklsoil)\or by
the,presence,of roots.

The volumé of soil required may be very high.

3

For instance, the volume of soil is about 25 m” for a wall

20 cm thick. This represents a hole of 5 x 5m, 1.0 m deép.

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

AN L |
.from another place, preferably from a public place which has

<

to be levelled near the construction site.

‘ ./215.1.4 . Ways of Using Soii4Cement for Walls

. N ' .
.
¢ - )
D . v ' -~y ! ) ~

\ ! ] , A
There are two pasic ways of using soil-cement:

small blocks and mpnolothiq‘wall. Both ways have advantages

. and disadvghtageb. The basic' difference between. them in terms '

-

\
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‘of cost refers to the amount of cement to be added to the

soil. Small blocks require P greater percentage of cement,'

since the entire wali becomes less resistant due to the -

greater number of joints and localized compression forces
" » across the joints.
" ‘,<‘= ‘lw "
. The relatlonshlp betWeen the resistance of laboratory
tést spec1mems amd the actual wall_is-(14)
' |
"Blocks | R, ™ 0.28 R/
~l o Monolitic wall, R, = 0.55 RL1 B !
. Where R, = re51stance of the actual wall .
' , R resmstance ‘obtained from laboratory test xpecimens ‘
. . o -7 h
.5.1.5 Other Ways of Soil Stabilization . o
.. P -
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'théf surrounds

o . ) L2
the clay particles, ‘thus stabilizing the soil.' This

. process is more suitable when clayeg soi%s are used. T
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- v, Lime'as a stabilizer is used alone or with the
, 8 multaneous use of fly ash, whlch takes the place of clay
A . ., and si1t when the SOll is too sjndy. The compress:.ve strength
{ i Y a 1. * n
‘ - - . of the m1xture of soil with, the lime increases more slowly

; R sthan when cement is used.
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2.5.2.1 Timﬁétuin'Pole Construction ¥ ‘ ,
N , o L
_ Timber will be analyzel@ according to the _
. ~ R ) R ‘ ;\J

criteria used for soil-cement.

o
’ 3
. i .

= ', Cost. The cost of poles for structural purposes is

mich lower than the cost of other materials, such as.
reinforced concrete, steel, or gyen lumber;- The
low cost justifies the,use of wooden poles

. as construction material for low-cost housxng. In

. Porto Alegre, an untreated log 5000 x 100 g mm costs

5 about 0.75¢,.or,q.15¢/meter.

/ B

Furthermore, if adequateli planned,_thé cost of\timbe;
-in. a large housing project;could come close to zero.
Since it is utilized practlcally in natura, it seems
‘feasible to organize housing progecﬁ~ingwh1ch

y
. Lone~of the points would be the planting Of trees to

’ < . . )
C jprovid7'these poles. .
R t ‘ ! . . R R . }
N If used for light st:ucpurgq{ like roofs with: short .
'g-spans, these poles could-be ohtained from fast—gr ng
‘ apeci&s. Tr!bs of a suitable diameter could be cut in’
e~ ‘ ~ : LT
'\":, ' ‘\ "“ ‘ Bt . B « . - :’.‘:ﬁ,, K K} < 1
. . | . . ' . X . ‘ e .
. @ G IR i
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Deterioration. Deterioration is always considered one

of the weakest features of wood. However, if certain

8

procedures are followed, the wooa‘structure will

last as long as .the entire house. When wood is used,

~

three_procedures should be observed: /

NE

resistance to fungl and 1nsects,\ma1nly if poor

’

mqlntenance 1s expected,

\ i)

the wood diameter should be chosen before its

use: "if untreated poles are to be used, the.

L3

effectlve dlameter should be taken as the dia-

meter exclu51ve of sapwood, as sapwood is liable

to decay";(?)

il [‘ )

- i b

- + the design should ‘always help the preservation
v : ! |

' of the timber: "ventilation should be provided‘,\'

to ensure that any moisture which enters 1nto

. the wood dries out before any decaying organisms

can develop”. . 49)

-

it should, be chosen from a wood with high natural

-+ of ths basic strength ‘of its species becsuse knots

7 Lo e
Ehiv— Sl

,
’

.

Structural performance. 'Wbod has éood resistahce‘td“

‘compression and tension, while being ‘a light material.

Also, 'the round pole possesses a very- h}gh proportion

“.

. . ‘
L M . A
L. . " -
. ‘ & .
~ 0t - A P
- N . o » N
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have only half the effect on the strength of naturally

round timbers compared -with sawn sections.

"Generaliy, poles could be very easily erected and
provide a rigid framework to support the roof and ' ~ $

(9)

~ walls and, if necessary, part of thesfloor as well.® 4

g

As can be seen, poles present a good structural perfor-
mance if adequately used for housing framewoxk, and
more specifically, for réof structure.

2

© ='r*  Other performances. The susceptibility to fire

hazard is diminished’in pole’construction, if compared
to light frame structures. This is due to the larger

cross-section used in pole con;tructidn, which allows

a structure with fewer elements. The larger sections

also last longer when exposed to burning due to

]

L | ' greater volume/surface ratio.

v
- , ' 4
!

- ?aci;ity-of use. ~Pole cénst:uction is more appropriate
»tﬁan lumber for use by unskilled laﬁ?ur. This is due:
to the smaller numbergbf pieces which have to be
:handléd, and to 1OWer‘precision;;equireme&ts for

- ' cutting.and fitting. * | ) , s S~ s

P
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There are other advantages to wood: it does not pass -
' LN
through any chemical transformation when it is being

used; it does not require either special facilities

"to-it. But, since it will bé utiliz

- 49 -
. !

.

.

for storage or special equipﬁent; abilities required L |

to work with wood such as riailing, sawing, etc. can’ T

be easily learned, and indeed, most peopl already

possess them.

+

L

Acceptability by the users. Since wood is One of tke

oldest, and most widely known and used'construction

materlals, there is no problem of acceptablllty.‘

Pole structure could give a more rustic impression,

and some self-hefpers~may have/a ckrtain resistance.

iu thewroof and
\

Quality controll' The only qualx%y eontre; requlred 1s

related to the dlameter of the poles used, §1§ce it
comes ready from nature. If the wood is treatedk\the‘
quality of this treatment should alse'be controlled.
However, these“are‘hot difficult tasks and could be

"R

performed'by the owner.

I Y
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2.5.7.2 . Bamboo

~ Bamboo stored above the‘grouhd gave, in tests, a

. and not in.dbntact w1th the ground, may last from two

“the cost. Preservation against insects and fungi is

. the main cost factor in the use of bamboo. s

4§u1ms" (8)4l It presents a’ high tensile strength which, ~

)

Cost. Pléﬁ%ing costs are very low, since” bamboo does

not require special equipment or very fertile soil.

‘ The growlng phase does not requlre spec1al and constant A

attention either. Equ1pment used to process the bamboo

\

‘after cutting does not contribute an 1mportant part of

o S
\ o | : K ?a .

Deterioration. Most of spé/Samboo species are very

sensitive to insect and fuggi attack. \The lifetime of
intreated bamboo is vefy shor&: "bamboo posts embedded

in the ground are destroyed in six .months to two years.

useful life of 22 to 4l.months. Bamboo, under.cover

to seven years. " (8 . ‘ : s

-

»

Structural performance.' The strength 6f bamboo .
-

"varies with Speqies, age, growth conditions, moisture .

COnteht, dispbsitibn of nodes, and position along;;;ﬁl

hoWever, cannot be fully utilized in bamboo-xeinf rced
concrete, sincd it 'would fail in shear 1ong before "
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its full tensile strength was deﬁeloped";(a?' For
: design purposes, the modulus of rupture ‘is adopted.
"It "varies from 900 to 1700 kg/crn2 or an average of
1300 kg/cmz" (8) "The comp§8f51ve strength parqiiel

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

‘of 520 kg/cde".(s) . o )

‘ - ﬂ ‘ /;,, '. »)‘ v

’
v
L]

The above values show that bamboo 'can be used as a

= structural element, alone, or combined with concrete,

s
v
v -~

‘"as reinforcement in flat as well as sloped roofs,

(15)

beams, stairs,. cantilevered porticos", and other

. situations. S . ' ‘ v

- Wafer permeability. ‘Large—dihmeter bamboo can be used

g !

" as roof tiles, édopting 30° as the mihimum pitch.

Such roof "can be made completely watertight.fa)

- ° Facility of use. Bamboo can be processed, cured and. -
© usedMithout requiring-sdphisticated equipment. N
fhe procéssing of bamboo conaists of cutting and -~

splitting the cluma Bambod "cutting is generally

' B
W e e

done by hand with axes, machetes or‘saws" ;

\

q -
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- sophisticated work. Only weil—oriented and supervised

‘housing. . - - ' . _ o

ApreSérvative treatmenfé. The'simpleét methods are:

'exposed inne: walls). Chemical treatment is more

.

- 52 = , .
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.

‘Theuse of bamboo as éoof tiles is extremely easy,
since it consists basically of superimposing the
halves previously prepared. The only restriction
refers to the use of nailsz Most of the baﬁboé
spécies wi;l ;plit if large nails are used. Small
nails can Se'uséh, but the best solution is t; have.
the elements lashed to eaéh othgr. ﬁggizontal joints
are simple, but joints f5: vertiéal elements are more
sophisticated. In any case, this is.a problem in
using bamboo in réofs. . :

*
The use of bamboo in reinforced concrete is a more

<

workers can use it, which limits its use in self-help

1 o

The-use of bamboo is also limited by the'néea fof

water leaching and coating (not efficieqt.for

T




<o, R AR

AT M e mmua e . N

effective, but also more dangerous, and its use should
kil B

. L
be adopted only when safety prébedures are ensured.

Acceptability by the users. - In Brazil, bamboo has been
. A e pers
used 4n fences, lightweight roof#?lements and as

reinforcement\for mud plaster walls. It is also usea~
as water pipe; in rural areas. These varied uses made
this ‘material well;known, mainly by the low-income
people, which increases the possibility of acceptanFe
qu‘new uses, especially if these prove to be more

g
economical than trad%;ional elements.

Quality control. The use of bambéo as a ‘structural

element requlres constant superv151on and control,
éa\\

t

which makes 1ts use only p0551b1e ;nha well-organiz
housing prOJect.
For roofs, attentlon has to be paid to fastening

procedures, and to the integrlty of elements used (to

avoid partially split;da clums). These tasks, however,

can be performed by the self-helpers without much

training.

P 3
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2.6 USE OF MODULAR COOQRDINATION AND STANDARDiZATION
The use of modular coordination has its importance
' revealed in three stages: during the design and production
of the equipment, during the des&gn of the house, and during
%

the use of the equipment in the construction process.

\

i
Modular coordination should be incorporated into the.
developmen;‘of technologies from the preliminary stages, so
that it can exércise‘its influence. and bring benefits from .

the beginning. Evidently, the design’ will influence the

housing solutions.

"Design .forms an important part of the préparatknn
for construction and can influence net only its
quality, but also the method of construction,

" productivity of labour and construction cost. "It
is possible to-tse design to create prerequisites
for rationalization and the industrialization of
construction. Standardization and design influence

".the quality of construction". (16)

\
e

2.6.1 .

q

) - , J
Advantgges and Disadvantages of Modular Construction

..‘\‘ *

ca 2060101 Advantages
. SR y
" Cost of equipment (eg., wall forms) is‘redqced. Since

a few different sizes are used, the game equipment can '
R '

, even by different users, who

. be used several times

-

"‘adopt the same modular grid.

~

»
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i - : Téﬁhnology is more easily learned and. adopted. The’
. | small number of different act1v1t1es facilltates the -
% learning process. o
i “
!
i 2.6.1.2 Q}Eadvantaggs ™
.; : .
- Limitation of freedom in. the design;proceas. "This Y
, \reduction of freedom¥is séep EY some authors(l7) as
/' " . a\need for"'creative discipl}nef which, nevertheless,
does not mean uniformity or monotogf“.
.\ ~ .
v 2.6.2 Chgracteristics of a Sqﬂgd Modular Désiﬁn
\ Marcel Franssens( )ﬁempha31zed the need to base design \
on a _detailed observation of the real world. George Banz(1 -
4 dlfferentlated between "oppressxve and "non-oppressive"
. odularlty. The second klnd would be the answer to the
éroblem of the reduction of freedom in modular. design..
‘ , .
To obtain a nop-oppressive modularity, we established .
' three conditlons to: be met:.
> {\ L )
© 1. All indust:;allyhproducedimoduiar comaghents must be'
- -definable in human (expgrimeﬁtali te;mé and not a
R B R ', merely in terms of production process: ‘ t,
[l ’ ‘lj@ '
| X - .
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2. Modules must be diverse enough to be able to
. s - accommodate all functions they are expected to .
erve. { -
-t .
3. . Moghlar désign must be open-ended so as to permif

‘ the occupant of the "mQdular environment" any desired

- /’ elaboration of spatial arrangements 'and architectural
R , ' :
- st . " 3 :
form acceptable to the community".

. v \_.__b. ¢
‘{

I Other.characteristics‘are:

.- minimuﬁ,equﬁpment diversity;
- N a . . -
B »he , " * ’
. - matched to ergonomic premises with respect to
equipment size and weight. N , o
. (3 - * t '\
2.6.3 Proposed Modular Grid !
o, s The figure below shows the_iégults of a survey about
4

. < (18) 5,
the size variation of tertain rooms : | o

*

sz
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occur in practice.

. . N i
L.
: 9
! .
.

s o .
‘ - Fig. 2. l Frequency of Room Dimensions Found Vo
; _# in‘'Practice

s
.

< .
£ (,/\ s , The preferrec’l widths are approximate1y~ 1.75, 2. 20,

. ‘ 2& @% .Qq:« ‘3 50 and 4,05 m. If the 2.20 m value is \
. excludea‘}"@.a can obqerve that these values are close T,
w? - w .
i to the multiples of 60 cm, or - 6M (where M = 10 ci).
. T This .analysis encouragés the adoption of a 6M grid.
N : ‘ : v
" 4.2 ... .The follfqu%; table s _room dimensiona obtained, .
» o A L
‘4 - ' using walls 20 cm thi.ck, lying on the grid lines (see
. i ' . ’,:'~ ", . . [ X ‘. . a o
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figure below) and the compariéon between these dimensions
and the values obtained from the graph: . = ' . ’

’ -
@ .
. a
. [

e [

. ‘ K o

E -4
A b & 6 M .
. , ~ 1000 mm ' ,
- = - 1 mM
: . B ) ) L
. ) ‘ ! '
L—J -y (S ] " .
, . 200 mm . 200 mm . . ’
. . : ®
° ‘ ) \.,,\ . S ‘ e o
. ) "Pig. 2.2 ~ Location of Walls on The Grid | -
. » < . N ) T . . LT :J’
. - . [4 ;‘— LY ) ' {’4 . -
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i . ) . Results of ~ Series Generated Room Dimension Differgnce i
.4 &+ _the survey from a €M Grid  Wall T 20 cm D= = cm I
. . ..’ . .F ‘~‘ ."} s . ’ :, . - ' . Y A }
T i.75 . 1.80 mM; ‘1 60 15 o
N .. 2,20 2,40 4mM " 2.20 0 . v !
o N . 2.40 ¢ 2.40  4mM . 2.20 . 20 e
LT ot 3700 - 3,000 SmM o © 2.80 20 S

N /\ . “3:50 - - 3.60 | 6mM - 3.40 . 10 8 .

" Tt L ) 4.05 . - 4.20 7mM 4 4,00 . 5
R A —
C 4 . ‘Table 2. 1 - Rela on of Rogm Dimensions Provided ' o

v L . o ° _by the; 6M Grid W:Lth Those Found in ° - | : ,

\5 o ’ ’ - 2 " Practice. © .+ .. ) - t

. IR o ".':, N . LT L : | LA . .
S ) ¥ - -
Y - R o The tab-le shows that the dléference ‘of \klues does not
;' rf ; increase or decrease.constantly T s o ot
- - < /o R . .
. b : R ‘ I A o . - \ . .
AT ‘\ ' "It seems clear that a 6M multi-module provides a ‘
e PR . ‘ : , ' { ' » ‘
' * : e < y P ' : i ] ~
doT . good fit to the figures found in the survey.. However, s
N ot ’ ’ « ' ‘ 4
- R these £igures refer to’ large rooms, like living rooms, - I
. ‘. ., N ,> B . ., N - , ff - -
‘ ;o e dim.ng rooms and bedrooms. It is also necessary to - analyze
’ '1' - 'L'-y Co how Wel!‘ dimensions genexated by the module chosen can: - P
e et 0 R AL L
: Moo g T satiefy the dimensional needs, of bathrooms, corridors - o
- BLMES . . » L T
A R . and kitchens. . ] S N _
B T ‘;3 co . e M Rk . o R ‘
, . - ,‘« . . ) ) e ’ K ' . C - ) . . ; 7
S FECS LT 6 - ‘hm N y ( 0) '
st Ty e FeE corridora. tfhe minim acceptable wiath is 1..00 m,
‘and thiq ‘.'Ls exaatly the vnlue wh;l.ch is obtained wii:h the GM
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of the bathroonm, so that a plumbing tree can be pre-desn.gned.

‘The minimum equipment s@ould be: 1avatory, toilet bowl and-

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

1

- dimensions aélcorairgg ‘tp the following drawing:

~

L t
N

' ' -‘r N

All the values
, are in mm’

\ w-.

[ - . L A
. = -
N .
’

4 o fig. 2.3 - Minitmum Dimensions for Bathrooms .

L3 . . -

a . .
. L ..x . » “
. N - -
S . @

| ~ L e
o ,-\ Agcording to ‘the figure, the minimum dimensions required

N ,('

cc:reapond to 2 x GM for the width and \a‘x 6!4 for the. length.
It could be argu%d that. :Ln t{tis case, the’ lelf—helper is-

practically ﬂopced to adopt cuch measures,

A . NN . ' . e
. °

I.naeéd. if he -

Ry 1 w,.*:.‘

FITERehngtage sasag s

- 4 annt
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wanted a wider or longer bathroom, the dimensions would paég

A respectively"from 1.00 m to 1.60 m, and from 2.20 m‘éb 2.80 m,
- -0 ' '\ , ’

which are extremely large for low-cost housing. ' ’

However, ‘since qhe bathroom presentsAthe highest cost

Y

per square meter in tHe house, 1t eems reasonable to build

° ‘ J

. ’

it within the mlnamum poss1ble?aimen51ons.
S ' .

]
( -
/

A ! -

Ly

The kitohen is- another room which deserves a more

Ral

- ’
careful analysis. The concept of a‘standard plumbing tree

”requires the kitchen to share one wall with the bathroom. ~

“However,, EﬂiéﬁaoeS‘not limfi its size to a minimum%ﬁf 2.20m ..
\for that wall. Inaeed, the kitchen could be B&n\ﬁMior‘4.; 6M

' 'or” more. ThlB dec151on has o be made ni‘gheouser."gowever,

it.§eem§ that the regular gri proviéeg'enough.fiexibilityn "
, , B ' e

"to the userf : v, \‘ o B

S

4

i L I V&
\
\

. . R N * i . y R ' *
. The municipal code also imposes gome restrictions‘_

on the minimum dimensions of the kitchen. Howevet these

restrictions do not apply to low-cost housing. There are f __—

special rules for such projects. Minimum width s 1. 50 m St

and minimumikféa'of 3 0- m ﬁ : o <L o 'n“;lf
» 2y o ‘ - . " . “ "»:'.‘ ‘ ",' B .

: » . . . , o, v e m e
. N . . ' -
,,\ $ o

The author 8. egperience show that usars tend ko design‘

fa""
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with respect to room dimensions. - Yoo . k.

- this chapter. - Indeed, .this interaction .is one of the moat

. - -
~ v v .
role of this room: it serves as an informal living room for

* ] c ’ )\ ] - -
. the §§911Y- This is probably due to the rural beckground,

common in low incomes.: . _ ’

¢ . ¢ ; -:ﬂ
In conclusion to this analysis, it can be' said that ° S

[N

the multi-module adopted satisfﬁgd general users' reguirements

/
»

A
\

. . . . 7
. . / -
o 4 ‘ .o 5
2.7 CORRECT MAN-EQUIP&ENT INTERACTION . .

N
s

The necessity of studying the man-equipment interaction

in the construction process was stressed at the beginning of

. . \
important factors during the development of a\technology '

© and should be studied in depth. The advantages of this

approabh were expressed by'Jones.(ZI) , o (

R B o S - .

, "The cost and tine needed for man-machine systems“ !
- ./designing,. &8 a.prelude to design procedures of - '
the existing kind, is likely to pay for itself A
in reducing the high costs and long delays that - _ Yy -
.are commonly “encountered when systems are - )

'deveIOped from an exclusively mechanical poidt
of view." ‘




* W
L, 2.7.2 AN Man and ™achine Attributes
. .It is necessary, §f.ir:s'c of all; to dlscover whlch are
A . the man and machine attrxbutes wh:.ch will be called the:q:
inherent characteristics. #'Jones presents a list reproduced
- below. "It is reproduced from Singleton. (21)
. ' ! : g
L N i “1 Machine " Man "
N Speed " Much superr. T Lagdsecond. Ay
‘ Powdr Consistent gt any leve!. 2 0hpforsbout10seconds - VA
. Large, standard forces. O-Bhp forafewminutes —— .
) f ~ 0:2hp for continuous Work over 8 day.
Consistency Ideal for : routine ; repetition ; Notrelisble:shoukdbe
precision. monnondbymch!m. to o A
c?mphx sctivities Multi-channel. - Singls-cha: ﬁA _
. Mo Bestforkterslreproduction . Largestors, multipleaccess. .
. . o, emory ond short term storage. ] I-n«forprindphammm
‘ - g " Messoning Gooddeductive. . Good inductive. «
1 . Computation Fast. sccurate. Poor st error .wbimwmcoodn ' , :
% o : comection, ) . weror cormection. . ' \_s .
Dy | ! ; ) ,
| § input sensitivisy Some outside human ssnses, wmonmmo(io")andm
- T e.g.Tadioactiviy. . 7 of stimuitdestt veith by one unit; ‘
é » 7 e.g.eyedesls with reletive location,
. 3 . U N . " maverent and colowr. Good st
? \ . > J ~  inhigh noisslevels, . ,
g N canum»mmm Affocted by hest, cold, noise and o . .
Vo . .. townmanepussimul. . ﬁhuhﬂuumﬂuhqyﬁw» R
qn  Overload reliability Sudden breskdown. *Ghaceful degradation”. L
: e “Mtolligence ~ None. . 0 - Candoal withugeediced ~
A . N . - W:mm

T - 63 - /

-

they- agree t&at this ki‘ﬁd of approach has,not/ yet recei\}ed
the attention it deserves. They also stress that these
. < .

gerieral theories are not sufficient to solve problems in
. -~ '
specific areas. Therefore, the intention here is to try
Y .
to establish some rule% for a man-equipment design approach

for housing construction technology.”

3
1 ‘ ¢
- ‘ c,.- o~ v e .

/(\‘ umummmwsm .M‘,i; '
Tablo 2, 2' - m and )lachino Attribnul IS e
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This is a list of general characteristics and it
S
Later, a list

\ o .
? including the characteristics needed in the;;onsttuction)

field will be presented.

[
'\%qes not focus on any specific field.

1

. .
2.7.3 _General Procedure to Develop Man-Machine Systems
Two systems de51gn approaches were foupd lT the T
11terature.

The fjrst one was prpposed @y‘Slngleton.(36)

. - 2
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i : o, Fig. 2.5 - Procedure to Design a Man-Machine
. ‘ SYBtem. According. to Jones . \

¢ « Both approaqhes stress tha need for designing the

‘\ o man-maqhine interfaca at-the’ same’ stagg than the hardwa.r? - ’5\ ,
l, . (or machine compondm: Qesiqn) .:‘ 'rhe*‘ne:gt fiqure -hawn ’ :—'.‘:"::"J-'?
‘» the di!ferenqe b‘tynen traai' ‘
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the. aspects inyolved, in such a way that thHe final result

'is an optimized man-equipment interaction. These conside-"

rations lead to the 'concept of Appropriate Effort:

.
Uy

| " HUMAN ‘PRODUCTIVITY INCREASES IN DIRECT RELATION
“TOYTHE SUITABILITY OF TASKS TO THE INHERENT LN 4
' . e . CHARACTERISTICS OF MAN. THE SAME RELATION, I8 . -
o ' . VALID FOR %E EQUIPMENT. , . '

.

By definition, such characteristics are not skills,

~

since those have to be learned, requiring time and resources.
, . . . 4 - ,

o 2
The incorregt allocation of tasks leads to a
sub-optimization of ‘man-equipment systems poteﬁfial, In

\ other words, -if man and equipment are requirea,tq execute
> . . . ' < ~ o : N

only the tasks for which they have an inher«ént capability to

.

'perfor’rr‘t, the effort to fit into t}:{ system would be much less.
i . . ' .
, A high productivity level would be reached faster with léss

.+ skilled labour, and a more appropriate,contribution by the equipment
el . . }"v . l ,"' : ! . " . ) . .
o 2.7.4.1 ' Human Characteristics,. e - R

) ’
S ; R : ‘
®a

. e

X lies in the following characteristics. .. memory, e T

. ‘.~ % An analysis of T%e 2 shows that man 8 potential 2
r.r, ' N ) i

ot ,reasnniﬂg, input sensitivity, OVerload reliability, intelli-n P

PIyey R

, Qmuﬂt* be added tq thia ‘sé

ROSNAEY
2 2 A : -l“n
N _ e AT e PRI
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' S Computagion should also be included, siﬁ?e computers are

¢

not presently available to the construction process.

it enables man to move around in the construction process.

-

f " .

- The inherent characteristics will also be called . }

.-

. ' . . . . . LA . .
?r1mary Characteristics, which can be qgmblned in various
~ ways to form the Secondary Characteristics, These, also ’
R " N/ - *
combined, will generate the Tertiary Characteristics, which

LY

. express the human potential in the construction process. t
. B . v »

, o These three levels are shown in the following figure . (next

. >

. , _page):- . '
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. e e ) ‘ ‘ . i . — i'
4 : , * It is interesting to note that man is assigned for *ﬂ‘\\\,

organization’and control .efforts, but not for the

-

" production procéss itself.

3

1 >, N o
o

At 'should a;eo_Le remembered that there are some =~  °

. PN

o human characteristics ,that are not exdctly inherent to-<man,
. nan g . :

. but, due to cultural imposition, ‘every man has developed them
C / . . . :
to a point.that they courd be considered as inherent to man. ’

One of these characterlstlcs is the ablllty of man to codlfy A‘

AN N
and decodlfy dlfferent communlcations systems. These special

- ' learned characterigtrcs will be noted 1n.this study. :

o

. .
- | . .
v . N iy P = T

2.7.4.1.1 The Learning Process: The leference
Between Knowledge and Skill N
v N K \ .

SERE ‘... _  Before man can perform any task, there 1s a_ learning

FEEANNN S o ‘
process, where knowledge is obtained. However, kno;!edge and Y

skill‘are different concepts. Knowledge is basically o k

o information which must be used .during the construction' o

oo _.‘ “ process, aﬁH which ‘can be obtained through a ‘;i : ihbz C

o™ N GOdlfied information Bource. In other'words, £o. absorb
J ' T,

;fﬁ”‘ . and use this kndwiedqe is basically a- brain~activity. Onﬂ«ﬂf“




T Fo oY

-~
S e et om g g

\y

L e ————— &

e A b T S
4

"heavy and expensive equipment, with a high technolpgical R
. q . N

,Furthefkore, the eneigy source, whether electrical or liquid

fuél,/is not always avaiiabfé in a dependable way. The ten- L

.~
~
SN

-

Departing from the ideal zone to less developed

contexXts, it seems reasonable to.propose, at first, the
replacement of machine powgr'by humahipower. This option

is based on the fact that machine power normally reduires

level and expensive operation and maintenance costs.
' ? N oM

- - 7

4

dency in cases where machihe power,is'adbpfed, is to‘Freate
the selfrsufficignt "igslands" mentioned. by Terner,

-
Y

.+ At a certain point, éﬁeﬁdecrease of ‘productivity - -

caused by the substitution of eduipment by mdh will be com-
. . . .- * . ':)‘ il I
pensated by the fact that_a supportihg techndfagibal "island"

L3

is not needed anymore.

3
.
| 4

o f

The second step would be the substitution of machine
speed by human speed. This change is represented mainly by
electrical hand tools.' R ‘

.
.

It is important to note the'difference between such X

tools and the heavy equipment of a fully mechanized ! . -

4 I
<

construction process.

. ”~ . .
Precision should ﬁbt be provided by man in ahy event. ‘

This is because bot& manufacturing and location precision, - ,

- !

1
*
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‘some kind of control, which does not require dntelligence

————b s v s i D

s - 79.- , :

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

as seen bgfore, should be avoided.

If, with time, the context becomes able to support

higher-level technologies, equipment will’SUpply speed, and
eventually power. ‘ SN

- -

o ~

An' interesting situation occurs when computers are

-

considered. In this case, equipment gains some primary

.

. characteristics that were extlusive to man. These charac-

s T~

teristics are: 1large input sensitivity, memory and compu-

tation. If\somebody énalyzés the table of. man's characteris-

tics, he can_note. that these characteristics, together with

intelligence and overload reliability, are the ones which are

f L]

‘necessary to provide control to. the system, The evident

conclusion is that now equipment is also able to exercise

(or logical capaéity, meaning potential to cope with the

unexpected) or overload reliability (the last level of

“ '

responsibility has to remain with man).

’ . ' " '

v

}nothér consequence of the increased ﬁotential of

¢

equipment is its new ability to organize simple taské (single
steps) or cooperate in the organization of larger tasks,
due to its computin& spéed andJmemo;y..

4 ° . y
. . .

Vo
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., However, this is not a complefg,§nalysis of the S !

<O

phenomenon; it is not only necessary to know if a ecertain
-~

teéhnolqu is évailable and,-economically viable in é certain
contek; - it is also necessarxﬂto’know if the‘proépeétive
uéer of such technology has the.eéonoﬁical conditions to ..
utilize such techﬁology,‘ %his is espeéially impgfyant for

7

' low-cost technologjes. Such problems can be solved or

- v
¢

minimized if the govermment subsidizes the cost of equip-.

‘ment or if cooperatives are’formed to buy it. -
. RN .
2.7.17. The Question of Precision '

PR

This basic characteristic deserves further analysis, e

< sinqe it has to be provided by the équipment instead of by “‘

v

man. ) . . W

‘ . : ' .j ‘
Precision in location can be provided by the equipment - . .
even if man brings the materials to their final position.
' »

e

The equipment provides the location through its

opposition to the materiéi movements towards wrong directions.

] e

Any point of the equipment which.oppbses the material's move-

R [3

" . ments can be defined as a'"phxsical'location point”. In

‘

contrast to that, there is the "imaginary location point",
2awhich is-visﬁalized by ma3g while locating the material, buv,#ﬂL~
cannot iqfluehce the positioning of the materials. In this

second case, précision'iq really provided by man, who has to
. .o \( - )

V\Z N ' o "
- N - : \
{ ° / » ¢ . . . ” B
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v Boprmrgps e e ot g

|

... locate the materials and chHeck their position in'succéssive‘ ) *

a-tion of the wall. The tools do not provide precision by them-

oy

o } ' .
. . N

attempts. The positioning andg/control activities can be N\

exercised simultaneously, but /this can be‘'done only by & 3

skilled worker. ' \ . K s |

3

'

Analysis of an example will clarify. these theoretical

arguments. The example is the construction of a wall using

po

conventional technology. ,

»

/

In conventional technology, man builds' a house ,

generally using br%éks and concrete bYocks. In this ‘casey

the pr0céss requires \man ﬁ? provide preci:ion directly (nakedi
hands) , or_indirecblyd(with tools 1ike.leve1,,p1umb line, etc.).”
‘This:precisfbn is eXgre;seq by.the orthgonality and verticality

of lines and the flatness of surfaces, the dimension and posi-

selves, but help man provide some imag'nar' points (eg.§ the
% y

alignment obtained with a string. They also he%ﬁ_m@n during Y A

'\, J !
the control, checking to see if his work is acceptable against

~

established.standérds. This second kind of tool is used in‘

5

an iterative process of control: e.9., the plumb line, the

square, the level, the tape . £

Since man is required to perform tasks for w@ich‘he

-

does not have an important inherent aptitude, the result o

w

. will be an increase in costs, caused by the fact that man
| Wb -
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has to be trained to obtain skill. This training takes

years of apprenticeship, and even if he acquires the

J

skills, his productivity is still limited within a narrow -

range: 1

1

0
=5
7

It is also important to notice that man's manipulative

‘abiiities and, more specifically, his ability to bring ,a

certain object to a predetérmig@d point in space decreases
with the weiglit and’ size Of such object. This aspect. must

r . : . .
be taken intdé congideration when the equipment and prefabri-

cated elements are being designed.

2.7.7.1 "Adaptation to the Material's Characteristics
' /

/ \ o

The full evaluation of the question of precision.can

©

be carried out oniy after the analysis of the material 's-
characteristics is considered. The reason is that ,preci-

. . 7 N
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,
o \

it is netessary to study the materials’' behaviour while they

are being located.

.

Materials can be claésified'intd~the following three

types:
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1
- amorphous.

W , S “

- - ‘rigid; B

.8, ) & - ’
= . flexible; P 4 *

Probably there "are é#ﬁe materiéls'which.cannot be

/

precisely definéd in one of -these types; however, for the

/
majority of construction materials, such classification can
/ 0

be easilf applied. /
Q . ! / N ' '
-

) v ’ 4

The study of precision in materials starts with some

e

principles about precision in comstruction. Some of these

principiés are already well-known: L : -
1. About étraight'lines in space:
. }.1.’
- to define a segment of a straight 1ine‘in,space,

it is necessary to have at least both extreme

>

. points of this segment or one of these points

' .

, and a vector. . '

/ .
- // - ) . . : 1
. Sl '
2. ‘About the location of rigid elements in space:
"/ a . N s .
K - for a rigid undimensionai element in space to'be
< /

located, two of its points, or a point and a

vector, must be correctly.located.
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- 'tgg}exqeptibn to this principle is the case of

f

! - 84 -

o
P

- ° two and three-dimensional rigid elements

follow the same principle, but now the %piréct ,
;ocatibn of at least three of its points are
necessary to ensure the correct location of -

every other point of .the elemaht.
[ N 7/

A

About the location of flexible elements'in space:

Y

- the edges and the forces that act along the
. )  J - .
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 individual}k.

}y

[
- -~

A pﬁéﬁhorizontal surface on the top of a material

piastic enouéh to have a fluid behaviour.

150

T . A}

- A@gut the transmigsion of precision through rigid ’
s ' ‘ o
relements already located:
!\\.
- a rigid element can have one or more points used
' / . A
for the location of another element. R

kS A v

' ®
» . ° '
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a. three-dimensional rigid element has automati- - :

. :
.
" v , )
¢ H cv LN ' ® .
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~ o .

' cally defined the planes parallel to its surfaces.

, ¢
. . . !
’

\'_ ’ ¢

With these pr1n01ples in mlnd at will be posalble to | Y

¢

develop aimethod to transmlt pre0151on throughout the construc-

-

:

!

tlon process, in such'a way that not, only the eqn&pmenf, but | . %
. i

also the already located elements w1ll part1c1pate of such ' g
f

s [ ' . . v Y ' - \
transmission. Lo . .

=
-
Y
» ”

Some examples show that the transmlsSLOn of preC151on

-

cah*he made through already locate% //ements. Thls is the

case of the 1nterlock1ng sulphur. blocks, developed at

" McGill Unlver51ty.(25) R , : 1

&, N L

2,7.8. The Question’ of Control s T
o ) ) (\, .. ‘ . ) ..\—

“Control is directly dependent on knowledge:':without" !

o

a‘known’reference_pattern,~it'is not possible to verify, if the

real product or process ‘is correct dr. not.- This verification

is the system eontrol.

t
-

» ' w
However, - 1n some cases, such exnllclt control can be
o \
I4
replaced by a control 1mp11c1t to the system.(/éuch control has

the advantages bf not‘requlrlné a pfe-learned reference pattepn, s

and avoiding - waste ‘of time and material due'to wrong . " ¥
’ ' 1;{57: L - ‘ S d A 4 "
. procedures. . oo ! . : -
» R X" -
T . ¢ . / . o :
v . &, # ; ¢ . 5:
. N [ v, 4 @ ‘\ . 447
. . . S Y 3
¢ e o e
~ N X
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. where the d1v1s10n between £nowledge -and. skill is’ not’ clearly
, N ‘ - .v. ;':

defined, and where precision .is not an explicit cpmponent.

e

Among these activities are three wlich deserve special

analysis: to execute the plumbing and electrical systems,
1 * 7

. , ‘ y , ‘
Y K . and to construct the roof. - y
' o, ' . - S : %

'
‘

£ e ok # e o i G

< -

These activities involve some kind)of brain activity
, . 'that could be calied;an "intellectﬂaloabili " to solve the

L - many’problem situatlons that.emerge, using only some basic

_ principles and routine procedures. In terms of\\he five
) . basdc characterlstics, it seems that theﬁe is a kind of \
‘ pulVerizatlon of . organlzatlon and control, in such a way that

J
L -

there are many ‘small decllens to be made in each situation.

o

e
v

Y
14
1
.

v

The problem is that these declsxons requitg special knowledge
Qf some prlnclples.. It seems that the digflculty remains in

O
L u51ng those prxnclples in speclflc situetions wzth great -

aifferences from each othera R '. T

' - f~ - ’ *

e , L e T oy S

¥ LA *
- ’ 3 -86"\> '

Do ' o The basic idea is to design the equipment in such a
S L S _
' . , way that only one sequence of procedures, as well as one way

\ T « .
of executing a certain activity, is poseib}e. In other words,
. T it could be - called a system with “1ogical rigidity". Such
: , : ’ ¢ :
" concept,will be explored d‘Fing the development of the
. , equipment. . .~
e . 2.7.9. Building Sub-Systems Witﬁéﬁt Clearly s
) Defined Basic Characteristics

1 ) .1\. L
&’ w = ( N

The constructlon process also includes some activities
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» In other words, the worker finds great trouble to

surpass thé large gap between the basic principleé“he is

B

using and ﬁhe.reali£y in which he is working. The diffi-

"culty does not reside in executing the task itseif, but

s

in t&kiqg the decisions-on how to apply the principles. To

minimize the problem, it is necessary to minimize the gap.

3

"So, if deécisions are made in advance, minimizing the variety

a

of solutions, the.knowledge td(bevlearned is restricted to
the pge—desigheqfsolutioﬂs. As an example, a standard
plumbing panel shoula be’adopted instead of an ever different
plumbihg installation. The, panel would be drawn f@il'scale

on a plywood sheet/and copied by each Self-ﬁelper. ’

2.7.10 Pistribution of Tasks - The Real Situation

’

The dlstrlbutlon of tasks between man and equlpment,

with each of' them providing somme of the five basic

charaqteristics,ﬁdoes 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 depeﬁds on the financial

condition of the owner.
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Other ‘problems related to that initial distribution

refer to. the available technology. For instance, in a certain
7 N .

moment, it is advantageous to have a machine providing speed

* Y op . v . s
for a certain task, but if there is no such machine available,

the initial choice 'cannot be Kept, and man has to provide
. N ' I .
the speed. .
v . - N

8

In geneTal terms, it could be said that the graph

gives an initial solution, which.is funther influenceg by

' ' . ! : -
other 'specific factors.

>

. . . -

2.7.10.1 The Case of Porto Alegre, Brazil

‘,\““

2

-

Porto Alegre is locﬁted ip a dévelopiné,rggipn,'so
the first épproximation'would suggest that man would be iﬁ‘
charge of providing organization, control and power, while
the speed has gfadually to'change its source from man to
equipment, whichfalso has to provide prepisidn1

This i?itial evaluation will be influenced by the
specific context. The site where';he work will be carriqg
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 pﬁasé

plus neutral line, impéqiné'tﬁe use of powerful electrical

machfiifi//eﬁiy hand tools can be used. There is'no

-

LSO SN P

e e e w———— 3,

I
i
!
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more man uses his own effort to provide the elements necessary

primary needs. .Furthermore, the purchase of expensive

. N -

- 89 - - ii . -\

. o i

. , ‘ ' .

. ’ . ‘ \

evaluation of the financfial capacity of the dwellers, but : ’)
a survey carried out by'the author among the pdtential

self- helpers showed that their monthly contrlbutlon would

stay between Cr$l,000.00 and Crsz, ooo 00 (C$15. oo and c$3o 00).

A research in ‘the local market showed that a concrete

mixer would' cost abott Cr$50,800.00 plﬁs 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), whiie.the

-

: . .
operation and maintenance costs would vary 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$l,000.00 (C$15.00) per dweller. JThese Values»give an

idea of the impogsibility of using such equipment. Indeed,

due to the scarcity of financial resources, it seemslclear
that all the available cap1tal should be used to buy mate—

rials, whlle power and the greater part of speed ‘would be‘

JUVEDE

provided by man.’ ‘ . ' o ;
The proposal ﬂor a, labour intensive construction process - g

\ 1
seems reasonable in the context presented above. Indeed the ' ok

in the construction process, the more he can devote his

scarce gesources tO materials for his house and other

t)
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equipment Would oniy_bg affordable iﬁ the settlement were
well organized to minimize the costJ for each dweller; '

this is not the present case.

\ «
o .

"In conclusion, it can be said Ehat; in the distribution

of tasks, man will play the main #ole. He will provide orbﬁ-
. ! Te

’

nization, contrél, power and mest of the’%peed; gquipmeﬁt

will, provide some speed, mainly throhgh electrical hand

tools, and precision.

RS-
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’ CHAPTER III

-

PROPOSED CONSTRUCTION SYSTEM

. .
. -
’

A construction system based on the characteristics

[y

discussed in Chapter II is proposed_here:
LY . ,é '

a

The author's experience .in conducting a field test of.

? -
building a prototype utilizingwthig system ‘is also discussed.
A grant was obtained.frop a dovernment agency to pay some of

L]

the costs.

a

{

The applicatidn was carried out in a équattgr settle~
ment kor "favela"f, callgd "Beco ‘Do Adelar", located on the
bérder of the urbaﬁ area of Porto Alegre. Sucﬁ application
canlbé divided into two basic phases: selection of’;ami;ies
and construction qf prototypes. |

3.1 Selection of Families : IR

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 explainéd to him.

v

The leader reacted fabourably to the idea and offered.

' his cooperation. 'After that, a méetiné.with the‘faVela'st

L

. / |
s
et

.
et . e 1 it M ot il




t )
.

ion directorate was held, And the same idea was explaine&
o . . . e
° . 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 . H J

L4

. , A ' ‘
About 30 families attended this new‘meetiné, wheQ,k ;

general explanation about the éxperiment was~given. The

- ., explanatioh included:
; \
i [ ' ' e "‘d
; < basic information about the construction system;
{ o R the material acquisition procedure; and "\. K
| , R ' -
l - the criteria to select fa&flies.

. W
i ~
.

The information about“thg construction system included

; a short talk about’the design phase and the various sub—systemé

i

- of the construction phase. Emphasis.was placed on the founda-

. o
- tion, walls and roof systems.-
i ° . .
: ‘ ‘
3 N . Mdterial acquisition was divided between the owner ,'\7-
. . . \ .
\ : _ and’ the author. The criterion for'this division was: since v

it was an experiment, it could result in failure, and it. '
/‘\\\\ would not be fair to ask the owner to pay for the materials

x : _ of an experimenﬁ, for which he was not responsible. Howeyef,

~

; . if he could reuse the materials in another house, or sell . ~

. ' them, he would have to pay for them. In other words, the
N ) -materials that could not be reused would be paid for by the
3 . s .
N ' / § . ) ‘ ‘ . n
. '. - .\“ . . R , N . ~
B ‘ e | : - L

R v |
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author using the grant obtalned and| the materlals wh1ch
/ —

could be used later would be paid for by the owhggy The

.

.. . . . equlpment would aIso be paid for by the author.

. * el
- a ‘TheMcriteria to select the families were:

‘

- to have a great desire to build the Mbuse;
- to have a site which would alloy the application of

4

“~the constructlon system. The site should be large

. ‘ enough (more than 100 m ), and without huge rocks;

. v
I3 . 1.

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

i - . L build: their houses by the same methoa;

., + =. . to have economic conditions adequate to pay for’ the

L4 Al

. reusablé' materials.
. .}
¥ .
From the meeting, 6 families were pre-selected. From

PR -
’

those, more specific information was gathered, and. finally,
: X two families were selected. However, one o6f them had to

; - ’ abendon the program after the design phase. The prohlem

é - has that they expected to obtain a site where they could

n 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.‘
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The other family continued through the construction
phase. ) } . ‘
3.2 . USE OF MODULAR COORDINATION : ; ’

s

. . .

The constructlop 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 )

~ -

Fi .
respect toyequlpment size and weight (which will be discussed
later) and an:analysié\té determine the minimum equipmént

diversity'neéessary to satisfy the user's needs.

o

1
1 .
|

. . 1In tﬁis aqahysis, the potentiai of a selected set of

md&tlples of the multl—module adopted is measured through the
(l)

='cr1tlca1 number () obtained wlth such_a set. An initial set of

'12M and 18M generated the following critical number: .

«

CC.N. = (2mM = -1) % (3mM - 1) = 2mi

[

. where 1mM = 1 multi-module = 6M | o

i

This means that this set can generate every multlple

. of" the multi-module, from 2mM. To allow greater flexibility to

“

the user, 1mM is included in this set. Various combinations of

. such multiples are possible to obtain larger wall sizes. They

are shown in’the{followinq table:

et -




A

. st
- ’ "- B ) N ?
N H
. 40
g t/ )
- - 95 -
FORM SIZE (Quantity in parenthesis) ' TOTAL SIZE % /'/ 4
(1) LmM, : 6 bo-
(2) 1mM; (1) 2mM* 12M :
(3) lmM; (1) 1ImM + (1) 2mM; (1) 3mM* 18M /
(4) 1ImM; (2) ImM 4 (1) 2mM; “(1) 1mM + (1) 3mM;
' (2) 2mM* ‘ . 24M
) . . . , ' . L 1 .
(5) ImM; (3) 1mM + A1) 2mM; (2) 1mM + (1) 3mM;
(1) 1mM + (2)/2mM; (1) 2mM + (1) 3mM* 30M . :
T . - . ‘ . . ‘ - §
4/ ‘ ‘ q
* Preferred,cqfnb,ination in normal circumstances
- 'rable 3.1 - Varlous Oth.ons to Combine the . X
Multlmodules Adopted : R W
'w; - |
Some solutions are presented beloﬁz in order to show f
"the potentials of tth modular de31gn. : ' .
Il R 1 "ﬂ ﬁ ] T
ﬁ —— e S - v - --—-
Nz e R i iy -
" il - - H [®) 1
it E . (S |
A }r//// ///Iofr . ” I ! ¢ | i
> o . " O 8 §
. _L - ) '
~[]=H= md B 7TRNY | I =1
it I Ry =i i
1[Ik -~ ! L4 1l
eS| il Rl
J :F | ~ » - . -D NN i
|- I i H Ll ks
===t | -0 ve/c'jm._._
T N 3mM - L | e | .
Form -1 - — _
-— Sizes - [ bmM =2 [CI Q ‘ ~
1 - }_— L } ]
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Fig. 3.1 - Various Architectural Solutions Obtained
With the Use of the Multimodules Proposed

3.3 DESIGN PHASE

e

. . 3:3.1 Proposed System ’ . “, ,// . 7

- *

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,ltwo arméhairs, 1 small central table):;




4

*

, ) ~
L B . L4

1 stove, 1 cbunter, 1 sink tied to the plumbing panel) ;
main hedroom (1 double-size ééd, 2 %ﬁmp‘tables, \
1 clo;et, 1 drawer); children's bedrooﬁ (3 single'f

beds, 1 closet, 1 drawexr); bathroom (lavatory, toilet ~

bowi,‘shower, all tied to the plumbing panel);

-

t

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

could be fixed;

+

7

- . modular panels having ;he 3 equipment sizes (1 mM, 2 mM
and 3 mM). Theée p§nels may hgve a wiﬁdow, a door or

be,clésed. The thiciness of the pane}é’(z cm) corre-
spondga'in scale to the thickness of the actual walls
(20 cm): On the top of‘the panels, aﬂeoloured line
identifies its size: 1 &M:has a blué %ine, 2 mM a red ,
one, and 3 mM a green one,7Thése coloﬁg identifications
afelimboétant for illite}atebpéople and\will be used

. when they copy their final ;ﬂiutioh. ‘

The self-helper is asked to dg;elop his design solutions
with the model, following certain procedures and respecting
certain constraints. An architect advises him in any doubt
S

he has and comments on the Eonsequencés of the solutions

adobted‘ The self-helper can keep his solutions or change {‘

. them according to his own judgment.

°

P L




‘The constraints which are imposed'dn the design are:

'75‘ -98 - . "

« : !
.

-

.u

L 4

' N 3

only modular dimensidns can be adopted; -

A — ot :
A 1 * ¢ ‘

[

the plumbihg panel has to be shared between the

o D . ’
bathroom and the kitchen; "

-

-

unless gpecial conditions exist, the preferred combi- -

nations of panel sizes have to be used., _ A

i’ ‘.'

The recommended procedures are:

'S \ d R R g
to locate the rooms according to the best solar %
. - . o S
orientation, which is: L ' L
BEGT ORIENTATION AND - . . .
" ROOM i * WINDOW LOCATION e T s

¥

. s g ‘
- living fbom . North }East and- West are also good)

- bedroom North (East and West are also good)

~ bathroom South .
\ ' ‘ © . A

- kitchen ‘Soufh o oo -

Table 3.2 - Room drisntﬁtLOns

to dimension each room according to its furnipure;'

-

the selffhelpers are asked to arrange the furniture

of the rooms first, and enclose this furnituré with
- . s »

the wall panels as 'is shown in the following .

o
4 -

picture:\“ . .

t ]
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Flgure 3. 2 - Self- Helper Designing HlS House
4' ' t . : .
i . This procedure helps h1m to deal Wlth room dimensions.
If he were to ‘establish room dlmen51ons without references, . ;
the lack of awareﬁess due to 1nexper1ence in this kind of ’
work would ‘embarass hlm. The probable consequence would be
a'badly dlmen51oné§?h9use. - N L5
f o by N
- to locate| the doors and windows and change their
. . ) A , ' ' .
position if the solution is not satisfying.. .
After a trial enclosure, the self- helper will 1ocate ’_‘ .
r j“ v 2
. - ; . b
W1ndows and.doors more carefully. ; ‘ _ ‘
! RN ’ o, ‘
: A , l(/—\e,} i
. ) R o . L. N
All these procedures are repeated for each room. After: ,
» - * . - ‘~ N ‘7‘ B A
the whole house ‘has been’designed, the architect studies the ‘
D A : }-
[ N . — ,".
3 e ) “ .
) L, ! .\ te ::
‘ g ool
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- solution achieved and discusses it with the self-helper,

who will decide abdpt'furthe; changes. , %

’ | S
’ When the final sglutiOn is achieved, the self-helper

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

h?s solutions on this grid, using the colours on the top of

the panels. Windows ahd doors are represented too, atcording
. . ’ .

\
to the code below: ,

- ° l wp
Window o '

Door. 4 s
v » -~
N Figure 3;3 - Code'Used to Represent Openings °

Furpiture is not copied.’ : ,
L4 ' T e L]
- 5

. Before the self-helper starts his work, the architect -

P4
*

- { -, .
provides him with some’ information related to the cost of

~, construction, land the size of his site and its influence -

on the house .design.’ - | o y

%

4
L]

» [N

N

Cost ‘information is, not specific for #hch item, since
this would be time-consuming, while the dwel;er.needs fast
. ' b
answers for his decision process. Instgad,'an average cost

for each grid square he iricreases his solutlion is provided.

- Ch

With that; the self-helper has a basic idea of the—tetal .
. N . b, oy . e
v cost of the house, just by counting the number of the squares = - -

PO

. ; . _ .
‘and multiplying by the unit bostaﬁ Also, if he expands a

N ' - L N 3
AN
« . * U
- . . AY S .
. - . . # - P
v . C e . . L, ’ .
. . . 2
. " b
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helper, who can then develop his solution. Of course, he

. important advantages. Flrst the self-helper is able to

expf;ss his expectatlon in a very easy way. The solution \

'Secondly, he designs hlS house accordlﬁg to his economlc ’
,constralnts and potentials. He is able tb know the cost ?f

" the house from the very beginning, and makes his decisions

_Fourthly, sirce the selthe;per‘reproduces himself the

.- 101 -

\

room, he can know the increased cost By cgunting the number

’ . ~

_
M am R i

o® squares added.

PV

- ’ - .
‘The size of his site also has a strong inflfence on
o' \,
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

T 3 _ , ; N
to the municipal codéf-wiqdows have vto be 1.50 m\from the -

t

site limit. Thie information is transmitted to the self-

cannot keep i}l this data in mind. In the case -of a mistake, .

the architect is charged with alerting him.

2

The design procedure descrlbed above presents some

achieved through this procedure is much more suited to his

needs than a solution provided by a huge housing project;

L=

This subject will be dlscussed in ‘the next sectlon.

hecordiﬁé to such iﬁformation. Also, he makes trade-ofts'
between the sizes of the various rooms. Thirdly, this
prdcedure is much less timeJEOnéum' g than a formal Erchi-l

»

tectural approach. This stbject will be commented on %atei..

Rt
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solution he adopted, this ‘procedure will heip‘him durihg

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 méthpd010gy, making it much easier

for him to work with modular equipment .during the construction

.

phase.

8

The full potential of Qaving the owner as the'.designer

‘of his house will be understood in "the next séctiOn) when

-
’

real cases will be presented.

Al

3.3.2 F’ield Results

4

The first family, called Melo, was represented by the
mqéhef, who started to define the solution alone and, later,

received the éooperation of her husband. The house of the

second family, called R&mos, was designgd by the father.

] . \

In both ‘cases, the procedure was the same. The

,,,,,

modular grid was pjesented and thgﬁ,@kmleg an ~wark with the
'r‘\-\-,:’\\q ,. L ~ oo l

' model were explaxned. These rulés weres, -

- to desién the house using the modular grid;

- to share the plumblng panel between the bathroom and .

_the kitchen, . L S
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orientation of rooms with respect to the sun.

e
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- to respect the borders of the site and keep the i

windows 1.5 m away from them. &

Other info;maiiod’referred to the cost of each square

of the multi-modular grid added to the solution, and to the .,
Jr\

It was suggested to the self-helpersvthat they start
their design in a corner of the' base panel, éo that they would

use. the space better. To dimension the rooms, they followed -

'the,instructiGhs 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. Veryi
few were accepted. The‘whole process took no more than two

hours. After that, the sblution was copied as described

earlier. oo

+

The author proéosed to the Melos to try another .-
solution and to choose the better. However, théy refused,

stating that ﬁhé% one was quite satisfying.

S 3
.

..

'y » -
. .
-

x
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J The solution found by the Melos is presented in the !

following pbage, and it is worthwile discussing. It is

~tnteresting tQ note that the kitchén is the largest room and

is the\center of the house. This is poésibly due to the-

rural background of thepMélos. THis'background is also respon;

sible for other rather unusual solutions adopted : the‘béthroom v

A

is at the corner. Indeed, the ﬁrime intention was to put it

outside the house, as 'is ﬁormally made in the countryside.
i . ) T

Y The Meloé‘have one daughter anq/%our soﬁs. Ityseems

that the daughter deserves much mg?é/;ttentiqn and vigilance, ‘
since the.access to her room is through her barents' room. -

The boys} on the other hand, can be as free as they wish, so
they have a room wﬁich not only has independent acéess té 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 stresges the capacity

3

of the design system tb allow the self-helpers to expfess

their needs.

o The second house designer provided a different . - °

'solution, which was also influenced by his urb&h“ﬁgckgrouné.
Mr. Ramos, understood guite easily -the,instructions and

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

’ \
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suggestion to look for an optional solution was refused.

His solution is presentg& in the next pages.
, N : .
I . o

Some features should be noticed: the bathroom is inside

the house; the living room is the center of the housé;'there is

0

some preoccupation with privacy and efficiency with the adoption

of a small corridor. "

Again, it seems clear that the owner was able to deVelop
a solution according to his needs, showing the poteﬁtiél(of'the_
method. | ‘ ‘ o ' ' .
s , .
Thé following pictures shay Mr. Ramos designing.his

house: ‘ ' .

e ige]

Fig. 3.5, 3,6 - Mr., Ramos Désigning His House
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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 isione of the most “)

, N :

difficult tasks in the construction process. This diffiiulty
Qcomes from the fact that, to locate a house in space, preci-
sion is required. S‘ch precision is manifested in the dimen-
sions of the various parté\of the héuse;ztheghorizontality of
the plane where such dimensions are registered, the location
of the house on the site and in the angles between the
various llnes,‘ -

' . In the traditignal process of construction, such pre-
Y ‘ - , . e

cision, as stated eatlier, is provided by man thrdugh:é com-
plicated process, where the principles are. applied in so many -

different ways:that only somebody very skilled and with a
‘ ) : , ) r

certain intellectual ﬁackground 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

earliér. pius the verticality- for the walls, without needing

/ i

. M . . : ' . 3

“

any skill from the self-helper.

1
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: The system consists of an,aldﬁiniuﬁ frame composed
'basiéally of two parts (see following figure), nodes which

. provide the angulér precision and verticality, and circﬁlér
tubes, which ;ransmié hofizontality andvprpvidé'the dimensional

précision. Such . tubes have modular lengths. The precision .

e

transmitted by such a frame is retained in steel tubes with | °
; square cross-sections’, which pass inside the_hodéé and are
P driven vertically into the ground. . Co
M .!: ” , - . S B N .
6_;\ . . £ o |

1 ¢

, o , &” C 200 O z¢ ] [ : / '

“ A6 100

i . e L L LY LS

¥ Node N N ‘ .

0 === ¢ All the values

g ) A T 564 * - ., ara in mm .

. % o 1164 _______." -

%‘ :

H P 1766 o i

- . . ik * t

\K‘T . ) . A\Lulinu- Tubes ' . ' . -

; ‘, ' o

i . ’ *

: . . ‘ . , . .

- » ‘ -»l ] " '
‘Fig. 3.12 - Elements of the Aluminium Frame

x . Yy > ‘ '

; : ' .Since the elements of the system ‘are already define -
} N ~ 0

v ;ﬁ is necessary to dgscn&be the procedureg
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//;//: i ' The location of the house on the site starts with a

~ copy, in full scale, of the perimeter o? the solution adopted,

‘

using the aluminium tubes and nodes (see following picture).

Fig. 3.13 - Self Helper Copying the Perimeter of .
the House Using the Aluminium Frame

For easier orlentatlon of the self-helper, the tubes

. ~ -~

, : are mgkked with the 'same colours of the drawing made by him.
\ ' .

This aluminium perimeter is laid on the ground, and

the user moves it until the correct position is obtained.

-~ . s . @ '
If the ground is not flat, this can provoke some lack of
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precision. Howeve;, at thlS stage, the locatlon of the

-

‘perlmeteF serves only for determlnlng the posfilon of the

two first steel tubes. : }
; - . o

P

T

“The steel tubes driven into the'éronnd have the function

of providing the precision to the wa}l forms. This ﬁrecision
< N . .
includes the lqugzzng of the forms, its verticality an%}its

h ’ R I . ) .
positioning. Thus, the distance Between'twofsuecessive'steel

tubes must be equal to the size of the forms.

- . 1 .
‘ . o -

These flrst two steel tubes are ﬁlxed in 'the ground &n
the following way: - a 20 x 20 x 40 cm hole is made in th~
ground where the tupes will be located. Aﬁter, an q}umlnlum
structure keeps a %edular distance between the tqbes,IEISo’

[

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

Fig. 3.‘;.4” - Location of the First Two éte_el Tubes.

_ensuring that they'are-pafallel.~ The tubes are positioned with
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Two paifs'of npodes joined b§-alﬁmi§ium'tube5'are placed

6n €he steel tubes.

-

: o b . . )

3 '-w When the tubes are %evelled, soil~cement is poured into
{‘_— nﬁ‘ theaholes and tamped w1th a timber pole or a %‘cm X 8 cm wooden
§ S F\\W : piece. The 5011—cemept takes at least 24 hours to -acquire
f» - S endﬁgh~re515tance. After thlS tlme,‘the 1o;atlon process 'is
%fi;‘¢. "_‘) _Festartéd. ?he brededure,to loeate therothe§ eeeel)tu?es is’

é S v described below: \ . ~
1 £ .‘% ,\ * \ ¢ * . v

] I3

v

They are prevented from sliding down

' 7Ey.c1amps fixed to the steel tubes: . -\
. ' “i ‘ - . - °°G
| . . @ ’ .
* . £ N * ES N
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L. L . Fiq{ 3.15 - Aluminium Nodes Placed on the First _
S SR Lk WO Steel Tubes ' . "
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2. Aluminium t}hbes are fitted horizontally in the lower . ' 'A}
nodes, ilaving the same modular.dimensi_qn Qf»%itﬁe fgrm. ‘
-y - L. ’ oo !
To prever}t'(’t’he’se tubes from sliding off.the nodés,
7 pins are used. \fThe deflection due to the weight of.
the tubes is less than 1.0 mm’ for the tube 2-mM long,
T~ : - . ’ . B - "
“¥and Smm .- for the tube 3mM long. . . %
z.
; | |
[ o [
3
’ ke |
Y
a;" .
£
. { ~
]
. T
¢ :}';’4 .s‘l
_ I .
Fig, 3.16 - Allminium‘* Tubes.Connected to the Nodes
. , . i .
i:
) . . . . . . . ?:
3. " To avoid further deformation, when th2 complete frame :
f;;’ is connected to the end of these aluminium tubes, ‘
/ ‘ ' ‘ * ' . i
. support devices are 'uSed,\ _ . S i
‘ ) 5 ‘ L , ;.
. t ! Lo ‘/ *
-« .h ¢ M) ‘
. . F ‘- ‘ .
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i ‘ Fig.(.l? - Device Used to Support the Tube
i .

y . .
» A semi-circular support slides on a hertlcal tube up

d .
’go the alumn.nlum tube height, and is fJ.xed by a .

o
4

’ butterfly bolt.

The lower almﬁin‘i'um frame is cqmplef:ed. Again, pins

are used. The tops of the last nodes are ‘around 4 mm
“lower than the.previous ones due to loose fitting
%etween the various elements °plis the deflection on
the aluminium tube. o S
- £ \ '
o ' '

e o
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Fig; 3.18 -~ Completion_of the Lower Aluminium F;ame "
5. The upper frame is positioned in the sarie way, - also
. oriented by the previous steel kubes, The reason for
- this double alumjinium frame is to prévent'a arge'
‘“cumulative ef;pr in the location of:the tubes. If only
one -frame were used, the cumﬁiétive 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 woula ‘provide aidisplacement
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- of 10;6 mm on the top of the next steel tube, as sh&wn
, . !

in the figu!g/;elow, if the tube height is 70.0 cm. \\'

v . ' . . \\
N [ ) ‘1\
- 10 mm Y\
- - ‘ a
- e
’ "y
-‘\F r-' v-v( oy \\
' - . -
2nM
- T — |
700 mm S T {
: [] | k B
. L —
Ground l'evel/

0 , . 4
fig. 3,19 - Displacements Produced by Loose Fittings
: N h

[

If this process were fépeated\five timeé in thé same
direction, the finalAdisE;agéhent would be 50.0 mm.-
Since'theée steel tubes are extenéed up to the total
height of the house, the displacement on the tqp‘oﬁ

this total ﬁéight betwgzn the' £irst and the last tube‘,a
would be 170.0 mm, which is unacceptable. The.double -
‘ éfamé forces the negt’gteel tube to‘be'parallei to the
,firgt one, since theidiﬁtance between the center of

" the nodes of both frames is.the same. - ST
: > ¢ th frar ; | }

ey by g e perT
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Fig. 3.20 - Displacement Produced by the Double
. Aluminium Frame -
L
. . 3
, . . C ¥ ' . - " N ,
' ; 6. The next steel tubes are slid into the nodes and
l driven into the soil with a 3 kg hammer, until the
top of the tube equals the top of the upper node. ‘
AN
'I‘his is shown in the“ following pictures.
| K . . : ;- . ‘ '(: K .
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3.21°

Fig. 3.21, 3.22 -
‘ . Tubes Into the Ground

Self-Helper Driving the Steel

.The claﬁps are removed from’the previous steel tubes

and fixed in the new ones, under the lower nodes.

4

- Both 'aluminium structures are removed.
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! AN
E - Fig. 3.23 - Removal of the Aluminium Frames |
- L . | X
\\ L9 The whole process is repeatea.
N I . M
. The result—pf the process is a series of steel tubes
" driven in the ground, positioned at the cofhexs.of the ,,‘
: modular grid.
- The basic idea is to have the ‘initial precision,lprov;—g
ded by the first two tibes, spread through the site. 2an A
o e ‘ example will clarify the concept and procedure. -
i :
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'The design solution is presented below:

N VAESIINSIILI) CHI LI, ‘ i -
) T
0 R NN N P - .
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~ k§
: E51Z1z4n4,ﬂ97 "'B& .
SMALLER
~ PANEL

]
B

Fig. 3.24 - Design Solution

' L4

¢

The first two tubes, whicﬁ arg located in a c%gxgn-
tional way, havé the numbers 1 and i (see following figure).
The next tubes are located §gcoraing to the prbcedure
described before. The distance between the tubes is equal

to the size of the panels, represented by the differeﬁﬁ\'

c¢olours. The sequence is presented in the following

figure.

[
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Fig. 3.25 - Sequence Adopted_to Locate the Nodes
/ N v

-

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. : '

L

’ When the ﬁifé is sloped, special. care has to be taken.

M )

In such cases, the first two tubes must be located in the

‘lowest pért of the perimeter (see ﬁollowing figure). The

LY

distance between the node and the ground must be around 15 cm

_for the first two tubes.
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“"be added on the top of those /ubes.‘ This piece is removed ~
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. ) ) i .
For the subséquent tubes, this distance decreases. -t
When it reachgs between d and‘S cm, the upper fram; becomes . f }

ehe lower one, and the steel tubes are positioned 15 cm higher. ;

This is shown in,the figure below:

»
)

are in mm Height . 0

Fig. 3.26 - Change in the Height of the Aluminium Frame
U : .
‘To keep all the steel tubes the same helght, the .-
higher tubes must be further‘drlven after the upper frame
is removed. '
.If that original height is necessary for.the location’
of the other tubes (as could be the case .of tubes #6qand 8

to 1ocate tubes $12 and #13), a piece of the same tube can

oo

-
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L . . ) .
The locating system proposed above has some limitations.

N

. Because the steel tubes are driven into the gfound, rocks must
pot be present in the soil in the 50 cm depth, which would
impede’the,yenetration of the tubes. Fortunately, the ground

.in the Porto Alegre area is very suitable for such a system.

-

3.4.1.2 Field Experiment

[ i
, | L4

It was degided to build Fhe kitchen and the small bedroom
at first, so that the family could move inéo'it, and demolish
the.old house. This would provide the space to build the

rest of the house.

'

The location of the house started by forming the house,',

"perimeter with the aluminium frame. This did not present any

Cop e

problem, since the self—helpef had only to use th?Ltubes~with

» the same colour as on the drawing he made.

Fig. 3.37 - Self-Helper Forming the House Perimeter

g )
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‘The first two steel tubes were positioned by the

author, helped by the owner. These were left for two days

so that the sgil-cement could reach adequate strength.

/

The location process restarted with the location of

v

the next steel tubes. The self-helper’rapidly understood
how to use the aluminium frame. At the beginning, only one
frame was used. Hawever, due to the error generated, two -

superposed‘frames were adopted.

s . . : . E . . s
\ B . - »
.

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 proqedure.. The only step the -

éelf-help r 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 ihto

!

the ground. The self-helper had to stop hitting the tube
when its‘tog’reached the tap of the upper node, since the

frame would not retain the steel tube,gfollowing it down and

being deformed.

R
-
x

These .problems were easily learned and the location’

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

4 . »

>

. The following'figu:e shows -the sequence adopted to

locate the tubes:

(B
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iii A hd
! ' ' Fig. 3.28 - Sequence Adopted td Locate the Tubes
a\ . The following pictures show the,self-hélﬁer 1ob§ting
T ' -
t
T
‘g | Q
4 -
i
i

Fig. 3.29 —-Self-Helpef Executing' Fig. 3,30 } Self- per~ .-
Step #2 . © ExeoQting Step #3

4
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3.31 - SelfQHelber Exécuﬁiﬁg_' Fig. 3.32 - Self-Helper .

~\ ~ \Fig .
‘ Step #5
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*13.4.2" Foundation
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3.4.2.1 ¢ ?rogosed System ‘ ‘ \

3.4.2.1.1 Excavatiéh ¢

E ' . >

@

1 After all tubes ére‘driven and the unnecessary ones are '

removed (tubes #4 3?d $8 in'thedgxgzzii) the foundation is

built.. ' /i ‘. 9 '

[ %) ' %

- * i1 . v

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 relateq t; £hé exéqsed
part of the tubes: th; hole musty be deep enough to!allow
at least 60 cm of the top to stay uncovereﬁ.“This meaéure
%g relafea fo the height of the form that is going to be
utiiized, £he‘top of which coincides with the top of ﬁhe -
tubes. Tpe worker should excavate ﬁntil.he finds a mark
on;th? tube. That mark represents the.66 cm of thé 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 apprépriate;size when the forms'

¢ R -y,
can be placed in the right position.

The excavation can be done by any unskilled labour,

using conventional tools. v .
. AN
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" For that, modular wooden forms areifilled up’ with soil-cement,

, Fig. 3.34, 3.35 - Excavation of Holes for 'the
Foundations

The next step consists of constructing the foundation. - '

which is tamped until it reaches a good density. . ;

B

. R S
\ - .

3.4.2.1.2 Forms TN . B o
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greater than 60 cm,(7)this PS cm was adopted

.*con51deratlons, whlch 1mpose constralnts on. the welght of such

than one person, to 1lift.the form would go hgaihst the basic¢

'concept of having a self-help technlque wi?h a minimum of [

- 130 - ‘ )
sheets is divided by its large axis, the result will be two
pieces 55 cm wide. Since the only oonstfaint specifically

related to the height of the forms is that it should not be

These dlmensions must also be checked against ergonomlc

vy

forms. :

5 .
A reasonable upper limit for man's lifting capacity

is 39 kg. 'The.following table.pgovides the weights of various"
R : :

¥

form sizes: -

0w

—

CORR .MODULES SIZE OF THE FORM' (cm) . APPROXIMATE WEIGHT {kq)*

x

1mM - 60 10.6 * Considering
- ' B . specific
2mM 120 19.3 wooden -
. form design
3mM - 180 . . 28.0
e \

Table 3.3 ~ Dimensions and Corresponding Weight of Forms.
N Ab

According to thls 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, ’beiﬁg\z.{p m long. Such weight

could not be lifted by a singie person, and to'require~moge

outside 1abour.
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Ergonomic considerations also raise the question of
4

-

. .man’s capacity to handle objects. This capacity decreases '
‘ . N < !
¢ . § ‘
(™ with the increase of the size and weight of the equipment. ‘ . !
The author's experience has shown that the workers manifest

. . N
a greater difficulty to locate the 180 cm (3mM) form than

Kot b et
Ne— .

to loéate the 120 cm one. Cértainly, a 240 cm (4mM) form

would bring much mpre difficulty to such a task. N

v oI VL

L]

The forms are positioned through specially designed

| .
steel devices, which connect them to the tubes.

//, h + - D' : \ .

pu——

P 4 To provide lateral rigidity to the forms, wood profiles

*are nailed laterally on them. At the edge of these profiles,;

P

, flat iron bars are screwed. All those details can be seen i
’ g,
&. . oy
. the following figures: .
. I aa— ) .
¢ . N ' Connector
y i V . : .
: ° R ' ,,.h————.‘:ﬂ 70 - -
| Ty 50 'K
. 550 . 310
s Y= e ize)] 50 (¢
70
oh - p—t80 , C L et
PR ‘ . 70 20
M P P 1) ¢
I . » N
. .
4 ' . 550 All values are .
§ ’ - Lo in mm N
i
] . B
\
' . - v sso
J
. Pig. 3.3.6 - Forms
e A
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s All the values
) are in mm .

. ! ’ 1\ ‘ M ' M
,, v . A . ' CONNECTOR'

“

.
’
T Lamans s 0 I S kB e S0t

f
\
o
N

N Bt T S

en . ' :- Fig. 3.37 -~ Connectors

. w A
| . R v

S

: S S ' The walls are 20 cm thick, while the foundations are . *

35 cm thick. To obtain these wider foundations with the

N i

same set of forms, special spacers are used (see following.

2w BN, T
)

figure).

Lot
v
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To Fix the Aluminum '
! . Frame .

180 ‘ .
30 30 ‘ .
e 20 o

s dai e oo kil
.

31 h

1.5

I SR

35 , ‘ ' 35

8 . . o ¢ f’q . ' ) I ' !
: l o - . ‘ : . . AIl the values
P : are in m'me

] ) I 'P ' . C
. 11 ! | o R ’ e o .
. e | i . . . .
” . (] :

Fig. 3.38 - Spacers

The locating sx;stem composed of steel tubes, connectors o
‘and‘ spacers, positio@s" the forms in the right place, but does-

not hold .both sides together. o

-

N T N ' .' h Y ‘. H - . .
S0 S To perform this function, different solutions can.be .

A .. adopted.” The Quthor é'liqge" one based on his own experience. .
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It consists of fout iron bars which pass througﬁ the iron bars.

{

.. screwed on the form at both extrenes. A.pin holds these bars

together, preventinq them from moving.ﬁ The system is repre-
AN , ] .
-sented in the figure below: ’

——— —y— -

Form 20 =am thick

Wood profile 70 x 50 mm

Lateral bar 30 x 6 mam, P

Pin 60 x 12 § om

Detsil of tha fastening
system

All the values
are 1in mm

0 . '4
o
- - ~£3 )

Extreme bar  Poundations: da= 530
LA LA NLLLE
Ualls: d= 380

-Eiq:'3.39ﬂ Fasténing System Adop;eé *

-

r‘ ',

‘When the system is uséq.for'the walls, there are no pro~

:  b1ems, Howévar, fbr the_fpuudﬁtion, the bverlapping of blb@ks‘,

‘18 unavoidable, and some .part oflﬁhe\already built foundation

hag to be cut. - oo S o e T

-

P TN ey
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The o?erlappinng;oblem is shown‘in the foklowing figure:

o geg oo N o |
A e G et B

/

t - ) . . /
l/ {n] .ZTO I?e o ‘ 4 350
f ¥ 22774115 . : )
. L —
-'—n"__- «
75
12Q0 All the values

, are in mm
Steel Bars .

CJ/V L,j\ . B

'Fig.

. ' 3.40 - Overiapping of Foundation Blocks
N «

This tfpe gf problem is _}ikely/éo oceur four or" five
_ times -during the construction of the foundation.
~
}" | The mounting of the forms for the foundation: 15

xtremely easy. The wholedrocedu:e is presented in stepéi

. ,
1. The expanders are fixed, 80 that the foundation will®
. be 35 cm wide. '
. |
2. 'l‘he forms .are oonnected to the expanders. When the )

oo 'forms are connected they,are automtically level,
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: ¢ . . squared apd dimensioned. ) >
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¢ . 3. - The lateral f£lat bars are fixed and the ping are .
2 . . . .
b . -
¥ fitted. The forms are plumbed. )
: _— . ‘ . —_— o
! v \ i s ' : ”- ‘ / |
* * [
i \ , . .
n ‘l R . ' . +
. L i S ‘ = , o
! ' . - Alvainun Frame N -
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. Connector ;
. Spacer Lateral
5 ' ~ Bars .
. Bars to Join ’ .
. ’ > the Fornms \* N Form *
’ . . g Steel Tl.;bl \ P 4
] )
. * . lataral
: . N ' . ) ot Bar
. . o . o~ . *
< N ¢ .
! ' . - - o
) \ .
- " " ~ ' »
° ‘ : Co . te . R
o Fig. 3.41 - ?orm Mounted for the Foundations .
‘ 4, Lateral wooden forms are mounted to avoid.the .
4 * - - 1 v .
; ' -soil-cement from flowing out of the form. ’ i
. ’ , . : .
'. ' - | . ) * . ‘ ’ ’ ’. . '
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~ Fig. 3.42 - Forms Ready to Cast a Foundation Block

-~

' . ° é -
This procedure can be executed by only one person,
7

but there is room for two persons to work.

N »

There:are various reasons to adopt wider -foundations:

! v

' mefq’\\\\: ~ . the soil'sﬁppoft capédity: when tests are not run
_ N dgﬁérm;ne,this capacity, it should be adopfed as

k4 . ’ Lo . ‘l " N ~

o

O T TR O - g

e
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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;

i

the location of the forms:

the bottom of the. forms -

is loose, whibh may produce a small lateral inclina-

tion when the soil~-cement is poured and tampedv For
' g

safety reasons, the foundation should be larger than
the wall to neutralize this deviation from the ver-

tical axis (see figure below);

> 350
-'IL’ 6‘ $]
.\.:.' i ~
‘4 ) « Foundation
. N ; Black
I L
L bz
‘ { \\\ All the valuas are
i | / N in nm
‘ - ’\ .
/ u\ Ny AN < "'// :;"/4\
Z/ 2 | i Q
" Vertical ! Davisved
Axis Axis

o -
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

fiqure}; : ) : ‘

-

N
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) | 200
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Wall
fog————n }

N .

.

et Soll-cement Floor

NI A |

w//\\r\\\v/((\ o | :

Compacted soil

All the values J
are in mm .
Foundation .

*

Fig: 3.44 - The Floor Level is Based on the Difference
Between the Foundation and Wall Widths

‘o 6

. , N ' ) . \
$.4.2.1.3 The Use of Soil-Cement & .

!

The theoretical aspects of the use of soil-cement
were alfeady‘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. '_ T ‘ . .

.

\ . : a : .
. 80il to be used and the laboratory. test to determine the .

".5\\\’ﬂ(/ﬂf\ The first steps are‘rélatéd‘to the selegtion of the‘

3

correct cement percentage.
) .
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.equipment and.the water is added little by little. Thei

\ ) © - 140 - N o ‘
Aftgr the cdrfect proportion betweeﬁ séil and cement
is défined,.it is necessary to make such results useful in
thévfield. The problem with cofréctldosage\of cement is
always present. To solve.suchva problem, pre-designed: con—-
tainers for cement and soil dosage based on volume must be-
provided. It is preferable to utilize absolu£ely distinc:;ve,,
'dontainers —*preférably one much larger tq§n the othér.
PThe way of mi?inq is similar to coﬁc;ete:/ the soil. is
broﬁght to the place where it is going to be mixed. If it is
manual mixiné,‘the soil is laid 6n thg grou;d, prefefabiy on

some protective material to avoid its mixing with common

organic soil.

The cement id dropped onto the middle of the 5011.
The best way to ensure a reasonabfé control of qpantlties

is to require ‘the workers to fill the containers (nd&mally

- t oy

woodgp'boxes) to the top, without tamping the material.
{

" The soil and cement are mlxed W1th conventional

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.(3) » \

v.The control over the amount of water used by quantié; is. °

.the soil used. , ', - R v .'ef

much more difficult, due to variations in the humiditx of

~ .

-
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: THe mixing procedure stogs when the cemént cannot be .
B ,seen'distinctively anymore. It is also,important~to break ] -

. o . :
any soll balls whlch already exlsted, or whlch are formed . N
when .water 1s-added. When the form ‘is. mounted and the :

v . ’ o _”“ R - bl L4
soil;cementlis prepared, the soil can be poured lnto the - v
. » forms and tamped. - \[ S P
' . ) 1 N . coY L ) .t . ‘ : ’
3;4.%.I.4'Témping'Procedure : o \ : .
. N \, kY

«# To ensure that the top of .the'iron tubes are in'the

*ight p051tﬁon, the aluminium Strucgure shoulg‘be used agatn,

4

as 15 ‘shown in the plcture below: ! ' < oo
‘ ' ] O / .- , .
¢ T, ¢ - N a‘ C ' 13
-l . ,qla
! . - oo
LKl ki ’

' LY
. ¢ - a é
. N
o 1 -
o
% ' A
AN - a‘ ' u
- . ’ ’
- ) 5] ‘
- .ﬂ " ’
-f‘ . ,/ . '
& o .
N S : e ’ v ‘
R faigﬁ 5 45 ~ Use 'of. the Aluminium Frame to Keep the )
. U Steel, mﬁbes in. their COrrecp Position g
N ‘ T'L'.' C . v SR ! - B :
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To tamp thé soil-cement ip the form, a special tool

#
.

‘t. k]
[¢ . ' " s
20 160 20 28 30 .
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! 300 ’ /v ALl the values
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" * Fig. 3.46 - Tampers ' )
These témpers are used with both hands. . The worker makes
s a vertical movement, holding onto the top of the todl. The
up and down movements must not be very fast because, other-

" . wise, Ehe/worker;ﬁill\get tired very quickly. The mévemenp‘

is  used. ‘It is_shown in the following figure. - *
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The follbwin%gicture shows a worker using the t
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Fig. 3.47,- Worker Using the Tamper

4
.

i
1

-+ _ One of the problems wlth tamplng soxl—cement in the

i

field is to know when the material reaches a good den51ty,

in other words, when the workers should sto; tamolnq. The’
author’ 8, experienCe showed that - the material has reached

the right density when -it produces a solid" massive sound:

In oppbsition, when the correct density has not yet been N
reached, the sound is "sqft" and almost nonexist t. This :

feeling of when the soil is’' dense enough is easil acquired..

It can also be checked by scratching the Surface of tHe com- . ; o

pacted material with a sharp metal deyige. It this scratching
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pioducgs thin and clear lines, the material is well~compacted. L

&

, ' However, if it producés an undefining line, breaking the " -

e

~

material while moving, that is a sign that it is not

well-compacted.

. , " !
The soil-cement must be dropped in the form in layers

g e £ S WA T iy

of no more than 20 cm of saft material. If a layer thicker 'l

than-that is compaéted, its lower pért will not be well- #

compacted and will diéihtegrate very easily.
S
. . ' -~ .

I
)

. -
.

When the forms are full of compacted soil-cement, they

can be removed immediately. The soil—cement block stands

without any deformation. However, it cannot be loaded or

struck, since its resistance is only due: to the cbmpaction

of the soil and not ‘to the cement added to it. The proce-

. dure presented abqve must be repeated gntil all the foundation ,

blocks are cast.'

3.4.2.2 Field Expériment

i

After the steel tubes were in place, the fouﬁﬁation‘
started. The'self-helpér was. asked to excavate bétween thé‘
iron tubes, 80 that the forms couldkbe used as shown beforea

. The first hole between two tubes t&ok a longer time, since

. "the self-helper aid nat know‘its correct aize.~ However,

[ -

» N - . . s a ; . . o 5
= ¥ L . . L‘..» . - T . ' N
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the remaining excavation was done at normal speed, without

e —

any furthéx problem. The forms were alwaysutested between-

two tubes to ensure that the hole was large enough. Thik
N

T

- task took three weekends.

e

/

[ S

aaert B oIed

‘Casting the foundation blocks was started on the

following weekend. The boxes used to measure the soil and

I R

~ . *y.
cement quantities were built and the mixtwre prepéred.( )
It took between 10 and 15 minutes for one persom\ to prepare
3 the ‘mixture and between 7 and 12 minutes for two persons.

Three mixture cycles were necessary to fill the 2

" and five to £ill the ,3mM one.

¥

The mixture was carried in the larger box to the forms

1

and dropped in to be tamped.

&

N

ping took between 5 and.7

3.4.2.2.1 Fastening Systems

g ¥
L. '

The‘time required to fix the form varied according

\h to the fastening system used. During the entire construction

!

phase, four syétems_ﬁere tried. They were:

- 1 4 *
~ s -

( | . ' il

‘ - . o '
: (*) See Appendix: ' DETERMINATION OF THE SOIL-CEMENT '
7. - . ' TRACE: ' LABORATORY AND TEST RESULTS -~ .,
' ... ' ' il LTl e L - *
A d
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1. . Bolt Fastening: Bolts were used to hold the forms

together, as in the case of the form for the roof
P structure. Two main problems arose with tﬁis

system ~ it cou}d not be used‘for the fouﬁdations
o since it was impossible to remove the bolts after the
blocks were cast.~ Another problem was- that the bolts,
.were too susceptiblé to damage when in contact with

.
soil’ - their screws were damagéd. Also, .a finishing’

a

problem appeared due to the holes left.

> w———

200 100 100 200 250 700 . 230
P | e —p— "—+‘“——————+—‘l B
50 T ~ -
» ‘0'.*_ ” - ri - rd ;
290 ¢ - 350 . .
3 - 80 ‘
\QK soi f\ LY = ~ -
' \ # 15
— FRENT VIEW
' N
, L] ) . All the values
. ¢ .25 K : K a0 are in o=
e 14 o~
’ 2006
12"" $ 28 =a
E Ly =5 5% g ' ’
UPPER VIEW . ,
Fig. 3.48 - Bolt Fastening System ) ot .
{ .
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‘2. . Clamp fastening: .the clamps were "U"-shaped and. -
help the forms together, according to the following e
pictute. . : o . S
« X . . . - i ‘ .' ’
. o - o S " [f";// L
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_Fig. 3.49 - Clamp Fastening System

) SN ; : o
The soil-cement, when compacted, created a pressure

that deformed the clamps which had to be abandoned.

< ‘ LA
a

Pin fastening: 'This system consisted of flat‘iroh.

bars screwed to the fdrms,.&opnected by ve;tiqal

' A .

© _ pins to other bars at the extremes (see following

figure). = |

” .
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K] P L \ * .
The bkiig_groblems of this system'were the difficulty -~

in assembling and disassembling the forms (yainly/;;

5the corners), and. the finishing problems also at |, .
the corners. = . - - ;. ’ '

v

Modified;pin fasfbning: Some modifications in the A
{ . n

v pin system improved the assepbling procédure and

reduced the problem of finishing. Instead of large

ifpina, small ones wére uaed.l Also, the bars were !Q‘ f'*é

mcdified in this new system, as explained earlier.-i."~
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was e sily understood and_ f011owed.

'="150 -

3;4.2.2:2'Productivity)

After each block was cast, the forms were removed and

fixed between two other tubes.

The whole process,'includiﬁg preparing the mixture,
setting the forms, tampiﬁ@ and removing the forms could

Y

vary, de%ending on:

\
- the number of people involved in the process;
- the physical aed emotional aptitude of workers; -
- the fastening system used;
- the size of the form |
= .uuexéected'fixing probleéms. " .

n

For the foundations, this time variation is shown

in the following table:

\
‘ cponﬁws;zs' s NUMBER OF WORKERS
_One Person Two Persons 31'
2mM | 1:15 - 1:40 h 50 min - 1:20 h
st - 1.40 = 2:20 B 1:200h - 1:40 h

Tebie 3:5 -~ Time Required to. Cast the Foundation Blocks

Y

e procedure to realign the top of the. iron tubes

Y
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At the begf;ning, forps 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

~

bt W s b o

cast tﬁem, since the large tamper could not be used. This

system was later abandoneé in favour of larger forms (120.0 cm

and 180.0 cm).

3.4.3 Walls .

3.4.3.1 Proposed System I . v
R . 4 )

.y WY

I SR X -
‘The procedures applied in the foundation are used for

building the walls. The material is the same, as well as

. the equiﬁm?ﬁt. The only difference’¥§§s in the thickness a %
of the wall, which is .20 cm. o obtain this thinner'wall, g

. the.worker\haé only to moun lghe forms, connecting ihem ’ lz
directly: to the steel tuﬁg , without using the spacers. % ' ;4%
g |

¥ : oo
-

. To guide tﬁe forms, the steél tubﬁs'are extended ' .
?L§ t; the final height of‘the:wéll. This extension is | :
‘provided by a piece of v.'rbod‘ﬁhich,‘fii:s tightly inside the .
stéel tubes. Half of this piece is‘inserted in'the lower .

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

[

To ensuie?}hat the tubes are in the correct position,
N _

L
{
e the ‘aluminium frame is mohnted‘aéain on top of'it. i . L. ?

The wall is built in blocks, with 47 cm height, exaapt
the lowest one.' Tha amaller coursea come from the need to ’;ﬁxﬁu‘

RL
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Fig. 3.51 - Piece of Wood Used to Extend ' the Tubes

support the form.

.

>

To do that, the lateral flat iron bars lay -

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

While the bars were not- in piace, steel hars hela the forms.

This-is shown in the following figure.\ :
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1

The total height of the wall is 243 cm, corresponding

o s -

ERES

to 5 courses of soil-cement.

-
) +

AN

When bulldlng the walls, the correct order of casting

(,.
TR WA ST i -

the blocks 5h°“¥2,93'°bgiived- In the corners, the block
. v, ] )
which includes the corner‘must be built first. is i et

This is

~%
sHown in the following figure,

-
A od 32 I T

Y

¥3. In the correct case, there is also seme damage to the

prev:ous block, but this is. not a major problem. ' iw_: i
AL .- oy

e 4

(“\

o ‘a
G o
- Forms
N . 3 ]/ (2)
¥ ™. ' 4 .
. . Y "
. a i “ ., [+ ] . a. ~."
_Correct se ' ° ' g Incorrect
f Sequence . V\ Sequence
pe /j ~ . , - )
/1 % ) i , . )
AI d'
o \ & 0 Y -

: B ! .
) . '_’

Y . Fig.- 3.53 - Correct Sequence of Casting the Blocks

S e B o '
4";:%‘ ,F,i?“;i/:‘?i:;;‘; _"j v ¢ o . .
tﬁ§‘g%§§§§‘ In"the incorrect sequence, part ef the block #2 has
‘ to be destroyed to al}pw the form to be installed for b10ck
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When the blocks are beih% bui}t, 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. L\7 b B . r

e
.
-

The - use of forms prov1des a good solution for the-

problem af pJec191on. Since 3011-cement is an amorphous
‘material, all its surface points must be precisely located
}!

(according tJ the principle stated at theé end of Chdapter II).

This locatlon is provided by the internal surfaces of the, '{

forms The solutlon does not requlre further surface treat-

ment to’ obtaln’a smooth wall. When the fo;m is removed, the

surface is ready to be painted. | -

~

A

3.4.3.2 Field Ex;erimeht

L

After the foundations, the walls were cast. At

bl

.first,-sreel tubes were extended 1 m, .and the aluminium

. 5 ' i
frame fixed. ) o : , .
. i N ‘ \

r -t A
\
\\,The access to the.whole site was possible by not \
v-casting two wall segments, as shown in the following
'figure;A‘ I E " — \
+ : e o b A
) e
v g B S B
. . R, B Zﬁl‘l : s .
s o :
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& o

. ° g ) S ‘ S
) ‘ lny‘ -“'\-“ . '," At first the bol(and the clamp fastening systems .
v ) *n ‘ were used However, th'ey had" to be abandor?ed dué to the /
" ” ‘\' ' .',, \ problems w1th the- tamping procedure. ‘I‘hen’the’pj,n* system 3 ’
3 _ - -j‘ . . explained previously was adopted. o e '( v
'5:“:"1- L Ceen SR \‘;‘ - o
o S “ . ’\ 'rhe time ;equired to build one blockivariep The .,
B g reasons  for this variatlon wexe the same as those ' R .

AR RN Ta . '

’

, . explained for the: foundations , 'with the addition of the . ‘

v...‘, RN X,(

height: of the blo/ ks~ the higher bJ.ocks' took mor? time. T 4

.‘%"l. - 'I'he walls took lesa time \fo ca’ét. sj.nce they were t,hinner. .

- -,
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E A waspnecessary to flnd an a1d to speed up the construc-

IF)

«;h‘

a
rd
[

-

, ' s * .’ - "' \ T, ’
- Q ¢ LY - 156" k ‘
“ﬁ:.'c E . " -
A ’ B ot . -
R ‘ ' 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

o . - . -

Y
u

. }urlng the cpnstructlon of walls, it seemed that it

tion~p:ocess, since it was taklng‘place only on wéekends.

. - <
., ] L
’ o«
N . . Q \
. '
. - !

4
. .. e

To solve the problem, -a laboureq was hifed‘and the
'self—helper~ugs paid Cr$7,000.00  ($110.00)., 6 The xmportant
guestlon was to know if the payment to the 8 lf—helper

would not SpOll the whole exper1ment.~ o) qp o, it was -

. B hecessary to look at the goals whlch\were to' be achleved

a

and’analyze how they would be lnfiuenced IR i'

v
; . . .
: . . r / R ' i »

‘l

S L. The goals were to d\\élop a technology which could

. . pe underﬂfood and absorbed by the self—helper. The: questlon
B N "

of vhether or not he WQuld abandon tpe program in case of

[ working only ‘on weekends obuld not be answered. However,

‘ it was not the propositiOn of the experiment to measure

i ' the self-helpe; s capaoityttﬁ Jeintaip his :Lnterest in the

{oéess (suchqevaluation would regg#re a ﬁuch Larger prodecth -

A
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: : . The soil used in the foundations and walls also ‘

N N . !
\ .

. deserves some consideration. At first, the intention was

R

to use the soil obtained in the site and vicinities. ¥
. »
However, there were problems related both to t§e volume

Y , 4 . .
of earth involved and to the quality of the soil,

TR T

in which

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

°

depth N N s ]
’ .. ? 4 ! s ) .
. . . .
To neutralize sudﬁ\organlc matter, so much cement and
d L
11me wouLd be required that it was found to be cheaper to .

. use a ﬂetter'soil from another- place a few kilometers from
. . o . " # .
. .the site. Additional advantages were thaﬁﬁihe soii came ready

3\
. to be used, wh;le the local soil had to be~proken down and

1

apulwé“r“ed befo;e 1Efcou£h be used, and the site was not.
damaged by removing a 1arge amount of ear;h.\ L ﬁ.’
PR

; : \ ‘ Y . - e |
: i JoeTt v -

The earth brought from ‘the other place'presentéd Co

b d

#‘some véria%ions'fn ¢olour (due to different’c s) !hd ’
f -

, F .
granulometry. It was yellow, when montmorillonite clay ! ¢
/-
51 olo(OH)2 was present, and pink when kaolinite clay

203 2310 ZHZO was present. The first one tended to

~ absorb water and swell very easily, so that the pink soil

v
ot

! was found to be the better one. These. consideraticns were ‘L"'

'“3@ conff%huﬁ on theyaitgq where the' stronger,blocks, with

e 3 petter ‘surface iers made. out of the Pink soil, ‘ :
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The precision of the walls was very good, as shown )
¥ - b

\ . in the following picture. : ) ‘ ’ o t

. (%

*

\ ‘ b . . o ' ~. .
S U ‘ . Fig. 3.55 -) Sbil-Cement Wall / _ ,

) T 'ro obtain a good finish, thre? points were, .

) . ~ ' found to be’ very d.mportant- AT T e T
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the coffipaction process.

N

~
N ¥ .

N -

1

sEp

»

The amount of water used for mixing was very imporsant

A . . . v A

to.the resistance of the material and the surface. At first,

Na

1] f ' L3
. the common procedure described above was used to

q///

Yy a
determine the 5orrect amount of water to be used. It could

oo -

.

not provide a precise measure, but was considered to produce

i good results. After a while, larger amounts of waferrwere',
LI 'ﬁused. The®™main consequences were a block with no great

.

decrease in resistance, but with a smoother surface. It was,
, also observed tgat,'if the forms wére removed immediately ' ;

RN . J

‘ ~ after the block w&s cast, the surface was not_.as smooth .

as when the ﬁormsawere kepu iﬁ‘place for at least 6‘ﬁoﬁrs, _ )

’

#
N

< The' amoung of soil poured could not surpass "25. ¢m
PR height. W?en that ;appened the 1ower pprt of that layer

L became badl compacted and, as a consequence, frlaﬂiefand

» ¢

L / L
‘easily erodable. ' . T - ; s - .
' 0 * R ', o .

The compaction also.K had an enormous. importsnce for

the quality of Ehe final materia1= ‘If the mixture wes not

>

. ‘ SR Y w
T compacted enough, again the surface beéame friable and, - ,
. . ‘v 5 erqdable. ‘ . ' ”.. 7“,‘:‘. /:' At“ . _.-l.',“‘ ‘ ' o ' . ‘5 “ , Ve R .: ¢ v | ‘ | * -' ..‘ .
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two' lowWer courses, it was possible to use the same box
! used to carry and measure the soil. However, for the
. g -higher ones, it was necessary to use a b/ucket whn.ch
5 - ,
; b \ dnnlm.shed the productivity. j v
2 7 o o «
o * A
;i" 4 . . N
' ‘ ‘ The pictures below show the walls built in the
v - ‘experiment. : )
v

Xyl

6

K 4 Fign 3 56"3'157 -,

Soil-Ce,mé‘nt Walls Built :Ln‘ the Exg

é?:l:ment




. ) o ‘ J:
, 1
i N -~ .
. R .
R . .
N P P e ST S N A et e a4 - e e s amewn f e e e R AW
' g .

§
{ , N :
N :

’ , v 7t
lO ! : %
‘ - 161 - , , t ‘

s N
§
' )
~
,

1 B
V" ‘, o ¢ »j
A ‘ 3
3 . ]
il ]

4 © !
:,' .
f' R -
.
‘ ' J P
\ ,
3 . - .
3 7
{ .
- -

v “
4 A
i k - .
P . .
3 . ' ;‘ ' -!_" . . ) \ k . . , i ‘ ) ) . ,
L ‘ * Pig. 3.58 - Self-Helper Filling a Form ° - .
Covgee : Using a Bucket _ R
\ %) o SRR ' : . o C o
L . '. , ) 304.4. 9.% nings » \, vt s ' " ‘ .. . \" ) ) . ‘ o ——
3.4.4.1 Proposed System : : . :
{ . & ' ‘ < N ! ’ . . Ca
i L ‘ . ‘ . . . SN
. o ) : ! . ' ‘ . : o .
i : "The frames in' i:he openings ar'e not fixed in place’
% . ‘?r § during the casting:of the blocks. ' mo obtain an oper}/space Lo
' {n the wall, a wooden dummy ' with the same size s the window

and the same th:l.cknes§ as the wall is fixed together with t} .

forms. When the soil-—cement is poured and tamped, it aurrdunds

° Jy ':"
R ¥ 4-._&.\1& «
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surface of the blocks is 1e§7e11ed, the dummy becomés

- .

automatically levelled, tao. The forms compress the dummy

keep-ing it plumbed and;/rgot allowing it to move,. The dummy

is braced - to avoid defgrmation due to so0il pressure.
N ’ |

_ It is interesting to note that the system does not

impbse a specific window size, in spite of .the modular wall
system.

steel tubes, leaving-only 15 cm at each size, to avoid too

- weak a wall segment or lnterfersnce with another block (see
% . '

following figure).

o — i

Any window size can be used between two consecutive .

iy

{
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Fig. 3 59 = Loowtion of Windows ‘and noom
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4 T, This flexibility in window and door sizes is extremely -
\: . . hd ' » : o 4
5 L important, because many times these people obtain, second-
‘ .doors and windows with random sizes.
3 . .
% . q
y The following figure shows a window. dummy already
L ‘e ' f . ‘ .
1 place. . .- .
A ‘ .
) - P . v : 3 o N 2 ,
~ . T 0T e T
B, 3 - ry
e .
A \ .
. Steel
. Tube
.
, * ¥ . : ! -
' SN .
\ " ’ Form
S - :
i *
A 2 \ r , . 'i
N
5 "
. 4
. : 1 ) ; ’ r
., . :
. ; . oL o -- . L
can be of" the‘cheapast type,
even recycled boards.x 'rhe frame can: be utilized several




o

L L -

* " then filled with a stronger soil-cement mixture. ‘

' T tools and spec;alizqd";aboqr, l‘ Ing‘t

5 . L]

to the soil-cement.4 This reinforcement goes along the span

arid ‘can be construction steel or bamboo. However, for

cultural reasongland safety, users tend to prefer steel.
n & . E % . . x v T
Three days after the block is cast, the dummy can be

removed w1thout problem. The frame is fixed in place with-

JLt any problem. e ' , !

' , . o . M - .
kY !
To avoid the problem of preclsion related to the size
. oW '
and angles of the dummies, the sglf—hélpers make them having

o L .
the actual frame as the model, with no measurement in&SI;Ea.
. \ N

‘
f . 4
- - . [N
v ‘ - . .

The bracing does not offer additional problems. = ,

PPN - . . [N
, . . .
* o4 . " - - . -

< Different fastening solytions exist to fix the frame

on the wall, depending on the material used. Wooden 4 ' .

]

frames  are simpli nailed n-the soil-cement ﬁall. Metal -

-

frames are fixed with anchors in-'drilled holes, which are

-

‘\ : ' -. . . . .
. SRR 11. c .

h&ternative solutions may be‘provﬁded'for those WQSQ%

v

-~ .

do not have enough money to buy factory-made ffames. It

.

is not convenient to make w;ndows or déors which are

o

readily found in the market, as. it rac uires expengive, - *

gﬁiaper&provisional
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. + Fig. 3.61.-),Deor Dummies . , . L ‘
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) solutions may be adopted. Forl intefnal dbors'; -an alz‘eady."

- : °very pqpular solut:LOn is the use of curtains. 'ér windows,
a possible solution would be to bul/ld two frames in such a

1

‘\ way that the smaller would fit &ghtly in the.\ larqer one, .-

w:mld have a plastic cover. When light and ventilatian

e o e e A L8N, s S FD . Sy b

The 1arger would be fixed to the wal&‘ while the. smaller o

R
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"the self-helper could copy their dimensions.

~

" windows l 00mx 0.90 m and a door 2.10 m x 0.80 m. The
. author_did mot help the pwner.tp build them. The rq&g}t;

th@kfay

A )

light is regﬁired, the smaller frame is used. Finally,

-when neither light nor ventilatio is requiie

-
\

curtain is closed: M .

There are two other problems: security and precision.
. ' f - : ' g
~, | ' .
¢ For security, an additional wooden panel may be added.

L]

The reqqired‘precihion could be obtained by providing standard

window and door dummies together with t nt, so that

0 B A i
. \ N\ 5 ,
In_economid terms, probably the best solutio

be the. creatlon of a cooperatlve, whxch would be i charge

v

of buylng materials and prefabrlcated elements.

!

[

5,4,4.2 Field Experiment oo A\ ‘ B -

. - P TITeTCT = T - R . . . ~
' . . - - ‘ N

R ’

., The, dummies forsthe openings were built“jbcordihg to

" the frames the ownex already possessed, which were’ two steel

howegér,<was qﬁitq satisfactory. e . -: LN

o J L " NET TR . N

' 0 h B
e .. " .
N Lo, . “, . . ’, . “t £ B N

[

The owner decided‘to pu the bQSe of tha window‘abovq

\

T
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‘the self-helper.
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The design phase is again divided into/two parts. v

At first, it i€ necessary to. establish where fixtures such

as lamps, plugs, etc. will be placed.J Since this decision
- \
does not ingluence anything except the user's comfort, he

. 4 ¢
will choose where such fixtures are to exist. Technical

Pl Q

problemslguéh as sufficient well-distributed illumination

s

in a room and the accéﬁsibility of switthes are solvedlby

the self-helper's experience and common sefise. Furthermore, .

if some very u::fual solution is proposed, there is afways
the possibility of’the;afchiteqt-advisor discussing it with

@
>

. ro e C -y
The layout of the gixtures is made or"d copy of the

N ) . L W
architectural solution, using-a code for each kind. Such

code is presented below: ‘ e 9
. v ‘
L) 0 i ' '
FIXTURE o CODE
¢
Switch A*’ '
| R
Ceiling lamp . i
e ' ”~ ~
- ’ ’ - : N
~
= L7
Lateral lamp. . -
] ) ° . \ A
Plug L, -
\ - L

Fig. 3.66.~ Code Used by the Self-Helper to
. Represent Electrical Fixtures

v




. -17s - o . .

Aﬁtef the sglf;helper defines the positions . of the
. 0 [ 4 . i L .
various -fixtures, there is a discussion of the proposal

carried on with the architect-advisor. If no ¢hanges are

Ol .

regquired, the second part of the design phase starts.’

-
< . . ¢ ] )
% ° * fl

“This part does not have user particiﬁation."It is. S
coricerned only with the technical probléms and must be . \ ' .
B - ~ B .

1t might be questioned |

re

solved by a specialized ‘person.
° R « é

hase, but such dis-"

v

that the user carries out the(design

cussion will be postponed untj§l later.

-

-

The construction of the electrical system starts with

the location of the conduits.. This &an easily be done by

~

the  yser. The boxes for the switches and plugs are connec-

ted.ﬁo.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,

This

while the switches are tied above the third row.
\

. provides an equal height for all fixtures. The following -

'fiéuxe illustrates the procedure.
" { ! - " ° ’ . . " », E’

o e kit o et e i 4 o b e

.
i o




+ w"
5 \ e o
‘..\ \
| ‘\
| . N -
| s
f
o
/
f
¥

il

\ - .
e o kAR T
.

-y

' &
. ’ \

a4 *
] r 1)
N . 4
B - 176 -
— pR—— )
1 — M ,
* ) ° ‘l -1~" » N
Steel Tube 7 ‘ ' R - L
- qd - Conduit .
. N ‘ 4 19 mm .
"1 3 : L)
« «
/ ,o
.
' Wooden Pilece -
. ) N Box for fixtures
. C ! .
. ) Wall L . , .
° D T /
o - - .

1

. * l
. ¢ .
. As the next blocks
When the ﬁalls' are
@ndﬁit remain exposed at
brings all these conduits

' r
the ceiling level. : There

v

is a central box for, each
connected, or therer& a central box for the'éntfre hO!\J}E'r\

13

a®,

Fig. 3.67 - chaﬁi'on of an Electrical Box

. -

are cast, the conduit is embedded.

'Y .
co;npletely built, segments of the '
the top. Using bends , the user
to a central box placed above’
are Jjwo alternatives: either the;'a- ‘

‘

room, with all these boxes intér— v

. ve Ky - Ve . o

et

- T o
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one of the architectural soluti

-
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rnatives are shown in the figure below, using

ons presen’:ed’ previously.

T . L

! nd I . v/ /f X/, = -
. BLAY ~

s Ve 4

=\ \ )
N :
N \ /
"

i ] i,

T 7
B \ ' = ﬁ
e Ha i i
| OUTSIDE. =1 7 11

: | L” - ; 7

/ \ = L F
4 - ( " 7 -

p . f‘i \T\ f y — .},‘

;J » ! 4 \ _ﬂ

Z] /

7 H/ ,//

; , ‘ 4

S - 7

L] 7

/]

7 L

, Y Z

- ] | 22D YA )73

i |
i T
Fig. 3.68 - Electrical System Designed With a
Central Box fg; the Whole House .
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However, it seems logical to expect that using a central box

.

2
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, Fig. 3.69 - Electrical 6ystem 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 dpproximately 30m. Of course, \
] .
these figures 'are related to the specific solution presented.
o

e o
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in each.room will diminish the amount of conduits and wires/fj)"“

4 \
used. ' . / : S,

\

»

After bringing all the.conduits of a.room to a central

poiné (the lamp fixture), and connecﬁiﬁg the boxes of adjqéent

rooms, the self-helper/ﬁas‘to'install the wires.
" )

7

*
~

.The self helper is requlred to insert a pa1r “of wires-

in every condult These wires have to be 40 cm longer .than

. the conduit, so that an excess of 20 cm appears at each end.
To avoid compllcatlons, the self helperirses only two wire
dlameters, one of each colour. The thinner one is used to

connect the various fixtures pb'theacentral box. ‘The

-
>

thicker one is used to interconnect the various boxes.

e

N .
£ o

:

.Unless.the user is an electrician, his.job 'in the

‘electrical system is finished. The next step is performed

Y

by ‘a’'skilled labourer, who connects the wires, installs the

4

f;ﬁtures and checks the circuits.

¢

'/ .. However, the majority of the work has been done by the

'self-helper, without any danger. :

Pl ’

e /
The conduits will bevéovered by a ceiling.. An

alternative using exposed wires should always be

e

N

[}
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sented on the next page. o (}H
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L4 o
) '

‘avoided, since it is dangerous, mainly when there are

children living in the house. |

The problem of having specialized labourlis practically
ﬁnayoidable.' The best that can be dpné'is to[select somebody
in the,seftlement whogis an eléctfféian or an apprentice,
and to ch&rge‘him with making the finél’inspéliation, as

-

described above. In return, the beneficiaries of his

service can pay him back by helping him to build his own

house.

<
9

-

3.4.6.2 Field Experiment

A}

The location of switches, lamps and plugs in tHe

house was established by the owner on a copy of ;He house

layout, provided by the®author. Such)bolution is pre-
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Fig. 3.70 - Solutiop for
-Presented by

the Self-Helper

'
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The owner's. solution followed the preceding .code.

]

It seemed that the>solution adopted is quite reasonable

3

and.did not need any modification. .

During the constructlon process, the only step
actually executed whlle the author was i Brazll was the placing

of* vertical ¢conduits. Flrst,ucondults and: boxes&ﬁor he’

. »

switches and plugs were bought.

£w0'parts and thé -boxes were fixed.

The conduits were cut in
Q

The owner attacheq the

for switches abowe the third course.

perfectly.

?

conduits for plugs above the first course, and the conduits
Theé systa& wofﬁéd

‘After the following courses were cast, only

L]

the open side of the boxes could be seen.

@

- <
w

The ;est qf the electrical system was not bullt in

-

the presence of the author and w1ll not be commented on.

. ~ . . .
The.followingnpictures show a box inside a block
and the tOp of the condults above the walls. Such’ conduits

should be cut 1ater.
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3.4.7 Floor

3471 Proposed System

X ] . .
" N

The floor is built aftgr the walls and roof struéture
have been buiit, SO thatiit Wil} not be damaged by Eraffic.
The levelling Qf,;he floor is obtained directly from the
top of the, foundation bloéks. - ' ‘

: | : | N | o

The first step consists of céhpacting the soil with
the tamper aeSQribéd.earlier, to provide a good base, so
that the floor itself does not have £o be very thick.

\ o , TNy

The soil base fs‘compac£ed untfi“is\is épproximately
10 om below the level of the foundation blocks. The diffe-
rence is_cheéked by using thé aluminium frame.  Two or
three segments can be add;d to cover the spah. The frame
is uséd inaﬂhe.smalger room dimension. The'space between
the soil base and the frame'can bé measured "by using'the;
foﬁ; fingers of a hand as refgrencé. The figure below

~

illustrates the procedure. -

-

).\.




- the center of the room, keeping the aluminium frame close
4 L

bolluws or bumps are readily found and corrected.

- 185 - | ]

{ Wall
g

Aluminum . . ]
Frame . Hand - -
* i
S = ) ,
PN IV2ONY 4 Foumdation

I 8 /A P .
‘ //; \\\ v /\V//‘\\:\ //// \Q—J'\‘\_N
/ N
Compacted Soil . 7NN

-~

Fig. 3,73 '~ Ppyocedure Used to Leyvel the Floor
/ . »

After the soil is compéd; @; the same sbilwqement

¢

mixture used in the walls is prepared. The mixture is

spread over the soil base and,coméacted. ' The éoﬁpaction

should start from the edges so an excess or shortage of
material can be noticed. The compaction, continues towards

e

for easier control.

’
+

The soil level should be checked constantly,. so ihat .
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obtained by adding‘é pigment.

‘tion, was still in progress, since it could be damaged.‘

Py

.After. the .soil has bheen compacted, the finishing

treatment GOns1sts of wetting the 5011 spreading cement
N \ -

powder by hand on the surface ahd smoothlng with a trowel
The smoothing process must start in the corner opposite

~

the door. . . !
s ' »
The last step regquired some skill, but.it can be -
easily learned, eince the surface is alfeady levelled. The:
! e - .

result”is’a hard- and smooth surface. Coloured floors can be

(4)

.

A}
- L8

3.4.7.2 Field Experiment
[
The owner made the floor in two stages. At first, he

c0mpaeted the soil inside the roams,'folloWing the proce=- |

‘dures described earlier. He developed very quickly the.

filling of the correct hedght between the top of the

foundation and the compacted soil.

The second stage - a soil-eement 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-

However, the finished part presen%ed a very good result.l

The owner compacted and smothered the floor very ea511y.

The' author also smoothed the i&oor and found it a very

'easy task. . R g . Y.

PEN

£
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3.4.8 . Roof
3.4.8.1 Proposed System

L)
o o,

v

The roof gan be divided in two parts: structure and

. .
, ~

covering. The structure seems to. be the most difficult.to
‘ 3 y - .

solve, since i% has to be’cheap,'safe-aﬁd of easy

construction._

i

The slope and support for the roof is proyided by a

L]

triangular wall built above the ceiling level. This wall

¢

is built using the same soil-cement mixture used in the
. ¢

. A
walls. ; ”
A . " a

. oo ¢
P

. . A special woogen form is utilized to prévidg the

inclination. It is Eiged with bolts and is levelled by the

wall which supports it.. Thé'foilqwing figure ghows such a

form: : k : L

]

A

MO
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N Fig. 3.74 - Gable Form '
‘!: l[, ' .
' 'i‘he procedure to use this form is explained below:
- | R
1. The forms are held together by a pair of bolts of
. the upper row, and are laid loosely on _the wall.
< o . ‘ '
¢ v \ 1)

| ST T e ey

L
R }

R
° - ~
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2] r 1 . 2
4 2. .The forms are-brough;'to;thé cprnér and the bolts
. are tightened .up.. A piece of plastic tube 20 cm
." (;»‘ v : r >
long -is used between the forms to protect the bolt
and to facilitate 'its removal. . .
) o § . S, : ‘ .
3. . . Awooden lateral panel is fixed inside the form;)to
) retain the soil-cément.
3 " l ! '\. ‘.. \\
¥ , e
i . . )
'
3 “ K
.
Fig. 3.75 - Form Mounted on the Wall . h
s . . .
;: h
: ‘ 4. The pre-mixed soil cement is: po”ured in the f\Orm and’
‘tamped. ‘ vt h
\' ! . . v =
¢ 5. The bolts are loosened and the form is removed.
+ , . M ! » l
: 5 . . N
g "6.. The form is located on the opposite corner, and the
g 1 ) ! | . o . ‘Q
' same procedure takes place. This alternating
. . . N
f ‘ /‘\ ) ,'
] — A o
@ \ ’ o 7~
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1

process has two advantages: it'allowé,the;soi;-cemeht ‘
wall in one corner to dry for around 1§#3urs, which
provides it with enough stfength to avoid deforma-

tjon when the form is used in that corner again; and,

.

s e e e it o ———

it allows the self—kelper to know how many times he

[N

has to use the form at each side of the triangular wall.
. I’ B ¢ N a

7. ¢ The form is brought to the initial corner and the same

procedure takes place. To adﬁdst the form and to ‘

maintain the modular dimension, it overlaps -the
pfevious~wpll ﬁp to the first bolts (20 cm). This

procédur7 continues up to the triangle.

.
b e .
‘. ] . , Y

REL The drayings below show the procedures:

»
I

. »
: ' . ' . .
v , .
- ‘ :

»

First Block

Ta Be -Cast/

ot




" . .
| :
,«r-r’ﬂ Second '
{ :‘ Block to
| o S Be«Cast
| - !
I Y !
| | i
L | 1 r r'l
J ) !
. 1
| ¥ i . i
Vol i

]Third IBlock_R
Be Cast g

a . t i

e o e o T— -

| !
: | Last Block to : N
I .IBe Cast |
| . |
(I I -
I |
3.7542 Sequence’ to Build the Gable Wall
LI . .
AN L
. 8 ; .




If a créss wall existé,'ﬁhe triangular wall is (’ﬂ )
bu{lt uﬁ to this wall. Then the same forms,used to build . /
the common walls ar& used. To do so, new.segments of {
steel tgbes 55cm long are used. The wéll has to be built /
until it reaches the'beight of the triangular wall. o

The solutioﬁ is exemplified below (ﬁhe'numbers

express the order to use the forms): ‘ —

L

| ]

[ 11

y ' ) _l-
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. 4

a .
o \’ .

to the wall which is supporting the triangular form. This

’

cutting is necessary to allow the triangular form to lay oh

" the wall.

w
o

Cut in ti:e
Wall

(Fi'w 3,78 - Solution for Orthogonal‘Wall‘ .*“

is placed across the apexes, resting in circular holfz/made

at the apex of the walls. -~ . .
g P.lu‘o- the
, Ridge of the Ras
7
‘v 1 ' .‘ (' " ! I A}
Fig. 3.79 - Ridge Pole 'Structure
(4 N _ Ll 1

When an orthogonal wall exists, it has to be cut’close .

When all the triangular walls are built, a fidge pole °

ey

it

-y

o 5 33 ko Ot IR 0% 1 1 0, e
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1w,

¥

= . To complete the roof structure, other poles are laid

on the sides of the triangle walls, parallel to the }idge A\ )

pole.  The distance between poles depends on the covering

that will be used (see following figure). :
N \‘ ’ (

-

/ 1 PN

The poles are located using a special spacer, which

¢

. prod?des the proper digtance to instal the covering sheets.

N
- .
. s ‘ +
. v .

&
. ) ta" depe.rid;s on the sigg of the .
" ‘asbestos~cement sheet to be used.
- - A
| [ \ ) <
a Fig. 3.80 .~ Location of Roof Poles, . \
! . ) “
'Two covering solutions are proposed: ' pamboo and
:agbgstés—cement sheets. '
, .
‘)‘ . @ ’ ) . . :
‘La:ge diameter bamboo can be used by splitting in
. the mndéie'and laying the halves as shown in the fdli&wihg (:df
figure. ) | '
i ' \

Tawe vy e, Sy vT
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ot

@

( " Fig. 3.81 - Bamboo Co¥ering

-

. L)

N C 1

However, the main problem of usin& bambés\is hOWﬂfb o

S

obtain it, since it is not readily available®and‘\a plantation
. ° i 4
would take around 2% years to be cut. e .

< . ) .

> R -
When the covering’adopted is asbestos-cement sheets,
L] A . . ,l )

two main advantages arise:

A . |¥
. J‘l
- it is cheapef.thip any other well-accepted and ' /(:,
' reasonably tested covering in quziik and
. ) ' ‘F - - " -~
it is easy to install 'and maintain. ‘ »
- ‘ ) ' .‘ “
o - - . ) . o 2 ' : '/‘

B
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3.4.8.l"f Coﬁclﬁsion

[
.
[
\
i
Rt S

Id

. . .
=
-
a
e SO

.The Sub-systenswdescribed above are the essential ones. -
1y

\

b v Further improvements may be s6ught by’the self-helper. . ; |
. _ : 4 . P
.- ' i B ) - ) By
. 3.4.8.2 Field Experiment ' ‘ - v

. ' ¥

’

; The roof was ngs built while the author was in Brazil. - .

.;- . However, a preyioﬁs:discussion wiﬁh the owner about the %w//

% s&stem whigh shpula be applied showedﬁébresistance.t? the//k . ,
’ ? . . {g . . use of poles. This resistancé was"prbbagly related to the

faﬁily's cultural Background;. since a roof using poles for

* ——

-structure is commonlyﬁrelated\to very poor.or rural ﬁousing.

L

- ~

‘ : The owner changed his mind when the economic advantages

v - .
. o . »
S T e e s 57 et pe g BTG O

were shown to him. =~ = - T o
3:4.9 Surface Treatment . .
& b . a“

\
'

.The author ‘proposed a .cement-base paint for the. '

. N

‘éxterqal surface treatment, as well .as in the baﬁh;ooﬁ and '
. v

kitchen. - The pgpposal was’accepted. . R v
= . ~ ) ‘ "“ ; . f‘

. , . . L, -

Yo 3.4.10 . Other Finishingd ’/\J .
! v {' "+ ., Other finishes such as ceiling, woéden‘or'geramic .
. * " o flqors} were not proposed to the'owner ahd could be pravided'
S . o - \ - |
. ORI him J:A
7 by mmigEmyl 0 | ST
R S : : - 7
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3.4.11 General Considerations ‘

f

. ‘ . L
' The ‘author observed that the owner incréased 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. : ) .
“w
It ‘also seemed clear that he was able to absorb the
. new technologies, without needing a long learning process..
: ‘ A
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paraneters, and to what extent. . _ . . .

4.1.1 ' ‘Evaluation of Parameters-
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. CHAPTER IV. - . . f
CHAPTER IV

CONCLUSION .

* [y
n

4.1 *Analysis .0of the Proposed TecHnology L

i

3

The valldlty of the technologlcal solutlon is 4hosely

related to the results obtalned in the fleld experlment

There, the success is measured‘by‘the capacity ‘the self-

- helper has to understand and utilize the‘technblogy.

1

”It seems that’ the.potentlal of the\%echnology can be
evaluated in two aspects. First, 51nce it r§ 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

-

»

" , .
P

-

4.1.1.1 Modular cbordination

. 2 2
» s
- .'—“4 .1t

The standardlzatlon ahd reduced number of equ1pment

sizes provided by modular coordination was extremely

valuable in economic terms. The great simplification in

' design and construction elements facilitated the self-.

‘helperé' learning process and incréased their capacity to

. ‘ ) ,
.
' »
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explore the system's potential.' It pérmitted a greater:-
repetition of tasks and, as a consequenéeg a b&tter control
by the self-helper himself.

.

4.1.1.2- User's Participation {

1

While developing their own architectural 'and electrical

©

solutions, the users seemed to be able to give answers to

their needs so cémpletely, that it is quite valid to question
if an architect, with‘a completely"differépt background, .
would be able to'understand and accépt‘those needs. Another =
importany, coﬁseqdénce of a self—he;per's design is the .possi-.
bility oé reducind the expensi&e p;rticipation of‘thg archi—
tect, while séill having a critical ey;lﬁayion 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 Ehe)whble,'

process due to fhe payment of the self-+helper for a certain

\
period. * However, his ever.increasing interest and involve-

ment allows one to conclude that the sélf—helpep tends to

develop positive feelings of pride and éatiéfaction, as well

as great care for his house, which appears as~quality~coﬁtrol
on"the construction phase, and better maintenance in the

occupation phase.
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. g.l.l.3 Use of Low-Cost Materials .
Since a larée part of the.labour is provided by the
owner himself, materials are responsible for the majority of v

construction expenses. The use of low-cost materials seems
to be essemtial if an affordable house for low-income people

is intended. These materials may be new o¥ may be traditional , '

qbut used in a new'ﬁay. TwoO problems related to their usé

' a:gse durind the experiment: the ilation df their pérv' : N
formance’ in use, and the user's é;iij;al inértia, which g
generates resistance to the use of new materials. These
problems deserve special éttention, since théy\can create

serjous obstacles to the implementation of new techﬁ¢1bgies.

.

4.1.1.4 Man-Equipment Interaction

—

This new approach to the construction process, consi-

A

. 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.

v, o

In general terms, this approach helps to eliminate the

need for skilled labour, always present in traditional tech-

. nologies. Itralso‘teﬂds to lead to higher productivity and

more constant quality, which are hard to achieve with

\ . 4
N .

unskilled labour.
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Tﬁe’approach also provides a'new view to the problem .

A g B Y ey L L

of éstablishing the_optiﬁum level of industrialization.

) ) L ‘ ¢ .
With man and equipment characteristics clearly set out, it 1is

[y

ST

easy to determine at which level one should develop a techno-

logical solution.. : AN | o

a

'

4,1.1.5 Influence of Materials Characteristics

s

Since materials are.to be transformed, their charac- . °
: N
teristics should be considered. This paraméqér cannot be,seen

‘'so clearly as the others. However, it plays an important

rple in technological development, and, more spécifically,

equipment development. ;

4.1.2 - Systems COmpgtibility with the Basic Paramétér;

'For some‘sub—éystemg éuch as fouhdétions,‘ﬁalis and
.roof, it was possible to take into consideration the vérious
iparametefs discussed. For others{ however,this was not
completely possible. These sub-systems were plumbipg an4
"eleqtricai subhsysfems. For them, some improvements were
‘'made, so that ‘the requireﬁents fo:;skiiled labour ahd:costly
\.materials were substantially decreased. .When,this‘was.not
possible, one‘of the main' reasons seems to be the way those .
systeéms have been developed and'tﬁg elements found in the -
markét to build them, as in the case of the elecgrical .

sub-system.
. sub-system.

? . ' 8 v
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"~ allow a self-help étbitude'- was achieved. ‘ <

"and satisfaction during the process. However, if those ex-

Lt LR

In an overall Wiew, it seems that the main goal -

A

to increase the potential of low-incomes to obtain their

homes’ through the deVelopmeht of technologies that.would

- 1

.. g j

et il o AR e AR b A e P St

Another important asﬁect 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

o N
constant source of motivation, ‘which slowly changes to pride

pectations are frustrated, feelings of rejection and -

!

criticism can.also build extremely quickly and with the ¥

-

same intensity.

-
> 14 -

[

4.2 Potential for New Research a o

. ‘ ,
. ' L > -

The problem of housing low-income people is old and - .

o

vast, yet there is need for much more infoxmation than is

N,

. N
presently available in every single aﬁpect of it However,
gome points deserve special attention as there is little -
knowledge of them, and yet they seem to be vefy promising.

These aspects are: ‘ T \\

-~ . .. * - Lo ’




D

- 203 -

- user's participation in the design phase;

C - search and evaluation of low-cost materials;

>

- ' man-equipment interaction;

o s

- psychological behaviour of low-incomes during

o ' N

the self-help period; \ -t

- the pracess of learriing new téchﬁologiés;l' v
p
/
The above-mentioned aspects bring«®he conclusion that
the conqtruction process cannot be viewed alone, but it is
necessary to develop knowledge in complementary .fields,

mainly in a self-Rhelp process, since human factors play a

" gcentral role.

With respéct to the construction technology, some

LS

’sub-systems need more research, so that building procedures

*

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

N ‘ f

The forms used to build the walls alsc need to be
improved, to avoid problems related to finishes: It seemé
that a good way lo solve the problem would be to assemble
various segments GM'long'to build'an entire wail eacﬁ time.
Segments 4M long could also be used to solée the p;oblem Qf'

corners.
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The,prototbpe puilt should be evaluated after
contsruction for the following aspects: thermal comfort,

Q&ter permeability of wails-and‘roof, erosion of walls,

and maintenance-costs. .

.
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laboratory tests;” and determination of containers' dimensions.

- showeq that an excessive percentage of organic matter inhi-
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APPENDIX -

PRSI

DETERMINATION OF THE SOIL—CEMENT ‘"MIXTURE:
LABORATORY TESTS AND RESULTS AN

The exact quantities of soil and cement that should be

added were determined in three steps: selection of soil;

. X

The aim was to obtain the least expensive mixture (implying

the minimum amount of cement), which could satisfy loading

4

requirements for walls. : ' 1
. , . ) o ) e )

. ‘Selection of Soil

' ' - 0
]

Il

The soil found on the site was tested and the results

'

bited the bonding action of cement. The soil also had a E}gh
?e;centage (50-60%, accordiné to the depth) of montmqfillohite‘
clay. When fest specimens were left submerged for 24 hours,
they fell apart duétto the expansgivity o e clay and the

absence of cement bonding.

var

~

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 cgmpressive strength, varied. from ‘ L

. . . \

» ~e !
1

. . . ‘ . . 1
A . ’ ’ o , . . . ?‘J
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0.4 MPa to 1.2 MPa, for a cement percentage varying from 1l
to 12%. Fur;ﬂé?more, there was a large variation of results

. obtained with thg/same percentage of cement.

Based on such’ results, the author decided to utilize

¢ . 9

a more suitable s0il. It/seemed economically reasonable to

I

do so0, since the cost of the soil, ihcluding material and &

e transportation, was around Cr$150.00/m3 (C$2.50/m3), while -

the cement cost Cr$300.00/sack (C$5.00/sack) ‘of 50 kg.

R
4

Thus, the increase of 1% in cement would cost Cr$120.6b

(C$2.00f/p3. Since the reduction of cement percentage using

P ks

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

‘a reduction of cost of about Cr$1,050:00 (C$17.50)/m3.

o epepmaanrew 2Lt
-

An excellent soil 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 ' g

<

At first, tHe granulometric curve of the soil was

»

. ~
determineﬁ. The results obtained were:

’ T Passing No. 4 Sieve 93%

T T

- © passing No. 40 Sieve : "46%

Passing No. 200 Sieve: 22%
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There was no/t§;Ee of organic matter since the so0il

s

. was eitracted from 2-5 m depth.
. v . _
fhe optimum: water content was also determined.: The soil
was compacted according to ABNT (Braziliaﬁ Technical Norms "y
Association). The compaction’ was made as follows: the soil
was compacted in a brass cyllnder 100 x 50 ¢ mm-in three

layers, with a 4 kg plston, falllng from 500 mm helght.

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

-

was 2.24 g/cm>.

. 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 dbove. The resul?s

of these tests are presented below: : . |
. J )
Percentage of Average of
cement 2 specimens

weight volume

: 6 7.2 .. 2.8 MPa

8 9.6 - 3.3 MPa ' , f

. .10 12,0 . 3.6 MPa

| The required resistance was 2.0 MPa, so that the 6%
-] .

cement mixture was adopted. Lower percentages were avg}ded
. ’

/




