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This book is for people who dream of building

a simple home. It is also for those in
the building trades: carpenters, masons,
plumbers, and artisans, as well as for urban
planners, rural technicians, and small cormi—-
munity designers. It covers basic design,
use of a great variety of natural materi-
als, construction details, natural heating
and cooling, and water and sanitation
techniques. Although many of the meth-
ods shown are traditional, more rmodern
techniques are shown as well. The author
advises readers that resolutely adhering
to vernacular techniques can prove frus-
trating, and advocates utilizing the best of
both worlds in providing a harmonious liv-
ing environment.

The phrase “barefoot architect” was
inspired by the first architects — builders
in ancient times who mixed adobe by tread-
ing mud with their bare feet. Barefoot archii-
tects produced some of the mostincredible
buildings of antiquity, including the Hang-
ing Gardens of Babylon.

The information presented in this book

is mainly graphic, with simple drawings,
rather than long passages of text, convey-
ing information and instructions. _

Johan van Lengen wrote and illustrated the

Manual of the Barefoot Architect in Span-
ish in 1982, while in Mexico. The govern-
ment bought 40,000 copies and placed

one in every library in the country. T he bo ok
went on to sell over 200,000 copiess in Latin

America. An extended version was later
published in Portuguese in Brazil. Thls is
the first English translation. '
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PREFACE

Johan van Lengen is much more than just an architect. He is a
builder of communities. In 1887, van Lengen and his wife Rose
created the Brazilian community of Centro de Tecnologia Intuitiva e
Bio-Arquitetura (TIBA), a school for building devoted to teaching the
harmonious integration of the human being with the environment.

What is different about van Lengen's approach is that he puts hu-
mans at the center of the discussion, pointing out that it is we who
are responsible for building the future.

We cannot escape the fact that we are responsible for the health of
our planet. Aswe are painfully aware these days, unchecked progress
is leading to environmental devastation. If this destructive growth
in cities and the surrounding countryside does not correspond to
global human aspirations, wouldn't it be wise to somehow reduce
its pace? This is a question for refiection, and van Lengen’s work is
a great inspiration in this ongoing debate.

Implicitin van Lengen’s method is his clear desire for simplicity. Thisis
one of his qualities that | most admire, and an attribute that | fervently
believe in, both in my personal and professional life, | have always
made simplicity the foundation of my future.

Unfortunately, this attitude sometimes creates difficulties because
many people seek solutions that give them material benefits, or have
the illusion that it is more glamorous to accumulate grandiose and
expensive possessions.

The world today is full of people who promote the idea that everything
in life must be complex; but these salesmen of complexities don't
realize that by starting from simple, easy-to-implement elements, we

shall have a more advanced, sustainable system in the future.

Van Lengen teaches us the essence of building, remmdlng us of

the validity of each of the basic elements: design, materials, doors

" and windows, water, clrmate, site layout, heat samtary facilities,

and even stoves



The great value of this book lies in the way the author explains his
concepts. Using vital, basic language and clear, simple drawings,
van Lengen prepares his readers for the building process. Thus, this
apparently technical book becomes seductive, making the reader
savor every aspect of construction, giving value to each step of the
project: space layout, what materials to use, and the site preparation.
The author's unigue idea here is that building will be in harmony only
when it is done in a responsible and compassionate manner.

Johan van Lengen did not write this book to seduce the reader with
suave poetry. Rather, his book gives us a very strong message —
that when you build a house, you are at the same time making a
home, and that a grouping of homes, each with its own harmony,
will comprise a harmonious community, a productive and healthy
settlement of human beings.

Jaime Lerner, Architect
Curitiba, Brazil
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INTRODUCTION

This manual is for those of you who dream of building a home. | will
describe the relationship between a house and its environment: the
limitations, and the possibilities. | hope that consulting this book will
help you find solutions in realizing your dream.

The information presented in this book is mainly graphic. | believe
that simple perspective drawings such as these convey information -
better than page after page of words. The Barefoot Architectis meant
not only for individual owner-builders, but also for governmental -
“sweat equity” programs that require the participation of owner/
builders in the community.

| do not necessarily mean to persuade you to build your home ina -
vernacular manner. The world has changed much; often there are
not suitable materials orthe skills necessary for vernacular building.
In many cases, adhering resolutely to traditional building methods
will prove frustrating. The manual is meant to answer the realistic
challenges in present-day construction, and to suggest practical
solutions by combining traditional and modern techniques. At the
same time, | do not mean to imply that these proposed alternative
methods will automatically produce a miraculous shelter; rather
that a combination of these techniques will guide you in providing
a harmonious living environment.

The phrase “barefoot architect” was inspired by the first architects,
living in the distant past, who mixed adobe by treading mud with
their bare feet. Barefoot architects produced the most incredible
buildings of antiquity, such as the Hanging Gardens of Babylon.

HOWTO USETHIS BOOK

This manual does not propose rigid rules for building, but instead
shows many ways of building a house while using a wide range
of materials, thus giving you a great variety of choices in its .

oonstructlon

: Where you do not do all the bmldmg yourself, understandlng the

concepts and examples in this manual and how these ideas are
used during construction will enable you to have a more producﬂve g
dlalogue with the buuder in charge : )



When using alternative, non-conventional building techniques, you
should employ quality-control testing, especially when fabricat-
ing critical structural elements. The author is not responsible for
any procedure that is not in accordance with accepted structural
building safety practices.

Local climate is important to consider when choosing materials and
techniques, in order to achieve the greatest environmental harmony
with minimum cost.

This book shows a bit of everything. Read all the chapters first before
deciding on the most appropriate materials and techniques.

ACKNOWLEDGMENTS

The people who most inspired me to gather and share this building
knowledge were those in rural areas and “low-rent” neighborhoods
in the big cities. Their faith in the possibility of improving their living
conditions, in spite of the difficuities of their daily lives, became the
inspiration for this book.

Obviously, | did not invent all the techniques cited in this book. Quite
a few people shared their experiences, and among them I'd like -
to thank these marvellous people: Alvaro Ortega, Claudio Favier,
Gabriel Camara, Gernot Minke, John Turner, Sjoerd Nienhuys, and
Yves Cabannes.

The first Spanish edition, produced in Mexico, would not have been
at all possible without the loving help of my Carioca wife, Rose.

I am grateful to Carina Rose, an architect from Canada, who trans-
lated and prepared the English version from the original Brazilian
edition. Also, Aga Probala for her careful revision of the new layout,
Veranica Flores for taking care of the legal matters, and my sons,
Marc and Peter, who gave their total support in testing the realities
of new concepts in the book. Thanks to all of you!
- Johan van Lengen

e Rio de Janeiro - -

"~ = September, 2007
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DRAWINGS

DESIGN

A set of drawings is not always needed to build a house. However,
drawings are useful to discuss and explain layouts or our ideas
to others. Sometimes they are required to apply for financing, to -
obtain technical advice from a city building department, or to build -
public buildings such as schools. Therefore for several reasons it

may be necessary to put our ideas on paper.

THE PLAN OF A HOUSE OR BUILDING

There are three basic ways to represent a building design in drawings:

“ofside @& .

the view

of a house
when cut
horizontally
through

the walis
at a diven

| height

the view of
a house when
cut through
vertically

" the view of a

house when .-
seen from
the front




DESIGN 3

These drawings must show sufficient details to know exactly which
steps to follow during construction. The sizes and dimensions
of each space and building part must be clearly indicated. On
the elevation drawings and the sections, show the heights and
dimensions for the floors, roofs, windows and stairs, and provide
descriptions of the construction materials.

R

this view is a FLOOR PLAN

this view Is a SECTION ' g

this view is an ELEVATION
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The locations of doors and windows are indicated on the
floor plans:

door

It is necessary to indicate the function of each space as well as
sizes from wall to wall:

T ot m e ‘.. o = '.}'—"'—[-
e a
250 ‘| :
- o 3
E living qle
. § room ] 0
1 kitchen | Hu L
1l -
vl T
= 650 4

More detailed drawings are required for the builder. These are -
called working drawings. They contain the location and descrip-
tion of the water and piping distribution system with its fixtures :
(sinks, showers, taps) and the electrical and wiring system with its -
components (switches, light outlets). ¥

The sizes of the shower stalls, toilet bowls and tavatories
¥ are drawn to verify that they fit adeq uately in the bath rooms

and kitchens: A _ e
80 50' . 40




DESIGN 5

The drawings of a house are drawn at a reduced size and have a
scale. A scale is used to create a relationship between the draw-
ing and the real building where the proportions stay the same. For
example, if the real window size is one meter high, it is drawn on
paper as one centimeter. This scale is one to a hundred (1:100).
In other words, when using this size scale, every centimeter on the
drawing is equal to one meter of the building.

The section below shows the heights of the walls and the
roof structure:

The types of building materials are also described on the drawings.

The elevations show the locations of doors and windows and
all other project constructions and oomponents that are seen
from the extenor .

-front elevation
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X ) SITE PLAN 3
’ A site plan is another type of drawing. It shows the buildings and
! ! houses of an area, and the location of the surrounding elements ;
%4 including streets, streams and parks. o
; :
: r The site plan uses symbols to indicate the manmade structures |
3 and the natural elements on the property or in the town, such as
i the ones below. :
'___‘J:j building —— highway IEEREEEE  river 3
3 ho i R
use bridge “ \,, hill
L sian)
lr street ——=—-—  borders Wi meadow

m railroad =a=mm== OUCLS % trees

Identify the symbols on this plan...

il P
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DESIGN 7

Now compare the previous page with the following perspective
drawing of a field with roads, rivers, houses and other elements
of the natural environment...

path of the sun

*This applie's to the Southern Hemisphere; do the opposite inthe Northern :
_Hemisphere. - - B fo s - 4
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HOUSE FORM DESIGN -

In rural zones with hot climates where people spend most of their
time outdoors, the roof often covers only two areas of the house:

the kitchen area and the bedrooms. The bathroom is sometimes
located outside,

The interior walls are usually made with the same materials as the
exterior walls, but are thinner and lighter. Built-in floor-to-ceiling
cabinets or closets are sometimes used as room dividers.

The entrance doors face the street or, in hotter climates, they are

orientated towards the prevailing wind direction to cool the interior
spaces when they are open.

HOW TO DESIGN A HOUSE

The following pages explain how to make a plan of a house and to
combine all the necessary spaces.

E;} There are three hasic layouts:

entrance . . kitchen

!mng room wfth a kitchen at the back i orwith kitchen on the sfde

" Note: These drawmgs only show the walis at half the full helght. as

if the house were under construction, ln order to better understand

= ..: i

T T Ty R T

D P L

t;g,.'“fq,;:. o

Ry USSR G SRS )
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DESIGN 9

. kitchen

entrance

living room and kitchen separated

The third layout shows a roof covering the central area between the
kitchen and living room. This open room can be used as an area
to have meals and as shelter in the long periods of rain.

Using the first layout (1), extend the roof towards the back, to cre-
ate a covered area protected from sun and raln '

Using the second layout (2), there are two ways of prowdlng more
sheltered space: . ; : ;
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10 DESIGN

Using the same basic layout, add a bathroom:

By extending the side walls,
you can design a house with
two bedrooms.

A further step would be to provide a separate kitchen by dividing
the cooking area from the living room,

-Separate the living room from
the bedrooms and add a
covered outside area, suchas

Note: The windows are not shown on these 'drawings.-Their loca-

" tions depend on the orientation of the rooms to sunlight and wind .

direction. See the sections on lighting and ventilation. - . - .
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The house layout below is often used in the humid tropics on flat
sites which have a prevailing lateral breeze:

The same type of house has a different layout in a dry tropical zone
as shown below - all the rooms are arranged around an interior
courtyard:

.. layoutplan - ._ R " view of the house

These examples are -a few types of laybuts. and should not be -

seen as the only modeis. Actually every successful space layout s

should be different, since every design is based on a set of unique
conditions, including climate, landscape, vegetation, size of family
and their lifestyle, available construction materials and regional
construction techniques. - . - -: e g B Lo A



19 . DESIGN

Rectangularly shaped rooms are easy to build and furnish. On
the other hand, irregularly shaped areas can provide pleasant
surprises when moving from one room to another. '

a simple rectangularly shaped room

i il il s it L Gl Vel R0 e K £ B R N B N S SR R A R

a room with a large bay window
to fet in more sun e =

. . an.l-shaped room to enjoy

4. the view of an old tree
4
f —
5 ) ’ ;
5 : : : 4 ] ! o s
- % - ' ; ' Che o
; a room with a curved walf which .. - & et
follows theshape . = =—=. ~ ) -"'J" ;
. of the hill P e S
, 3 1 "" o i

' "As seen above, the shape of a house is influenced by the land and -
vegetation of thesite. " - ... L e T e e o




DESIGN 13

If the land is on a slope, place the rooms on different levels, and
connect these levels with stairs:

lower fevel

Related spaces should be placed on the same level. The example
above shows the kitchen next to the dining area, and the bedrooms
near the bathroom.

On a flat site create differently shaped spaces by changing the
heights of the ceilings. This improves the airflow through the house,
an important consideration in humid tropical zones:

 Breezes are able to reach various areas in the house,




14 DESIGN

In an urban setting, where the sizes of the lots are much smaller,
a house layout is often distributed on two or several storeys:

top floor

B = bathroom
R = bedroom

bottom floor
L = living room

K = kitchen
S = staircase

T R S A
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DESIGN SPACES

The characteristics of the spaces in a house are determined by the
lifestyles of the occupants. For those who enjoy preparing meals,
a good-sized kitchen is very important. Other peopie might like the
cool night air, so their bedrooms should have a deck or terrace
towards a garden, or a large balcony on an upper floor.

dining room - kitchen bedroom - balcony

When working on the space layout, imagine the way of life of the
future inhabitants, and consider the kind of furniture and equip-
ment they may use in their rooms.

The most important outcome of a design is that the occupants
enjoy being in their spaces.There is no need to imitate houses from
the area, other regions, or cities. The home must be built to satisfy
the occupants' own requirements and tastes, without necessarily
seeking admiration from the neighbors. ' ;
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16 DESIGN

e e wa - - ——

A good layout can save space. For example, well-positioned corridors
can take up less space and facilitate access to many rooms. With
this saved space there is more area left to make other rooms larger,
while still maintaining the overall dimensions of the house.

S,

Compare the two layouts of the house below. Its dimensions are
8m X 7m or 56 square meters.

5 e wodem a

design A

L = living room
K = kitchen

B = bathroom
R= bedroom

e dimelian o Vovu s RS AAAE Diiets SNELA I s 3 I TR e e el D B e s T R i

B e . . -

corridor: 5 m?
living: 12 m2

corridor:2m2 -
- living: 15 m?

~ The areas for the bedrooms, bathrooms and kitchens in both de-
. signs are the same; however, in design B, the living room is larger
s by three square meters. . -. .. - . . 3




DESIGN 17

Below are layouts for one-storey houses:

The living room and the kitchen are located on the bottom floor. |~ ~
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- This is a basic layout.

HOW TO DESIGN A HOUSE -

To understand further the design process and how to lay out spac-
es, follow the example below for a small house, 6m x 9m, with two
bedrooms, a living room, one bathroom and a kitchen,

LAYOUT OF THE SPACES

1 Start with the kitchen ‘Il

and bathroom.

2 Add the living room

3 and then the two hedrooms.

4 " Now locate d_oors and windows

; When the Iand is sloped rooms can be on dlfferent Ievels and -f_
connected bystalrs 3% W S R . :




DESIGN 19

The lined part in this drawing indicates a different level of the house,
To avoid a house with a box-like appearance, displace or shift some

rooms to give the layout an irregular shape. This also makes the
form more interesting from the outside.

APPEARANCE

front shift ; or sideways shift

Too many displacements
7 are confusing.

: Roundihg the corners also gives a. e
.+ "non-box-like” appearance.. -
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20 DESIGN

SITE

The orientation of the house depends firstly on the lot's relation-
ship with street access: .

1 street

rising sun

- In the example above, the shape of the living room has changed

- from a square to a rectangle. Being flexible allows for adjustments

- and the discovery of new possibilmes or alternatwes during the
: desugn and drawmg process R S St
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DESIGN 21

EXPANSION

The drawing below shows a three-bedroom house instead of the
two-bedroom house from previous examples.

The plan of this house is enlarged to accomodate the additional
bedroom. To improve the communication between rooms, a cor-
ridor (c) is added. The living room is enlarged, but the extra space
could also be used for an entrance porch. In the humid tropics,
the upper part of the corridor walls, near the ceiling, is opened to
create a cross-ventilation between the rooms.

is to project a space outwards
from the main rectangle. With
this move an additional bedroom
is created.

In this layout, the living room and
bedrooms are larger. The corridor
is L-shaped to provide access to aII
the rooms P
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22 B DESIGN

If the previous plan was a little too complicated, move the spaces
around slightly, as shown below, to create a clearer plan:

The bedrooms are accessed
through the living room and a
short corridor (c).

This type of ground-level plan can create diverse and interesting
spaces. The same plan can be used on a sioped site with a stair-
case connecting the upper level to the lower level.




DESIGN 23

Qur intuition often provides us with an initial good idea. Some-
- times it is better to continue to improve on this first idea until it
i is a satisfactory design instead of trying different solutions. Of
I course if a plan is not working out, it is preferable to move on to
other ideas.

It is difficult to reduce space layouts once they are designed, so
start with smaller spaces, and if they need to be larger, increase
their size later on.

F
~

Workshops and stores which are part of a house should be located
near the living room area so that their activities do not disturb the
privacy of the rest of the house.

On narrow Ibts, create interior courtyards between the living spaces
and bedrooms to naturally light _and ventilate the spaces. 2




bathroom wall

24 - DESIGN

MODIFYING LAYOUTS

Do not hesitate to move elements
around and modify a layout. For - -
example if the windows or doors K “ BH R
cannot be located where they are

first planned, R

consider placing the kitchen-
bathroom on the other side of *—'j>

the living room:

It is important to locate the bedrooms more or less towards the
east side so that the occupants wake up with the rising sun. Bed-
rooms placed on the west side are very warm in the evening when
it is time to sleep ; ;

UPPER FLOOR

On small s:tes some rooms can be sﬂuated on a second storey: .

Use the'initial planasa starting
point. Place the two bedrooms
on the upper storey. The stair-
case can be ag’ainstthe k:tchen- 3
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Use this same wall as a support with y

handrail to climb the stair. Access R — R
to the bedrooms is through a short
corridor. plan of upper floor

With one roof over the whole space, the living room can have a high
ceiling, and the upper floor can be a mezzanine level. This layout
creates a small and comfortable house.

When the site is narrow and sloped, the rooms are laid out one
after the other.

To make room for the staircase, the
size of the bedrooms is modified
from3mx3mtodmx 2.5m,

For a larger three-bedroom house,
as seen below, the roof is higher to
locate windows in the kitchen and
one of the bedrooms. ;
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CLOSETS

The best place for built-in closets is near the entrance of each
room, along the partition walls.

corridor

The right plan shows a third closet in the corridor,

DESIGNING A COMFORTABLE HOUSE

It is often believed that a comfortable house is achieved by using
expensive materials or with a lot of time and effort. However, the
luxury and comfort of a house has no relationship with its size or
the type of construction materials. Real luxury means living in &
house which perfectly suits your habits and way of life.

The next pages explain how to design your ideal house by realizing
your dream spaces. For example, here are:

six spaces torest, eat, sleep,
work...

7P

84 ~ Joined together the} maké a house.
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A plan in perspective:

« This design does not have any features that draw our attention.

Sl

But if the spaces are moved in or out, such as the three rooms
below, the shape of the house is slightly changed. This design may
be a little more labor intensive, but it is more interesting,

This movement generates new possibilities such as: ;

a. a place for bookcases = Lo
.. b. awide benchoraveranda = - .
- c. apleasantentrance - .. . .
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THE LOCAL CLIMATE

In a hot, dry climate where roofs should be flat, the walls can be

moved or the ceiling heights varied to create a more attractive
facade:

move the spaces in or out

@ or change the heights

of the roofs

, 'ét differént heights R



i or with various types of roofs.

DESIGN 29

with different pitches

In all climates, beautifully designed house facades can also provide
some interesting features. Try integrating:

" balconies

_ different types of windows -
; projecting from the facade or rpof' -
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DESIGNING WITH MODELS

It is sometimes difficult to imagine the outcome of a design in the
plans, sections and elevation drawings. A model can help to under-
stand and verify the size of the spaces and the appearance of the
house. A good model can be made from cardboard or heavy paper,
Below are instructions for making a model at a scale of 1:50,

1 Cut 5cm-wide cardboard strips. These represent 2.5-meter-
high walls.

2 Draw a sketch of the plan on a sheet of paper. Each meter
equals 2cm in the drawmg Leave spaces to show open
doors and wmdows

s The example above isa typlcal plan of a house wnth a Iwmg
"~ room, two bedrooms a kitchen and a bathroom =
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3 Cut the strips the same length as the lines of walls on the
plan, and glue them onto the lines.

4 Check if this plan expresses the original idea. It may be
necessary to modify or reposition some of the elements of
the model, such as doors and walls.

5 When all the elements are in the right position, cut out or
" draw in the windows. :
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6 On the model draw the plumbing lines for the water supply
and drain pipes, as well as the position for the lighting.

7 Decide on the most adequate type of roof shape depending
on the climate and the construction materials.

dry tropical climate

e If the whole family agrees with thé_ desién, then the ﬁork_ begins!
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Below is an example of a simple low-budget house located on a
difficult site.

The bedroom and bathroom are on
the upper level,

The living room and kitchen are on
the lower level.

Make the walls of the model half the full height in order to see the -
[ritSror SPACEE. +» o T 1 T e e T e BT T

This type df plan can be used fbr beach or mountain sites. -




DIMENSIONS

DESIGN

To have an idea of the size of the house when designing, use as ¢
reference the dimensions of the room you are presently occupying
For example, suppose the room you are sitting in is 3m x 3m.

A quick way to start drawing the design is to
use grided paper. Assume 1 centimeter
equals 1 meter.

o« =
-
]

-8
Y

.....
i

o

-

H

....i...-é.........

H
i
1

T

If you want a living room that is double the size of the space you
are presently in, draw twice the 3m x 3m square, or a space that
equals approximately an area of 18 square meters. Be flexible with
the design in order to select the most adequate shape.

" 3mx6m
or
T 4mx5m

Fa 2 . & . 5 F M

. B T .:.u:i.. - -.E....g. .-‘?-Ul‘cul;)llg
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When adding on more s‘paces. verify how they all fit together,

4 DIMENSIONING

' After deciding, ina 5|mple drawmg, the size of the spaces and thelr
" relationship to each other. make another type of ﬂoor plan for the

s burlder or contractor
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Here is an example. To the right is a simple | |
drawing for the design of the final layout. R

In the new drawing for the builder, represent all the walls with dou-
ble lines, and indicate the position of the doors and windows.

r‘-
L=}
i=]
™

}..

To position the walls, draw their dimensions using corners as ref-
erences, and then measure the spaces from these points. During
construction, the walls are located on the ground using these
dimensions:

o 400 4— 200
J 5
§ - 45
45
o .

The trenches for the foundations are measured and traced from
point to point and marked usung stakes.

A F

The drawing above shows thﬁ'EXCévated trenches...
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Below are typical dimensions for house spaces, in square meters:

m2 bedroom m2
4 3
20 12
kitchen bathroom
2
3
6 3

THE STRUCTURE

To prevent structural problems in earthquake, high wind or flood
zones, consider the following principles:

the-thicker the wall, the stronger itis

the Ionger. thé ;JVB||, the more easily it bends
the higher the wall, the more easily it falls

a heavier roof puts i'nt.;tre weight onto the walls

: _ square corners are easily damaged
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Below is a table demonstrating the resistance of a wall support-
ing a slab roof. The strength factor varies with the size of the wall.
Assume the higher the factor, the more resistant the wall is to
collapsing.

modify 20cm 60cm
the width St —
: 3 10
350cm 250cm
modify
the height
factor factor

1000cm 400cm
maodify
the length factor factor
3 6

sheathing

The shape of the corners is also important. Asemicircular wall hasthe
same strength as a square wall strengthened with reinforcing rods.

P



ENVIRONMENT DESIGN

A house shelters us from all types of climatic conditions, whether
it be the heat, rain, cold, or humidity. It is therefore important to
first carefully observe the local climate before designing or build-
ing a house.

There are three basic climates:

E? The humid tropical climate with very warm temperatures
which vary little between day and night, heavy precipitation
and rich vegetation

¢> The dry tropical climate which is also hot, but has large tem-
perature differences between day and night, little precipita-
tion and therefore scarce vegetation

ED The temperate climate with a very cold season and cold
nights

Immigrants often build in their new homeland the same type of
house they had before. This is a common mistake, and can make
their houses inadequate for the local conditions, by either being
very warm or too cold.

Before designing observe how the local people build their homes.
This will help prevent importing designs and materials that do not
suit local conditions. The house must adapt to the climate.

Chapters 2, 3 and 4 describe how'the characteristics of the three
- basic types of climates affect the entire design and construction.
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HUMID TROPICAL CLIMATE

LD LLL L D

Build houses close to hills or elevated sites where there is
more air circulation.

Build thin walls so humidity does not accumulate.

Build sloped roofs to evacuate rainwater.

Use materials such as wood, bamboo and reeds.

Install large windows to improve ventilation.

Separate houses 1o allow cool breezes to circulate,
Build verandas around the house to protect it from rain.

Elevate the ground floor to avoid the earth’s humidity.
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DRY TROPICAL CLIMATE

b

L L b LD

In regions with hills, build houses in the high areas where
there is mare air circulation.

Use thick walls to decrease the penetration of the heat dur-
ing the day and the cold at night.

Use materials such as stones, adobe, bricks and blocks,
Install small windows to prevent the entry of dust and sun.

Join houses to expose as few walls as possible to the sun.
The houses then shade each other.

Build interior courtyards to ventilate the rooms.

Build the ground floor on the earth’s surface to take advan-
tage of the cool ground temperature.
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TEMPERATE CLIMATE

Build houses in areas with exposure to the sun.

Build thick walls that prevent heat from escaping.

Build roofs with an average pitch.

Use materials such as wood, adobe, bricks and blocks.
Install small windows on the south side and large ones on
the north side. This applies to the Southern Hemisphere; do

the opposite in the Northern Hemisphere.

Protect the house from winds with vegetation and earth
berms.

&4 LH L L

Use the sunlight to heat rooms. Insulate the floor from the
cold ground.
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The environmental conditions where you build are not always
clearly defined by the basic three climates. In some humid tropical
regions forest resources have been destroyed causing a scarcity
of wood for building. There are also dry tropical regions with green
valleys and abundant palm groves, where the houses are built all
in wood.

It is therefore recommended to build only houses that are most
ecologically sound and in harmony with the local environment.

Today there are many opportunities to build with new types of
materials or imported materials; however it is always preferable to
use materials that blend in with traditional building types. Design-
ing a house that is different from the local ones, by modifying all
materials, the shape of house, the interior layout, and the use of
spaces, eventually causes uncomfortable conditions.

For example: stagnant water
A HOUSE AND ITS ELEMENTS

A house shelters in th ree ways

ol Drotectlon from the 8un andrain- - -

-2 . protection from ground humldlty Y

_ %, 1 protectlon from wmd

A house shouid wuthstand w:nds and the wbratlons of heavy

4 vehncies



DESIGN 43

A house is composed of these three elements:

roof

00 ey

walls

Problems such as water infiltration, insects, excessive heat or cold
are first located in the joints or connections of these elements:
roof, floor and walls.

After exposure to wind raln or earthquakes. any constructlon de—
fects often appear ﬁrst in these Jomt areas.
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USING THE ENVIRONMENT TO IMPROVE HOUSES

Environmental conditions are often misunderstood and not taken
advantage of. By taking a closer look at the environment we can
use it to improve housing and house systems.

It is not appropriate to imitate elements or construction styles from
other regions with different environmental conditions. For example,
a window in a cold climate allows the sun to enter and warm up
the room, but the same window in a dry tropical climate overheats
the room and makes it unbearable to live in.

use sunlight for

colect water solar panels

make use of the
L : stable ground
JTeew ot temperature

The roof, floor and walls should integrate into ‘Ehe natural environ-
" ment and climate, and use it in a favorable way. In the later chap—
ters there are detalled descriptlons of ways to do thls Eal ;
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BUILDING ON SLOPED SITES

Often houses on sloped sites are built identically to ones on flat
sites. The result is an overspending on the construction of the
foundation and the walls, and the destruction of the environment.
When a site is extremely sloped some earth should be moved, but
the plan should always suit the shape of the site.

an expensive construction...

retaining walls

A much more efficient house can be huilt on the same type of site
by placing the spaces on several levels:

a) a flat roof

house sections

b) an inclined roof

AL

The money spent buuldmg retalmng walls and lnfill can instead be X
used for lmprovmg other areas or parts of the house
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SUN AND WIND CONDITIONS

To prevent overheating the interior of the house, follow the prin-
ciples below:

1 Prevent sun rays from hitting the walls

with a large roof 7 with eaves
'; /
i /
/ !
9' ;’
with trees . with plants
4
!
’!
7
- by protecting the longer © . - " by painting surfaces white -

walls from the sun
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When the sun’s rays hit an outside wall, they heat it up and eventu-
ally the heat penetrates into the interior spaces and the tempera-
ture inside the house rises.

2 Prevent sun reflections from other surfaces:
If a house has many glass windows, the sun's rays can reflect off them
and hit the neighboring house on the other side of the street:

large windows /
reflect sun rays /

water also reflects
sun rays

Dark pavement or asphait absorbs the heat and radiates it onto
surrounding buildings. ;

the dark ground ab-
sorbs and radiates

 The best protectlon from thls outS|de heat gain are plants and
tr ees, which store cool air between thelr branches. s
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3 To well ventilate the interior spaces and keep the hot air
circulating and non-stagnant, locate the doors and windows
in relation to the prevailing winds.

- = ' u’
T 1° ——ls

upper windows: . lower windows:

the hot air flows the cool breeze is felt
above the head '

W

wind entering under : percola or canopy sepa-
canopy s ’ rate from the wall

the heatenters " "7 theheatsexits i

. through them_off 2 2 g the room -~

B e e e e e

SR
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Tines Ty

air circulating from air circulating from below

above to below is not to above is much more

very efficient effective

the closer hot air is to the ~ - across-circulation is more

head, the warmer you feel - . -effective with openings in
1 the lower part of doors

high trees: the breeze .
descends and cools . -

- low trees: the breeze rises j
~ anddoesnotenter " .. "
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The distance between plants or trees and the house is also im-
portant, for example:

when a hedge plant is 3
meters from a house, a _ ! i il

breeze enters

& 3m —p

when a hedge plant is M )
6 meters from a house, m

a stronger breeze = _ﬁ

enters _ ¢ 6m

N
L

A tree is more effective for cooling when it is planted close to a
building:

| | ™ U
whenatreeis6 -~ ™ ] rL
fi h y maa
meters from a house, :‘Jl-_ ; o

there is little breeze

" whenatreeis 3
meters from a house, .
" more cool airenters . . ..
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Planting hedges around a house can also change the circulation
of prevailing winds:

without plants the breeze
circulates around and away
from a house

with a front hedge plant the
breeze circulates further away
from a house

with a back hedge plant the
breeze enters and cools a
house

. with one back and one front
hedge, a stronger breeze-
enters . i
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ROOF VENTILATION OPENINGS

One way to prevent the house interior from heating up is to build
openings in the upper part of the walls or in the roof. Since hot air
always rises, these openings provide exits for the heat.

There are three ways to ventilate:

A Allow interior hot air to exit:

to let in cool autside air,
the interior air must be
evacuated

Examples of method A:

.7 the hot air exits through roofopenings ~ ©
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B Prevent hot air from entering the rooms:

the hot air flows into
the eaves and exits
through openings
near the ridge

another type of
opening near the
ridge

=

V[LEI O rr— iy R Rl

H Draw hot air between the roof and the top of wall:

- with a flat roof the
breeze lifts the air
e e —— :

that is stagnant
beneath the eaves

Example of method C:

. the breeze enters

. through holed tiles
-in the upper part of

thewalls ...
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LIGHTING A HOUSE

In the previous pages, there were examples for positioning windows
to effectively ventilate with breezes, thereby improving the house's
comfort. Another element to consider when locating windows is
how they are used to light the house, since sunlight is the best way
to brighten rooms during the day.

Sometimes small windows are installed by builders to prevent
hot air or noise from entering, or because there are not sufficient
available window materials, such as wood or glass, to make larger
windows. It is useful to know how to light rooms even with small
windows,

Below are a few factors that determine the quality of the lighting
in a room:

1 The size of the window.

smallwindow -~ _ e  large window
2 The shape of the room: A narrow room admits more Iight.
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3 The orientation of the house: In regions south of the equatora
room facing north admits more light than one facing south.

sun rays

4
,l

south side : ’ north side

4  The sun’'s reflection on outside surfaces: A light-colored sur-
face reflects more light into house, as well as heat. Vegetation
absorbs sun rays.
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5 The effects of the sun on other plants and buildings can
improve or worsen the lighting of a house.

4

/

a tree absorbs light

glass reflects light

6  The type of materials and the colors of a room: A light color
reflects light much more than a dark color.
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7 The surrounding site topography affects the light intensity
durmg certain times of the day.

In this example, there is little direct suniight in the morning, but later on
the sunlight hits the house.

8 The shade of other buiidings or vegetation: The height of a
building, or the height and density of tree foliage, has an
impact on lighting.

‘..@'_.._:L

in the forest ; <., inthe desert

9 The climatic conditions: Overcast skies, typical of the humid
tropics, have a different effect than the clear skies of dry

tropics. ol ey

humid tropics ~© Lt U us T drytropies
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Deciding on the size and location of the windows is therefore de-
pendent on the site conditions.

However, if after considering all the site conditions, it is still difficult
to resolve lighting issues, other measures can be used:

_} When there is too much sunlight entering, use blinds, slats,
curtains or plants.

=

blinds
plants » curtains

é When there is not enough sunllght entering, find other ways
to create openings. - .

W
‘ _‘.‘- "'.
‘\\i | I, |

- -sk)digm inaflatroof =
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another interesting solution:

upper windows in a sloped roof
WINDOW HEIGHT
The windows are located and sized to suit the type of activities
that take place in each space of the house. Therefore each space
may have different window heights.

For example:

T e

50 . 80
living room dining room
| E A Inl ii l )
100 : 120
. office P kitchen -

workshop = . . ?‘50 % ML bathroom'__r'_",""_ 1?'02._ -

All the dimensions above are in centimeters. -~ ..
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SUNLIGHT IS HEALTHY

Mites, fungi, viruses and bacteria can grow in rooms which do not
have enough sunlight, such as rooms with overly small or closed
windows.

This can cause the occupants to become ill more frequently.

Therefore try to position the windows in such a way that sunlight
can enter and purify the interior of the house.

w1

here the air is impure

WIBEE gl ol WAL g T summer -

To allow sunlight to enter through a large window only 'during cold
. seasons, plant dec:duous trees (trees that Iose thEIr Ieaves in the .



DESIGN 61

FRAMING VIEWS

Often large windows or glass walls are used to frame scenic views.
However, sooner or later the pleasure of looking out these wmdows
is exhausted and the view is ignored.

a familiar view

a view to discover

As itis difficult to imagine beforehand all the details for each room,
some decisions can be made before or as the work beglns, and
others left for later on. - : :

For example, when the sizes of the windows are known, they can
be purchased, fabricated, or recycled windows can be found.

One way to be sure about the placement of the windows isto build~
- the walls half a meter high, walk around the inside of the house, - .. -

. and then decide on their most suitable location and size, %o
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There are many types of site problems including odors, noise,
smog, polluted water, unattractive zones, destroyed Iandscapes,
and difficult infrastructure. : :

Industrial activities often are the cause of pollution in cities. |

These industrial activities can be less harmful if they are located in
areas that do not affect the population. All factories should install
~ equipment to treat their waste before it is disposed of.

"Inthe drawmg abwe the factory waste does not affect as many people since the -
. river current is runmng away from the wllage ;

Locate houses far away from the source of contamination. o

- .-*»‘v
A L
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SUBDIVIDING LAND

A site's best areas should be used for public meeting places such
as parks, squares, schools, theaters or markets. These areas are
characterized by beautiful landscapes including small woods, views,
or pleasant breezes. A town should be planned in such a way as to
allow the public to have easy access to these types of areas.

The less interesting areas should be zoned for heavy construc-
tion, or activities that require substantial changes to the natural
environment, such as bus stations, parking lots, factories, and
highway access roads. _ '

The town's streets and squares must be laid out and planned in -
a way that requires the least amount of earth displacement, and
allows rainwater to be evacuated by foHowmg the natural clramage
pattern of the site. -

The small residential areas must mclude lots for the commumty S
commercial activities. It is important to prevent a concentration of
stores in a strictly commercial zone. i

Lots should not be all the same size, since all sites do not have the
~ same worth. The value of areas with trees, water, and great views
shouid be considered. Since the financial situation of every buyer' :
is dsfferent a vanety of lot sizes glves a buyer more choice, . -5

sy

Lhiiamd Lo p
RSN [

e i R d

T
< s
i |
[
y
=
-4
e
L]
i

.. subdivision of the land "




64 DESIGN

Therefore, instead of planning identical lots, it is preferable to
subdivide in the following way:

':» Plan streets so they follow the shape of the landscape.

Then start delimiting a few lots by carefully marking off their
property limits. If the street is curved, the edges of the lots
which touch the street are curved. The property lines be-
tween lots can be irregular and vary in size depending on
the amount of square meters each family purchases.

a more imaginative subdivision

living here is better... ™ vy 1
: i VoL !y

by i ;' I ‘\

R 1 H ! i S 1 i i \

Jver time this land subdivision has a less rigid and a more pleasant
appearance. '

E The value of a lot does not only depend on the amount of square
meters, but also on the beauty of the site and its potential to
accomodate a comfortable house.

LOTS IN DIFFERENT CLIMATES

To improve ventilation and cool houses in-humid zones, provide

- large front areas between the house and the street. In dry areas
the lots should be narrower and longer, and the houses should

have common walls. For more details see chapters 2 and 3.

' AMays cbnserve trees on a site for the future inhabitants. A tree’s
foliage provides shade and its roots protect the sub_soil. Respectl -

INBABES. o x ™ 08720 37w &, bl e e
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in the humid tropics, the proportions of the residential lots are
different than in the dry tropics.

Lots in the humid tropics: A garden surrounds the house and air from this out-
side space ventilates the house.

_ Lots in the dry' tropics: A garden In the interior courtyard is-used to ventilate the : e
rooms, and the back space of the lot is reserved for future house expansion. ...~
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SIZE OF THE LOTS

Dividing lots into equal sizes makes it easier to calculate their
worth. However varied lot sizes are more inspiring for buyers to
work with, and therefore create more attractive neighborhoods.

here you live more comfortably

The division between the two streets should be straight to facilitate
the installation of services such as electrical lines and water piping.

With irregularly sized lots, the owners also have greater variety to
choose from.

. By dsing néw types of sanitation systems theré is no need for a sew-

~ -age system, and therefore the streets can have less rigid shapes. -
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INTEGRATING A HOUSE INTO A SITE
Hills

E» A house or group of houses should not be built at the top or
bottom of a hill:

Ie-

middle zone for construction

River or sea

E} Houses should be located where the water creates a bay and
curves towards the land, rather than in areas where the land
goes out towards the water.

D
incorrect location, & . . ,5
the fand goes out towards the _ : .
water water correct location

When a house is located on a siope, the path to the house’
should be curved. ;

maany

W

|

avoid direct access o ' use a curved path instead

On a large property it is often difficult to decide where to place the - -
house. There may be many possible locations and various reasons

- for locating it in one spot rather than another. In this situation, .
- use intuition to guide the decision. Walk around the site. Lcok for
2 clearings Whlch are often good plaoes to buud ;
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The house should integrate with the existing elements.

Open site: Locate the house
on either side of the center
line.

' E} Site with one element: Locate
: house on the opposite side, -

Unbalanced siting: The nat- -
ural and the built elements -
- are too close to each other. - .
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THE SHAPE OF THE HOUSE

There are often some areas in a house where we feel more comfort-
able. Our enjoyment of spaces is a consequence of their orienta-
tion, the amount of sunlight entering, the ventilation, the type of
materials, or the colors.

The areas on either side of the
E» entrance are used as living
rooms or guest rooms.

ter to locate beds or worktables

on wall (a). 5

E? (b) is a good area for the liv- b/[,R

ing room or main room of the
house.

@ In “L" shaped houses it is bet- . a

Fill the empty space of the “L" with
a tree, large rock or fountain.

The house is not just a building to protect the occupants from

the rain, sun, or hot and cold temperatures. It should be a place
where the family feels welcome and where guests and friends can
be invited. A house should have smaller areas, inside as well as

~ outside, where you can spend time alone, work or rest, .= -
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HOUSES IN FLOOD ZONES

In flood zones and marshlands it is recommended to build houses
on pillars or platforms. This is especially the case in non-urban
areas with unpaved streets or improper drainage.

When streets are finally built, and there is less risk of floods or
marsh-type conditions, the walls of the lower level of the house
can be built to provide additional enclosed spaces.

start with this

and then expand - A

[ Wheﬁ the site is well éettled, and more space is needed for a grow- -
- ing family, there are ways to build on more rooms. = - e 2
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Urbanization aiways develops in the following way: The first settle-
ments are simple buildings, often for poor inhabitants, which in
time are improved, expanded and renovated into beautiful houses
along attractive streets.

the same settlement many years later . .

“When you no longer improve your house, you are close to death.”
S : g2 Arab proverb
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ORIENTATION

=

Well-ventilated houses always are planned with service spac-
es, such as the bathroom and kitchen, with one wall facing
a garden, a courtyard or a street.

These service spaces should be located in such a way as to
prevent prevailing winds from sending heat or odors towards
the other spaces of the house.

in hot, humid climates below the equator, the kitchen should
be oriented to the south to avoid sun from the north and west
heating up the walls.

Bedrcoms or sleeping spaces should be on the east side
of the house. In cold climates the sun heats up the rooms
in the morning when the occupants are waking up. In hot
climates the afternoon sun, coming from the west, cannot
heat up the bedrooms. The bedrooms remain cool and more
comfortable to sleep in.

Living rooms should be on the west side. In cold regions
these are the warmest spaces of the house in the afternoon
and evening when they are most used by the occupants.
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DESIGN BUILDINGS

People living in a community often build their own public buildings.
Problems arise when the community grows and these buildings
need to be expanded. Additional space on the site for future con-
struction should be foreseen.

To plan for this expansion, the following pages recommend several
options, and provide examples for different types of public buildings.

Consider the consequences of designing a large building. One
important factor is the increase in car circulation and the need
for parking. The public spaces must be well differentiated away
from these service spaces.

future expansion _
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SCHOOLS
FUNCTIONS DIMENSIONS
A classrooms (40 students) 50 to 60 m?
B teachers’ room 20 m2
C boys' washroom 10 m2
D girls’ washroom 10 m?
Space distribution:

N

. entrance -
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This basic plan can be repeated horizontaily or vertically.

r—_ — — ————

horizontally

: vertically

The direction of the expansion depends on the site dimensions,

. the access location, the type of existing vegetation and the soil
~BONAMBNE, 2 & iy o on © w s Pt el ST B il
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This basic plan can be adapted to sloped sites as well:

higher part

The spaces on the plan above are divided into three levels. Ascend
from the left to the right to go from the lowest level (1) to the high-
est level (3).

higher part -

 lower part .

~ Inthe plan above, the spaces are also on three levels, but you ascend

o ~ inthe middle to level 2 and then tumns to the right or left to level 3. -
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DESIGN 7

When a school expands, often there are additional functions which
need special spaces, such as;

Alarge room for gymnastics and conferences which can also

be used for celebrations and group meetings.

A workshop used for student and parent meetings, and for
fabricating things, such as tools for the community.

OBSERVATIONS:

L L L b

Primary schools should not be too big. If a community grows,
additional schools, in other areas, should be built. This pre-
vents the young students from walking long distances.

Schools should be located in quiet areas, away from trafﬁc
and main streets.

Schools should also be far away from industrial zones or
areas with loud and polluted activities, to not endanger the
students' health.

A school's construction materials should be the same as the
ones used for local housing. The school then integrates into
the community and does have a strange visual appearance.

The recreational areas around the school should have trees
which provide shade and fruit for the students.
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CLINICS
FUNCTIONS DIMENSIONS

A reception/waiting room 40m?2
B examination rooms 10m2
C laboratory 20m?2
D dispensary, stores 20m?2
E small surgery room 20m2
F infirmary 40m?
G kitchen 20m2
H washrooms 20m2
| employees’ room 20m2

Space distribution:

public entrance

% ;mployees’

/'» entrance
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DESCRIPTION OF THE SPACES:

A

The reception and waiting room is where the first contact is
made with the patients. A nurse-receptionist decides if the

case can be treated immediately or needs the attention of
a doctor.

The examination rooms are used for examining patients and
are furnished with an instrument table and a bed.

The laboratory is used for simple tests and to store instru-
ments and medical equipment.

The storage is for medication and infirmary materials (towels,
etc.). It is also used to distribute prescriptions to interned
patients.

The small surgery room is for minor emergency operations.

The infirmary is used for patients recuperating from surgery,
for example, after deliveries or local treatments.

The kitchen is used to prepare food for the patients and the
employees.

The washrooms.

The employees’ room is used to rest, to change clothes and
to store personal belongings.
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Starting with the basic clinic plan from the previous page, expand
the medical services in the following way:

extension basic plan . extension
. i
2 1 3
& & Z =
admission services -’—’ﬂk treatments
entrance

he central area (1) is expanded on one side for more beds (2) and
on the other side for additional consultation clinics (3).

For further expansion it is necessary to consult an architect since
a badly designed hospital plan can cause delays and traffic flow
problems. The local climate also needs to be well considered so0
that the patients' rooms are not humid and hot.

A hospital uses equipment that consumes a lot of electricity and
water, so from the start, the design must take into account the
location of the plumbing pipes, wiring and ducting.

For example, a radiology room requires a special surface finish to
prevent the x-rays from harming the occupants of other rooms.
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OBSERVATIONS:

Access to the clinic should be simple, It should be in a central
area and, if possible, in a quiet part of the building.

Many of the recommendations for schools also apply to clinics,
such as using local materials, planting trees around the build-
ing, and avoiding contaminated and polluted areas.

There should be separate entrances for the different uses:
one for the patients, one for emergency, and another for
services (food and material delivery).

The front facade where the patients enter should be pro-
tected from the sun and rain with a large canopy or other
type of device. In the event of emergency or disaster when
the reception space must be used for exams and treatment,
the patients can wait in this protected area.

a view of the entrance
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CITY HALL
FUNCTIONS DIMENSIONS

A reception and security
B administration the size of the spaces
C administrators’' rooms is proportiona| to the
D archives size of the population
E conference rooms
F service areas and washrooms

Space distribution:

one-storey building

=1
\?ﬁ ‘ﬁ/-c

o 7

iy

entrance
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The distribution shows the relationship of the spaces. The recep-
tion area has only one entrance to control public access from the
street. The public has access to the administration and the offices
of the civil servants.

The municipal administration is on the same side as the archives,
and the conference room is close by. The service areas, storage
spaces, washrooms, and the kitchen with a dining area are in the
back with a separate delivery area.

The city hall is often the largest building in a small municipality,
so it should be carefully designed and executed. A city hall is fre-
qguently more than one storey high, and is generally located in a
main square or a central location. The A, B, D and F spaces can
be located on the ground floor, and the C and E spaces on the
second floor. :

two-storey building
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HOTEL

FUNCTIONS DIMENSIONS m?2
A rooms min 20.0
B restaurant 2.0
C kitchen 1.0
D laundry room 05
E employees' room 1.0
F office administration + reception 0.5
G storage 1.0
H parking 16.0

Note: The areas are calculated in proportion to the number of
rooms. For example, a hotel with 20 rooms has a kitchen of 20x 1
= 20 square meters.

\ Space distribution:

public
entrance

In this drawing above, not all the rooms are shown!
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OBSERVATIONS:

A room for two people, with a bathroom, should be approxi-
mately 20 square meters.

It is very difficult to have a model plan for a hotel project since
each site has unique and prominent surrounding features that
should be highlighted for the guests’ enjoyment. The guest
rooms, and public spaces such as the restaurant and waiting
areas, should be designed to draw attention to the beauty of
the natural landscape or historical buildings.

|:[S> The design of the guest rooms depends on several factors

~such as the surrounding landscape (a hotel with great views
may have balconies, terraces or gardens), the time of day the
rooms are used (a hotel close to a bus station has a night
clientele), or the average length of stay of guests (guests may
stay longer at hotels near beaches or tourist sites).

'é) Spaces can have multi-purpose functions; for example, a
restaurant near a waiting area or a courtyard can be con-
verted into large area for celebrations. Also service spaces,
such as the laundry room, kitchen, and the personne! rooms,
should be grouped together and their water pipelines located

in one area.

It is necessary to minimise exposure of tourists to noise pol-

ED lution. There should not be any construction near tourist sites
with features such as waterfalls, woods and monuments.
Services like parking and stores, which produce traffic and
noise, quickly diminish the appeal of these sites to visiting
tourists.
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MARKET
FUNCTIONS DIMENSIONS m?2

A storage of market stalls variable

B washing area variable

Cc public washrooms 20m2min

D garbage storage 10m2min

E covered area 250m2min

F overflow area —
Space distribution:

service and vehicle access

F

public entrance
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DESCRIPTION OF THE SPACES

A covered and enclosed area to store the market stall struc-
tures that are set up in the open areas of the market. Asmall
room for the market's administration can also be located
here. :

A covered room to wash the market equipment and clean
materials and preduce.

Public washrooms,

A place to store the garbage that will be removed from the
area by the city garbage trucks.

This area can be divided into three different spaces:

1 The largest space is the market area where the vendors
install their dismountable stalls. The stalls should be
made with appropriate materials, or be rented from
the city.

2 A covered space, such as a large portal, where the
vendors place their merchandise on tables.

3 An area with permanent and enclosed stalls.
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OBSERVATIONS:

E» Access is very important. If possible, separate the parking
area for merchandise trucks from the areas for public cir-
culation.

Near the truck access areas where deliveries are made,
locate services such as storage, washrooms, garbage and
washing area. It is more economical to group these services
together.

Foresee an area for expansion, which could be used in the
meantime for parking.

L D

The covered market area can be used also for expositions
and celebrations. Therefore make the area attractive with
terraces and trees.

N\

The drawing above shows one way to use the market spaces. There
are many other possibilities depending on the site conditions, the
road access, and the surrounding buildings.



DESIGN SETTLEMENTS

As shown in the previous pages, housing design is different in each
climate, whether in the humid tropics, dry tropics or temperate
climate. Just as each of these regions has its unique conditions, so
does every smaller region, settlement, village, or city. The type of
housing in these areas depends on their specific local conditions,
surroundings and environment.
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HUMID TROPICS:

Streets that follow the natural landscape level with drainage

Commercial areas with porticos for protection from rain.
towards rivers or lakes.

Houses surrounding an open space for ventilation.

Large streets lined with shading trees.
Large covered areas for public activities.

Squares with trees,
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DRY TROPICS:

1 Small squares with high buildings shading the streets.

2 Commercial areas shaded by porticos.

3 Main streets running north-south so that one side is always
in the shade.

4 Narrow streets, since they have more shade.

5 House are joined and have interior courtyards.

6 Parks located on lower ground level to receive drainage as

irrigation.
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MARSHLAND AREAS:

Small squares facing the canals.

Straight streets crossing over the canals.

Trees on the sides on the canals’ edges.

Houses joined together, with ventilation from the canals.
Houses of various storeys with living space on the second
floor and storage on the ground level.

Commercial areas located at intersection of the canals and
streets near the bridges.

O bW
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FOREST AREAS:

1

D GprwN

Islands of clearings with paths connecting them through
the forest. :

Settlements near the rivers to facilitate communication.
Every clearing has a square, or gathering area.

Buildings are separated for better ventilation.

Buildings located on the cleared and drained higher forest
ground with drainage into the lower forest.

Elevated pathways to avoid flooding.
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BUILDING IN MARSHLANDS

Below are directions for starting a settlement in flood or marsh
zones:

section of the marshland

i Build dikes and plant trees to protect the banks.

2 Dig out earth from the smaller canals to make larger ones, and
fill in the area between the two dikes to create an island.

3 When the earth is not stable, build lightweight houses. The
rest of the buildings can be built when the ground settles.
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FOREST SETTLEMENTS
To prepare forest land for a settlement consider the following.

In a natural setting different types and sizes of vegetation grow
together, as one species depends upon the other. In clearings
there are smaller trees and plants around the border of the clear-

ing or along the edge of rivers, and iarger vegetation further into
the forest.

Deforesting to make larger clearings can destroy the local ecology
and turn a green healthy land into a desert without it ever growing
back.

Houses built in this deforested type of environment are uncom-
fortable.

a natural clearing has a “v" shape
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Below is an example of a badly built clearing settlement.

falling tree

- )
A m e ———-
s w s m .

Why is this settlement badly built?

E;) The roots of tall trees are usually not very deep; therefore
without the natural support from shorter trees, these tall
trees fall into the center of the clearing with strong winds.

lé() After a rainstorm, water continues to fall from the trees onto
the settlement.

E? The settlement is shaded and sunlight cannot penetrate the
clearing to dry out the ground and the roofs of the houses.

Note: The drawing above shows a section of the forest with house
facades. The section part is shown with heavy lines.
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lllustrated below is the correct way to make a clearing settlement.

The large trees are supported by the shorter ones. In part
r_§> A of the clearing, all the trees are cut down and in part B,
only the tall trees are removed.

Ez> The rainwater runs in small canals between the clearing and
the forest. It is important to prevent this water from becom-
ing stagnant so that it does not breed mosquitos.

r:j} The sun penetrates into the clearing and dries out the houses.

Between the houses, plant trees to provide the settlement with
fruit and shade.
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When designing a house, three aspects of the climate must be
considered: sun, rain and wind.

SUN

Houses should be built so that they do not heat each other up from
the sun's reflections.

Below is an example of a badly designed street and group of build-
ings. Their orientation, relationship to the sun and the positioning
of their elements cause the following problems:

rooms of
a building

street

1 The sunlight falls onto the building with a glass facade and
reflects out to the street and onto other buildings, therefore
radiating heat ail over the area.

2 The asphalt street absorbs a lot of heat and radiates it out
into the air, therefore overheating the inhabitants.

3 The fiat roof refiects the sunlight onto the facade of the build-
ing across the street, again overheating the rooms.
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The drawings on these pages are perspective sections.

Itis not much more difficult to build a comfortable design. Consider
ahead of time how to avoid excessive heat gain from sunlight.
Think of ways the heat may be deflected from entering. Of course
all buildings heat up, but some designs are more efficient than
others and do not need expensive cooling systems that consume
a lot of energy.

When it is impossible to deflect sunlight, think of ways the heat
can be evacuated from the spaces. Remember that hot air always
rises.

Here is a better-designed area, for the following reasons:

i The sunlight falls onto an irregular facade that creates its
own shade from balconies and projections.

2 The trees shade the asphalt.

3 The different shapes and slopes of the roofs allow the sun-
light to reflect in an irregular way.
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RAIN

In heavy rain regions, groups of buildings and houses should be
located on the highest ground level so that water flows down to
the trees on the lower ground. In dry areas, the opposite approach
is recommended.

The houses located at the bottom of a hill in a rainy zone are
flooded. :

Here the houses on the upper ground are safe from the floods.
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WIND

et

In hot regions, the cool air should be directed to flow through the
houses or buildings.

When a building has large flat walls without windows, the wind
passes over the building without entering it.

direction
of prevailing wind

the wind passes over..,

the wind coofé the buildings...

The wind must have spaces to move through to cool facades and
roofs, and enter into the building. Therefore buildings should have
balconies, overhangs and sloped roofs to capture the wind.
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A settlement must be located in the most favorable environmen-
tal conditions of the site and avoid the less desirable areas. For
example, soil conditions must be verified when building on a hill,
as well as sun and wind patterns.

Shown below are the effects of the sun and wind on a well-located
settlement in a cold region.

the sunlight warms up the settlement...

he settlement must be situated in such a way that the sun heats
up all the houses.

cool wind

the cold wind fiows over the settlement...

A settlement in a cold region must be protected from the cold pre-
vailing winds. A hill is a natural barrier against the cold winds.
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A settlement in a hot region should be located on the opposite
side of the hill, assuming that the wind and sun are in the same
relationship to the hill as on the previous page. The drawing below
illustrates how the hill protects the settlement from the sun by
providing several hours of shade.

the settlement is shaded

In a hot climate, the settlement is better located on this side to
benefit from breezes.

cool breeze

the breeze enters the houses

In the examples above, it is the climate and landscape that deter-
mine the location of the buiidings.
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Large buildings can be located in such a way as to help provide
other buildings with protection from prevailing winds.

VENTILATION

direction of prevailing wind

building

oy

g |

Above is an example of a neighborhood in a hot region. The cooling
rind blows through the area with low houses.

ROTECTION

houses

T TR )

building

‘In cold regions, the tall buildings act as a barrier against the cold
air, and therefore the wind passes over the houses.
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STREET ORIENTATION

direction of
/ summer wind

Incorrect street layout: The houses on one side of the street prevent
the wind from reaching the other side.

Correct street layout: The prevailing wind reaches all the houses.



URBAN SPACES DESIGN

Almost all cities begin as small villages, with some expanding
quicker than others. It is important that the first settlement already
contain the basic features for developing into an attractive and
humane settlement.

Many large cities, and often small ones, have traffic problems:

smoke

smoke

noise

To minimize traffic problems, make a selective choice of which
buildings to place near each other. All buildings should have a clear
access for moving, and reaching emergencies and fires.

In all pre-urban areas there are a certain number of activities that
can at first be housed in one room, but which, with the growth of
the community, eventually require a building (such as schools).

The type of space required for each function, and its vehicular ac-
cess, should be well considered.
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the wind cools

it is very important that cities have green spaces,-not only on the
outskirts, butin the centers as well. These green zones are called
the “lungs” of the city.

The wind is cooled when it blows through the trees or bushes, thus
cooling the inhabitants.

Below there are examples of activities and functions which can be
located together in the city.

PUBLIC SPACES

All cities have a main square. This section describes how to plan
these public places.

The following three principal functions should have their own space:
Civic - the city hall

Religious - the church
Commercial - the public market

These functions are often placed around a central square or near
each other.
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The drawings on the following pages describe how to organize
public spaces for the community’s activities. Of course each com-
munity and its site conditions require a unique solution.

A - civic functions
B - religious functions
C - commercial functions

The layout above is often used in mountainous regions in order to
displace as little earth as possible during construction. This layout
also facilitates drainage, especially in humid regions.
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A building is placed in the center of a flat land, in this case the
church, to create three distinct spaces, each with a different func-
tion.

!
f
In marshlands, water can be directed into canals. These canals
divide the spaces into different functions.
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In small villages, there is often only one central square. In this case
future squares should be planned for inhabitants in areas outside
the center. A market, school, theater or store can be located in

these distant squares.

each public space is surrounded by houses and stores

PUBLIC SQUARES

Public squares are located in the most attractive areas in a settle-
ment since they are the spaces most used by the inhabitants. As
seen on the next page, these areas are characterized by special
features such as beautiful trees, views over landscapes or river

banks.
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Here are four examples of areas for public squares:

8

near mature and full-lea

trees

on a river bank

on the summit of a hill

part of a beautiful view
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SMALL SQUARES

Create small gathering spaces by enlarging streets at turns, corners,
street crossings, or where there are special features such as beau-
tiful views or trees.

existing grove of trees

street turns
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Itis important to prevent a concentration of similar functions in one
area. For example, an area with only commercial activities causes
the inhabitants to walk less, and use their cars more, therefore
increasing the traffic. Always combine functions; mix commercial
and public areas within residential ones.




114

PERCEPTIONS

We are not always aware of the effect our surroundings and built
environments have on our daily lives and emotions. The source of
this influence is difficult to identify. Our emotions are affected by
several factors at once, including:

SIZE

Buildings of different heights and volumes create visually lively
and active surroundings...

CONTRAST

The contrast of different shapes and colors creates a dialogue
between the built areas, pedestrian areas, squares and gardens
which stimulates the visual senses.

Of course always consider basic architectural composition...
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SYMBOLISM

Buildings represent a variety of spheres from religious to economic
forces. Some constructions inspire and delight, others cause ap-
prehension or even fear.

COMPLEXITY

Dense and multi-functional areas with a variety of types of build-
ings can be interesting without feeling chaotic.

SURPRISES

Urban routes can be built with a variety of environments, each with
their associated sensations. There are spaces to work, contem-
plate, promenade and fall in love.



CIRCULATION DESIGN

Small towns usually do not have traffic problems. But as soon as
the town grows into a small city, traffic issues develop. Often the
additional traffic is not local but from people moving through the
city to go elsewhere.

When the expansion of a settiement occurs near a transportation
highway, many circulation problems arise if the city is divided in two.

incorrect expansion correct expansion
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The access routes should be situated on the outside of the town:
expansion then occurs on three sides instead of four;

grove center

It is recommended that workshops and factories be situated on
the other side of the highway:

factories : center

As shown below, a new highway to an existing town should be built
outside the town and with only one way to enter and exit.
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SERVICES

It is recommended that houses be built with composting toilets
which do not pollute potable water or contaminate rivers and soil.
The water for bathing and kitchen use can be filtered and reused
to irrigate gardens and parks. These green spaces can be located
in the lower areas of a town. With this sanitation system it is not
necessary to build sewers or water treatment stations. See chap-
ters 8 and 9 for more details.

Many small communities use electricity for lighting, but rarely is
this type of energy used for cooking since gas and wood are less
expensive,

in rural regions where the inhabitants own animals, the animals’
manure can be converted into gas. The waste from a group of
houses - 10 or fewer families - can be collected together since it
is easier to build and maintain one processor. See chapter 9.

Small oil generators should not be located near houses since they
roduce noise, odors and increase traffic on the roads. However, if
ney are too far away, energy is lost in the distribution.

Often, water and electricity distribution to all houses of a new
community is difficult since they are far from each other. In this
case there should be several electricity generating stations so that
energy is not wasted during its distribution. The stations can use
oil, gas or waste to produce energy.
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Residential neighborhoods should be near the commercial and
recreational facilities. Each one should have its own small center
with stores and offices. This prevents excess traffic problems.

=
- =T - = i T 1 central square
=B 17, 2 church
& 3 school
4 offices
5 sports area
6 park

view of a residential neighborhood and its center

Below is a section of a small city showing residential zones between
public zones, and work/service areas.

public area residential area work/service area

In the public areas, there are buildings for government functions,
sports and other types of recreational facilities.
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As seen in the previous pages, settlements must have, besides
houses, services areas for schools, markets, clinics, administration,
work and recreational buildings. While designing a settlement, the
service and access infrastructure must also be planned. This means
locating streets, potable water distribution and electricity lines.

1 First locate the public areas,.such as parks (a), ceremonial

squares (b), and civic areas (c), near areas with beautifui
natural features,

2 Then determine the circulation and lot network, such as the
streets and roads, public areas and subdivision areas for
lots. The land form, meaning ground level changes, should be
maintained and preserved to facilitate rainwater drainage.
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3

4

Determine the location of the watershed (d), the cistern (e)
and the water distribution mains (f).

Then locate the electrical generator in an area that does not
disturb the community, but is close to the principal users,
such as workshops.
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MUNICIPAL GARBAGE

Compost is made from organic waste and can be used to fertilize
the garden. Make a hole in an appropriate corner of the garden,
fill it with the organic garbage and cover the hole with earth. In
a few months remove the decomposed organic waste, which is
called compost and looks like earth, from the ground and use it
as fertilizer. Make other holes every few months for new loads of
garbage.

Non-organic garbage is everything fabricated, such as objects
made with plastic, tin, glass etc... This type of garbage can be
used to fill the lower ground in the community. It is even better to
recycle this garbage. There are some industries that re-use these
types of waste.

Choose landfill areas for garbage that are not going to be used
for construction, since this land becomes unstable. If compacted
down, these areas can be used for paths but not roads.

Even hetter, cover the garbage with a layer of earth and make a
park with lots of vegetation.

today’s landfills are tomorrow’s parks
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The drawing below is not a site plan. It only shows the relationship
between different zones of the city.

highway

a public areas
b commerce
¢ factories

An accurate plan depends on the natural environment of the region,
its hills, rivers and groves.

STREETS

In planning road layouts, it is important to alter as littie as possible
the topography, meaning the shape and level changes of the land.
In regions where there are earthquakes, roads can be destroyed by
flooding or landslides if incorrectly located and built with inadequate
drainage.
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It is important that the street drainage be well planned so that
even with torrential rains the rainwater is evacuated efficiently to-
wards the lower ground, a river or valley. The streets should follow
the natural shape and leveis of the land. This method takes more
time to plan, but the result is better for the inhabitants and more
cost-effective in the long term.

v “ .3 =
S i

a layout that goes against a layout that follows the land'’s shape
the land’s shape

Itis also important that wind circulates through the streets to cool
and clean away dust. Therefore the orientation of the main streets
should follow the direction of the prevailing winds.

prevailing wind

the wind draws the hot air out and away

For the best result, enlarge areas at street corners to change the
wind’s velocity. This draws the air out from the less ventilated
cross streets.

These open corners are ideal areas for small businesses.
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It is important that the streets in the center of town offer shade
and protection from the rain.

This can be done in the following ways:

Ifb Use street orientation to shade

north-south
street

shade in the afternoon

Two views of a street that runs north-south. The éast side is shaded
in the morning and the west side in the afternoon and evening,.
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Streets that run east-west:

'£t> Locate public buildings and businesses with porticos around
sguares, or in areas where there is a lot of pedestrian

activity. (a)

Design houses and stores with large canopies. (b)

Plant trees on both sides of the street. (c)

L L

Upper floors can project out over the ground floor. (d)

c DE].

5 4 B fed

porticos canopies trees projecting floors

view of facades of houses and stores

SQUARES

Squares are areas to be enjoyed. Vehicles shouid be prohibited
from parking or circulating in them. Therefore build enclosures or
barriers such as stairs, trees, level changes, canals or porticos.

Vehicles should be able to come near the square, but not enter.
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trees

porticos
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There are two types of streets that lead to the main square and link
smaller squares.The first type is lined with stores and is a highly
pedestrian street with few vehicles; ample space is provided for
pedestrians to circulate. The second has workshops for artisans
with a larger road for vehicles and less space for pedestrians.

street with workshops: few pedestrians and more cars

After locating public areas, the squares and streets, preserve the
existing trees that do not obstruct the circulation. Plant additional
trees to shade and beautify these common spaces.
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When all the streets in mountainous zones are paved, the rainwater
that runs down the hill can cause flooding, while the upper trees
die from lack of water.

here the trees are dried out

here there is too much water

Trees on sloped land should have several areas down the hill where
soil absorbs and filters the water into the subsoil.

non-absorptive ’

pavement

absorptive J

surface

When the street follows the shape of the land, the water is ab-
sorbed in:
1 paved area for circulation
2 drainage areas

street

partlaflyopen-j e 2 s 0%
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In very dry regions, the streets and squares can be used to collect
rainwater in public cisterns.

f cisterns

The street system should be designed so that the streets
start at the highest point of the town and end at the lowest
part, where the cisterns are located:

public fountain
with buried cistern

a sunken square

The squares should be on a lower sunken level. The pub-
lic buildings around the square are built with underground
cisterns.

L]

& &_&n fountain

" square : cistern

street

In a town with small population, the water may not be needed for
domestic or other building use, and therefore can be used to ir-
rigate plants and trees in the square.
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Below are two planning examples.

The first is a badly designed plan. The inhabitants all need to walk
a long distance or take a bus to get to the commercial area or the
school:

The second layout is well designed. The inhabitants live a short
walk away from a small center surrounded by all the necessary
services:

This layout is ideal for less fertile lands. In time the lot’s earth can
be improved by adding compost from dry toilets and water from
the houses.

A community must serve its inhabitants and not the automobile.
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THE ENVIRONMENT AND OUR VISION

When your vision is not stimulated frequently, the eye muscles lose
elasticity and stiffen.To improve your vision, move your eyes over
objects as if they were touching every line.

Do the same when observing the shape and details of a house:

here the eye movement is tense and stiff here the movement is fiuid

The drawing below shows a badly designed city. The uniform and
repetitious shapes stiffen the eyes since there are few details to
exercise your vision.

The outline of the buildings below stimulates eye movement...
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GREEN AREAS

All expanding communities should have sufficient green areas. If
a site planned for a settlement does not have beautiful existing
natural features, some areas should be set aside to create future
parks.

Planning green areas should be done at the same time as planning
the layout of streets. New forest settlements should leave groups
of trees untouched for the enjoyment of the future inhabitants.

In rural towns there is often a zone left for expansion between the
houses and their small vegetable gardens, and the agricultural
fields further away. These houses should not be aligned one after
another along a main road because, with expansion, the town will
become linear and the distance between the houses and the fields
will increase. To maintain a comfortable walking distance between
these two areas, the town should be concentrated in a circular
layout, with the fields surrounding the town.
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People who leave the countryside to find work and live close to large
cities often use a lot of cement outside of their houses. There is
a common belief that plants attract insects and bugs, and that a
property should look “clean.” But actually this reasoning is incor-
rect since the opposite is true. Paved areas are hotter and their flat
surface creates pools of stagnant water. Also dust and dirt collect
to further disturb the inhabitants.

Plants and trees, besides providing fruit and vegetables, help regu-
late the temperature. The drawings below show the temperature
differences between a forested area and a field.

during the day at night

L temperate climates, a dense forest is much colderthan an open
field.

open forest

cold day and night comfortable day and night

In cold areas, the vegetation also is a barrier against the cold winds.



A I T o

DESIGN 135

For example, in cold zones, when the wind temperature is 15°C, the
temperature of the spaces between the houses is 10°C.

et o T
T emaveen, ..--..u--...“ .
L
.

s (“\i" e

settlement without wind protection

With high vegetation as barrier, the temperature is higher since the
heat from the walls is not blown away by the wind.

settlement with trees as barrier

This type of barrier, with additional trees and plants between the
houses, further increases the temperature.

settlement with trees on the outside and
more vegetation between houses

Houses built in open areas or fields, such as farmhouses, should
be protected with gardens.

In urban areas, the most economical and rapid way to improve the
environmental conditions and local climate is using vegetation.
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The following illustrations show the amount of pollution and dust
that city dwellers breathe:

Above the trees of a park, there are 1000 times less parti-
cles of dust.
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On tree-lined streets, there is 5 times less dust than streets
without vegetation.

Pt ;‘_.

'-:e"'@

a street without trees a street with trees

There are many advantages to urban parks:

less heat less “smog”

better air
fess dust quality
space for less aggression
plants and animals
e

a metropolitan tree
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SUBSOILS

Carefully consider the subsoil conditions of a site. The type of
subsoil must be known in order to decide on the materials and
structure of a building's foundations. This information is also im-
portant for planning the areas between buildings.

The subsoil of the forest area is much richer in life than that of a
field:

vu;n-w— water table level

field forest

“When you compare the total weight of the cows in a field with tn[
total weight of the earthworms in the ground, you discover they
are equal in healthy soil.”

-The New Scientist, July, 1989

A 25-meter-high tree purifies air for 10 people!
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We forget how long it takes for a tree to grow. Few consider the
size of the trees. The drawings below describe the growing time
of trees.
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20 years old 100 years old

25 meters

» 20

pine tree

12 yearsold 20 years old 110 years old

Trees, then, should be planted sooner rather than later...
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POLLUTION

There has been a lot of discussion about pollution. The air in to-
day’s large cities is far less clean than country air because of the
smoke and exhaust from factories, trucks, and cars, as well as
from other sources of contamination. To avoid direct contact with
this pollution, industries and high-traffic roads must be located far
from residential neighborhoods.

There is also the seldom-recognized problem of visual pollution,
such as piles of garbage, big bright signs and bad planning. To
prevent this visual pollution, create beautiful landscapes, public
areas and squares surrounded by carefully designed and well-
made buildings.
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What types of pollution can be found in this drawing?









HOUSE SHAPES HUMID TROPICS

THE DWELLING IN A HUMID TROPICAL CLIMATE

There are many possible housing models to consider when build-
ing in the humid tropics. The shape of a building is determined by
various factors, including:

the availability of materials, the type of workmanship, the local
customs and traditions, the possibility of using materials from
other regions, and the financial situation of the community.

One example of this decision-making process is with the use
of wood or clay for walls. If these materials are available, a
house can be built with them in several ways:
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The shape of the house is dependent on several factors:

the size of the family

the availability of materials and the means to purchase them
the traditional methods of building

the imagination and creativity of the builders

the regional climate

the regional customs in the use of space

the site conditions

This manual does not recommend one type of house which can be
used as a model for many peoples and for all regions. Each valley,
each hill, each grove has specific conditions. Differences are aiso
found amongst the people within a community, since their activi-
ties vary greatly. The house of a carpenter is unlike the house of
a merchant.

Therefore, the following pages explain several ways to build, and
provide some ideas of what is possible. There are a variety of
shapes and structures described, all of which are adequate for
a humid tropical climate. The builder can choose the one that is
most appropriate for his conditions.

Before starting, study all the possibilities in order to create with
your imagination a house that combines and integrates the meth-
ods and techniques for your project.
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DWELLING ROOFS

The roofs of houses in the humid tropics have steeper slopes than
houses in other regions for the following reasons:

1 The rain drains off the roof more quickly.

2 The sun does not heat up the roofing materials as much; a
sloped surface is less affected by the sun’s rays than a flat
surface.

3 The air space in the high area of the roof is a buffer from
the penetration of heat,

4 Most of the time the available materials of these regions,
such as thatching grasses, leaves and roofing tiles, can be
installed on slopes.
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The details below show a few ways to cool a house:

Start with the basic hip roof
shape; 4 planes with 4 over-
hanging eaves.

Make an opening in the upper
smaller part of the roof to
improve ventilation.

Extend the roof's ridge, on the
longer sides, to prevent rain
from entering the openings.

The ventilation opening can be partly closed with wood lathes or
louvers, angled to prevent the rain from entering.

lathes
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EAVES

The eaves protect the walls against deterioration from exposure
to the sun and rain.

Since the eaves project out, a shallower pitch can be used in the
lower part of the roof:

roof with two different pitches

Shown below is a section of a house with eaves with the same
pitch as the roof:

fow windows

This other section shows a house with eaves at a different pitch.
In this example the windows are the right height:
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PROPER VENTILATION

To properly ventilate a house, separate the two planes of the roof.
The hot air exits the upper opening as the cool air enters the lower
window.

Above is an example of a house in a humid tropical climate with
one area of the floor higher than the others.

The roof has three planes. The fourth side is a separate roof in the
opposition direction to the prevailing winds with an opening below
the ridge for ventilation. The hot air in the top part of the roof fiows
out and the cool air at ground level enters.
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To take advantage of the space between the roof and the ceiling,
elevate part of the roof:

Elevate the center part of the
/ roof.

Place windows between the two
roofs, on both sides.

Windows can also be placed
only on one side.

This shape is also appropriate
for hip roofs (roofs with four
planes).

This section of a house shows the rooms of the first (1) and the
second (2) floors. The empty upper space is used as storage (3).
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In regions where wood for building large roof structures is scarce,
build separate roofs for each room, as shown below,
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LARGE ROOFS

In high rainfall zones, it is difficult for people to meet in exterior public
places, such as squares, as is the custom in other regions.

Fortunately, there is adequate available material in these regions
(large trees), to develop structures capable of sheltering large
public meeting spaces.

Indigenous cultures have invented a great variety of architectural
solutions, for construction, use of space and ventilation, which can
be applied to building meeting spaces. Some of these solutions
are included in the following three examples.

All of these examples of large spaces have openings for ventilation.

view of the roof

\

|

section of the structure

g )
- 1

Sl

The first example, above, is a simple structure with center posts. Sur-
rounding the space is a colonnade. Inside there are two floors with
an area for storage. The side spaces (a) can be used for stores.

Note: The footings for the center posts are larger than the others.
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This type of structure is suitable for sheltering markets or groups
of small workshops.

open a space for windows
in the roofs where the two
slopes meet

] O

Parts of the veranda can be enclosed for stores, while others
remain open.

Another option is to elevate the center structure to create two
levels (a) on either side.

ventilation

section of the structure

With a higher central area, the structure requires larger-sized logs.
The interior side spaces become mezannines or elevated arcades.
Since the roofs planes must be lower, a large central triangular
window can be inserted to light the space.
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To construct this type of building, first raise the structure of the
second floor and use it as a work platform (1).

Then place the posts of the higher floor next to the others (2). Now
install the columns for the exterior walls and the intermediary floor
of the mezannine (3).

Finally, install the roof rafters.

This small building or shed contains a great variety of interior
spaces for diverse uses.
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The second example, a circular structure, is another interesting
shape for a public building. This shape also allows for a variety of
space uses. Below is a plan and a view of this type of building.

In this example, there is a sheltered interior {a) with upper ventila-
tion; there are enclosed areas with entryways from outside and
inside (b); there is a veranda to expand into (c). This type of space
¢an be arranged to accomodate a market, a fair, a small school or
a community center.

The structure shown in the drawing below is more elaborate than
the first example. The posts (a) are driven into the ground and are
well fastened to the roof beams, which are supported by other
posts (b). The beams, located on the upper part of the posts, go
around the whole circle. Above there is cupola made with a ring
of logs connected together with diagonal reinforcement (c). The
cupola has its own roof.

The stability of this type of structure is dependent on the strength
of the connections. To understand the behavior of the forces act-
ing on such a structure, it is recommended to first build a smaller
building, such as a shed for fowl or cattle.
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Naturally these techniques can be used for homes, as is shown in
the third example below.

For the main structure, first install 15cm diameter columns, posi-
tioned at a 4-meter distance from each other:

Next install the smaller columns for the ridge beam. Install the
ridge beam, and then mount the posts and beams of the exterior

walls that support the lower part of roof rafters:
7 roof rafters

The roof planes on the shorter sides are square (a) with triangular
corners (b):
ventilation

‘The resultis a very comfortable, well-ventilated house. There is flex-
ibility to plan the interior spaces to suit the occupants’ needs.
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In marsh or swamp regions, the houses are built on pillars, as
described below. The roof structure is separate from the structure
supporting floor and walls. This technique removes the roof weight
from the walls, which can be damaged when the house moves
slightly in the unstable ground.

In the next chapter on the dry tropics, there are suggestions on how
to prevent insects from entering a house. In those climates pests
enter a house at ground level. However, in humid tropical condi-
tions, the insects and unwanted animals enter through openings
between the roof and the upper part of the wall. Besides insects,
there are rats, possums, bats and lizards that often enter and
make their homes in openings.

When closing off the space between the walls and the roof rafters,
the board must be placed on the interior side of the sleeper so that
the remaining space is on the outside of the building,.

the interior space can house pests  the exterior space is a place for birds
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CONSTRUCTION PHASES

When your land is small and you wish to build a two-storey house,
it is common practice to raise the structure, and build the floor
of the second storey with a concrete slab. When you have limited
funds to build the whole house at once, the first floor is built first,
and later on the second storey.

In tropical climates, this type of house does not offer sufficient
protection from the sun and rain; the house heats up, and during
the rainy season it remains very humid, with water pools collecting
on the concrete slab roof.

(_\ pools of water

only the ground floor

it is preferable to build the first and second storey at once with a
good protective roof. With this approach, the walls can be made
with lighter and less costly materials. At the same time, the lower
space, under the slab, can be used as a rest area, a dining room
or workshop.

only the second floor
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Later on you can enclose the first floor and expand out to the
sides.

Instead of this way:

and later on...

try this method:

Another solution is to build the ground floor with a green roof on
top of a barrel-vaulted siab. This type of roof does not heat up or
cool down the house as much. It can be reused later on as a green
roof for the second storey. S



STRUCTURES HUMID TROPICS

STRUCTURES

When the walls are made with strong and durable materials, such
as bricks, stones, or concrete blocks, the roof structure can be
supported by the walls.

When the walls are not built as supports, or are built in phases, it
is preferable to mount a structure which is independent from the
walls to support the roof.

The roof should be sloped, with one or several planes, no matter
which material is used for the walls. The edges of the roof should
have wide eaves to protect the walls from the rain.
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The structure shown below Is for a basic roof of a small-sized
house, Larger houses require additional main posts and beams,
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The posts supporting the roof structure can be positioned in vari-
ous ways:

The posts are imbedded in the
walls and therefore protected
from humidity.

The posts are outside of the walls
and do not take up any interior
space of the hguse.

The recommended method is to
position the posts a little outside.
Walls with many corners are more
resistant to earth movement.

In this example the position of
the posts facilitates the installa-
tion of a large window or an open
wall. The wall is protected from
the rain.

Pullthe wall posts forward to cre-
ate a covered outside veranda.
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When large pieces of wood are not available to make posts or
beams, join several smaller pieces together with wire or twine.

beam made with a bundle of
branches

joint of a post and beam made
with large
pieces of wood

two ways to join the beam to the post

Attic floors can be part of the roof or wall structure,

attic floor above posts

attic floor above walls
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ATTICS

Attics can be used to improve the ventilation of the rooms, to store
objects, or to dry grain, seeds or fruit. They can be made with
bamboo mats or reeds with a thin layer of plaster, or lathes with a
thin layer of mud and straw.

When possible, the ceilings of adjacent rooms should be at differ-
ent heights to ventilate the spaces:

ceiling

the hot air rises and flows
through the roof

A construction tip: Use holed bricks to let the rising hot air escape.
See chapter 6 for more information on building ceiling panels.
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JOISTS

The sleeper or joist to which the inclined roof rafters are attached
is supported by a beam or wall.

The sleeper or joist should be well attached. If it should slip, the
roof rafters could loosen and the whole structure could fall.

To build a roof with two pitches, install three joists:

roof rafter roof joist

ceiling joist

main beam
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EAVES

When the eaves are wide, the extension of rafter requires support
posts. The roof beams can extend through the wall to support
these posts.

In very wet regions, build roofs with wide overhanging eaves to
protect the finishing of the wall, and to shelter pedestrians.

rafter sleeper /2

ceiling panel

beam

part of the beam that
supports the rafter post

when there is not a ceiling,
install a short beam in the wall
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USING BAMBOO

In the fifth chapter there is a section on how to treat bamboo so
that it lasts longer. Before using this material for house construc-
tion, it is recommended that you practice building with it by making
small objects, such as the bench described below.

1 Make two cuts in a piece of bambog, then bend the thin and
flexible “elbows.” This piece is like a bridge, and is used as
the leg and the beam of the bench.

M

? 2  Connect each of the legs with a piece of thin bamboo, held
| in place with two pegs, to prevent the legs from separating.

legs 4

_X,) 9

3  Open up the curve of the bamboo and flatten it
to make the seat.

RS
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BAMBOO STRUCTURES

Bamboo is an appropriate material for roof structures; however the
Jjoints must be carefully crafted. Not only must two joining trunks be tied
together well, but each piece must be shaped to fit the other. The cuts
for the joints must always made close to the knots. The middle part,
between two knots, is more fragile than the area near the knots.

The most common connections used to join trunks are:

c
a connection for simple joints i b
b connection with a tongue
¢ connection with a peg . j u

Insert a peg of hard wood close to the joints and leave its ends ex-
tended to use as a support for ties made of vines, strings or wire.

b ) b
cross-bracing
i S
beam r \<\
front view side view

Structure of a small house without its interior partitions:

cross-bracing
post
floor
°
e
Ly e

Note: The circles identify details that are-described in the larger drawings above.

e e A sk e TS
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In a larger house, the interior walls should be located where there is
cross-bracing to further strengthen the center of the beams.

beam
©
d \f cross-bracing

Union of three pieces:

the main post of the roof is

supported by, and tied to, the beam and
the cross-bracing is fastened with a peg.

4

D another type of post and beam joint:

above are two ways to join a
post and a heam

at the top of the posts there is a tongue
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OTHER BAMBOO JOINTS

knot cut lengthwise

3 =1
——%E fit together

Above is shown a type of bamboo joint that should not be used to
support weight.

Joiner tongue

I UNY 3 tie together

shown above is a type of joint which can be used when the bamboo
is under compression. The tongue slides into both pieces between
the knots. This is a very strong joint.

{ peg
m cut and perforate

tie together

When a structure requires a joint which can resist strong compres-
sion, it is better to use hardwood pegs. This ensures that the joint

is sufficiently solid.
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Bamboo joints are made with pegs and vines or strings. Normally
the pegs are located close to the natural divisions in the bamboo
(the knots). A depression is shaped above the knot to allow the
two pieces to fit together well.

depression
made in the

hollow part

of the bamboo /7 ﬁ

close to the f

knot N ""” €

Join the post and beam so that they fit, and tie them together with
vines which twist around the extended parts of the peg.

Another type of joint is made by cutting out a tongue in the post
{above the knot), bending it over, and then tying the tongue to the
rest of the post.

make a tongue
beam
k) (. P

bend the
tongue

g7

post twined

vine

The ridge beam is tied in the same way, by making a fitted joint
and using pegs.

simple ridge beam reinforced ridge beam

Never use nails in bamboo structures for they weaken and split
the wood.
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The drawings below show details for a house built with central
posts. This house has two, 4-meter spaces for rooms on either
side of the center post. The interior partitions of the rooms are

built around the posts.
Q'L_— ridge beam

Here are joint details for
the roof rafters.

secondary post
for the exterior wall ceriter post
K_, cross-bracing

cross-bracing

T
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Details of the rafters and ridge beam of the roof structure;
basic detail tied together

In regions with strong winds, use two ridge beams with a smaller
bamboo pole in the center.

reinforced detail

For steep sloped roofs, install the two ridge beams one on top o|
the other. For shallow slopes, install them side by side.

steep slope shallow siope :

The two ridge beams must be tied together well to make a strong
support for the rafters.

There are risks associated with the materials used to connect
bamhboo elements, or any other, together. Vegetal ties can be at-
tacked by insects; and metal, such as wire, can rust. Therefore the
connections should be visible to facilitate periodic inspection, and
replacements when needed.
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WOVEN BAMBOO PANELS

To make woven bamboo mats for walls, dividers or floating floors,
first start by slicing the bamboo trunk and removing the interior
knots. Then open the bamboo, place a weight on top and leave it
to dry out flat.

Lr modest houses, join full boards together to cover floors or walls.

To make stronger panels, cut the board into 3cm wide strips.

Generally, the panels have a height of half the height of a room,
so approximately 1.50 meters and 50 cm large.
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There are two ways to weave bamboo:

A This open weave is for a light panel that provides some priva-
cy and allows breezes through (not for cold windy regions).

B This tighter weave can be used to make more finished walls.
Cover the outer side with tar and apply sand. Then paint the
two sides with a mixture of clay, lime and cactus juice.

A B T
| 1
T L 4
open weave tight weave

After weaving a panel, torch the ends of the strips and lay it flat 1
apply the tar and sand. Before applying a second coat, allow the
panel to dry in the sun. Wait until it is completely dry before install-
ing it. Make sure the final coat covers the black tar. Reinforce the
edges with other strips - one on each side - and tie the strips to
the panel with string or wire to create a frame. One can also use
a small trunk of bamboo with a slit which fits onto the edge, as
seen below.

bamboo strips ) small trunk
with slit
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ROUND TIMBER FRAME STRUCTURES

Narrow the end of the timber to make a strong and fitted joints. For
small structures, tie the joints with string, vine or metal wire. The
wood logs must be straight and bark must be removed. For large
structures, it is better to join the structure with nuts and bolts.

2 tied /_ cut

The strength of the joint above is improved with small wood fillers.
Be careful with how the cuts are shaped.

rafter
small beam j\ b gbeam
7 small beam purlin
support
}o;n with j.

bolts

For a betterfitted joint, cut out a small notch from the rafters and
the posts.

rafter
cut notch vine small
QJ ®
main beam

post

Shown below are details of log footings.

L

Be careful in the areas where the logs are notched.




HUMID TROPICS 175

The drawings below show another way to build roof structures. The
columns can be made with bamboo or other materials. Whichever
materials are chosen, the part that is below ground must be pro-
tected by using tar or by being torched with oil.

A small house with equal sides and a center support post is il-
lustrated below.

posts center support

< 400cm L4

A house that is double the size of the previous one requires a
more elaborate roof structure with additional posts and a doubled
center post.

&=rormms 400CM wor = Phmerse 400CM oe3p
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For a workshop or a shed, use smaller pieces, especially if there
are no walls and the roof is lightweight.

a largde structure for a large space

Jjoint detail

The secret to making a good roof is to make well-crafted joints,
meaning joints where the parts are well-fitted and tied together.
Always cut bamboo trunks close to the knots and use projecting
pegs to tie the strings. This takes more time, but the joint lasts

much longer.

The basic roof structure is then reinforced with a lighter structure
of purlins that supports the roofing layer.
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For building even larger spans, reinforce the structure with bracing
between the ridge beam and the rafter. The bracing starts at the
center post at the height of the beams.

...the posts are not shown here...

In regions with damp ground, raise the floor above the ground:

roof and wall
structure

floor structure

A raised floor has a separate support structure from the one for
the walls and roof.
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SAWN TIMBER FRAME STRUCTURES

For public buildings, such as schools or clinics, it is preferable to
use milled lumber. The lumber is joined with bolts and nuts, and
toothed brackets.

The details below show a structure with a six-meter span. The floor
can be made with polished cement or ceramic tiles.

rafter

y

¢ 8x12

4x16(2)

3x12

d
8x12 ’
4x16
k"
0 4x16(2)
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The ridge beam is 5% meters above the floor. The columns and
the cross-bracing are 4 x 16; the beams are 3 x 12, and the purlins
are 8 x 12. The rafter can be 4 x 7, depending on the size of wood
available. If their dimensions are smaller, they should be placed
closer together.

The dimensions on the columns and cross-

bracing are given in centimeters. For exam-

ple, on the right is a 4 x 8 piece of lumber.

The numbers in parentheses indicate the 8
number of pieces that are joined together.
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The ridge beam and purlins should not move with the weight of
the rafters.

In this detail to the right, a batten

is used to fasten the purlin and batten
secure it to the beam, keeping it [

from dislocating. e

beam
purlin

The drawing below shows a light structure, with a 12-meter span,
that can be used as a factory or market. The joint details are the
same as for smaller 6-meter-span buildings. This construction is
actually two smaller buildings under one roof, The detail (e) shows
the joints of the center columns.

4x16(2)

Note that the ridge beam extends to allow hot air to flow out. The
drawings do not show the battens on the rafters nor the roofing
materials. '
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4x16 (2}
(-]
\ / 4x16
‘;‘ / .__..7\\ <
\{{a:} [+ ]
# \Hi <o L
boits oo

A continucus slab foundation must have a base to connect the two
columns. Use concrete so that the wood does not rot. The base
is also 4 x 16 and should be painted with oil or another type of
protective seal. See chapter 6 for more details.

Below is another example of joint assembly:

y

<
/Da
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WOVEN PALM LEAVES

First cut off the ends of the leaf, then divide the leaf in half, and
round out the edges of the “spine” or stem, to prevent cutting your
hands during the weaving.

\\\\\\\\\\\\\\\\\\\\\

2 ) W/ %

1 cutthe ends off %

\\\\\\\ DA

e

%wnﬁ&ﬁ@”&y

2  split down the middle of the stem
3  round off the stem

Now weave one side at a time to make a large woven band of mat:

S

weave
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Shown below is another way to prepare the palm leaves for roofing
material. This method is a little more labor-intensive but gives a
better result.

“spine”

N

Remove the strips of leaves (sometimes called fronds) from the
large leaf. Then fold the strips around the “spine” or stem of the
leaf. Place two battens on either side of the “spine” and tie the

" strips with a string to the battens.

A roof covered with this type of thatching can last for many years.

battens

a finished mat

To tie the leaves together, use a bamboo pole sliced into small
string-like strips.

bamboo —/(_?

string-like strips
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To use this thatching as roofing, overlap the thatch pieces by plac-
ing the top one over one-third of the one underneath,

To reinforce the ridge beam roofing, install tightly joined and tied
small bamboo rods on top of the thatching. Then tie this ridge cap
assembily to the roof structure.

In zones with strong winds, make a grid of furring strips and place
it on top of the thatching, starting at the ridge. This prevents wind
from destroying the thatching.



HUMID TROPICS 185

THATCHING THE RIDGE BEAM

Another way to protect the ridge beam is to build a thatch ridge “cap.”

First make a roofing assembly of 4 thatches on top of which 4
strong bamboo battens are tied.

1 Layer 4 thatches:

Tie four bamboo battens,

two on each side, leaving
the center empty:

3 Fold and tie the battens over
the roof structure:

Below is a section showing how to thread wire through the battens
and ridge beam:

ridge cap

battens

wire, string or vines
thatch

section of the ridge
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A PALM TREE HOUSE

The fan palm tree grows in many regions. A comfortable house can
be made with materials originating only from this one type of paim.
Of course, more than one palm will be necessary.

lower trunk

This palm tree is also known as the buriti or Mauritian palm.
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When a baby is born, the parents can piant a number of palm trees
so as an adult he or she can build a house from the materials made
from these mature trees.

The leaves are used as roofing and the stems to cover the walls
and:

the trunk (a) for the posts
the trunk (b) for the beams

the trunk (c) for the purlins and the walls

The (b) and (c) parts of the trunk have the requisite sizes for the
structure.

Shown below are (a) from the larger part of the trunk, and (b) and
(c) from the smaller parts.

stems

Note: In dry areas the trunk of the palm tree is used for posts.
In humid areas it rots quickly, therefore a more resistant type of
regional tree is required.
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PARTITIONS

These walls are used to separate rooms and are attached to the
support posts.

string nails

The partitions can be nailed when installed on solid wood posts.

The drawing below shows a small bamboo house where one-half
of the floor space is used as a platform to sit or lie down, and to

store things on;

sitting area

circulation area

On a sloped site, on a hill for example, make several platforms as
floor levels.

When the ground surface is very irregular, install rocks or concrete
footings on the flattest or firmest area of the slope. This stabilizes

the first floor posts.
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TIMBER AND MUD

Below is an example of a house made with various materials such
as a tiled roof, and bamboo and mud wallis. The construction phas-
es for the exterior wall are the following:

3
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The wall structure is made with long bamboo pieces.

On the exterior side, tie bamboo furrings, spaced 10cm -
apart, to the vertical pieces.

Cover the furrings with mud and chopped straw.

Whitewash the final layer with lime.

Note that the wall has cross-bracing to strengthen it against earth-
quakes and strong winds.
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Houses, streets and gardens can be built on sloped sites:

The site before...

excavated and refill

2 Build the houses on
both sides of the street...
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TRIANGULATION

When the walls are made with wood posts, all the wall frames
should be “triangulated.”

and with weight
applied

If a carpenter does not use triangulation, the structure will not
resist the weight of earthquakes, and might collapse.

With a diagonal wood member, the
frame resists the forces exerted on
the structure. ﬁ

Shown below is an example of a triangulated floor structure:

upper floor

lower floor
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In the humid tropics, flioors made with stone, brick, ceramic or ce-
ment are preferable for the following reasons:

'i) They are simple to clean with water without getting damaged.

'%‘) They stay cooler.

;%) They are not inhabited or damaged by insects

TILED FLOORS

WOOD FLOORS

In regions with colder winters, use wood parquet on top of a concrete
floor:

foundation )
= sand <
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The parquet floors are made with hardwood, 2¢cm-thick, 6 x 25¢cm
pieces. They are installed with fresh tar and sanded, and then
protected with oil.

Use differently colored woods to create patterns:

BAMBOO FLOORS

Raised floors for humid ground conditions can be made with mats
over bamboo joists. The mats are pressed down with battens -
fastened to the joists. :

Jjoists
roof post
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Described here are ways to prevent pests, such as bats, rats and
insects, from inhabiting structures:

Consider these two tips:

V—’» Check that all joints do not have gaps or holes, to prevent
animals from trying to build nests.

Eb Revise construction details in order to expose the corners of
the structure from the inside. Also paint the ridge beam, inside
the building, with lime to discourage the location of nests.

MPLES

. good example is the position of the ridge beam. If this piece is
installed, as it usually is, in @ square position, rats or other pests
can build nests on the flat surface. If the rafters are bamboo, fill
the open ends.

rat nest

incorrect ridge beam installation correct instalfation
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Woven mats or bamboo should cover only one side of a wall to
prevent animals from inhabiting the intervening space.

S
¥

?

pz
f\. rat

N RN

animals can inhabit the one wall is preferable
space between two walls

Another solution is to make walls with bamboo poles and then \
in the spaces with mud and thatch or straw. When the assembly
dries, finish it with a lime whitewash.

Also slope the extensions of the main beam to prevent nesting on
the flat projecting surface.

Jjoist

rat nest

g
,k beam

a nesting surface no nesting surface
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When there are one or several levels of roofs below the main roof,
all support members of lower roofs shouid be cut on an angle.

House with 2 roof levels

rafters of the lower roof

The bamboo floor of the upper level should be visible. The mats
should be filled or tightly joined.

battens

¥
\\ / floor mats

woven mat walls

9

//////?7/ 7%/

¥

~X

floor beams

Also see chapter 5 for ways to prepare construction materials so
that they resist pests.

e
e e v v s s e
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A row of bottles in concrete prevents scorpions from climbing the
walls and entering through the windows.

first row of the wall 1

Embed the neck of the bottles
in concrete. Then fill and lev-
el with concrete to continue
building the wall.

bottles in concrete
The three steps of wall construction are;

1 Embed bottles in fresh concrete and prepare

a floor base with gravel and sand. ﬁ
LERT s 4
45 . " e

2 Fill in the space between the bottles and the floor area with
cement.

3 Raise the walls.

This system is not recommended for houses over two storeys.
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SMOKE CIRCULATION

One of the problems with bamboo, reeds or other plants used for
roofs is the destruction caused by insects such as termites and

borers.

One way to deter these pests is to circulate smoke from the kitch-
en into the ceiling, the attic spaces, or wherever the insects are

located.
k prevailing
wind

open
ceiling

empty attic

& h*v—- Cooweas ' ,
Jsed
ceiling Fran [™\— kitchen

section of a house with smoke circulation

The kitchen and the roof openings are positioned in a way to allow
prevailing winds to draw the smoke through the higher spaces.
The kitchen ceiling is open, and the ceilings of the other rooms
are closed.

OTHER CONTROL METHODS

Make a mixture of hot peppers, roiling tobacco and cumin.
Burn a small amount of the mixture and close the house for

a few hours. Eucalyptus incense also works.

E> Around the house, near the walls, grow a garden of plants
with fragrances that repel insects such as citronella, basil,

common rue and germander.

Paint areas with the most flies, such as the stable or the
" kitchen, in blue.
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HUMID TROPICS DOORS AND WINDOWS

On the door frame, which is part of the wall structure, install an-
other frame which is the structure for the door itself.

wall beam tied

’ Y ‘“f—‘F{
P o } Y : : - r
i F

r
a

| [

N i e

b S,

I _
' « door panel

\

,I
Al
4

[ 3 '
ground sill | -l ground
! g
W 3 R it
t : ¢ :
stone v s
w
door panel structure door frame

The piece (a) is the same in both drawings above. This piece has
two tongues attached to the frame. The door sill is fastened to
the ground with dowels, or secured to the vertical frame which
has poles into the ground. The door structure is covered with
woven bamboo mats, and turns on a stone placed at the bottom
of the sill. -

Note: With all these details, watch out for open ends in the bamboo
which can house insects. The bamboo ends should be cut near
the knots or filled in.
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The same technique is used for windows. There are three types of
hinges: The first example below is for a casement window, which is
similar to the door system. The second is a sliding window, and the
third is an awning window. Part (&), the window itself, is attached
to part (b), the window frame.

window frame wall beam
the window
the window a
j‘ is placed
b~ 772 _H-—~<_ here
< .
y 1 b
N e e -
s v N O
-
» ground

HINGES

window frame

Instead of bamboo, use a piece of wood to attach the door to the
frame.

o
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The structure of a sliding window moves between two parts of the
wall on a track made with hardwood battens. One section is cov-
ered with a mat and the other is left open for the window.

window
track
}
covered open track
section section
piece -/}
the tracks are attached to the of wood
window frame with the smali
wood piece
window frame door
structure

window frame with a sliding window

The window structure for an awning window is kept open with a
pole or hook attached to the eaves of the roof. The hinges are
loosely tied.

window frame
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In @ humid tropical climate, the ceiling can be closed off from the
roof, but the space between the ceiling and the roof should remain
open and well ventilated. The ceiling can be made with lath and
plaster, or woven reeds.

Hot air rises, therefore openings should be made in the upper
areas of the house to allow hot air to exit. It is also important to
make openings in the lower walls for cool air to enter. See chapter
1 for more details.

There are many ways to ventilate depending on the available ma-

terials, the direction of the wind and the shape of the roof. The
following drawings illustrate three examples:

A wind flowing through
the upper part of the wall

B wind flowing through the eaves

C wind flowing in through
one eave and out the roof
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ROOF VENTILATION OPENINGS

In the upper section of the roof, make a triangular opening just
below the ridge.

gabled roof - 2 planes hip roof - 4 planes

Another method is to build an awning opening in the middle upper
part of the roof, near the ridge. This opening can be permanent
left open with the support of a pole.

Below are some construction deta

opening

pole to open the awning

ridge

To leave the awning open when it is not raining, place the pole
horizontally.
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A wood house construction must be protected from humidity to
be durable, therefore the wood should be maintained as dry as
possible. Here are several ways to do this:

A Build eaves. They protectthe walls from rain and the sun’s heat.
They should be at least 60¢m wide, and ideally 1.20m.

B Protect the exposed ends of the wood boards with tar or
stain. Humidity penetrates the ends more than the sides.

corner post

painted with tar j

¥4 -round trim

Another method is to cover the exposed corners with a log cut
lengthwise in 4 pieces to make ¥-round trim.
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C Protect lower walls from ground humidity. Wall finishings made

with reeds, fine boards and plaster are affected by ground
humidity. Therefore the first 20 to 40cm above ground shouid
be made with durable materials such as stones, concrete,
bricks or large lumber.

adobe
{ finishing

|

B : 20 cm or more large lumber
stone foundation

D Prevent posts from being in direct contact with the ground.
Protect the posts with tar or concrete, or sear the buried part.

H.wn
D -

; *o
‘L g
with tar
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MASONRY IN THE HUMID TROPICS
ltis not always possible to build large enough eaves to protect exter-

ior walls from tropical rains. With two-storey houses, try cantilevering
the second floor by extending it out beyond the ground floor wall.

protected with eaves

[}

L o ¢~ Protected with eaves

Other solutions for rain protection must be found for flat roofs,
other roof shapes, or for higher buildings in urban areas. Humid-
ity not only destroys wall materials but makes the interior of the

house uncomfortable.

wet on the

wall
inside
floor &~
water dry on
. -] .= q the outside
. humidity ot

. - . o .

penetration g
wall in the rain: humidity enters wall in the sun after the rain:
humidity penetrates

The wall does not dry completely in the sun after a rainstorm since
the humidity penetrates the walls.
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Here are two ways to prevent humidity from penetrating the wall:

A Build double exterior walls with an air space between the
two layers.

Build the two separate walls with a S5¢cm cavity space between
them. Join the two walls with steel anchors. Place the anchors in
the mortar joints at every meter, horizontally and vertically.

cavity space
6 with anchors

S wbe

a b ground

foundation w1

a - interior layer
b - exterior layer

With this method, humidity does not penetrate the interior wall layer
and water is expelled in the cavity. In the lower wall place a piece of
tube every 4 meters to allow water todrain out. This system improves
substantially the interior climate.

B Make an impermeabie external wall finish with lime and
cactus sap to prevent water from penetrating.
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Cc To prevent ground humidity from affecting lower walls, apply
tar to the top and outer sides of the foundation:

tar

way:

3 cover with a layer of
_earth-cement mixture

In areas where there are no cactuses to make an outer protective
seal, use tar instead.
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In urban areas, the lower parts of the walls are exposed to
wear. Protect these surfaces with more durable materials,
such as bricks.

finishing

cut the bricks to obtain
piecesaand b

sidewalk

In rural regions, as seen below, the lower part of an exterior wall
is humid from rainfall and ground moisture. Animals such as pigs
can destroy mud walls by digging into the base.

Reinforce this lower part with fogs or with stones, or relocate animals
in a pen. 5 il 5
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In humid tropical areas, small rivers or streams often cross paths.
The following pages describe construction techniques to build
simple wood or bamboo bridges.

ROADS

In tropical zones, paths are built during the dry season. Often part
of the path is destroyed and its edges collapse during the rainy
season. To prevent this erosion, water should be directed in ditches
with banks retained by logs. The logs can be those cut down to
clear the path.

1 cutthe branches
from the trunks

2 ram the logs into
the ground

3 fillin the path
% with earth from
the ditches

4 compact the
earth down

Note: Leave some branches in the retaining logs to use as stakes
to prevent them from slipping away.



HUMID TROPICS 211

When a water channel crosses a path, drain the earth bed with
pipes made from large perforated bamboo trunks.

section of drainage pipe

A deeper water channel requires a bridge construction.

a pleasant stroli...

Cut as few trees as possible to keep the pathway shaded!
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BRIDGES

To make a solid durable bridge, first build strong supports on the
river banks. These supports are made with four logs, two on either
side of the bank. They are secured to the ground with stakes:

stabilizing iogs
support log 7 i

stakes

1 The support logs carry the weight of the beams that cross
over the river. The stabilizing logs keep the beams in place
when someone moves over them.

view of the bridge from one bank

2 - After installing the logs on the banks, add the beams.
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3 Both sides of the bridge have retaining logs on top of the
beams, to prevent the covering from slipping. Place leaves
or bamboo on the logs befare covering them with mud.

mud covering

leaf base

A lighter bridge, for pedestrians only, can be made using fewer
beams spaced farther apart. The bridge covering is made with
reeds, branches or hamboo cut lengthwise into battens:

There are two ways to attach the covering: tie the strips, or battens,
to the beams at both ends, or nail them only to the inner beams.
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For bridge construction with joined beams, use the following table
to determine spans:

PEDESTRIANS VEHICLES
span in mts 7, 4 6 4 4 6
size of 10 16 22 15 18 21
beams 10 15 20 14 20 20
in cms 8x10 | 10x16 | 18x20 | 10x14 | 18x20 | 18x20

LONG SPANNING BRIDGES

covering

handrail

Bamboo can be used for the beams and all other parts that are not in
contact with water. Use wood logs for the supports that are in the water.
The lower beam prevents the posts from sinking into the river mud.

in areas where the riverbed is lined with stones, raise the lower beam
so that the log posts sink a bit into the sand of the riverbed.
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Bridges over larger rivers must have center supports spaced three
meters from each other. For example, a bridge over a 12-meter-
wide river has three supports.

Above is a partial view of a light bridge over a wide river. A heavy
bridge weighs more:

support beams

beam to
prevent sinking

Note: To clarify the drawing above not all the required beams
are shown, and the covering does not appear as it should over

the strips. ;
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IMPROVING RIVERBANK CONDITIONS

To retain the banks of the river or make dikes, start by building
basket-like containers with large bamboo trunks. These are filled
with stones.

1 First cut the large trunk bamboo in 2-3cm strips leaving the
solid ends as handles.

2 Open the bamboo strips by pushing them out and weaving in
other bamboo strips to make a type of basket. Leave a small
opening on one side.
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Through the opening, fill the basket with stones and place it

on the riverbank

3

Make rows of baskets and cover the whole with stones and

earth.

i

5

The bank is now retained. Dikes or dams can be made with

the same technigue.
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To cross over rivers that are deeper than one and one-half meters,
build a bridge with rafts. There are three ways to build a lightweight
and floating bridge:

A With trunks from banana trees tied together with bamboo
dowels. This type of bridge is quickly built but is not durable.

B  With logs or poles bound together with smaller logs placed
perpendicularly. -

C With several layers of bamboo covered with a woven matand
tied together with strings.

alternating logs

bamboo dowels
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|

SELF-PROPELLING TRANSPORT

Since regions with tropical climates have many rivers over
it is not always possible to build bridges, consider crossinJ_
them with a self-propelling raft.

direction of
the current

On one side of the raft, attach a strong rope or a cable with a metal
bar. String a cable from one side of the river to the other to which
the raft is connected. The force of the river current moves the raft.
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To change direction, move the cable to the other side of the
metal bar.

metal bar

b b
“>  direction of
P the curmalnt
a a
moving from (a) to (b) moving from (b) to (a)

The above drawing shows how to change directions.

FLOATING PENS

Water hyacinths grow in the rivers and lakes of many humid tropical
regions. Despite their use in cleaning contaminated water, their
rapid and dense growth impedes the passage of light, and the
lack of oxygen kills fish. There is a way to control their growth by
feeding livestock. This is made possible by building a floating pen
that moves slowly over the plants. ' :
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The hyacinths continue to purify the contaminated water, while ani-
mals, such as pigs, are fed. Make sure there are no snails amongst
the plants. Their ingestion by the animals causes iliness,

section
of the pen

As shown above, there are two parallel spaces (a) and (b). Mon
food can be placed in the central space. The floor boards have
spaces in between them to evacuate the dung.

Shown below is an example of a different type of pen with a tilting
grille. This grille collects the hyacinths when the raft is in motion,
and is lifted when it is full of plants.

1 The motion of the raft and
the lowered grille cuts the

plants.
2 Thegrillefull of plantsis lift-  ® 4
ed to feed the pigs. o ¥a, -
raft movement

Water plants also are used to feed biodigesters. For more informa-
tion, see chapter 9. S
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HOUSE SHAPES DRY TROPICS

In a dry tropical climate, a good buiider should use the following
methods 10 design a house shape that keeps the interior of the
house at a comfortable temperature:

The principal rule to remember is that hot air is lighter than cold

air, and when hot air rises cold air is drawn into a space. This is
how ventilation works.

E> In regions with scarce vegetation, the house should have a
shaded courtyard to cool the air.

shaded courtyard

hot air

Shaded areas outside the house are quickly warmed when in
contact with the circulating hot air.

the hot air leaves

window

When an opening or @ window is made in a wall, the hot air
in the room flows out of the house.
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Therefore, the cooled air from the shaded courtyard enters
the rooms as the hot air exits from the exterior windows.
With this shape cold air currents circulate in all corners of
the house. This method is further improved with plants and
a fountain in the courtyard.

plants further cool the air

COURTYARDS AND STREETS

Houses should be close together so that the sun heats u
as little as possible of the wall surface. Narrow streets w'
as much shade as possible help cool the air. Vll

&f;oumfam D

J rpu'n'fr:-|r-"l'm.a"',"!?:‘!—,.-.'.'9':'!!"l IerRey g

o BEFFE

To improve air circulation, build two courtyards of different sizes.
The air in the smaller courtyard is cooler than the air in the larg-
er one where there is less shade. The warmer air of the larger
courtyard rises, drawing the cooler air from the smaller courtyard
through the rooms of the house.

kigs smaﬂ courtyard
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USING THE EARTH AS AN INSULATION

In regions with dry tropical climates, there is another method to
reduce the heat during the day and the cold at night, especially
when the building has thin brick or cement block walls.

Since hot air moves quickly through thin walls, one way to insulate
the house from the heat is to cover the lower parts of the exterior
walls with earth. Build sloped mounds over the solid-walled areas
and leave openings for the entrance to the house.

partially earthed-in house in @ mountainous region

A roof covered with earth protects the house even further from tem-
perature changes. There should not be any problems with humidity
buildup, since there is little rain in these regions.

With very limited funds, save on construction materials by partially
burying the house. Only the top half of the walls needs to be built,
including the windows and doors and their lintels.
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As shown below, the entrance door is on the side with steps down
into the house. The excavated earth can be made into a sloped
base for the water to run off. Unexcavated areas can be made into
beds and benches. A low roof protects the house from winds.

view of the house

t\ small log tied to edge of roof
f é" corrugated cardboard

sloped base

section of a wall

Asphalt paper is the cheapest roofing material, but cold or hot air
passes through it easily. Painting it white can help reflect sun rays;
however it is better to cover the paper with palm leaves, other types
of leaves, gravel, or in very dry areas, with sand.
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In dry tropical climates, the wind is stronger higher above the
ground. In these regions there is generally not sufficient protection
from dust and heat if the windows are as large as in humid tropical
climates. Buildings with large roof eaves also accumulate dust,

One must understand local climate conditions. In humid and rainy
zones, large sloped roofs are preferable; however in dry areas, flat
roofs function better. Since there is little ventilation or vegetation
in these dry regions, the air close to the ground is hot.

Therefore, the ways to ventilate a house with cool air are different
in dry and desert-like regions.

In these regions, you try to catch the cool higher and cleaner air.

If there is wood available, build flat-roofed houses with a gentle
slope to drain the rainwater and prevent pools of water.

fiat roof

window or door

The doors and windows should be small, and the house should
have an unroofed area, such as a courtyard, to ventilate the inte-
rior spaces.
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WINDCATCHERS

lllustrated here are ways to modify a roof in order to cool the rooms,
The first method described is a simple ventilation system for a typi-
cal wood house in dry areas where palm trees are available.

1 Toallow as much air as possible to flow through the house,
extend the corner posts of the courtyard two meters above
the roof.

woven mats
with palm leaves

2 Join the posts with 4 beams, and add 2 other beams which
cross over the center.

crossed beams

posts

3 Make a small roof to cover the beams. On the 4 crossed
beams place 4 woven mats or pieces of canvas which are
joined at the center. The air is captured in these crossed ele-
ments and descends into the rooms.



230 DRY TROPICS

With this method, the wind is captured whichever direction it is
coming from. By opening some windows and closing others, the
breeze is directed through the house while still protecting it from
dust,

roof of the catcher

high and clean

canvas
breeze enters

breeze exits . j closed window

ot dusty wind
i E g does not enter

POSITIONING THE WINDCATCHER

A catcher which is open on four sides, with a crossed center and
horizontal roof, captures winds coming from all directions.

wind or breeze

in a corner

This type of catcher can be located on any part of the roof. Al-
ways place it so that the air flows through the most occupied or

warmest rooms.
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In regions where the wind always comes from the same direction,
the windcatcher is open on the side of the cool summer wind.

direction of prevailing wind ~ ————

Y TR

The wind collectors can be built in different sizes and heights de-
pending on the function of the areas in the house below the roof,
The shape of the catcher is determined by locai construction tech-
niques and available materials.

one windcatcher for several rooms

view of a street with houses and their windcatchers
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Shown below are two catchers made from wood or woven mats,
On the left is an example of a catcher open on one side and made
from wood boards. When the air is dusty, cover the opening with a
thin cloth so that the dust adheres to the cloth and does not enter
through the opening.

collector with

choh sloped raof

one side open two sides open

In regions with minimal breeze, the catcher should have two open
sides and a sloped recof to direct the air downwards, as shown in
the right drawing.

OCCUPYING DIFFERENT SPACES DURING A DAY

Take advantage of the sun’s motion to improve the comfort level
in hot areas. In the morning when the sun is rising and its rays hit

he east walls, inhabit the west areas of the house where the sun
sets. In the afternoon when the west walls begin to be heated up,
move to the east areas. In the summer, occupy the south* side as
little as possible, and in the winter, avoid the north side.

The layout of a house is therefore also determined by the position
of the sun. Different spaces, such as an office or a bedroom, are
inhabited at different times of the day. They must be situated in
the areas that are coolest when they are used.

The position of the walls is important when locating spaces in order
to distinguish which ones should receive more sunlight than the
others. The spaces most affected by sun need higher windcatch-
ers, or larger openings in the wall.

*This applies to the Southern Hemisphere; do the opposite in the Northern
Hemisphere.
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TWO-WALLED WINDCATCHER

This type of catcher has two tall walls at a right angle. There are
two lower walls on the side the wind is coming from to prevent
anyone from falling through the roof opening.

The sloped roof can be made with light materials such as a panel
on a wood structure. A column supports the central beam.

high walls

direction of
the wind

e

3 T
o !
= g

or screen A fow walls

mpe\_)

section view

At the height of the low wall, place a wood cover to regulate the air's
circulation into the rooms. The angle of the cover is adjusted with a
rope. Below the cover, install a mesh or screen to prevent birds and
bats from entering the house.
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WIND TOWERS

The phrase “wind towers” is used to describe tall windcatchers built
with durable materials.

Wind towers are appropriate for brick or concrete block houses.
The form and function are the same as the windcatcher made with
woven mats and canvas.

The tower works even when there is no significant breeze, since the
temperature inside the tower is different from that outside and the
hot air in the house is continuously moving upward. The section of
the house below shows the air circulation pattern.

crossed walls roof

1

the breeze pulls the hot air up from

the rooms
| l]
J <« hotair <,___IJ_{
€ 6"‘ < <

‘U\u:_ &~

Since the wind enters one side of the tower and exits the other, the
hot air from the rooms is drawn into the tower and cool air comes
through the windows. '

In the winter the openings between the tower and the rooms are
closed.
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The section drawing of the house below illustrates how to build a
tower.

crossed walls

crossed beams

adjustable openings

section of & house with a wind tower

The circulation of cool air is controlled by doors between the tower
and the rooms, as well as by the windows in the exterior walls.

The crossed walls begin above the doors or the opening of the top
floor. They are supported by a large concrete or wood beam. There
are open walls in the upper part of the tower, Begin by building large-
sized openings and test their efficiency over time. The size can be
then adjusted and reduced, depending on the type of breeze, the
neighboring houses and the quantity of dust in the air.

POSITION OF THE TOWER

The tower can be located in any part of the roof of new or existing
houses. When the tower is detached from the house, there is a
subterranean connection.
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water tank °

As shown above, one tower can cool many houses at once. The
tower can also be used as a structure to contain a water tank.

AIR CIRCULATION

One waytocirculate air is through a central corridor. The cool air enters
through the doors, and exits through the windows of the rooms. '

crossed walls

walls with openings

cool air circulation
corridor

plan of one floor of a house

In the drawing above, the roof of the tower is not shown.
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TOWER CONSTRUCTION

The tower is built in the same way as the walls of the house:

1  Start by building the lower outside walls. For taller towers
the walls need to be thicker to support their weight.

beam base

. ) ] the lower part of
/t—-—-'""" the outside walls

The base of the crossed walls is crossed wood or concrete beams
supported by the outside walls.

2 Build the crossed walls.

the crossed or
“X"-shaped walls

closed walls
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3 Then build the exterior walis with the openings. The final ele-
ment to build is the roof of the tower made with a horizontal
concrete slab or vault.

TR MNP R

____. crossed walls

sl T

!

walls with openings

el solid walls

hen the tower walls are built with holed concrete biocks, fill in
the holes to reduce the entrance of the heat.

WALLS WITH OPENINGS
There are many ways to make walls with openings:

A With inclined bricks. -@

B  With bricks with premade :

openings. ] D“z:d
C  With curved tiles. ’m
CISTERNS '

In desert regions, it is worth considering building a house over
cisterns. To accomodate several separate, but linked, cisterns, the
- foundation of the house must be deeper.
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ground level entrance

To collect the rainwater that runs in the street, make a channel. The
water at the start of the rainstorm should not enter the cisterns since
it contains the most dust and dirt.

The openings from the street should be well protected with a mesh
to prevent rats and other animals from entering.

l ]

Air flows over the water
in the cistern.

Make doubled walls to
prevent bad odors from
entering the house.

enters \

The entrances and exits are at opposite heights to create a cross-
ventilation through the cistern.
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UNDERGROUND VENTILATION

Another way to induce cool air through the house is to take ad-
vantage of the difference between the air and the underground
temperatures. On a hot day the ground is much cooler than the
air, especially under the house.

This temperature difference can be used to make the rooms more
comfortable on hot days.

How does this work?

A house is like a box. The walls and roof absorb the sun and
as the heat from the walls enters the house, the interior
temperature increases.

The outside air might be cooler, but it does not enter the
house, even if the windows are open.

¢
“i@u the heat from the walls and
the roof irritates the occupants

L—_> Since hot air always rises, place openings in the roof or on
the upper walls for it to exit.

R

N E

l———-...—-—ﬁ-'l .
~m——— P with two openings, the circulation
I ! oA ! I draws up the hot air

Now there is ventilation through the house, since the exterior air
enters. It is worthwhile to examine how the temperature of the air
could be lowered even further.

One way to do this is to circulate the air through the ground to cool it
before it enters the house. The air must circulate at least two meters
below the ground surface to be cooled.
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To circulate the air, use 10cm clay or cement drainpipes.

hot air

pipe or tube

The pipe opening is protected above ground with a metal cap to
prevent rainwater from entering, while still allowing air to enter.

The exit into the room has a screen to keep insects from entering.
This screen is attached to a frame, which is screwed to the wall in
order to allow periodic cleanings. On top of the framed screen you
fix a grille to control the amount of air entering.

RN section of the underground system

The entryway for the air is located in a cool place, such as below
trees or bushes. If you place it near a fragrant plant, a jasmine for
example, the air in the rooms will have a perfumed scent.
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Below is a drawing illustrating how the entryway of the air can be
hidden under a bench or at the base of a closet.

f\ the radius of the elbow
> should be larder than 70cm

This type of ventilation system does not work when the level of the
water table (the underground water)} is higher than the buried pip-
ing. Therefore verify the depth of the underground water level before
deciding what type of ventilation system to use.

There are no rules regarding the length of the piping. This decision
depends on many factors, such as ground humidity, the size of the
rooms, the vegetation, and the size of the property.

When the property is very Iarge, the plpmg for each room is sepa-
rate and shorter.
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DRY TROPICS ROOFS

The roofs in regions with dry tropical climates can be flat or slightly
sloped. The structure of a flat roof does not require as much wood
(a material which is scarce in dry regions) as a sloped roof.

For constructions built with earth and wood, the roofs are made with
beams, branches and earth.

branches
beams

The beams have a 4cm-per-meter slope, so that the rainwater runs
toward the drain pipes.

On hot nights you can sleep on the roof. The parapet prevents falls
and adds more privacy to the roof space.
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EARTH-CEMENT ROOFS

On the roof beams, install tied reeds or branches. On top of this
pour a 10cm layer of an earth and cement mixture.

lime and cactus sap

tar and sand

reeds

earth-cement
mixture

Apply tar and sand on top of the layer of earth-cement, as a base
for the finishing layer. Then add a layer of whitewash with lime so
that the final surface is light-colored to reflect the sunlight.

In regions where there are large temperature differences between

day and night, first install a layer of earth on a sheet of plastic or
asphalt paper to obtain a higher insulation value.

reeds
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ROOFED PORCH

In this example, the roof extends
over the entrance door to create
a porch area.

. /3/ Nl . . " parapet

nailer _
beam
N XN 'Q}
~ . <a-7/
e
.\.. 'il = El /] . ?;;:—::Z
it~ . s spout '
door head ']

. porch beam /
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Since desert areas have few trees, it might be difficult to find large
wood beams to span the full length of a roof. In this situation, the
beams and joists can be made the following way:

First install the four corner beams and
beam joists in a diagonal pattern (1); then
add the joists on the sides (2); and fi-
nally the center joists (3).

Joist

A space of 4 x 4 meters can be covered by beams spanning no more
than 2.80m. Finish the roof with reeds and earth. The roof from
inside the house, as the drawing below shows, has an attractive

appearance.

the roof seen from inside below
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TILE ROOFS

There are two ways to install the tiles on a roof. The drawing below
shows the method for a larger type of tile. If they are smaller than
the span between beams, use the second method.

finishing layer

wall

tiles supported by the beams

In the second methad, the smaller tiles are installed in the follow-
ing way:

1 The first layer of tiles is installed with a gypsum cement that
is made with little water so it hardens quickly. The gypsum
is applied on both sides of the dry tile and then it is joine:
rapidly to the tiles already set in place.

2 To install the second layer, use a mortar of cement and sand
in a 1:3 proportion. The tiles are placed in the opposite
direction to the first layer.

3 Finish with a final coat of cement plaster.

finishing

cement plaster
second layer
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BARREL-VAULTED ROOFS

The advantage of vaulted roofs is that they do not need wood
structures and are cooler than flat roofs, since the curve of the
vault increases the outside air flow. Barrel vaults should be placed
in the opposite direction to the prevailing winds.

For large spaces, the roof can be domed. The dome cools no mat-
ter which direction the winds are coming from.

a dome with winds coming from
several directions

Make a top cupola so that the hot air can exit.

q\

top floor

section of the dome

SRR o g 2 rappeegd 0P T
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Curved roof panels are easy to fabricate. When the walls are built,
you can immediately install these panels.

The joints between panels are filled with an impermeable layer of
tar or a thin layer of cement.

The inside curve at each end of the panel should be well supported
by bricks. For more details, go to chapter 5 on materials.

leveled valley -’-\)

To use this roof as a floor slab, level it out by filling in the depres-
sions between the curves with mortar. Strengthen the mortar with
reinforcing rods or bamboo poles.

Whether the curved panels are left exposed as tiles, or made into a
slab, install a temporary beam to support the middie of the panels
until the cement has cured.

See chapter 6 for more details.
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Below are a few precautions to take during construction:

a Make sure the vaulted panels are joined together well; if
there is a separation between panels, the roof may fall in.

b When using the panels as roof tiles, insulate the roof from
the heat by filling the valleys with an insulating material such
as a mixture of sawdust and cement.

C Apply a thin layer of cement to create an impermeable roof.

When the ends of barrel-vaulted roof panels are exposed or ex-
tend past the walls, leave some of the ends open for the hot air

to exit.
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As described in chapter 6, the panels are usually 3 meters long.
They can have any dimension up to 4 meters. The house must be
planned with these dimensions in mind. In the example below, the
living room is 4m wide, the bedrooms are 3m and the bathroom
is2m.

length of the short
side of the room

o

b B o oo1’pa|r1eis

i

The barrel-vauited panels can also be used to make bay windows
or roofs which extend past the main exterior walls.
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LOW-ARCH BARREL-VAULT CONSTRUCTION

To make a low-arch vault, use wood formwork during construction.
Described further on is a technique to build vaults without form-
work for regions where wood is scarce.

parapet

section of a low-arch vault

his vault is made with two layers of 3cm-thick bricks. There is
a mortar mixture of cement and sand between the layers. The
second layer is covered in a thick mixture of cement to create an
impermeable surface. The bricks of the second layer are installed
in the opposite direction to the first.

HIGH-ARCH BARREL-VAULT CONSTRUCTION

To build a barrel vault without using formwork, build supporting
walls on each end of the room. On this wall, draw a semicircle.

Against this wall, start building the arch of the vault using a mixture
of gypsum cement and a minimum of water so that the joints dry
rapidly. The first arch is leaning against the wall by using half bricks
higher up. The second arch comes out a little more and third arch

is a complete row of full bricks.

With the angled bricks, build one arch after another to the other
end. One should add an impermeable finishing layer of a cement

and sand mixture.
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Draw a semicircle.

1

Incomplete and
inclined arches

2

one next

Build arches,

to each other.

4 Add finishing surface and
remove support wall.

Remove the support wall when the vault is set, and fill in the open-

ing with bricks, or install a window.
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It is difficult to build a perfect arch. To make sure the arch of the
vault is equal all the way along, do the following:

E» On the scaffolding, in the center point of the circle, place a
nail. On the nail add a string which stretches to the mason'’s
wrist. An assistant places the cement mixture on the brick
and hands it to the mason. The mixture is the same used
on flat roofs, and the finishing surface is a layer of cement

or lime,

One can use smaller bricks made especially for this type of
construction.

scaffold

With the use of the string, the bricks are always at the same
distance from the center, therefore making a perfect arch.
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DOMES

Domes are supported on the semicircular walls at ends of barrel
vauits.

ring of bricks

vault

semicircular support walls

a large space with barrel vaulting and a dome

First build the support arches (a), then fill in the spaces between
the arches to create a circular-shaped ring, build up the dome in
rings of decreasing radiuses, and add a cupola or windows and
the finishing surface.

build up rings with a cupola and windows
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CROSS-VAULT CONSTRUCTION

The bricks for this type of construction are similar to those used
for walls, but are of a thinner variety (3cm thick).

The brick layer receives a brick which already has gypsum mortar
on two sides, having been put there by the mason’s assistant who
is constantly making a new batch as this mortar dries very quickly.
The mason then presses the brick against the others (1).

The brick must be well posi-
tioned against the sides of the
bricks already installed. Hold
the brick in place until the gyp-
sum starts to dry.

The next brick is installed as
shown in the drawing to the
right.

The bricks are dampened so they do not absorb water from the
gypsum plaster. When the gypsum hardens, add another brick
and remove the excess gypsum. Since the bricks will not have
a finishing surface of plaster on the interior side, make sure the

joints are cleaned.
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The mason has a string tied to his wrist to maintain the curve of
the arch. To position the bricks, the assistant holds the other end
of the string at the same point along the opposite end wall.

1 mason
2 assistant-mason

3 gypsum preparation

4 carry up the materials

Barrel vaults are simple to build; however for larger spaces, cross-
vaults are recommended.

Always start to position the bricks at the lowest point along the
arch. Then work upwards at the same time on an adjacent vault in
order to make a junction. See drawings on the next page.



258 DRY TROPICS

The drawings below show the steps for building a cross-vault:

first row

1 Start building the vaults in the corners where the walls and
columns meet.

2 The meeting of the two arches begins at the lowest point
of the arch. Build the junction with broken pieces of bricks.



DRY TROPICS 259

view from one side of the design

3 Close the central opening by building it up a little higher so
it does not sink when it settles.

4 The bricks are exposed on the interior surface of the vault.
On the outside, fill the valleys with rubble and mortar. Before
filling them, though, add a layer of diluted cement to prevent
contact between the lime and the gypsum.
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As seen in previous chapters, small windows prevent the entry of
heat and dust. Therefore, in dry tropical regions where it is very
bright, fewer openings in the walls are needed to illuminate the
_interior.

The larger openings to the rooms should be on the interior court-
yard side where they are protected from dust and from sunlight by
trees and plants.

If large openings are used, for example in a corridor that looks out
onto a courtyard, build louvers, slats or venetian-type panels in the
lower part of the opening in order not to block the view. Often sun-
light from the reflection off the lime roofs or the facades is stronger
than direct sunlight.

For the people inside the room, the bright light from the flat lime-covered roof (a)
and the facade (b) is much stronger than direct sunlight {(c).

For the slats, use round wood rods instead of square ones. The
round shape allows mare light to filter in and promotes better vis-
ibility towards the outside.

strong contrast of light here the light is softer %
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VENTILATION

Besides providing a softer and more diffused light, this type of
window ventilates the spaces. This window can be made the fol-
lowing way:

upper openings
allow the hot air to exit

upper slates allow
a soft and diffused light to enter

glass windows in the center
provide views

lower shutters allow
cool air to enter

section of a window in an urban setting where there is less dust as the roads are
paved
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To even further improve protection from the sun, place the venetian
slats as a separate element from the window, so that the hot air

exits from the top.

section of a well-ventilated room

Wood shutters are better than concrete, as they do not absorb the
sun'’s heat. Concrete absorbs heat and increases the temperature
of the exterior walls, thereby heating up the rooms.

WINDOWS WITH WATER CONTAINERS

The incoming air temperature of a room can be controlled with
clay jugs or containers which do not have an enamel or a varnish
finish. Fill the container with water, and place it in the lower part
of the window, or any other opening in the wall.

The air is cooled as it moves over the water and enters the house,
thus cooling the rooms.
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Two examples of containers:

A ..
S

~Q§\
inside the room \

S

The drawing above shows the position of two jars which are part of the
opening in the space of the wall. Place a plate under the containers
to collect the water that filters out from their porous sides.

outside of the room

Jars can also be placed outside on baiconies or in boxes under
the window. The container is shaded by a roof or an awning over
the window. Louvers below the window can be closed or opened
to control the air circulation.
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WINDCATCHERS WITH WATER

Another method to cool rooms is to combine the water jars and
the windcatcher systems:

a This type of air conditioning requires very little maintenance.
The water evaporates slowly and the jars are refilled as
needed.

b One can build a smali water reservoir at the base of the
catcher shaft near ground level.

c In regions where the winds are minimal, you can create a
stronger air current by making the entrance opening larger
than the shaft and narrowing the shaft halfway down.

d A more elaborate system consists of placing the water jars
at the top of the shaft near the opening. Drops of water fall
slowly down a charcoal grating and then into a container.

I The charcoal filters dust from the air.

In dusty regions, build several rows of bricks projecting out
from the shaft. When the air descends in the shaft, the dust
settles on the surface of the bricks.
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When you has understood how to control the cool air circulation
in a house, you can further improve the system by placing water
jars at other air entryways and openings.

PP P —
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HOWTO COOL AIR

I:b Build small shaded courtyards or narrow streets.
Build haliways around courtyards for more shaded areas.

Use light colors which do not absorb heat.

Install small windows.

Plant vegetation and trees.
Use underground pipes.
Use water reservoirs or jars.

Build wind towers.

L L b DD
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The drawings above illustrate many ideas and methods for cooling
a house in dry tropical regions. Try to find them!
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CLIMATE TEMPERATE ZONE

In cold climates houses need to be heated, therefore the house
designs seen in this chapter are different in many ways from the
houses described in the previous chapters.

To heat a house, it is important;

ré> to prevent cold outside air from entering the house
Ei) to prevent the hot inside air from escaping from the house
To achieve this, the walls and roofs must be made with durable

materials that are resistant to the passage of the heat or the cold.
See the table in chapter 10 on the thermal value of materials.

hot summer:
the heat should not enter

cold winter:
the heat should not escape

In temperate zones, it is not always cold. At certain times of the
year for several months the temperature is hot. In the hot summer,
the heat should not enter, and in the cold winter, the heat should

not escape the house.
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The way a design uses the wind is also different from that in other
climates. In windy hot regions, the walls are designed to allow air
currents to pass through and cool the house. in cold regions, the
design is the contrary; the walls must be resistant to cold winds.

Cold strong winds not only cool the rooms of a house, but draw heat
out through gaps in the walls or roofs. To keep heat from escaping,
it is important that all the doors and windows close well,

SPACE ORIENTATION

In the following examples, the house orientations are based on
Southern Hemisphere conditions.

A house’s orientation is very important. For example, a large glass
window on the south side cools a room, whereas the same windo
on the north side warms up a room. As the sun moves throughot
the day, the north walls of a house receive the most sunlight ant
are the hottest, while the south walls remain in shade and never
heat up.

Q&V—_\ SOUTH

the coid side the warm side
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Taking into consideration the effects of orientation, the design
must prevent the northern heat from escaping from the south
side. Also the inside heat, which always rises, should not escape
through the roof. The roof and ceiling should be insulated, and few
openings should be made in the south walls.

AL T e e g e e,

L Ly e g

The sun heats up the rooms with north-facing windows. Prevent this
heat from quickly escaping by insulating the walls and ceilings.

desides cold air, ground humidity also cools the floor. The floor
should be built with insulation and a vapor barrier.

In wood houses with raised floors, the cold air from the
ground flows under the house.

' l the air draws the humidity
A
-"'-u-—_'jl_’- X J
ko
R D R LA R N e AT AR L A A
/

ED In houses with masonry walls and stone floors, cover the
foundation with tar or impermeable material to prevent the
infiltration of humidity.

barrier against humidity



TEMPERATE ZONE 273

The rooms that are less used by the occupants should be located
on the south side of the house. These rooms could be be pantries
or bathrooms, or areas that generate heat such as kitchens. The
living areas should be situated on the north side.

Below are more suggestions for keeping a house warm.

Asin hot climates, the bedrooms should be located on the side
of the rising sun, so that the occupants rise with the heat of
the sunlight. Since the heat from the lower rooms rises during
the day, locate the bedrocoms on the second flcor and they will
be warmer in the evening.

,:D Since hot air always rises, the rooms with lower, rather than
higher, ceilings are more comfortable for the occupants.
Therefore ceilings in cold regions should be lower than those
in hot regions, as the example below illustrates.

high ceilings

'”f*[';”"” i

lower ceilings
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Taking into consideration the effects of orientation, the design
must prevent the northern heat from escaping from the south
side. Also the inside heat, which always rises, should not escape
through the roof. The roof and ceiling should be insulated, and few
openings should be made in the south walls.

A TR
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The sun heats up the rooms with north-facing windows. Prevent this
heat from quickly escaping by insulating the walls and ceilings.

Besides cold air, ground humidity also cools the floor. The floor
should be built with insulation and a vapor barrier.

In wood houses with raised fioors, the cold air from the
Y ground flows under the house.

the air draws the humidity
A
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WO T T T
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In houses with masonry walls and stone floors, cover the
~¥ foundation with tar or impermeable material to prevent the
infiltration of humidity.

barrier against humidity

e T -
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The rooms that are less used by the occupants should be located
on the south side of the house. These rooms could be be pantries
or bathrooms, or areas that generate heat such as kitchens. The
living areas should be situated on the north side.

Below are more suggestions for keeping a house warm.

Asin hot climates, the bedrooms should be located on the side
of the rising sun, so that the occupants rise with the heat of
the sunlight. Since the heat from the lower rooms rises during
the day, locate the bedrooms on the second floor and they will
be warmer in the evening. -

Since hot air always rises, the rooms with lower, rather than
higher, ceilings are more comfortable for the occupants.
Therefore ceilings in cold regions should be lower than those
in hot regions, as the example below illustrates.

hot air

i high ceilings

A e

lower ceilings
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Roof ventilation is different in cold climates. It should not be
directed through the roof as in hot climates.

hot air is lost through
the roof

cold air enters at
ground level

é{} In cold regions, close and seal all openings to prevent hot
air from escaping.

|
/ do not ventilate in cold climates

It is important to protect the house from the cold south-
prevailing winds.

If possible, build houses near elements that are barriers from
prevailing winds:

prevailing wind

hills

trees
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Or use the following techniques:

_— ,.,

bushes

sloped roof

earth perms

thick walls

On the south side, the walls should be thicker and the windows
smaller.

on the south side of this house
there are no windows

There are other ways to conserve heat.
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STORING SOLAR HEAT IN THE FLOOR

A house can take advantage of the sun’s north heat by storing it
overnight. Part of the fioor can be built to absorb and store the
heat.

To do this:

¢> Use dark colors for the floor, such as black or a dark green,
which absorb more heat than light colors.

Use floor material that absorbs heat, such as stones or
: ceramic tiles.

g‘) Prevent heat from escaping through the ground.

The floor is acting as a heat transfer, since it receives, absorbs,
stores, and then radiates the heat.

The heat enters the cold
house during the day and
heats up the floor.

By late afternoon, the floor
has absorbed the heat and
starts to release it.

At night, as the oustside
temperature drops, the floor
continues to radiate heat,
keeping the house warm.
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USING THE EARTH'S HEAT

The same type of underground piping used to cool houses in hot
climates can be used to heat houses in cold climates.

the air heats and rises

On flat terrain, install a small fan to draw the hot air through
rooms.

Use asphalt or plastic to cover and protect the piping from humidity
which reduces the air temperature in the pipes.
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HEATING WITH GARBAGE

Garbage that is not thrown into a composter or dry toilet can be used
to generate heat. This heat is released when it decomposes.

C}>_ Install two plastic pipelines which start inside the house and
end in the hole where the garbage is disposed of.

W — T i

é) In the hole connect a coiled
pipe to the two pipelines. This
coil is made with plastic tubing.

The coil increases the amount

of air in contact with the heat.

Cold air, which is heavier than hot air, falls to the floor and into the
entrance of the piping (a). The heat from the garbage is transferred
to the air inside the coil and then rises (b). This rising warmed air ex-
its the upper pipe and is drawn into the house (c). When the hot air
enters the house, the cold air is drawn into the lower pipeline.

Raise the edge of the garbage hole and cover all with a wood or
metal top to prevent rain from entering.
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HEATING WITH A FIREPLACE

A fireplace should be installed in such a way that it heats as many
rooms as possible. . :

with this placement
halif the heat is lost

with this placement all the heat
radiates into the house

In the first example, the fireplace is incorrectly located since it
loses part of the heat it generates. In the second example, the
heat radiates to adjacent rooms, so there is no loss.

CAPTURING SOLAR HEAT WITH THE ROOF

The shape of the house, the location of the windows, and the
slope of the roof can all be designed to collect the sun's heat.
In the example below, the roof and ceiling are light-colored and
have the correct inclination to reflect the sun’s rays from an upper
window.

sun's rays

reflection of the
light and heat

IR o TETRT PRI T



SOLAR COLLECTOR ROOMS

A very efficient way to heat up a house is with a solar collector
room.

During the day the sun heats up the air in this glass enclosure,
At night the hot air flows into the other rooms of the house. The
opening should be staggered (one on top of the wall and the other
at the bottom) to circuiate air.

Lct!on of a house N &1
with a solar collector room

Plastic can be used instead of glass. It is less expensive, but also
less durable. At night, cover the windows to prevent the heat from
escaping. If it is not possible to cover them, close the openings
between the solar room and the rest of the house to keep the
heat inside.
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The drawing below shows a house with a solar room. This house
can be built in two phases. The first phase is part A and the exten-
sion is part B.

tiving room

Existing houses can add the solar room onto the north side of th¢
house. )

SOLAR WALLS

These walls work the same way as a floor that stores heat. The
house has a space on the north side with a large window. The in-
terior wall, made of mobile panels, absorbs the sun’s heat during
the day. At night, the wall panels are turned around and the heat
radiates into the interior of the house.
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in the evening rotate
the panels

. &
-4
-
-

A
Snsse

- ﬁ

The solar panels are made with a frame which has a solid board on
one side. On the lower shelf-like part of the frame, install several
rows of cans painted black, filled with water. Tie them together with
wire. The back board can be painted any color.

pivot tpper shelf planks of the back board

black cans 1 cans
£

-, -
o - wire
ke el
-
-
-
A
lower sheif the corners are cut on an angle so

that the panel turns easily

. The whole panel works like a door that turns in the center instead
of to one side.
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In the example below, the wall of solar panels is located near a
large window:

north side

Another method to make a solar wall is to cover the opening of a
large window with the same type of cans. At night, cover the win-
dow from outside with an insulated wood shutter to keep the heat
inside. In the summer, remove the cans from the window.

wall

cans

glass <“\
floor e . o _' J insulated
T N . shutter

Although there are always small leaks, heat loss from inside the
house should be prevented as much as possible. The windows
and the doors often lose a lot of heat; therefore, ensure they close
tightly. There should not be gaps between the frames of the open-
ings and the doors and windows themselves, nor between the roof
and walls. If air leaks through the roof, through tiles for example,
build a ceiling to keep the heat in the rooms. _
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SOLAR WINDOW

This “blind” window is made with a pane of glass and dark-colored
stones. If the stones are naturally light-colored, paint them a mat
black. The air circulation is controlled by upper and lower boards.

wall -

upper board for ._3'

hot air passage

at night close the panels

% section of a “blind” window

hot air

the sun'’s rays heat up the stone wall

cold air "

The air between the wall and the glass pane heats up, rises and
flows through the open upper board into the room. This same air
soon cools and falls to the floor, and the cycle starts over.
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There are other ways to capture the sun'’s heat and circulate it
through the house. One method consists of building a box below
the windows on the north side of the house. This box works in the
same way as the heated floors. There is a pane of glass covering
the box and a wood board that can be closed or opened to control
heat circulation.

glass pane

round stones

foundation

Fill the box with fist-sized round stones. They should be piled loosely
to leave spaces for air to circulate between them. The cold air
enters into this box through channels under the floor.

channel
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FLOOR HEATER

Between the foundation walls pour a 5¢m layer of cement. On top
and on the sides of this layer apply a layer of tar mixed with reeds.
Fill this space full with round stones to store the heat.

ment

t round stones

layerof  tar with reeds

sand-cement
mixture (5¢cm)

sand

On the stones apply a layer of mortar and install a floor finishing
such as dark ceramic tiles or dark-colored cement.

In very cold climates, a fireplace can also be used; see next page.
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HORIZONTAL CHIMNEY

To take full advantage of the heat generated by a fireplace, the hot
air can be circulated under a floor before it exits the house. Build
a stone floor over a canal or “horizontal chimney,” through which
the hot air flows before it finally enters the vertical chimney.

pebbles or tifes
finishing ’7

L morta-r,.) — .

chimney

ﬁoorz ey

This construction creates an area with a heated, raised floor that
is very comfortable to sit on.

fireplace

An enclosed room ¢can be made in the raised area with a mattress
placed on the fioor.
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FIREPLACES

Fireplaces should be built in interior walls to ensure no heat loss.
The chimney can be made with bricks with an opening between
20cm x 20cm and 40cm x 40cm, Plaster the chimney to improve
its efficiency.

If the fireplace is to be used frequently, embed a coil in the chimney
to heat water.

to avoid the smoke...

the smoke enters the chimney

air from the chimney

ST "g o 5 o R AeR s SRR
fireplace built between rooms

The chimney has a small roof or cap to protect it from rain and to
improve the draft.

The mouth of the fireplace should be 10 times larger than the
area of the chimney opening. For example, if a chimney open-
ing is 20cm x 20cm (400cm?), the mouth of the fireplace will be
4000cm? and therefore could be 50cm high by 80cm wide. The
depth of the mouth should be about half the dimension of the
height, so in this case, 25cm.

To improve the efficiency of the fireplace, the sides and back of the
mouth should be slightly sloped so that the fire’'s heat does not
immediately rise into the chimney, but is reflected into the room.
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To avoid smoke gettting drawn into the room through the throat by
the wind, make a shelf inside the chimney at its base.

The smoke enters the chimney and passes through the throat. This
throat has a rectangular opening which is a little larger than the
chimney. This throat below is 10cm x 50cm,

chimney
shelf
mouth
Py 20cm x 20cm shaft
section of the fireplace
sloped back
CLAY FIREPLACE

A clay fireplace generates a lot of heat with small quantities of wood.
This type of fireplace is made with clay and a mixture of ground
pieces of ceramic (chamote) molded into a large bottle shape. In
the lower part, there is an oval opening to place the wood.
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The throat is slightly conical and ends in a 10cm-diameter opening
which attaches to a metal duct. A little metal box, which is used as
a small stove, can also be added.

Use two stacked bricks as a base. They should be removable to be
able to lower the fireplace and clean the box and duct.

a place to heat
up soup
10cm duct ,24 %
Q. wall
metal box Z ’
throat v
T
20cm x 40cm .- 120cm
opening rz) 4
floor 1 J

BARREL FIREPLACE

A fireplace can be made with a 120-liter metal barrel (see the
next page for details). First make a opening for placing wood and
removing ashes. On the other side, make an opening for the smoke
and weld a metal duct.

Install a bottomless and topless smaller barrel into the larger one
and fill the space between them with clay. This will hold the heat
longer. In the bottom section, weld metal rods to support the wood
and to allow for air circulation. Use bricks as a base for the barrel.
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top

a

1 Cut out the tops and make
openings for the duct and
door.

291

rods

2 Install the smaller barrel
and the metal rods.

=)

3 Fill the space be- 4 Weldon 5 Install the duc
tween the barrels the top. and the door.
with clay.

section

)

view of the finished barrel fireplace
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HEAT CONSERVATION

The previous pages described ways to heat a house in a temper-
ate climate. It is also important to consider how to prevent the
produced heat from escaping.

To keep a house comfortable, remember to:

|:)> Prevent the passage of ground humidity.

floor

piastic

gravel

under doors

through window frames
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:» Prevent hot air from leaking out through roof tiles by install-
ing a layer plastic and bamboo.

to not see the plastic from the inside, install reeds or bamboo

ED Avoid building high ceilings in rooms.

Human beings are fountains of heat, so when it is very cold invite
more friends over...

it's cold! now it’s hot!

If the windows and doors don't close properly, hang curtains in front
of them, and in the evening, when it gets colder, add blankets. .

Don't forget that emotions change your body temperature. In cold

regions, give rooms a warm glow by painting them orange, yellow
or ocre. -









SELECTING MATERIALS MATERIALS

Before selecting construction materials for houses or buildings,
consider the following:

The maintenance of the building materials: Consider the
long-term effort and cost to maintain the materials in good
shape.

The effect of temperature on materials: Consider how the
materials react to the heat and the cold and if they contribute
to making a comfortable house or building.

The availability of the materials: Consider using regional
materials that are abundant to avoid depending on others,
fabrication conditions or transport. This applies to basic
construction materials, since ordinarily some new materials
and products are from outside the region.

The fabrication of the materials: Consider whether the region
has the facilities or the equipment to convert raw materials
into construction materials, such as mud into bricks.

The availability of the proper tradespeople to work the chosen
material: Consider if there is the manual labor required to
work with the selected materials in the community. For
example, don't install steel windows without an ironworker;

_instead, hire a carpenter to make wood windows.

The use of materials from other regions: When there are not
sufficient local materials, and materials from outside the
region are used instead, consider how to transport them
so they don't get damaged and how to store them so they
don't deteriorate.

The durability of the materials: Consider how the materials
will last over time and if they are adequate for the regional
climate. Some materials get damaged quickly and others are
more durable in some climates than in others.
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The combination of materials: Consider how materials work
, together. For example, a heavy roofing material covering light-

weight walls requires a larger and more expensive structure,
: However a lightweight roof covering massive walls does not
| work very well, since heat and cold are impeded from enter-

ing through the walls but come and go through the roof,

The phases of building: If you do not have the means to build

'é) a house all at once, consider building in steps and living in
a partially finished house. This requires planning the type
of materials that can be used to build a house to live in
immediately, while slowly finishing the rest.

oy
¥

industrial or self-made
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MATERIAL TESTS

Almost all types of earth can be used to build walls, such as adobe
brick, and wattle and daub walls. The quality of the earth is deter-
mined by the proportion of clay to sand. There are many types of
earth in the composition of an earth sample. It is often necessary
to combine earth from one area with some from another part of
the site, even when the lot is small. A rich earth which has a lot of
clay needs to be balanced out with sand, and a poor earth needs
to be enriched with clay.

To know if a soil is adequate for adobe bricks try the tests below:
Several points on a site need to excavated to perform these tests.
First remove the upper layer of earth that contains organic mate-

rial and vegetation. Then remove samples of earth from different
depths.

since it has vegetal matter

TESTS

¢> COLOR dark (oily) not good for
white (sandy) adobe bricks
red can be used for
brown adobe bricks
light yellow best for adobe

bricks
ODOR - do not use earth that smells moldy

TEXTURE if it does not grind, it has a lot of clay
if it grinds a bit, it has a lot of mud
if it grinds a lot, it has a lot of sand
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SEDIMENTATION

1

Fill % of a cylinder glass cup
with earth. Add water to the
top and 2 teaspoons of salt.
The salt helps to separate
the parts of clay and sand.

2 Stir the contents vigorously

for a few minutes.

3 Watch the parts separate. i
clay
sand

4 If the separation is not very

clear, stir it again and let it sit
for a few hours.

5 If the separation is clear, mea-
sure the proportion of clay to
sand (for example, here the
proportion is 2 to 1).

SHRINKAGE

The next step is to make a malleable mixture to pour into a test
mold of 4cm x 4cm x 40cm.

s s
!
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e
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Leave the filled box to dry in the shade.

If the mixture curves inthe cen-
ter like a rising cake, it is not
to be used and another type of
earth should be found.

Normally the earth should shrink and crack. Push the whole block
to one side and measure the size of the shrinkage.

The mixture should shrink more
than %10 of the whole length, so
in this case, 4cm.

EST STRIP

Knead the earth with water and make a 20cm-long, 5cm-wide and
2.50cm-thick strip. Push down on the end of the strip, pushing it
forward out of your hand with the thumb to see when it breaks.

If it breaks before reaching
Scm of length, it is too sandy.

If it breaks after 15¢m, it has
a lot of clay.

If the strip breaks between 5
and 15¢m, it is good for making
adobe bricks. -
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Now make some adobe bricks to test their strength:

To make an adobe brick which is resistant to humidity, you can cov-
er it with tar or apply burnt oil instead, using only half the quantity
of tar. The best solution is to use small quantities of manure. Straw,
grass or pine needies can also be added to the adobe mixture.

If the quantity of sand is equal to or up to two times greater than
the amount of clay, the earth is good for adobe construction without
adding sand or clay.

When the earth is not adequate, follow the table below to adjust
praportions:

MATERIAL | PROPORTION

sand 4-8 parts
clay 4 parts
water 4 parts

The recipe of this mixture must be adjusted for each type of earth,
but the basic recipe remains the same.

The proportions for a wall that is 20cm thick, 3m high and 12m
long using a 20-liter bucket, for example, are the following:

«0.20

3.00

sand 80 buckets
clay 40 buckets
water 40 buckets

After the mixture has been stirred, it should have a uniform texture
and color without marble-like streaks of different colors.
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TESTING THE ADOBE BRICKS

To test the adobe bricks to know if they are strong enough to use
for construction, do the following test:

i Place an adobe brick on top
of two others spaced apart
and step on it heavily. It
should bear the weight with-
out breaking.

2 Soak a whole adobe brick
in water for 4 hours. Then
break it in half and measure
the thickness of the damp-
ened surface. It should not
be greater than 1cm.

3 Soak another whole adobe
brick in water for 4 hours and
place it on top of two other
ones spaced apart. Pile up
6 other adobe bricks on top
of it. The adabe brick being
tested should withstand the
weight for at least 1 minute
before breaking.

When adobe bricks do not pass the test, the recipe mixture should
be adjusted or be used for interior, non-structural brick walls.
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PREPARING THE EARTH

Horse or mule manure, when available, should be mixed with cut
straw and added to the adobe mixture. The manure increases the
durability of the adobe, since it is resistant to humidity and erosion
over time. Also the manure deters termites and assassin bugs from
penetrating earth walls.

Find the place where the best earth is found, then:

1 Excavate the earth.
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MOLDS

Adobe bricks can have many dimensions. The most common sizes
are: bem x 10cm x 20¢cm, 8cm x 10cm x 40cm, and 10cm x 15¢cm x
30cm. The molds can be made with wood or metal. At the ends, add
handles to facilitate carrying,

3cmx 3em —3
handles

4 adobe bricks of the same size

The wood used for the molds should be clean and smooth. Make
the mold impermeable by applying a layer of burnt oil or a mixture
of tar and oil or kerosene.

2 whole adObé bric

N If-sfzed adobe bricks

When the adobe bricks are thinner, a mold can be made for 2
whole bricks and 2 half-sized bricks.

THE MIXTURE

Let the mixture settle with a little bit of water for 3 days to cure.
Then add more water until it is malleable enough to place into the

molds. .
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The adohe bricks should maintain the shape of the mold. If
they bulge, there is too much water in the mixture.

If one part of the brick sticks to the side of the mold, there
is not enough water in the mixture.

MOLDING THE ADOBE BRICKS

1 Wet the molds with water.

2 Shovel the mixture, thrawing it well
into the corners.

R L e

3 Add more of the mixture, and
level out the top.

4 Wet your hands, and smooth out the
top surface. T

S ———

5  Remove the mold carefully.

6 Let the brick dry for 1 or 2 days, depending on the weather. l
7 Let the bricks harden for 20 days before using them. :
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DRYING THE ADOBE BRICKS

The adobe bricks should not be left out in the sun to dry. If there
is not a shaded place to dry them, cover them with leaves and wet
them every once in a while.

When they have dried, line them up in rows that are spaced to
aerate. Leave them in this position for some days, depending on
the locai humidity.

It is always better to dry out the bricks slowly to prevent splitting or
deformations.

S S

with splitting with deformations
the brick breaks the brick curves

in dry climates, the bricks must be watered in the afternoon so that
they dry overnight. Also sprinkle them with water every once in a
while or cover them with straw. Two days after they are removed
from their molds, they should be turned to the side as illustrated

@“\ X W
& @

drying position covered with straw turned to the side

Round adobe bricks can be made for the corners of walls, includ-
ing those around the doors and windows. These curves create a

beautifully shaped house.
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MOLDS FOR ROUNDED ADOBE BRICKS

Corners of walls made with adobe bricks are especially susceptible
to breaking from impacts or the effects of the climate. Consider mak-
ing the corners round to diminish the fragility of exposed corners, To
make rounded bricks that fit together well, the proportion between
the length and the width of the other bricks should be 2:1.

.......

L
]
ot

detail of a corner made with rounded adobe bricks

ADDING DISCARDED MATERIALS

Lighter-weight adobe bricks can be made by adding discarded
materials inside the bricks, such as cans, bottles, milk cartons,
and corncobs.
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REINFORCED MOLDS

To make molds that are more resistant to the weight of the mixture,
reinforce them with steel or wood rods. As shown below, the holes
in the bricks are for the placement of the reinforcing.

The brick above is square since the four sides are the same dimen- -
sion. Half-sized bricks can also be made.

LARGE MOLDS

Large molds can make many bricks at once.
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OTHER TYPES OF MOLDS

There are many other shapes of molds that can be made:

You can build a mold for trapezoid-shaped bricks where one side is
longer than the other. The mold should have 3 or 4 brick spaces.

Adobe bricks shaped like this ¢can be used to build walls with roun¢
corners.

Square corners require half-sized bricks. i

walls with rounded corners
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EARTH-CEMENT BRICKS

Stronger as well as hollow bricks can be made with an earth-
cement mixture and metal molds.

The mold is made with sheet metal with rods welded to the sides
as handles:

the internal mold

Use a heavy hardwood stick to
press the mixture into the moid.

the wood stick

FABRICATION

&

area to mix and area to remove and
fill the molds ) dry the bricks

. See chapter 10 for the proportions of the mixture.
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1 Bring the molds to the area where
the mixture is prepared. Place the
internal mold inside the other one.

2N

2 Fill the mold with the mixture using
the stick and a shovel.

3 Hit firmly with the wood stick to
make sure all the corners and spac-
es of the mold are fiiled.

4 Move the filled mold to the drying
area.

5 Place the mold down. Turn the bricks
that are already dry on their sides.

6 Turn over and remove the mold
carefully.

7 Pull out the internal mold care-
fully.
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To improve the quality of an earth, add cement by increasing pro-
portions to 1 part cement for 12 parts earth. Lime can also be
added to make a mixture of 1 part cement, 2 parts lime and 24
parts earth.

cement lime earth

1 12
1 2 24

When the earth is very sandy, the mixture can be improved using 1
part cement for 10 parts earth. Since cement irritates the skin, it
should not be mixed with bare feet but with mechanical mixers.

To the left is a measuring box with
dimensions that facilitate mak-
ing a proportional mixture. Ten of
these boxes produce one cubic
meter.

inside dimensions of the measuring box

LIME AND CEMENT MIXTURE
6 boxes of sifted earth (8mm sieve)
1 bag of cement ;
2 bags of lime

1 Prepare the dry earth and cement mixture.

2 Mix the lime with water.,

3 With a watering can, add the water and lime to the earth-
cement mixture. -
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BRICK PRESS

Build a brick press machine to make sandy earth into bricks strong
enough for building.

%" steel plate

The interior of the mold size is 10cm x 14cm x 29¢m,
The galvanized tubes have a S5cm diameter and are spaced 15¢cm center to
center.

There are several types of machines available. The original and
most well-known model is Inva-ram.

o

P ————— P
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ASPHALT MIXTURE

An earth-cement mixture produces strong bricks. However asphalt
can also be used to reinforce the earth. For every 2 cubic meters
of earth, use 15 liters of asphalt,

1 Mix the asphalt with river sand and add water to obtain a
liquid mixture.

2  Add % of earth and mix again with more water.

3 Add the rest of the earth without water. The mixture should
have the consistency of mortar.

Never soak the mixture. Always use the watering can to add more
water.

The mixture must be used within one hour. Each time a block is
made, the metal plate must be placed in the mold.

4 Fill the mold with the wet mixture, close the cover and place
the lever in a vertical position.

Now the brick is ready to be pressed.
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Remove the hook to free the le-
ver and lower the lever to press
the mixture.

6 Place the lever back in
its original position and
open the cover.

7 Remove the brick with the
plate and place the lever on
the ground.

8 Place the brick on its side on flat
ground and remove the plate.
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Ferrocement is a structural concrete material which uses chicken
wire instead of steel reinforcing rod armature. With this type of
cement, it is possible to build roofs, panels and reservoirs.

Chicken wire with small openings is stronger than the type with

larger openings:

There is an economical substitute for chicken wire which can be
used in most situations. Use common mesh plastic bags that are

used to transport fruits and vegetables and are often found at
markets.

Ty

The mixture of ferrocement should have a 2:1 proportion: two parts
sand and one part cement. It is important not to over-water the
mixture. Add water slowly to control the consistency.

CONCRETE SHELL PANELS

Concrete shell panels are vaulted panels that can be used for
roofs and slabs. The most common size is 50cm wide, which can
span up to 4m.

These panels are prefabricated using the plastic cement sys-
tem, which has the advantage of saving on basic materials. The
panels are 1cm thick at the center and increase to 3cm at the
extremities.
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CONSTRUCTION OF THE CONCRETE SHELL PANELS

1 The 50cm-wide concrete shell
panels are usually molded to 2,
3 and 4 meter lengths.

wood
structure

wood strip

end support

The concrete shell panel mold is made with two pieces of lumber for
the frame, wood strips, intermediary support plates and a sheet of
zinc or aluminum that covers the whole surface, g

8 . In many situations, such as in the con-
dimension 7. ¥ €  structionof homes, a 3m formworkis
between strips : sufficient to build the panels.
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i The vault is made with a 60cm-wide sheet of metal. On each
side the metal is folded 3cm and is supported by the wood
frame. This creates a space between the curve and the wood
strip where the cement will be poured.

sheet metal ’L .l _

o mn § T @ el
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chamfer
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wood piece

o

2 Chamfer the joint between the wood piece and the strip. This
makes it easier to remove the panel from the mold.

The mixture is made with 1 part cement and 2 parts sand.

Mix the dry materials and add water
using a perforated can. The water must
be added slowly so that the mixture re-
mains almost dry.

3 Cover the outer curve with a sheet of thick plastic that is

stretched out smoothly over the formwork. Apply a first layer
of ¥-cm-thick cement.

Over this first layer, place a stretched-out piece of plastic
mesh from recycled bags.
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Cut out strips of mesh the same size as the formwork and
soak them in a bucket containing pure cement mixture.

Along the edges on each side of the conshell, b
place a %" reinforcing rod. 4

4 On top of the plastic, add a second 1cm-thick layer of cement.
On the edges, at the base of the vault, there must be enough
mortar to cover the reinforcing rods.

Thicken the whole lower edge area of the vault.

5 Let the panel dry in the shade for
3 days before removing it from the
formwork.

Keep the panel moist for
the first 7 days to prevent
cracking.
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TUCON LINTELS

Pre-molded elements can be fabricated for door and window lintels.
This saves on formwork and reinforcing rods, therefore making
construction time shorter and less expensive.

One mold can be used to fabricate all the lintels of a house. This
type of lintel is called a “tucon.”

The moid box contains a steel tube which is 40cm longer than the
box. Decorative designs and patterns can be made on the inside
panels of the box to imprint on the lintel.

the tube has a 10cm diameter
to remove the tucon, pull out

the retaining rod from the hinged panel

small rod to retain
side panel

closed mold

open mold showing the side panel with a decorative design
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MAKING TUCONS

1 Cut a piece of plastic mesh the length of the mold and 100cm
wide, and fold it over to make a double layer.

2 Apply burnt oil to the inside of the formwork and to the tube,
or line it with a sheet of plastic or banana leaves.

3 Before installing the plastic mesh, place 2cm of cement in
the bottom of the mold.
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4 Install the plastic mesh and the tube.

folded plastic mesh

formwark

5 Fill the mold with the cement mix and level the surface. The
plastic mesh is rolled around itself.

6 Let the mixture set for one day before removing the mold.
Then dry it out in the shade, or cover it for two weeks, always

keeping it damp.
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PRECAUTIONS

During the first hour of curing, rotate the tube every once in
a while. At one end of the tube there are two holes through
which a small rod is placed as a handle.

|;§> After one hour, remove the tube core carefully. Do not leawv
the tube in the mold since it will not be able to be remove
once the cement dries. .

When fabricating many lintels, remember to reapply the burnt
oil to the mold and the tube every time a lintel is made.

required length

plate

To make tucon lintels of different lengths, only one mold with a
movable plate is needed. :
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Below are a few comments on the correct use of ferrocement:

@) The mixture composition is 2:1 sand and cement, respec-
tively. Add water very carefully to not overwet the mixture.

@) The chicken wire should be the type with the smallest open-
ings: 14.3mm x 19mm.

I'_i> Before pouring the cement mix, the wire mesh must be lifted
and stretched so it does not stick to the mold,

The wire mesh is 3 times stronger in tension if it is used as
illustrated above.

There should be one layer of mesh for every centimeter of
cement.

Tap the sides of the mold for 4 minutes to settle the mix
and fill up the mold completely.

Remove the mold after 24 hours.

Keep the cement damp by covering the panel with a sheet
of straw or paper.
Once the panel is removed from the mold, let it cure for 7

days, always keeping it damp. The best conditions for curing
are 22° C with 100% humidity.

L33 L8 &

When using a mixing machine, add 10% of the required water to
the sand and cement, then add the rest of the water.
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Sand is used to make mixtures for masonry. For walls or partitions,
use unsifted coarse sand; for finishing, use fine or sifted sand.

coarse sand 1 to 3 millimeter grain
fine sand ¥4 millimeter or less grain

Clean river sand is good for construction. Sand from the sea is not.

r_{;) To select the right sand, test different sands by placing a
little of each in glass cups with water. Stir the mixtures and
let them settle to see which has the least amount of dirt.

If the size of the site is adequate, place the sifter as illustrated
below:

In this set up, the sifted sand falls directly into the wheelbarrow.
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Lime comes from a soft white stone which becomes a brittle block
when heated.

The simplest way to make lime is by placing pieces of limestone in
a fire. Make sure the fire is even. Keep the stones in the fire until
they crack but stitll remain in one piece.

Sprinkle water over the stones slowly to cool them while spreading
them constantly with a rake to break up the burnt pieces.

Then let th.e liquid settle untit a putty forms.
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Cover the lime with sand so it does not harden, and let it sit for 6
days before using it for the cement mix.

THE OVEN

To make large quantities of lime, build a stone and brick stove 4
meters high with a 2.5 meter base. Make openings in the base to
let hot air exit.

ventilation openings

vl

250

Feed the stove through the upper mouth, ignite the fire and heat

the limestones. When smoke stops exiting the mouth, the lime is

ready.
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FIRED CLAY TILES

These tiles are made with malleabie clay. The thickness of the
formwork should be between 1cm and 2cm, depending on the
quality of the clay.

mold

Place the formwork on top of a wet stone and fill it with clay. Then
place it on top of the mold (1). Remove the mold (2). Let it dry (3).

Wet stone.

When the tiles are dry, place them in the oven. It is recommended
to make them impermeable to rain by varnishing the upper side.
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In humid tropical regions, there are many types of wood which are
long-lasting and resistant to insects.

Unfortunately the best types of wood are now scarce, and less
resistant wood must be used.

To ensure that wood used in house construction lasts as long as
possible, do the following:

1 Cut trees on the days between the full moon and the new
moon for wood that is more resistant.

2 Dry out the wood in a position where the whole piece is
exposed to air.

first stand it upright

then pile it horizontally
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WOOD SHINGLES

In the humid tropics, shingles or wood tiles can be used for finish-
ing roofs or walis.

The wood used for shingles must have a straight grain and be
easy to split.

FABRICATION

1 First cut the tree trunk in a 40cm-long stump, and then divide
each stump into eight pieces the following way:

First divide in half (1), then in quarters
(2) in the center (3), and then divide the
quarter in two equal parts.

=1
s 23
\
3

- 2;

,

iy, -

2 Remove the bark from the pieces, dry them out for several
weeks in a place where they are protected from sun and
wind.

3 Now they are ready for splitting:
—4
<

Divide each piece in two until each slice is 2cm thick and 16¢cm
wide.
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4  The final shingles are: ﬁ
2 16

thinner

5 A better finishing is made with a ——

shingle that has one end thinner
than the other.

A special cutter is needed to make the shingles.

Hammer the metal bar into the log and
move the handle to split the log.

CUTTER

The way to make the cutter is described below:
Use a thin ¥2-inch-thick steel plate sharpened on one side.

On one side weld a handle made with a one-inch reinforcing rod.

€L pandie

steel plate
)

sharp side '
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Mixing cactus juice with other construction materials can improve
the quality of wallis, floors and roofs by making them more resistant
to deterioration from rain and humidity. The prickly pear cactus
with large, flat, oval pads produces the best results.

PREPARATION
(:9' . 1 Fill a bucket with cut cactus
<y c?é 4t'i§$& and water up to the rim.

2  After one week, filter the liquid,
It is ready to use.

3 Make a shallow pit and place
the cactus liquid and fresh
lime in the pit. Use 1 part liquid
to 2 parts lime,

Every one ton of quicklime produces 2% tons of hydrated lime.
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MIXTURES
MATERIAL PARTS
g earth 3
cement mix for mortar aEaTsE BB 1
lime 1
smooth walls, floors and roofs coarse sand 4
hydrated lime 1
whitewashed walls granular salt 1
hydrated lime 20

USING CACTUS WATERPROOFING

|
When using only cactus juice as wash, add more salt to the mixtur.

to make its application easier. The indigenous people of Mexico
used this techniques to make their tempies impermeable. Centu-
ries later the walls are still in perfect condition.

To make smoother wash, the mixture must have more water than
juice at the time of application. Also it is preferable to aliow the mix-
ture to settle for a few days so that the sand absorbs the juice.

Without doubt there are other types of vegetation with the same
impermeable or waterproofing properties. Often when inquiring
in the region where you are building, you discover other similar,
traditions.




BAMBOO MATERIALS

Generally the word “bamboo” is used to describe the larger variet-
ies of bamboo and “taquara” to describe the smaller types.

Bamboo trunks reach their maximium height in 3 or 4 months,
after which their walls grow thicker and stronger. Within the
next 3 to 6 years, depending on the type of bamboo, the trunks
reach their maximum strength. At this point they can be used for
construction.

CUTTING BAMBOO
Cut the plant when it has reached its maximum hardness;

otherwise it will be weak.

It is best to cut the bamboo during the colder time of the
year when there are fewer insects. It is alsc recommended
that it be cut during the waning moon.

Cut the tree 20cm from the ground before the knot, to pre-
vent the retention of water in the trunk where insects, espe-
cially mosquitoes, breed.

do not leave a place for mosquitoes

i

befare cutting after cutting
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PREPARING THE TRUNKS

There are two ways to prepare bamboo trunks, one with air and
the other with water.

Once cut, stand the trunks upright inside an enclosure and
leave them there to dry with all their leaves. They must be
protected from the sun so that they do not dry too quickly.
The trunks should dry in this position for 4 to 8 weeks, de-
pending on the climate.

With this curing in air, the bamboo maintains its natural color and
will not grow fungus.

curing in air

. * 3 y 't
in running water 'f‘>)//‘

The second way to prepare cut trunks is to soak them without
leaves in any stream for at least 4 weeks.

To keep them together in one area, make a few piles and use rocks
as weights to keep the trunks submerged.



336 MATERIALS

DRYING

After the first preparations described previously, the bamboo
trunks must be dried with the following procedure:

Air-dried: Pile up the trunks in layers separated by larger
trunks in a ventilated area where they are protected from
the sun and rain for 2 months.

.é Heat-dried: Use fire when the days are overcast and it is
necessary to dry the bamboo quickly.

Make a shallow hole and cover the ground and the sides of the
hole with bricks so that the fire does not spread. The bamboo
should be placed at 50cm above the fire. To dry the trunks
uniformly, rotate the pile every once in a while. This method
produces trunks more resistant to insects. But be careful! If
the fire is too hot, it can deform or crack the bamboo.
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Hot air: This is the quickest method to dry bamboo. Build a
storage space with a solar air heater. The heater is built with
blocks, black painted cans and glass or plastic.

The storage space must have insulated walls so thatthe heat
does not escape at night. The air circulation is controlled
during the day with panels that close at night. See chapter
7 on solar heaters.

ventilation

panel L

wood walls
and roof

the trunks are -
supported on .
logs )

opening where the
hot air passes

empty cans
painted black

‘ floor of cement
blocks or adobe

Note: This storage space can aiso be used to dry wood.
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LIQUID PROTECTOR

To protect soft wood, bamboo, tall grasses and leaves against
insects and rot:

It is recommended to use non-toxic materials such as manure,
creosote or borax which can be dissolved in water to facilitate the
treatment of wood. Undiluted whitewash, beeswax or linseed oil
can also be used.

When using toxic chemical products in extreme cases, be very
careful since they are poisonous and should never be used on
interior wood construction or finishings.

It is better to avoid using toxic chemicals altogether by making
intelligent construction decisions such as those that prevent hu-
midity and ground contact, provide good ventilation and allow for
simple maintenance.

For the immersion treatment, use barrels cut in half and welded
together end to end into a trough:

wood and cement
supports

Before treating materials, they should be air-dried and cut to their
final size. _

Grass must be soaked in the liquid for 30 hours, and |leaves and
~ bamboo for 40 hours.
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To test small quantities, use only one-half barrel.

For longer-sized wood, soak one half in the liquid first and then
the other half.

A mixture of earth with asphalt can also be used to treat wood
posts.

Dig a small hole in the ground and line the inside with plastic. Fill
the hole with a liquid asphalt. Place the posts in the liquid and
leave them to sozk for several days.

Another method is to fill the hole with a mixture of tar and sand,
and apply the treatment to the posts.

SCORCHING

A quick way to protect the base of undergound wood posts is to
scorch their outer surface in a mild fire until they are blackened.

4%

scorching ' installing
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SISAL MATERIALS

The fiber of the agave plant (also named American aloe or cen-
tury plant) is called sisal. This fiber can be used to tie wood roof
structures together. Sisal connections must be carefully crafted
and well protected from rainwater.

E» To know if a century plant leaf has fibers adequate for build-
ing, fold the tip of the leaf back without breaking it off. If
the end moves back to its original position, the leaf's fibers

are good.
this leaf should this leaf is
not be used good to use

There are many ways to extract the fibers from the plant; one
example is described below:

1 Cut the leaf at its base and remove the fibers from the skin
or bark starting from the base.
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2 Let the fibers dry for a day or until they harden.

3 When using the fibers for construction, wet them in a bucket
of water so that they regain their elasticity.

=

A roof structure:

thatching

purlins

small rafters /
//

Sisal should only be used in areas that are protected from the rain.
For example, when using sisal fibers to fasten rafters to purlins
make sure that all the connections are covered by tiles, tall grasses
or leaves. Exposed joints must be treated with tar or covered with
thatching.

Caution: Do not use fresh sisal, since its fibers contain a sap that
damages the skin. The fibers must be well dried before they are
used.
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For construction close to the sea, seacrete can be used to make
things like water reservoirs, other types of containers, etc.

several uses for seacrete

To build a water reservoir, first make a frame with wire or
reinforcing rods and cover the structure with metal mesh to
shape the container. For the best results use a sheet mesh

with 12mm x 12mm openings.

==

reinforcing rods
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Submerge the box in a calm part of the sea where there are
few waves, Connect a wire to one side of the container and
connect the other end to the negative pole of a car battery.

LI
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On the positive pole, connect another wire. Tie a piece of char-
coal to the end of this wire and suspend it in the center of the
container.

3

After several weeks, depending on the composition of the
water, the metal mesh will be covered with a layer of sea
minerals that looks similar to coral.

Remove the container from the sea when the desired thick-
ness is formed. The salt layer needs sun to harden, so be
careful when pulling the object out from the water. Now let
it dry. :

The salts must be left to harden and settle for several weeks before
the container or object can be used.

The surface can be smoothed out before it completely dries.
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To recharge the battery, use the energy provided by a windmill
since coastal zones are commonly windy.

a water container
made with salt corals

Since the electrical current does not need to be constant, the
wires can be directly connected to the windmill without using a
battery.

- Since the charge needs to be between 2 and 12 volts, old car parts
can be used to build the windmill.
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The charge is not constant, and its mild current does not endanger
marine life.
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With this method you can make tubes, sinks, tanks, benches,
canoes, and so many other things!
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a “factory” of seacrete: its “operators” are fishing...
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GETTING STARTED

Building is similar to travelling; your destination and route may be
planned, but it is impossibie to foresee what will happen along the
way. A construction project can run into problems; it can cost more
than calculated, take more time than predicted, materials or tech-
niques may change, or the weather may slow down the work,

Therefore many variables must be taken into account when plan-
ning a construction project: the available funds, materials, labor,
as well many other considerations, When in doubt, build in phases,
which means planning the project in several steps. Start with build-
ing immediately only the basic and necessary spaces.

There are three basic building elements that must be well designed
and built from the start:

%‘> A good foundation, so that the building does not sink.

ED A good structure, so that the building resists earthquakes
and strong winds.

l%‘} A good roof that protects from sun and rain.

The rest, such as lightweight walls, can be built slowly and with
less expensive and less durable materials.
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A well-made roof, with strong large rafters, allows for more flex-
ibility with the wall materials. The wall can be made with lighter
and less durable materials, since they are well protected from
rains and wind.
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1 - delivery area of the materiais
2 - depot for gravel and sand
3 - depot for cement and wood
4 - workshop and equipment
5 - access to the construction site
6 - canstruction area

B
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lllustrated above is a construction site showing where each activity
takes place.
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CONSTRUCTION MANAGEMENT

All construction materials must be stored to protect them from rain
and vandalism. They should be kept in a place close to the area
where they are delivered and used.

When access to materials is not planned, the workers waste time
carrying them from one area to another.

The same thing applies to preparing materials, such as mixing
cement and sand. All these types of activities must be planned so
that the storage, preparation and application of the materials are
done at a short distance from each other.

It is important to organize the arrival of materials. If they arrive
earlier than planned, they can be damaged from exposure to sun
and rain. if they arrive late, the workers will have nothing to do and
10urs or days can be lost.

Often it is necessary to build a workshop on the construction site to
fabricate construction elements, especially those made with wood
such as door and window frames, parts of the roof structure, posts,
or cupboards. The workshop can be very simple and must always
be located in an area with shade and ftat ground. It should be kept
clean, and all equipment and tools must be near at hand.




r ———— e | AR M st i e i3 S ind B ek T

CONSTRUCTION 351

Tools are always getting lost on a construction site. After being
used, they should always be placed back immediately in a pre-
determined area. A lot of time can be wasted looking for tools or
working with inadequate or broken tools.

When building many houses at once, or when engaged in any
large construction, it is recommended to prefabricate some of the
construction elements. Time is saved when repeated elements are
all made at once.

An example of a useful and simple “tool” that saves time on the
site is an apron. Worn mostly by carpenters and masons, an apron
is used to hold tools, including tape measures, T-squares, plumb
lines, strings, hammers, wrenches and screwdrivers.

fuil-sized apron

halfsized apron

ready to work

e
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It is easy to make an apron out of canvas, leather or any other
durable fabric or material.

-
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PLANNING CONSTRUCTION
Before deciding on the shape and size of a building, consider:

@ The function of the different spaces, the quantity and size
of rooms, and the type of workshop.

The amount of funds available, Often it is necessary to build
in several phases.
Then gather the following information:
':D The access to electricity, potable water and sewer system.
I;> The costs and the availability of materials and labor.
The municipal and state building and planning laws and soil
conditions.

With this information, determine:

The location of the building, the type of foundation and the
connections to the service network.

The location of accesses, especially for vehicles, during con-
struction and for the finished project.

The preservation, or in some cases the improvement, of the
site with trees or land levelling.

The way to direct rainwater away from the site so it does not
flood the construction site.

The best area for storing materials during construction.

The best location for the workshop, so there is the least
amount of movement between the storage, the workshop

and the work area.

L LSRN PN A
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Often the city allows construction to proceed without plans or
permits when the site is in an area that does not have service in-
frastructure such as water, electricity or sewers. The permits, when
solicited, are done with drawings of the building (plans, eievations
etc.) which indicate the area of construction, the building’s location
on the site, and the site's relationship to streets.

LABOR

It is not that difficult for a family to build their own house. There
are a few difficult tasks, such as lifting the roof structure, that are
more challenging, but this work can be accomplished with the help
of neighbors and friends.

When building for other people, the labor needs to be organized.
A timetable or schedule should made to determine when the spe-
cialized trades need 1o arrive on the site, such as carpenters,
masons, or plumbers, Construction must be prepared and ready
for them to start working as soon as they arrive on site.

For the work to advance smoothly, it is important to know when
equipment and machines are needed and who will operate them.
Some private companies and government agencies rent equipment
that they do not use on the weekend.

it is important to be organized so that the construction process
is efficient. Small communities can set up communal volunteer
projects to build parks or sheds that serve the whole town.
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ORGANIZING THE WORK
E» SITE PREPARATION:

Construction location, protection of the existing vegetation, plant-
ing trees (for fruit and shade), and excavation.

E» FOUNDATIONS:

Including the construction of service systems and piping for water,
drainage, and ventilation of underground spaces.

@ STRUCTURE:

Construction of columns or supporting walls. Supporting walls
must have angles:

It is always convenient to place the kitchen and bathroom together.

In this way their filters for used water (grey water) can be combined.
See chapter 9 for more details.

WS &

several ways to combine kitchens (c) and bathrooms (b)
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EE> ROOF:

The roof has its own structure and finishing material.

"—'—i) WALLS:

Storage or closets can be integrated into walls.

between rooms between the kitchen

and the dining room

@) SERVICES:

All plumbing for water distribution and wiring for electricity can
be installed during construction of the walls and must be easy to
access in case of repair. These service elements are located in
partition walls and not support walls.

‘:3 DOORS AND WINDOWS:

The frames are installed during the construction of the walls.

¢> FINISHINGS:

Floors, walls and kitchen and bathroom surfaces.

i e e e b el
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USING MATERIALS CONSTRUCTION

THE USE OF MATERIALS

There are two important points to consider when deciding on the
the type of materials to use for construction:

EZ) If the materials protect from the climatic conditions: e.g.,
rain, heat and cold, insect attacks and earthquakes. Also if
they are durable and easy to maintain.

E» If the materials come from the region. Regional materials
are more available and less expensive, since the price does
not include transportation. Also their availability makes them
easier to obtain for repairs.

Itis important to use recycled materials from agriculture or industry
in combination with more commonly used materials. For example,
cactus juice can be used as an impermeable finishing or bottles
to replace bricks.

A material should not be chosen only because it looks good or
the neighbors used it. A material must be appropriate for its
function.

Often you build without knowing how long you will stay in the same
place. In this case, light materials can be used and “closet-walls”
that have demountable structure and roof can be built. When
moving, parts of the house are taken apart and rebuiit in another
place. The other walls can be made of adobe or earth.
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A movable box which converts into a shelving unit when installed:

When this movable box is installed between two walls, it creates
a window (1), a shelving unit (2) and a door (3).

adobe walls

A wooden roof structure can be covered in corrugated metal that
is easy to move and reuse.

This system is practical for peopte working temporarily on large
construction sites. When the work ends, the house can be moved
to another place, leaving only a few earth walls behind.
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QUANTITY OF MATERIALS

To calculate the quantity of bricks that will be used for a project,
the size of the building, the size of its partitions and openings, and
the size of the chosen brick must be known.

For example, when using 10cm x 20cm x 40cm bricks for a 20cm-
thick walil, the following quantity of bricks is needed for every
square meter of wall:

For each horizontal row there are 2% bricks. Vertically the
wall is 8 bricks high, and with the mortar joints the total
height is one meter. Therefore the number of bricks is 8
times 2% which equals 20.

40 10
l 1 square meter of brick wall has 20 bricks
/
« 100

If a plan looks like this:

3.00 3.00 1.00

this house planis5mx7m

Let us consider that the interior walls should have a height of two
and a half meters.



CONSTRUCTION 359

Thereare3+3+1+2+ 3+ 4+ 3+5 meters =24 meters
of exterior walls. Inside thereare2 + 2 + 4 + 3 meters = 11
meters of interior walls.

This makes a total of 35 meters 2.5m high or 2.5m x 35m = 87.5m?2
or 88 square meters of bricks.

Now the the size of the openings needs to be deducted from this
total.

There are 4 doors (of 2m2 - two square meters each one)
which equals 8m?2 - eight square meters - and minus the 5
windows (with a size of 1.5m?2 - one and a half square meters
each one) which equals 7.5m2. This makes a total of 15.5m?2
or approximately 16m?2,

The walls, 88m?, minus the openings, 16m?2 gives a total of 72m?2.

72 square meters, with 20 bricks each, makes 1440 bricks.On
top of this calculate an additional 10% for waste during trans-
port and construction.The total is therefore 1600 bricks.

The braken bricks can be crushed into powder and used in plaster
mixtures.
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SURVEY LINES

The first step to building is placing the lines of the walls with
stakes. These lines will be used as a base for the construction
of the foundations.

To correctly locate the trenches for the wall foundations, a few
simple instruments are required:

1 a metric tape measure

2 a string with twelve knots spaced a meter apart
3 a plumb line

4 a transparent rubber tube
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These tools are used to mark the lines of the construction and
indicate the center of the trenches where the foundation walls

wili be built.

plumb line

Here to the right is an example of a plumb
line made with a string, a lead weight and 4
pleces of wood. |
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Mark the width of the trenches using stakes and lines.

foundation

To verify if the lines are 90 degrees for a plan with square corners
place two strings between opposite corners. The dimension of ht-;]
of one line (a) must be equal to half of the other line {b).

Excavate the earth and press it down with a compacting machine.
Then add a base of sand, gravel or crushed rock.

A compacting device can be made with a pole and a bucket filled
with fresh concrete. Place nails at one end of the pole, insert it
into the bucket, and let the concrete set.

S

[

pole

bucket filled with
concrete —_— d
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FOUNDATIONS CONSTRUCTION

Often wood or clay walls are built directly on the ground with buried
trunks; however, it is best to support the wall and roof structure
with a foundation. With foundations there are fewer problems of
damaged materials caused by settling and ground humidity.

Clay and hard soils are unstabie since when they swell they absorb
a certain amount of water. This swelling moves the foundation,
causing cracks in the walls.

To build in clay soils, remove all the earth in the area of the future
house and replace it with sand.

In regions where the soil is very humid and there is wood available,
such as in marshlands, it is preferable to build the floor above the

ground on stilts or piliars.

A wooden house with well-crafted joints can be built loosely con-
nected to ground. During earthquakes this type of house “danc-
es” over the ground but does not collapse. All the joints must be
braced. See chapter 2.
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363

The type of stilt house below can also be built in mountainous areas
where the ground surface is irregular, hard or very sloped.

pillars or stilts

~ irregular: the stilts are
different sizes.

marshiand: the pillars are on footings

In situations where the ground is flat and firm, make a continuous

foundation:

the foundation is a ring
under the walis

kA g b oy



364 CONSTRUCTION

HEIGHT AND WiDTH OF FOUNDATIONS

The lower floor must be built above the ground fevel to prevent rain-
water from entering, The base of the wall should be 20cm above
the ground level. Water then runs over the ground and does not
damage walls that are usually made with less durable materials

than the foundation.

base made with rocks
finishing

base

The width of the foundation depends on the stability of the sail,
and the weight of the walls and roof. A house made with bamboo
walls and a thatched roof requires a narrower foundation than a
brick house. The foundation wall can be inclined, with the top part
narrower than the base.

RETAINING WALLS

Walls for retaining land at a higher level must also be larger at the
base than at the top. This slanted wall provides additional strength
to resist the earth's pressure.

slanted front

_;_ ‘ @ little ground pressure

@ greater ground pressure
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DIMENSIONS
SOIL TYPE FOUNDATIONS FOOTINGS
soft @
&5 _ 90 90
medium @
50 Re &
hard | 6
40 40~ 40

The table above shows concrete wall bases. For a wooden houszl.
the dimensions can be smaller, and for a heavy brick house they

should be a little larger.

‘:}> Foundations can also be made with other materials:

use only good-quality bricks

flat stones

round stones

more mortar is necessary than with other types
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A more elaborate foundation is required for houses in earthquake
zones.

1 First build half the foundation with stones on a base. Make
a 20cm trench and install a reinforcing rod armature along

the whole length.

ground level
{ z\"

trench with reinforcing

2 Fill the trench with concrete. When it is dry, build the other
half of the foundation with stones and mortar to the required
height. When planning to build concrete columns, connect
their armature to the armature of the foundation.

concrete beam

foundation
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In very soft soils that do not support the weight of a building, im-
prove the base of the foundation with a 40cm-thick layer of sand at
the bottom of the trench. This prevents building large foundations
and wasting materials.

layer of sand

Then fill the spaces around the foundation and between the trench
edge and foundation wall with earth.

EXCAVATION

The earth that is removed from
the trench is used to fill the
spaces between the founda-
tions to make a flat surface.

It is therefore preferable to
place the excavated earth in
the center of the trenches.

PSR ik -l--'l B I RiE  BiaRT
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When building continuous foundations on a sloped site, the base
should step down the slope.

do not slope the foundation

the foundation must step down

Ancther way to work on a slope is to make different levels of floors,
each with a different foundation height.

two separate floors

It is worthwhile to reinforce foundations. Often house owners waste
a lot of time and money repairing floors and walis that break or
shift because of badly built foundations. :
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PREPARING THE BASE

Make a foundation by filling the trench with stones and a
mixture of cement and sand.

The foundation should rise 20cm to 40cm above ground
level. Use a square tool made with wood pieces to verify the
corner angles.

MORTARS

See chapter 10 on mixtures for finishes.
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If the stones for foundations are small and irregularly shaped, it
is worth making blocks out of them.

To build these blocks, make a 30cm x 20cm x 15¢m mold or form-
work. Place the stones in the mold with sand and a small amount
of cement or lime.

CLAY AND BAMBOO FOUNDATION

1 Excavate the trenches.

2 Wet the excavated earth.

3 In the trench place several
pieces of bamboo with 10cm
spaces between them. Then
fill the trench with the wet
earth.

Foundations can be raised
40c¢m above ground to cre-
ate benches.
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EARTH-CEMENT

One- or two-storey houses can be built with earth-cement foun-
dations.

the placement of the boards

trench with stones

In dry or semi-dry regions, make the foundations with a 10:1
mixture of earth and cement. Compact the mixture with a 5kg
compactor.

lift the compactor 40cm
before dropping it

The mixture must be used immediately, since the cement hardens
very quickly with this type of mixture. After pouring it in place, keep
it damp for one day and slightly humid for a week.

Earth rich in clay should not be mixed with cement. Instead use a
lime mixture of half a part lime for every 20 parts of earth.
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BUILDING ON SLOPED SITES

Badly built retaining walls will collapse with the first landslide or
rainstorm. Since making concrete columns is costly, described
below are other ways to build safely on sloped sites.

When the land is very sloped, the house must be built to project
out like a very large step support. This reduces the cost of struc-
ture and cement.

one floor level on a siope

a better solution:
a floor level for every step down

This second method is more work to design, but the construction

can be less expensive, especially if the area or wall where the level
changes is used for storage, closets, benches, etc.
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i " spaces
on different levels

for example:

level 1 floor of the bedrocom
level 2 base for a bed
level 3 floor of the livingroom

level 4 base for closet

Build footings in the corners to prevent the foundation from sliding

in soft soil.

structural band

footings

373

spaces and furniture
on different levels

corner detail
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LOG OR POST COLUMNS

Posts can be installed in solid and firm soil.

When the soil is sandy and less firm, the posts do not have a
pointed end but are supported by a rock or block.

dig a hole place the stone

install the post fill

In regions without rocks or blocks, use logs of durable or treated
wood, as explained in chapter 5 on materials.

%

R g

dig a hole place a log install the post fill

detail of bottom log w

Make a notch in the bottom log to insert post.
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Logs can alsao be used for the
inclined posts.

inclined post
S

CONCRETE COLUMNS

Columns can be built with bricks and concrete or with broken bricks
with concrete in the center. When the columns are supporting more
than one floor, install several reinforcing rods in the concrete.

concrete =~
reinforcing
rods

. BRICK COLUMNS

Brick columns can be various sizes, depending on their spacing
and the weight of the structure that they support. ;

one-and-a-half two-and-a-half

two
three four éé four-and-a-half %

lllustrated above are a few ways to build brick columns.

S T G SR O SRR MO A s U R ——




WALLS CONSTRUCTION

To build walls, many materials can be used. Choose the ones which
are available in the region of the project.

STONE WALLS

The joints in stone walls must be offset from one row to the next
so that the wall does not crack during earthquakes.

offset joints are more durable

On one side place a crosspiece with two strings attached to the
corner to make sure the wall is level during its construction.

stone wall

foundation



o T TRT S Ry as y R IR W A o

e Y

F
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ADOBE WALLS
In adobe wall construction, a thick layer of tar must be applied to

the top of the foundation to prevent humidity from penetrating and
weakening the wall.

brick or stone foundation j Rt A

In regions where wood is available, the adobe bricks can be com-
bined with wood elements to fill spaces within the wood structure.

wood structure

tar

> adobe bricks

foundation foundation with reinforcing rods
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ADOBE BLOCK SIZES

The traditional size of an adobe block is 10cm x 40cm x 40cm.
The most common size used today is 10cm x 20cm x 40cm.

40 40 20 40
& W

The drawings below show traditional wall construction patterns. In
the block wali, the upper course is raised above the wall to show
the position of the lower courses.

&
o

the course layout at the the course layout at the junction
corner - with another wall

The adobe bricks are placed in offset courses to prevent vertical
cracks in the walls.
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In earthquake zones, reinforce the walls by crossing corners and
projecting walls across walls.

the courses cross each
other by the length of
one adobe brick

The installation method for adobe bricks depends on their size.
Below is a wall made with large adobe bricks.

a narrow wall with adobe W
bricks placed on their

sides requires larger-

sized bricks
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It is recommended to reinforce the corners of the adobe walls with
fired clay bricks to prevent them from breaking.

on corners where there are doors
and windows

The fired clay bricks must be wetted before they are installed so
that they do not absorb water from the mortar. It is very important
not to wet the adobe bricks before using them.

There are many advantages to using adobe bricks and blocks:

They are impermeable if the clay and sand mixture is well
proportioned and blended.

They are good insulators from the cold, heat and noise.
They are resistant to insects.

They are resistant to fire,

They are simple to mold.

They are simple to work with, drill and repair.

The earth of your land can be the building materiai for your
house!
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WATTLE AND DAUB WALLS

To build wattle and daub walls, it is recommended that:

|:§> The foundations be made with bricks or stones that rise at
least 30cm from the ground (1).

|;‘> The joints between the walls and the foundations, windows
and doors should be made impermeable with asphalt and
adjusted to prevent water leaks (2).

@ The corners and tops of walls be strengthened with reinforc-
ing rods, wood or bamboo (3).

The simplest wattle and daub is made by weaving a wall with reeds
and split or whole bamboo, and then applying earth.

mud and cactus
Juice finishing

-

L\
.

N é‘

X
W\
=

Rt

\‘&
WS
\

foundation —__

—

~~— strawand clay

¢

waoven screen
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Another way to build with mud is to make a rammed earth wall with
a formwork of wood boards and braces. Fill the space between the
boards with a drier type of mixture and ram it down.

T o ¥ g W,

(7L 7oA T AL

J
.uc:stf]i

boards

foundation

Lace the boards on both sides to make a 30cm-high box that is
adjustable to the thickness of wall. The boards are held in place

by angled bracing.

The wall structure is made with chicken wire nailed to the posts.
The boards must be wetted with water every once in a while so
that they can be removed easily.

A good mixture is: 1 part cement, 1 part lime and 8 parts earth.
The earth must be sifted beforehand through a wire mesh with

0.5¢cm openings.

Many elements can be added to the mixture, including sawdust,
eucalyptus seeds, nut shells, straw, pieces of corn, coffee or sugar
cane. Also the outside can be made different from the inside by
adding elements or by using clay of another color.

The outside can be a mixture of earth with asphalt, tar or cactus
juice.
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In regions with few earth tremors, it is not necessary to use chicken
wire. The drawings below show a type of sliding formwork with wood
vertical pole supports tied together with wire.

large board

Start with the lower part of the wall. When the earth is dry, remove
the boards and build the upper part.

upper part drying

dry lower part

The wall is made in sections built one on top of the other until the
wall reaches the desired height.
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MUD AND THATCH WALLS

Mix thatch, which has been drying in the shade for several days,
with a handful with mud and then hang it on a rod tied to the
posts. The thatching mixture should not be too dry because that
will cause it to crack.

bamboo rods

?_____ bundle of thatch

(L piaster finish

PREPARING THE MIXTURE

When preparing a second batch of mixture with a different type
of clay that will combine with the first, leave the mud in the shade
for a few days to cure. Before mixing this mud with the thatch,
add enough water to produce a liquid consistency. Then make the
bundle of thatch with the mixture and hang it over the rods.

When the wall is half dry, add a thin layer of mud to make a smooth
finish. _
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MUD AND BAMBOO WALLS

There are two ways to make a weave with strips of bamboo, either
horizontally or vertically. With this technique the wood structure,
the foundation, the wall mixtures, and the finishing are the same
as in the previous example,

wood
structure
vertical weave : mud and cactus
. ("# juice finishing

horizontal weave

wood —? |

structure
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PLANT FIBER WALLS

In humid tropical climates where the walls must be lightweight,
use bamboo rods, branches and thatch bundles.

The walls must be lightweight:

@) to absorb less heat

E» to dry quickly after a rainstorm

Ef) to well ventilate the rooms

h !-'»’ A
1\\ Y f_L rows of bundles

log or board
o

The thatch is tied at the top to make a bundle and then hung in
rows on the bamboo rods that are connected to the posts.
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A wall made with branches or sticks:

branches
or sticks

The stems of palm leaves are nailed or tied with twine to a branch
or wood structure,

A wall made with thin split bamboo:

interior side

N

4
Jj%:.
T\
il

bamboo or branch rods \ %

split
bamboo

A

Since whole bamboo sticks may harbor insects, bamboo shoﬂld
be split in half. - -
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A wall made with agave (century plant) leaves:

The leaves are folded over the rods in offset rows.

A wall made with bamboo panels:

panel

See chapter 2 on how to weave bamboo.
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WOOD WALLS

In temperate climates where there are abundant sources of wood,
walls can be made with large boards tightly joined to prevent cold
air from entering.

-

battens to cover

the joints
ey
/’
boards
sill plate
thin boards to prevent rain
from entering between the

boards and the sill plate

= nails
wood boards .._5'? &“'1__ shingle
finishing
sill plate
foundation piece of wood to slope
the first row of shingles

A low-quality wood needs a covering such as wood shingles. They
are installed in such a way that the upper row covers the nails of
the lower row.

wIUTr T
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BRICK WALLS

Fired clay bricks are generally better than adobe bricks. There are
many ways to lay bricks.

w next course (row)
A A simple way to build straight
walls is by setting the bricks
lengthwise.

For thicker walls, the bricks
are set crosswise. The corners
are finished with two 34-sized
bricks.

When the bricks are exposed
without another finishing, al-
ternate the direction of the
bricks to create a pattern.
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D A more elaborate way to lay
bricks. Note: The pattern of the
courses changes at the comers.

E
% E Another pattern uses bricks
that are 34, ¥ and % of the
original size.
i

Bricks can also be combined with concrete blocks of the same
length but with a different thickness. Make a pattern alternating
one course of blocks with two courses of bricks.

one course

C\ two courses

K

the corner joints are simple section of a wall showing the
; . alternating courses
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SPECIAL WALLS

With concrete blocks:

The blocks are on the interior side
and are covered with finishing
bricks on the exterior side.

interior side
For humid zones:

Build cavity walls in hot and humid zones.
The humidity will take longer to penetrate
and drying is quicker after rain.

In a cavity wall, the humidity stays in the exterior wall. Reinforcing
ties must be used to join both layers of the wall,

reinforcing ties

the water that accumulates between
the layers is evacuated by small tubes

The support ties should be placed every 8 courses and be one
meter apart.
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When using concrete blocks, the cavities can be used to make
columns and beams by filling the corners and the tops of the wall.
The reinforcing rods of the columns are tied into the foundation
and the continuous beam.

A special type of block is required for the beam. These blocks are
open at the top and are half the size of a regular block.

continuous
reinforcing rods

foundation j

reinforcing

When leaving the bricks exposed by
not adding a finishing, create attrac-
tive patterns with the courses.

TMIr

i
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When the bricks are irregular sizes, install them so that the exterior
side is flat.

Then fill the holes and joints with an interior finishing and make
an attractive pattern.

Slanted bricks can be made with a different mold. This does not
require much more work and gives a nicer finishing to walls and
parapets.

slanted bricks

slab
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JOINTS

Other materials can be added to the joints when the courses are
being layed and the mortar is still fresh.

With this technique, less mortar is used and the walls are better
protected from the rain. Also any finish applied to these walls will
stay on better.

pebbles broken pieces of
stones broken tiles

JOINTS AGAINST RAIN

To make good joints in exposed masonry walls, remove excess
mortar from the joints and clean the bricks well with a stiff brush
after building an area.

This work must be done when the joint mortar is still fresh. Later
a finishing joint can be made that is more resistant to water. The
mortar for this joint is a mixture of cement, lime and sand in a
1:2:6 proportion.

an

newly made joint remove a little apply the 1:2:6
mixture




396 ' CONSTRUCTION

BUILDING ON UNSTABLE LAND

In areas with unstable soils, such as on hills, the corners and joints
of the walls must be reinforced with concrete pillars and columns,

With this strengthening system, the thickness of the walls can be
decreased, and only one layer of bricks is required.

perimeter

top band beam column

When a wall is more than three meters long, an intermediary column
must be built (a).

Indrytropical or temperate climates, it is recommended to build thick
walls that provide more protection from temperature changes.
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Below are a few recommendations for building with bricks in earth-
quake regions:

s
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Use good-quality mortar
(see chapter 10).

Build a continuous concrete
beam at the height of the
upper part of the doors and
windows.

Build a stone or concrete
block foundation.

The length of a wall without

internal supports should

not be more than 20 times
its thickness.

SN

Do not use broken bricks.

Leave a minimum of 100cm
between the doors and the
windows.

The minimum thickness
of a wall should be %2 its
height.

Apply layers of tar or cement
plaster to prevent ground
humidity from penetrating
the bricks.
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EARTHQUAKES AND LANDSLIDES

To build a house that is resistant to damage caused by settling,
consider the following:

=

A wall with no support will fall with the
first earthquake or landslide.

Walls with corners are more resis- @
tant.

A wall weakens when it is too long. e
L]

Walls get damaged when there is a J,
small space between the doors and
windows.

The walis must have “ins” and “outs” and use the roof or slabs to
brace the walls.

R

P

i
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a continuous strengthening band

or thickening of certain sections

between the roof and the continuous reinforcing
band, leave openings in the wall for the hot air to exit

During earthquakes the walls crack and the corners are the first
part to fall.

A BADLY DESIGNED HOUSE

The doors and windows should
not be so close to each other, nor
to the corners.

s ' TETE EEEN
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H For stronger construction
use these guidelines to
determine the spacing be-
tween openings.

h= height of the wall

—L —

For those whao like equations:
p] [wl
D+W=1/2

The sum of the width of the door and the width of the window
should not be greater than half the length of the wall.

For example, with a 4m-long wall and an 80cm door, the window
can not be larger than 120cm.

half the length of the wall = 200
e ? door length = 80
I + what is left for the window = 120

pitlar em—, ﬂ
é When a larger window is required,

a pillar must be built.
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It is worth building strong corners and walls to strengthen the
house in case there is no time to exit in an emergency. A small
secure area can be made to store valuables. In a disaster situation
such as flooding, collapses or earthquakes, inhabitants are often
trapped while attempting to save their valuables.

Usually houses do not collapse with the first tremor, but the door
is often unopenable since its frame is bent. In unstable zones, the
door frame must be made with a thicker wood frame.

2

e}

very large members

7

—

e

Many people do not wake up at night to leave the house in this
type of emergency. Hang a bell in the bedroom that rings at the
very first tremor of the earth.

the frame of the entrance door
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CORNERS

In areas with little stable ground, it is best to reinforce the corners
of the walls with small structures:

The lumber members are
installed at the same width
as the wall,

Place larger wood members
on an angle above the door
height.

The same technique with
smaller members.

A layer of concrete and re-
inforcing rods that hook to-
gether at the corner.

For a simpler reinforcing
technique, use a metal
mesh that crosses over at
the corners.
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When the masonry walls are made with earth-cement blocks, it
is necessary to reinforce the corners. If reinforcing rods are not
available, use bamboo rods or palm leaf stems covered in tar and
coarse sand to bind them together.

bamboo rod reinforced corner

The same technique can be used to build adobe walls with open-
ings at the joints.

& \— reinforcing

Pay attention to the place-
ment ofthe half-blocks used
for making the corners.

Place bamboo rods or reinforcing rods in the holes to reinforce the
corners and the meeting points of walls.
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When building a continous structural band for large adobe walls,
also build corner feet to increase the strength.

view from inside

But really the best way to reinforce corners of adaobe walls is with
concrete columns.

To prevent damage at the corners, which always occurs, use rounded
adobe walls.

reinforcing

On the interior, build triangular-shaped reinforcing columns.
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REINFORCED ROUNDED CORNERS

1 The foundations must have a triangular angle at every corner.
Reinforcing rods from the foundations should connect to the
column’s reinforcing.

_ e/_ reinforcing

barbed wire

foundation

2 Every four courses add two meters of barbed wire in the joint.
The wire must also be tied around the rods.
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3

4

5
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Every 10 courses install a board in the corner and fill the
space with concrete. Hit the board to prevent bubbles from
forming in the concrete.

board

At the top end of the wall, connect the reinforcing rods to
the perimeter band. :

reinforced
corner

Later add the interior finishing with a smooth curve at the
corners. :
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WOOD AND BRICK WALL

In regions where wood and bricks are about the same price, try
combining these two materials to make walls;

wood posts f :

cut logs with the rounded
side on the exterior

paint this area
with burnt oil

high brick
or block base

In rain zones, the masonry is higher and the roof must have adequate
eaves to protect the wood. In dry zones, the masonry can be only
two or three courses high.

-

ALl Lk

I HRRIRN LiEma | bl

rain zones
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INSULATING FROM HEAT AND COLD

A wall made with adobe provides better protection from the heat
and cold than a brick wall. Improve the insulation of hollow con-
crete blocks by filling the holes with earth or sand while installing
each course.

Before installing the second course, fill the first. This technique’s
insulation value (resistance to heat and cold) is 32 to 40. See
chapter 10.

FOOD WALL

In areas where the houses are clase together and there are very
small gardens, build a wall with bricks or blocks which can be used
to grow food. This wall can be located between the street and the

entrance courtyard.
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The top part can be a small garden for growing vegetables and food
for the chickens or rabbits that are in the lower compartments. The
animals produce fertilizer for the garden.

O T

N

view from the courtyard side

This wall can also be used to store things such as tools and materi-
als. The animal compartments can be built in bricks with openings
towards the outside.

a view of an ecological wall along a street
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VERTICAL GARDEN

When good earth is not available and space is limited, build vertical
gardens inside tubes.

1 In a metal tube 2.5 meters C
long, make alternating cuts .
20cm from each other. /

&

2 Pull the upper part of the cut e

in to make little shelves.

3 Fill the tube with earth and
plantdifferenttypesof plants,
such as strawberries, vegeta-
bles or medicinal herbs.

It is also possible to use bamboo instead of metal. In chapter 8 on
water, see how to remove the knots in bamboo trunks.
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on top of the other as illustrated below:

L Another way to build a vertical garden is to install clay vases one
;
i the bottom one fits into the top one

This type of “garden” requires very little earth and water. The
garden tubes are watered by wet strings which hang from a gutter
bringing water.

The lower parts of the tubes are buried in the ground.
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CLAY JAR WALLS

First build a wall with posts and strips tied horizontally on both sides
of the posts. Place the clay jars top-down between the strips.

. . -
5 - & finishing
" 1.. - - ‘&/

strips

foundation

Apply a finishing made from a mixture of mud, sand and grass or
cut straw.

ADOBE BRICK JOINTS

The joints should not be larger than a halif or a third the thickness
of the adobe brick. -

proportions of the adobe
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WALL OPENINGS

Openings in the walls for windows or doors should have lintels.
Lintels can be made with wood, bricks or concrete.

An opening of a meter wide or less can be made with bricks, but
a larger window or door frame must be installed.

i ¢
. -
| frame
| =

Larger openings must have lintels made with concrete and rein-
forcing rods.

Bricks can be installed to make a kind of a compressed beam:

ul
:

\W\LTTT

This brick lintel is a traditional way to span an opening.
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Another way to span an opening is to corbel the bricks by projecting
each course half-way over the opening towards the center.

Bricks can also be used as a mold for a concealed concrete
lintel.

reinforcing rods M T T T 1T L

THETUCON

the same mold can be used

to make several lintels [

See chapter 5 on materials for directions on making tucons. .
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A tucon can be installed without formwork or bracing.

tucons allow construction to progress more quickly

When the weight above an opening is very heavy, reinforcing rods
must be placed in the hole and the hole filled with concrete,

reinforcing rods

a very long span

| e | s | e s | o |
The same goes for large openings...
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ARCHED WINDOWS

Here are two ways to build arched windows,

A Support made with bricks:

Place the bricks in an arch without mortar. They will be removed
after the finished brick arch is dry.

1 Installbricksintheshape ofthe
opening without mortar.

2 Build the brick arch of the
openingwith mortarand install
the other courses of the wall.

3 Removethe loose bricks inthe
opening, and then apply the
- finishing.
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wire

reinforcing rods

B Support with a formwork:

Make a simple curved formwork with reinforcing rods connected
with wire. The advantage of this type of support mold is that it can
be easily modified for other window shapes.

1 Placethe formwork in the desired
curve.

2 Build the brick arch and the
courses of the wall,

3 Remove the formwork.
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DECORATIVE WALLS

With good-quality bricks or concrete blocks that do not require a
finishing, take the opportunity to build walls with patterns.

In very dusty regions it is recommended that walls be flat. In other
regions the masonry can be installed on different angles to create
zZig-zag patterns. Besides being decorative, these walls are less hot
since they create shade and air movement,

a flat wall gathers less dust

a zig-zag wall makes its own shade

The lower part of the wall must be flat to prevent the masonry
from being damaged by vehicles, gardening equipment, animals
or children wanting to climb up.
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area with projecting wall pattern

flat area of the wall

EXAMPLES

Trapezoid-shaped adobe bricks can make interesting walls or par-
titions.

The bricks can be made with dif-
ferently colored sands. The result
is illustrated on the right:

Another idea is to install glass
bottles in the bricks, leaving their
bottom ends exposed.

&

install a glass bottle with an exposed bottom
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Even bricks without decoration can be installed to make pat-
terns:

One brick faces in and the other
out.

A wall with a flat and finished
interior and a patterned exterior.

A wall with both sides patterned
by bricks installed in the same
direction.

A wall with alternating course di-
rections.
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An alternating pattern with offset
courses.

A wall with openings for partition or garden:

installed vertically

=

installed horizontally
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Rectangular bricks can also be used to create patterns:

a slightly angled wall

alternate the direction of
bricks with a 2cm overhang
creating shade

In a flat wall, one or two courses can have a different pattern.

Always use good-quality bricks which do not easily break.
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OUTDOOR WALL COPING

To prevent rain from entering into the joints of outdoor brick
walls, cap the top of the wall with a special top course made with
bricks.

Garden walls can have open-pattern courses in the upper part of
the wall:

rich mortar b

In rain zones use a richer type of mortar on the coping to prevent
water from damaging the joints (a). Another solution is to add a
sloped cement finishing coping (b).
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Often curved tiles are used for coping veranda walls:

The spaces can remain open or be filled with mortar and painted
with lime.

To close off the top of the wall, add a course of bricks placed in
the other direction.
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With this technique, many different patterns can be created to

decorate a balustrade:

These patterns can also be used for garden walls:

it ixie insmmiqi B (1 B B 1 B
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They also work well for interior partitions:

WALLS MADE WITH SEVERAL MATERIALS

The walls of a house or building do not need to all be made with
the same materials and techniques.

leither is it necessary to build the final walls immediately. One
:an start by building with lightweight materials and then change
them for other, more durable materials later on.

Itis important that a construction begin with a well-made founda-
tion and structure to support the roof. The walls can be part of
the structure or not. The materials for the walls should alternate
in clear patterns.
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This is better.

brick base

THICKNESS OF ADOBE WALLS

The first-storey walls of a two-storey house should be one-and-a-
half times thicker than the walls of the second storey.

30cm

45cm "—L)

Another way to calculate the thickness of a wall is based on its
height. For example, a 3 meter-high wall will be 30cm thick.

The thickness of a wall also depends on the quality of the materials
and the regional climate.
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LIME PLASTER

Some special tools are required to apply plaster. The technique is
explained below,

1 Dampenthe masonrywall 2 Verify the level of the wall
and apply plaster mixture. with a plumb line.

3 Smoothoutthesurfacewith 4 Finish the surface with a
a wood board. wood or metal trowel.



CONSTRUCTION 429

SLAB FORMWORK

Often material is wasted in the construction of concrete floors and
roofs due to incorrect space planning.

By designing a house with modular units, the same formwork can
be used for the whole slab. This saves wood which often cannot
be reused after it is cut.

A concrete construction can be more expensive than planned due
to the high cost of wood that is not reusable.

Shown below is a house based on a 50cm unit;

this plan is not modular 349 units = 12 x 50 =

6.00 meters

this plan is completely modular
with 50cm units

MODULAR CONSTRUCTION

To build with a modular construction technique, first decide on
the most convenient unit to use. This medule is based on the size
of wood boards available, so that wood is not wasted by cutting.
Design the plan of the house with the chosen module.
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Below is an example of a module of one meter by one meter and a
half. The plywood formwork panels must not be too large or heavy,
so as to be easy to manipulate. Panels made with boards are usu-
ally smaller since they are heavier.

A typical plan of a small house could be:

e ) S —

Note: The size of the rooms in meters is measured from one wall
to the other. These are the inside dimensions of the spaces, and
they do not include the thickness of the walls.

ROOM FUNCTION MODULES DIMENSION
A bedroom 12 3x3.0m
B bathroom 2 2x15m
C kitchen 3 3x1.5m
D living room 15 5x4.5m

TOTAL 32

There are 32 modules of formwork required.
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There are two ways to build formwork panels:

panel made with boards

Scem x 10em maold

reinforcing rod
armature

&7~ temporary

J support post

L.

If wood is not available for posts (a), the panels must be supported
by projecting bricks (b).
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Prefabricated panels are often convenient for closing off the space
between the roof and the upper part of the wall. These types of
panels are calied ceiling panels.

There are several ways to build ceiling panels using clay and grass,
gypsum and sisal fibers, or bamboo and cement.

CLAY AND THATCH GRASS PANELS

Clay and thatch are materials used to build durable ceilings and
upper storage surface.

Make a row of holes in the joists before they are installed.

2 Then wrap straw or thatch grass soaked in clay around
branches which are longer than the distance between the
joists.

wrap around
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3 Install the branches wrapped in grass and clay between the
joists. Place one end of the branch in one side and then in
the other.

4 Add a smooth finishing layer of a sand and clay mixture
above and below the panel.

BAMBOO, MUD AND THATCH PANELS

This type of panel is made with bamboo split lengthwise and a
mixture of mud and cut thatch:

bamboo split
lengthwise

The round side of the bamboo is placed upward and the [ower part
is well embedded in mud.
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BAMBOO AND MORTAR PANELS

This type of panel or slab can also be used to make interior
partitions.

3 Add a fine layer of mortar in the mold. The mortar is made
from one part cement and two parts sand.
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4 Install a woven bamboo mat made with 2mm thick and
one centimeter wide strips spaced 4cm to 5¢m apart.
When the bamboo is dry, coat the mat with tar and spread
a fine layer of sand on top. Press the mat into the cement
mixture. Let the panel dry.

5 Cover the whole mat with the cement mixture up to the edge
of the frame and remove the excess with a piece of wood.
Then finish the surface.

6 Let the panel settle for 8 days and wait 3 weeks before
installation.

To save on wood, make a 3cm x 3cm wood frame and use flattened
cardboard or newspaper as a base.

Note: The slabs for kitchen counters are 5¢m thick.
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GYPSUM AND SISAL PANELS

Lightweight and non-supporting gypsum and sisal fiber panels for
ceilings can be built during construction.

On a table or work bench place a sheet of glass approximately
50cm x 100cm. Build a frame with 1cm-thick strips of wood held
in place with clamps made from reinforcing rods.

reinforcing
rod clamp

R
wood strip -

lcm x 3cm

1 Mix a small quantity of gypsum, just enough to cover the
sheet of glass.

2 Fill the frame with the gypsum to the top edge of the wood
strips.
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3 Cover the surface with a thin layer of sisal fibers.

sisal fibers

4 Let the panel dry for a few minutes.

5 Remove the wood strips and then lift the finished panel.

Placing the panels:

These gypsum panels can be hung from the roof joists. Two people
should be on hand to install them. One person holds up the panel
while the other dips sisal fibers in the gypsum mixture, places it
over the joist and glues each end to the panel (see illustration on
the next page). The person below supports the panel for a moment
until the attachment is dry.
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sisal fibers with gesso

é\ person supporting

the panel

When all the panels are installed, apply gypsum to the joints for
a smooth finishing.

finishing the joints
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To prevent the panels from cracking at the joint with the wall, leave a
2cm space betwen the wall and panel. This space can be concealed -
with a strip of wood or a cove molding.

heam joist 2

hangers ' 21, e wall

wood molding j

Another technique is used to install the panels below concrete floor
slabs. The panels are hung from dowels or stakes inserted in holes
in the slab.

floor siab of upper floor
e L. & 2
make insert the
holes dowels
with a
chisel

n

1 Make holes with a chisel and a hammer.

2  Solidly install the dowels with the hammer.

3 Connect the panels to the dowels with sisal fibers soaked
in gypsum.

These panels are easy to pierce and to cut when installing electrical
wiring. Remember, though, it is always preferable to install wiring
before closing off the space with the suspended ceiling.
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EARTH FLOORS

The floor area between posts must be higher than the outer area.
The wall will be protected from rainwater that runs along the flat
outer wall of the house.

= I, install logs to retain the

e 1 earth and as a base for
P Fe® X the walls

The mixture for the earth floor is earth, gravel and water/asphalt
in a 10:2:1 proportion, respectively.

Another way to build a good floor is to use pumice stone sand which
provides a thermal insulation base for very cold or very hot regions.

concrete mixture with lines

// on the surface

bricks

To harden an earth or clay floor, build a fire with branches or straw
on its surface.
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VENTILATED FLOORS

To insulate a floor from the cold or heat, make openings in the floors
to let air circulate. In very hot zones, the openings or channels allow
the cool breezes to circulate. In cold zones or during cold seasons,
these openings can be closed off at the base of the walls.

The channels run from one side of the house 1o the other. At the
place where they meet, build a cellector channel in the opposite
direction. This type of ventilated floor has a thin layer of concrete,
and a ceramic or wood floor.

The channels can be built with various materials:

Connected hollow blocks or bricks:

A ceramic floor with a concrete
base:

Note: Plant certain types of vegetation, such as lemongrass, around
the exterior walls to deter insects from entering the channels.
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ROOF SLAB

On the beams, install channel-shaped roof tiles so that the large
end of one meets the large end of the other tile, and in the next
row the inverse occurs.

Install chicken wire mesh on top of the tiles and cover the whole
area with a 3cm layer of concrete. Lift the wire mesh slightly to
make sure the concrete settles and adheres to the assembly.

view from above

concrete
wire mesh

beams

view from below

To decorate the ceiling which is seen from below, paint aiternating
tiles with lime.

The house decoration should not be limited to the walls or floors.
The ceiling is also an area to be admired.
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BRICK AND BAMBOO SLAB

In the chapter an materials there are instructions on preparing
bamboo for construction. The drawing below shows how to build
a strong and low-cost floor.

1
2

Install bamboo parallel to one of the walls.

Install bricks as shown
on the right.

Place reinforcing rods in
the bamboo channels.

Fill the channeis with concrete.
Finish the surface with a layer of cement.

Before combining concrete and bamboo
to build slabs, it is recommended to
build 1m x 2m test plates. Not all types
of bamboo are suited for construction,
and some must be treated beforehand
to be strengthened. See chapter 10 for
more details.

CONCRETE AND BAMBOO SLAB

Leave a 5¢cm space between the pieces of bamboo.
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CASCAIJE SLABS

Cascajes are lightweight concrete, prefabricated slabs used to make
floors and roofs. The idea was invented at TIBA and proved to be
substantially more economical than typical concrete floor siabs,
which use more cement and steel reinforcement. It offers a pleasant
visual aspect, has durability and space for ducts and wiring.

Install the con-
shells and sup-
port them with an
intermediary post
and beam during
the construction.
Then fill the vai-
leys using bam-
boo to save on
reinforcing rods.

support
post

1 Apply 3cm of cement
mix and a Y-gauge
reinforcing rod to the
bottom of the valley.
The cement mixis 1:2
cement and sand.
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3 Now fill the valley with a cement mixture of 1:6 cement and
sand/clay.

4 When all the valleys are filled, cover the whole with a
2cm cement mixture of 1:4 and then apply a cement
finishing.

Build a concrete beam with two reinforcing rods on the exterior edg-
es to prevent the floor from breaking (conshells lose their strength
with lateral forces). Then build a low wall above the beam (1). Now
fill the open curved space at the end of the conshell (2).
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BAMCRETE BEAMS

Bamboo can be used instead of steel reinforcing rods to make
concrete beams.

1 Build a formwork with boards.

2 Install nails near the knots in the bamboo pole and wrap it
with barbed wire.

3 Fill the bottom of the formwork with a 2cm layer of cement
mixture (cement, sand and gravel), install bamboo and fill
the form. If the beam is large, use more bamboo.
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4 Compact the cement and make sure the bamboo remains
in the center of the beam.

5 Remove the formwork side boards in 2 days. The bottom
board should remain for 2 weeks,

The drawing below shows a house that is built with several ecotech-
niques, such as conshelis and green roofs:




ROOFS CONSTRUCTION

Below is a description of how to build a basic roof with wood posts
and beams. The wood dimensions depend on the type of lumber
and the size of the house.

]

&
1 Install the posts on flat rocks embedded in the ground.

2 Connect the main beams solidly to the posts to make sure
they resist earthquakes and strong winds.

3 Install the secondary beams that will support the eaves.
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4 Install the main roof structure.

5 For a stronger structure, install
diagonal and center bracing
to the sloped members.

6 Install the rafters which
create the eaves. On the
rafters install purlins to
which the roof finishing
will be fastened.

Woven mat walls can be made independently from the structure.
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Shown below are other types of roofs. The structure is similar but
the spaces below are different. The posts that structure the walls
are the same as those that support the roof.

a roof structure for a
square-shaped house

a roof structure fora
house with rounded walls

ASSEMBLING THE BEAMS

When working with wood logs and forked trees are not available,
connect posts, beams and rafters by cutting notches into the joint
areas and shaping them into interlocking pieces.

a

post rafters
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Assemble all members in the following way:

R

post the connection of the beams and rafters as seen from inside

rafters %23 %-

rigge bea connecting the rafters
ost
<"
connect the beam to the support

furring strip rods
post

connect the furring strip rods to the posts
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THATCHED ROOFS WITH REEDS

To make a thatched roof with long bundles of reeds use wire,
string, and reeds with stems 1 meter to 2 meters long.

Let the reeds dry, but not too much, to prevent them from breaking.

|:§> Below are details of this type of roof construction:

Scm x 15¢cm

purlins
Scmx 7cm

ﬁ_ wire

Start by sewing a bundle of reeds to the first rafter and make a row.
Sew on the next layer of reeds with a fine string which also goes
through the previous bundle. Each layer covers % of the previous
one and is tied down at three points. The stiches should be on an
angle so that there are not any spaces between the bundles. A
wooden needie with the following dimensions is used:

2%cm
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The diameter of a bundle of reeds is 15cm.
The first row and layer: Sp
i/
bundle of reeds — /), ‘&
wire —-\' / Q‘?‘/‘ / /

string S
> ,2/47//'.’4-%4? 74/

S0

needle

The lower part of the next layer covers the wire and the string of
the previous layer.

The second layer:
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REED AND MUD ROOF PANELS

i First build a work table.

2 Place the reeds on the table with the thinner ends all to one
side and allow them to extend beyond the mold. Complete the
mold at the thin end with a stick installed as shown below.

frame

3 Then fill the mold with mud and bend the thin end of the
reeds over the stick towards the inside, pressing it into the

layer of mud.
bend over the reeds ™ mud
reeds
Scm x 10cm

frame

4 Remove the panel and place it on a flat surface to dry. Pull
the stick out carefully to maintain the molded tunnel.

Bind the panels to the roof's purlins with wire. The wire passes
- through the molded tunnel.

This type of roof must be sloped mare than 45 degrees for the rain
to properly run off its surface.
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SHINGLE ROOFS

A shingle roof must have a slope greater than 15 degrees to pre-
vent winds from lifting up the shingles. Each shingle should have
two nails in the center and be installed starting from the eaves to
the ridge. Each shingie is nailed in two areas and is supported by
three purlins.

shingles nailed to the purlins

Another way to support shingles is with a board sheathing made
with a durable type of wood. With this method, the shingles must
be absolutely dry. '

Installing a board sheathing is a good way to make a base for
shingles, but in regions where there is no equipment to cut boards,
" the shingles can be nailed directly to the roof structure.
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The size of the shingles depends on the quality of the wood and
the local climate.

humid climate dry climate

a roof with 4 planes

decorative shingles

Usually roof shingles are larger and thicker than the shingles used
for walls.
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The detail below shows a way to place shingles to prevent rain and
wind from entering.

hal 4 5 £ £ Wl 1 I £ s f- *1i" . a vl
/ » b

In regions with heavy rains and strong winds, it is important to
orient the roof in relation to the prevailing winds.

, prevailing winds

The wind hits the smaller part of the roof...
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FLAT ROOFS WITH CORRUGATED SHEATHING

Shown here are details for flat roofs made with corrugated metal
sheathing. The fiat roof must have a slight slope so that rainwater
does not accumulate.

Since corrugated sheathing does not insulate from the heat and
the cold, other ways must be found to protect the house:

A Build a a second roof or suspended ceiling below the roof-
ing to allow air to circulate between the two layers. In hot
regions the moving air cools the roofing. In cold regions use

insulating materials to prevent the heat from escaping from
the rooms.

breeze L T ceiling panels

wall

B Use insulating materials on top of the roofing. First orient the
corrugated roofing so that the grooves are in the opposite
direction to the prevailing winds. Fill the grooves with palm
leaves, reeds or grass.
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In regions with strong winds, the insulating materials must be tied
to the roof with wire.

palm leaves

an insulating material absorbs the heat £ wall

In regions with heavy rains where buildings have Iargé eaves to
protect the walls, extend the beams to support the roofing. Without
this additional support, the ends may break off.

Warning: The roof structure, joists and purlins must be straight
and well levelled to prevent problems when installing tiles or any
other roofing material.
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- THATCH OR LEAF-COVERED ROOFS

To cover a roof with thatch, first make bundles of thatch that are
tied at one end.

Then bind the bundles to the purlins of the roof structure,

tied bundle

>

Another method is to fold one end of the bundle over the purlin
and tie the bundle together.
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Palm leaves such as the fan palm can be used in many ways. The
strips of leaves can either be woven or tied together.

the stem Is used to weave -——j s

palm leaves

the stem is cut and...

the palm is tied to the
purlins with a strip of leaf
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The palm leaves are folded or cut lengthwise. They are then tied
directly to the rafters, which can be a smaller size but spaced
closer together.
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Agave |leaves can also be used as roofing.

Cut the stems into 20cm x 40cm
pieces, let them dry on a fiat
surface and paint them with a
varnish sealer.

See chapter 2 for other types of roofs for humid tropical regions.
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CLAYTILE ROOFS

Clay tile roofs must have a slope between 30 and 45 degrees.

A roof without a ceiling:
Here the sloped rafters are nailed to the wall sleeper.

sleeper

i
7

wall

A roof with a ceiling or an attic space:

This solution is preferable if there is enough wood available for
beams. It provides better protection from temperature changes,
and the wider eaves protect the walls from rainwater and sun. The
extended beams support the ends of the rafters.
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There are three ways to install clay tiles on rafters.

Install the tiles this way
to prevent rainwater from
infiltrating.

It is easiest to install the tiles di-
rectly on the pullins that are nailed
to the rafters.

To reduce the circulation of hot or
cold air through the tiles, install
them on a sheathing of small bam-
boo installed on the rafters.

In regions where there is wood
available, the sheathing can be
made of boards on top of which
the tiles are laid.
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ROOF GUTTERS

To collect rainwater, install roof gutters to the ends of the roof
rafters.

the gutter is nailed to the fascia, the board

at the end of the rafters K)

the gutter is nailed to the fascia board
at the end of the extended beam

a gutter made with three boards
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A gutter can also be installed at the junction of the roof and wall:

exterior wall

Half of 2 10cm drainage pipe can also be used as a gutter.

CONCRETE TILE ROOFS

Many types of roofs can be built with long concrete tiles:

long tile: 40cm x 80cm

4

purlin

rafter
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The same tiles can be used to make a concrete slab or a flat roof:

long concrete tile

concrete or
wood beam

Place a chicken wire mesh over the tiles and apply 4cm of
concrete.

-ift the tile slightly to allow the concrete to settie. To build a stron-
ger floor, install continuous reinforcing rods in the grooves of the
tiles.

GREEN ROOFS

A beautiful roof can be made with natural materials such as bam-
boo, earth and grasses. This type of roof has a high thermal value
and therefore is a good insulation. It is inexpensive and can be

built in a day.

cold . heat
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1 Build the wood and bamboo structure with a slope of a least
1:10.

For greater slopes, it is preferable to use bamboo rods of
different diameters which make an undulated base and help
prevent the earth from sliding.

bamboo

sleeper \ﬁ

/Q\/. wall

2 Nail an upright fascia board at the end of the rafters, anc
install a sheet of plastic to prevent water from infiltrating.

Fold the end of the plastic sheet over the fascia board and secure
it with a batten nailed to the board. ' -
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3 Along the lowest end of the roof place a tube perforated every
20cm that drains the rainwater. Cover the tube with gravel
so the holes do not get clogged.

4cm-diameter
tube

>~ perforate on both sides

4 Cover the plastic with pieces of grass.

Y “'t'ﬂ. N L i’(“ };.

Iy o

\ { ...', 7 P
i"v“ 2. protective strip

;‘ . , rainwater

i

To protect the piece of the plastic from exposure to sun, cover it
with a strip of wood on the horizontal surface.

During dry months, irrigate the roof with a perforated hose installed
on the highest part of the roof.
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A green roof can have many shapes, and it is very flexible:

ties

) 'fiﬂ
Al i‘. I
b
il

b

It can be combined with other types of roofs.

E» Choose the most appropriate local grasses available in the
region. Test some varieties. Since there is not much earth,
be careful that the roots do not dry out.

|:;> Tree and bush seeds can fall onto the grass roof. It is recom-
mended that their seedlings be removed.

Plant flowers or differently colored grasses to enliven the roof
even more:

"( .\-f. p
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...or fragrant and medicinal herbs to cook with and keep us healthy.
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A green roof is the ideal solution for roofing a building in a tropical
climate. In dry seasons, it is necessary to irrigate the roof.

In dry regions, install a perforated tube on the ridge and a valve
on the wall below.

a house with windows on the 2nd fioor

A goad-quality plastic sheet must always be installed. The sheets
that are commonly used in the construction of dams or pools are
recommended.
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Green roofs also provide a shelter for birds.

e /m
—~ ~N

Usually green roofs are slightly sloped. If the slope is steep, such
as up to 45 degrees, certain details need to be considered to
prevent sliding.

L "]
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TRUSSES

Trusses must be built when only pieces of wood are available for
roof structure. Recycled wood, such as railroad ties, can be used
to build trusses.

Here are a few ways to cut railroad ties which are usually 20cm x
20cm into lumber:

8 pieces 5cm x 10cm

4 pieces 5cm x 20cm

4 pieces 5cm x 15¢cm
2 pieces 5em x 10em

Use rectangular pieces placed upright. A square piece is equivalent
to two rectagular pieces, so it is a waste to make square pieces. itis
better to span the spaces with lighter pieces of the same height.

square beam rectangular beam rectangular beam cor-
Incorrectly instailed rectly installed
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The truss lumber is joined with nuts and bolts,

bolts g @ ; @

Shown below are a few examples for assembling lumber into truss-
es that can span 6 to 20 meters. Trusses are convenient when
one has different-sized lumber and nothing long enough to span
the whole space.

nuts

They are built this way:

ya S

Atruss that is 5cm x 20cm along the top diagonal and 5cm x 100m
below can span larger distances.
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WOOD AND WIRE BEAM

board TN,

This beam uses wire in tension.
The ends should be reinforced
with a piece of hardwood or a met-
al sheet to keep the wire taut.

Tie a knot at the end of the wire
and nail it well into the board. sheet metal

Metal tape, such as the type used
to close large boxes, can be used
instead of wire. metal tape

Below the studs, hold down the wire with the same type of metal
reinforcing.

"..5.
% et
e pennantt ™
. -
.
,..unﬁ"

800cm 5 x 15¢m board

pare 0 =1
-“,,«m"'
e - wall
.--""""“ ™
_—

To build a roof over an 8-meter span with 5¢cm x 15cm wood, the
wood stud must be at least 90cm long.

The longer the stud, the less tension in the wire.
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Here are two examples for a 3-meter span. With a 15¢cm stud, the
beam supports a 50-kilo load. The same beam with a 60cm stud
supports a 200-kilo load.

15¢cm stud

60cm stud

To assemble the beam, first nail the wire to both ends. Then cal-
culate the length of the stud. Since the studs are in compression,
it is preferable for them to be square, such as 5¢cm x Sem.

temporary support post

During the construction the weight of the workers on the structure
makes the load heavier than it is designed to be. Therefore, work
posts should be installed temporarily during construction.
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When woad of an adequate size to span spaces between walls of
a house is not available, and there are insufficient tools or con-
nectors, such as bolts, build with columns or pillars.

Install the columns or piliars away from the center of the room to
provide as much free space as possible.
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The dimension (a) is larger than (b).

roof bracing

& —___. beam for the wall partition

column or post

[ L L R

First install the beam for the shorter span, then the longer one.
Next install the small posts supporting the roof.






DOORS AND WINDOWS CONSTRUCTION

In previous chapters there are descriptions of how to design and
build houses for different climatic conditions.

The climate must also be taken into account when deciding on the
type of doors or windows for a project.

In this book, three climatic conditions are considered:

@ humid tropical climate: hot and rainy regions
E() dry tropical climate: hot and arid regions

E:} temperate climate: mountain regions

See chapter 1 for more details on the differences between these
climates.

A HUMID TROPICAL CLIMATE

The inhabitants of the humid tropical regions are comfortable
when there are breezes passing through their rooms and the rooms
are well ventilated. Making openings in wood or bamboo walls is
one way to circulate air.

However, in the colder season of this climate the occupants prefer
to close their house to the exterior, and in very populated areas it
is, of course, usually important to lock up the house completely
before leaving.

There are regions where the cool breeze comes from a certain
direction during the hot season and the humid and cold winds
come from another direction during the cold season.

In these regions, two walls can be built: one half-open that allows
the cool air to circulate, and another closed that prevents the cold

air from entering.

e A
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summer: the breeze flows
through the rooms

winter: the cold wind
does not enter

The same considerations must be made for the placement of the
windows: they must be on the side of the summer breezes and not
on the side of the winter winds. At the very least, the windows on:
the side of the cold winds should be smaller.

The height and positioning of the windows can make a significant
difference for regions where there is a temperature change be-
tween the night and day.

during the day the breezes
are felt by the occupants

at night the air flows over the
sleeping occupants
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To allow air to flow through the house even when the windows and
doors are closed, use slatted shutters or venetian windows.

lllustrated below are a few examples of venetian-type openings:

Doors:
B
below above
Windows
¥ 3 7
L.._l—-a-...n
below above sides section

Cross-ventilation is a term used to describe a breeze that enters
from one side of a room and exits through the other side. This type
of ventilation is possible with venetian-style openings.

air enters from under air exits through the upper
the lower part of the door part of the window

W ﬁi>

Shown above is an example of cross-ventilation with venetians.

AAL, X
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B DRYTROPICAL CLIMATE

A dry tropical climate has other types of conditions. Since there is
. scarce vegetation and few cloudy days, the sun is constantly reflect-
ing off flat surfaces and the ground, and into the buildings.

refiection of light and
sun into a house

The dryness of these regions also produces dusty winds. Itis therefore
preferable to have smaller windows on the outside. Large windows
should be placed in walls of courtyards where there is less dust.

As the walls in these regions are usually thicker, a fixed glass
window can be receded so that the sun's rays do not heat up the

glass.
the sun’s rays do /E EJE
not hit the glass /
/
% /

a thick wall

Go to chapter 3 to find out how to cool rooms by building openings
below and above windows.
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C  TEMPERATE CLIMATE

In colder regions, most of the heat from inside the house escapes
through the doors and windows. Windows on the south side, the
cold side of the house, should not be large. However the windows
on the north side can be larger to let the sun enter and warm the
house. This applies to the Southern Hemisphere; do the opposite
in the Northern Hemisphere.

Also it is important that the frames be well built and installed.
There must not be gaps between the frame and the wall so that
heat does not escape and cold does not enter through these
areas. On the following pages, there are details on how to install
frames properly.

Blass window

wood shutter

All windows must close well. To reduce the loss of heat during the
night, install wood shutters outside the glass windows.
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POSITIONING DOORS
In traditional houses where there is one room with one or two

doors and few windows, if any, the doors should be located in the
center of the wall.

N

In houses with many separate spaces where there is more
furniture, the doors should be located at one end of the wall.

This provides mare space for furniture and circulation.

Here is an example of a room:

a central door leaves little space
to position furniture

with the door in the corner
there is more space

It is easier to place the wardrobe and bed in example (a) than
in (b).
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Don't forget that the doors always open towards the inside of a
room or house and never towards the outsidel

towards the inside never towards the outside

AWNING WINDOWS

Awning windows have the advantage of being left cpen when it
rains, or it is overcast and there is little light entering the rooms.
They can simply be opened up further.

sunny day - rainy day
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STORE WINDOWS

Small stores can be located in the wall of a courtyard or garden by
making an opening for a large window and using two suspended
poles and an awning or woven mat.

On the interior side, set up the store with a table.

y oSy

the store counter is also inclined poie holds the counter
used to close the opening

opening the store closing the store
I
J .
£
&

Another way is to make a small wooden awning on hinges which
also is used to close the opening.
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In hot and rainy climates, the humid part of the kitchen can be
located outside the house and the awning window is opened under
the eaves,

ventilation opening /

table with a sink and pots

hook to hold up S . ™
the awning Ny | rhegurt 0
i

The outdoor floor is sloped so that water drains away from the house.
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WINDOW FRAMES

When the walls are built before the windows are placed in, leave
a space around the openings to properly install the windows. If
possible, install the framing while building the walls to avoid gaps
between the wall and the frame through which air can flow.

caulking

interior
side

incorrect ’ correct

Apply caulking between the wall and frame to seal the joints.

In cold regions the wind blows through gaps cooling the interior
of the house.

Adobe bricks, without a finishing layer, should have protected cor-
ners so they don't get damaged and break.

Shown above are ways to protect the corners with fired clay bricks.
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It is simpler to protect the corners of openings with rounded adobe.

(

wooden door frame

o=

rounded adobe bricks

The door can be receded to create a welcoming entrance where
visitors are well protected from the rain.

The windows also have
rounded corners.

...a doorway for lovers
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WINDOWSILLS

Sills should be located in the lower part of the window to protect
the wall from rainwater.

Windowsills can be made with stone, concrete, bricks or wood.
The upper surface of the sill should be slightly sloped towards the
outside to drain rainwater.

A little channel or groove on the bottom surface of the sill collects
rainwater and directs it away from the wall to protect it from water
and dirt.

window frame

finishing of the wall over
the joint of the window

A

wall

= J
. A K
r slope

oove
& window frame —7 , k.

windowsill / e Ty ey K

wall  — s ¢ T groove

section of the lower part of a window

The windowsill must be a little larger on the outside of the opening.
It is embedded in the bricks of the wall so that it does not become
loose or damaged.
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CONSTRUCTION DETAILS

Simple panels can be made with wooden boards. The frame can
be installed in the wall during construction or fastened to the wall
later with small wooden blocks.

|
t
|
{
|
|
1
l.
|
!
1

|

! GES

The windows can open the following ways:

£, nails or bolts

nail
'// hole for ole Ty

metal nail
nail cheat

oy

If the wood is not very strong,
1 reinforce it with strips of
: sheet metal.

This window opens outwards.
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Ef) leather

Hinges can be made out of leather:

leather or a piece
of rubber tire

‘%‘) tracks

In dry regions where the windows are protected by roof eaves, the
windows can be built to slide on tracks.

A groove is made in the upper and lower part of the window or the
shutter so that it runs along a strip of woaod.

EL—  window

or shutter /E‘JFJ of tube
nail /
3

Windows that slide to one side.
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Another way to build sliding windows is to nail strips of wood to the
frame and round off edges of the window, as shown below.

frame strips
window
&/ rounded edges, A strips
window
" ~<
pper part lower part ™~ frame
HEAVY DOORS

Heavy doors for walls or gates often become warped in time. To
prevent them from changing shape, build these doors with bracing.
The bracing is a board installed diagonally from one corner to the
other. Instead of hinges, use a strip of wood nailed to the door. At
the bottom of the door, this strip rotates on a stone, and at the top
it turns in a loop of wire.

strip of wood fastened to the post

strip of wood fastened to the door
wire =
; center hinge
‘- -1
. 1
i
|
- |
door !
1
|
1
‘ "‘#Q
strip resting on a stone off-center hinge

Note: Install the top hinge out of line with the bottom hinge, so that
the door closes with its own weight.
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WINDOWS AND DOOR PANELS

Windows and doors can be solid or have trellised panels, venetian
louvres or sheets of glass.

| S -
T T

L o
solid

venetian glass

The tools for making frames must be adequate so that the windows

and doors are well crafted.
bamboo m?
N
) |
] N

concealed joint

—=

visible joint the frame Is made

with simple rustic wood

The hinges are placed so that they are impossible to remove from
outside the house when the windows and doors are closed. The
closed windows or doors must cover their hinges compietely.
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Another type of venetian is made with bamboo split lengthwise.
The curved and shiny side should be on the outside to prevent

reflections on the inside.

sunlight

frame ——Z,;

7

Waood venetians:

. ‘\-\

b th 4
| . e light enters but one

/ does not see out

The sunlight enters but there is little visibility through the opening.

&L~ Erooves
8

&

strips of wood

ey

A frame with venetian slats placed in angled grooves.

frame
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In chapter 1 there are more ideas for building door and window
openings.

TUCONS

The size of the concrete tucon lintels is based on the width of the
window plus the length of two bricks (one on either side).

tucon
bathroom kitchen bedroom living room
2o et Bt e =

T

40c¢m x 60cm 120cmx 60cm  80cm x 120cm 160cm x 120cm

The window dimensions above are for a house built in a temperate
climate. These sizes need to be reduced or increased depending
on the local climate conditions.
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FRAMES IN BRICK WALLS

It is recommended to install the window and door frames during
the construction of the walls, rather than after.

Install the frames in the wall with anchors or nails. If building with
adobe bricks, make grooves on the side that is near the frame.

nails in the frame

X/

N

groove to be filled
with mortar

\

\
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DOORSILLS

Doorsills are used to prevent rainwater from entering the house
through the lower part of the door.

frame

wall

doorsill.

durable material

A durable material should be used on the ground area in front
of the door. Doorsills can be made with the same materials as
windowsills.

SIMPLE DOOR CLOSURES

When the lever is pushed down and out, the bar locks the door
When it is lifted and pulled in, the door opens.
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To prevent scorpions from entering the house, embed glass bot-
tles in the doorsill. This technique prevents the scorpions from

climbing up.

1 Excavate the doorsill area.

excavation

2 Fill the hole with concrete and place the bottles with necks
down.

3 Fill the space between the wall and the bottles with concrete.

4 Add mortar and make a brick or tile doorsill.

Not only is the house now protected, but the entrance is more at-
tractive and colorful. -
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EXTERIOR FLOORS

Courtyard and exterior floors around the house, such as a garden
path, can be made with hollow blocks which allow the water to
pass through.

Hollow blocks used for walls are equally well suited for floors.

In garages or other areas in which cars circulate, a more durable
and strong type of block should be used.

Interlocking blocks, as shown below, do not loosen as quickly with
the weight of vehicles

Install the blocks in a layer of sand, leaving a small gap between
them. Then add more sand or earth to fill the joints and cavities.
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ELECTRICITY

For lighting and electricity, a few items are required:

¢> A service panel: The main panel is where all the circuits
tie into the incoming electrical supply line and where the
electricity for the house is controlled. Usually this panel is
located at the entrance of the house near the meter.

@ Fuses or breakers: They blow apart or break the circuit if an
overload or short circuilt occurs, preventing occupants from
being harmed by shock.

EE} Light socket: The component where lights are screwed in.

.:(‘) Switches: An interrupter switch for each light socket or group
of sockets,

I'7J> Wall outlets: To plug in appliances or lights.

INSTALLATION
All pieces require two wires, one direct and one with a switch.

light socket switch

light fixture Gﬁ:-“——-—---ﬁ---“--_-_-_
wall outlet
wall outlet —————— ..__-.ﬁ{ &1_/1_@

pieces (. wall outlet

g n 8 8

- —— e — ——--‘-J——--'--—

switch for two lights

Only use wiring that is covered with a protective plastic coating.
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Use insulated staples or bent nails to install wires, being careful
not to pierce the plastic coating which could damage the wiring,
Hammer the nails down with a lightweight hammer.

bent nails holding down the wiring
staple ﬁ #:’f:.

Bamboo split lengthwise can also be used to cover and protect
wiring installed at the base of the wall,

bamboo

electrical wiring j/ ;

v

The joints of wiring must be well covered with insulating electricﬂ
tape. Do not install light fixtures or wire connections near grass
ceilings or roofs. Water leaks could wet incorrectly instailed wiring
and start a fire. In humid regions, it is recommended to install the
wiring in tubing or hoses embedded in the walls.

In a building designed with exposed brick walls, you must decide
beforehand where the plugs, the fixtures and the switches are
located so that the wiring can be installed during the wall construc-
tion. When a house has an outer plaster, cement or other finish,
the wiring can be embedded in this finishing layer.

lighting and
electrical
exits
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Here is an example of a simple electrical installation:

electrical supply iine

—— to the main line
1
1
’ i
(1) breaker !

(2) wall outlet &

(3) switch

(4) light to the house

The wiring is installed at the tops of the wallis out of the reach of
children and to prevent humidity from reaching the wires.

It is always preferable to first install the tubes or the hoses on the
wall and later insert the wires through them.
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Insulation must be installed in walls which have unprotected wiring.
The insulation is fastened with wood blocks around the plugs and
switches and in places where the wiring changes direction. In the
drawing below, note how the plugs are installed higher above the
floor in the kitchen and bathroom.

electrical supply

-

(1) living room
(2) kitchen
(3) bathroom
(4) bedroom
(5) bedroom
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POSITIONING PLUGS AND LIGHTING FIXTURES

)

in a square room D

I
' E © 0
in a rectangufar room

The switches are near the door to the room, so that it is easy to turn
the light on or off when entering or leaving the room.

The wall outlets must be 20cm above the finished floor.

wall outlet

%_, wall outlet

Wall outlets are placed above built-in elements such as sinks and
stoves.
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INSTALLING PLUMBING FOR POTABLE WATER

In @ house the plumbing for potable water must reach the bath-
reom sink and shower, the kitchen sink, and the washbasin in the
service area.

Water can be heated in a solar heater. See chapter 7 for how to
build one.

It is recommended to install dry toilets to conserve water and not
contaminate local waterways and soils. See chapter 9 for more
information.

Usually %4-inch tubes are used for general water distribution and
%2-inch tubes at specific points.

As with the electrical wiring, the plumbing is installed inside the
walls.

(1) solar water heater
(2) ventline / stack
(3) balli-fioat

{4) water tank

(5) tap

(6) vaive

(7) water meter
(8) basin
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In house plans, place the bathroom and kitchen back to back or
above and below each other to save on piping. Also consider the
future expansion of the house, so that piping will be easy to extend
to other bathrooms. All piping should be easily accessible, which
means walls and floors should not require excessive demolition
to repair the piping.

Water leaving the sink and the basin in drainage pipes must pass
through a p-trap to prevent sewer odors from entering the house,

) ]
shik _ﬁ% ‘ " < wa

[ ey

A p-trap is made with a curved tube installed in such a way that
there is always a small amount of water in the bend that impedes
the upward passage of odors.

service hole and lid

foundation

When premade p-traps are not available a trap can be made in t_he
floor with two L-shaped end pipes and an open service hole with
a lid. This hole must be accessed to be cleaned and to remove

dropped items.
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OVENS
An oven is great for making bread and cakes. One can be built
with an arched bamboo structure. The outer layers can be made

with plaster and a final finish with a mixture of mud and cut grass
or straw.

After applying the plaster, warm up the oven for the first time. Ignite
the wood to burn the bamboo which was part of the structure.

The fired mud becomes a solid structure.

finishing

fire

perspective section

On one side of the oven install a small door (a) for placing food.
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STAIRS

To make a comfortable stair, the width of the stair tread should be
25cm and the height of the riser 17 cm.

25

\

17

Lle distance between the stair and the ceiling or roof should not
be less than 200cm.

To build simple wooden stairs, you can use two 5cm x 15 cm
lumber supports.

height a

2a

width

The treads are made out of 3- or 4cm-thick boards.
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Stone, brick or concrete stairs can be built in many shapes, de-
pending on their use. For example:

when there is little space, triangular
steps can be built

a space under a staircase can
be used as storage

In small spaces, a staircase can have a steep angle.

-—’lé

Or when using bricks, it can even have this shape.
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When building many houses at once, the staircases can be pre-
fabricated with ferroconcrete.

A staircase, that takes up little space, is
built with two different formwork modules:
one for straight stairs and another for cor- | %”

ner stairs.

1 Cut triangles out of a 90¢cm x 90cm piece of plywood.

2  From the same sheet of plywood cut

four 18cm-wide pieces for the turning
risers. _

.l Cut more 18cm x 90cm
pieces for the risers of the
straight steps and 25¢cm X
90cm pieces for the treads.

4  Nail the pieces together
as illustrated.

Nail a strip of wood along the
joint of the riser and tread to
strengthen the formwork.
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When ready to apply the cement mixture, place the formwork on
the ground as illustrated below,

VaVaAY:

5 Prepare the cement mixture of 2:1 sand-cement and ap-
ply a first 1cm-thick layer onto the form. Place the plastic
mesh (see page 316) and apply the second 1cm-thick layer
of the mixture.

first layer

mesh

6 Once the cement is applied, let the stair dry in the sun for
three days and then remove the formwork. Let the stair dry
two weeks before installing it.
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PROTECTION

Wood is often damaged by insects that breed in humid soil.

To prevent this type of damage, the wood roof and wall structure
must not be in contact with the ground.

The parts of the wood that are near the ground must be protected
by raising them on concrete bases, or waterproofing them with
tar.

the base should be at least

éf- 20cm above ground level

/ \’ l
wall — E
h

door frame —ﬁ .

the footing is at least
15¢m above the ground

The base of the door frames is 15cm above the floor level.
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Houses built on pillars or in marsh areas need to be protected.

put the post into a cylinder
made from sheet metal

- post
cut top in
2Zig-zag shapes the zig-zags are teeth that
. hold the posts in the cylinder
« W
LW

Termites cannot climb a thin border and will return to the grounc

post

[- folded sheet metal
<> —:
N’ footing -"\_? s

footing

the foundations are always above ground level

Before installing the post in a concrete footing, slip on the metal
cylinder whose edges are slanted out and downwards.

For more details, see the chapter on humid tropical climates. In these
regions, wood is the most available material for construction,
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SILO CONSTRUCTION

Silos, containers for storing corn or wheat, can be built out of mud
and grass or straw.

Round silos deter rats or other pests from climbing up them,

The round shape also prevents the siio from being overexposed
to sun and rain.

The silo illustrated above has a stone base and a grass roof.

PREPARATION

Make a mixture for the silo with equals parts sand and clay while
adding water until the mixture is malleable. Leave it in the shade

for a few days to cure.

Then mix grass or straw into the mixture in the following way:
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Place some grass on the
ground.

Add two handfuls of the mud
mixture.

Knead the mud into the
grass.

Roll the mixture.

Make a roll that looks like a
fish with two tails.

Shape the roll into a curve.

Now leave the rolls to dry out for one day:



LB

518 CONSTRUCTION

7 Build a 2-meter-diameter ring by placing the rolls one next to
the other. They should be slightly inclined towards the center
of the circle.

Join all the rolls with mud, leaving the
tails out and alternating from inside
to outside.

9 Place a third ring. All the rolls should be installed with a slight
inclination towards the inside of the ring, so that the top
diameter will be less than the base. The grass tails remain
uncovered.

10 Now cross the tails and cover them with mud to unite all three
rings. The covering is applied to the inside and outside of the
rings until the surface of both sides is smooth.
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Then cover the upper surface with ashes so that the second series
of rings does not stick to the first,

11  On the next day, install a second large ring composed of
the series of the three smaller ones. This large ring should
be more inclined towards the inside to make a smaller ring
than the one below.

add ash and let the construction dry out overnight

12 Now make an even smaller ring. There should be a total of
three large rings separated with layers of ash.

third ring -_—(é @

firstring ¢ 3

line mark

After building the rings, mark them with a line. The line helps reas-
semble the rings correctly later on.



520 CONSTRUCTION

13 Now build another three large rings with the same process.
The rings are dried out for one week, During this wait, build
a stone or a rammed earth base to support the silo.

14 The roof is built on the top ring. The roof structure is made
with wooden poles tied together with sisal.

The closed side of the roof
must be oriented towards
the prevailing winds.

open side J

Use the same bundles of grass to cover the structure. Two sides
rernain uncovered, one of which is used to fill the silo.

15 Assemble the six rings of the silo, starting at the base with
the smaliest.

Before placing the next ring, apply a small amount of mud to the
first ring to bind the two together. Coat the inside with mud so that

it is very smooth.
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16 After assembliing the silo, coat the entire inside and outside
with mud mixed with cactus juice.

17  The upper part of the silo is then covered with two rows of
bundied grass. Add a layer of mud to the upper area, so the
grass binds to the silo.

second layer
of grass

“5{5:{;‘ :

2FA

gL

——

assembled rings

finishing layer of mud
and cactus juice

18 On the lower part make a hole to remove the grains. The
upper and lower openings have covers made with mosquito
mesh so that animals and insects do not enter but the grains
are aerated.

Finally, install the roof with a stone in each corner. A strong wind
may beat on the roof but will not damage the silo.
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PLASTO SILOS

CONSTRUCTION

A silo can be built using a cement mixture and plastic mesh bags
such as the kind used to transport vegetables. This technique
is called plasto. With a bag of cement, it is possible to build a

3-cubic-meter silo.

This type of silo is in the shape of a soccer ball. This shape is
composed of six-sided panels (hexagons) and five-sided panels
(pentagons). The silo requires 20 hexagons and 12 pentagons.

1 First build the molds with ¥2cm-thick and 8cm-wide strips
of wood.

for a hexagon, 4 % \ 40.5cm
pieces each

32cm

for a pentagon, 2 4
pieces each \/

2 Make a 2:1 mixture of sand
and cement.

3 On flat ground, lay down
newspaper and place the
strips for the first mold on
the paper and secure them
with stakes. Fill the mold up
to its edge with the cement
mixture.

4 Place pieces of thin wire in the

corners and cover the mold
with a plastic mesh bag.

P AT
:‘!- - \‘.’-b
<t

cement

make a hexagon mixture

plastic mesh bag
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Place the second mold on top leave 3cm of the bag
of the first and fill the mold with around the edges
more than ¥2¢m of the cement
mixture. Then remove the strips
of the molds, sliding them out
from the sides.

Dry the cement panel for one week, keeping it well protected
from the rain.

With bricks or stones, make a sup- e
port base with a opening for the
grain. Install an inclined 10cm
pvc tube and make a little mound

with the cement mixture. Sliding 3
the tube up or down will close or
open the exit.

On the ground assemble the lower part of the silo upside
down starting with the bottom hexagon.

The panels are joined by first twisting the protruding little
wires to keep the plates in place. Once done, the extruding
plastic mesh edges are covered with cement mix.
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10 Wait one week, then install this part of the silo on the base,
While in place, the inside joints can be covered with cement.
Cut a hole in the bottom hexagon to connect to the PVC exit
tube,

11 - Now assemble the other panels, one ring at a time. Let each
ring dry for three days before installing the next to allow the
joints to harden.

12 . The last hexagon is a lid for pouring in the grains and should
not be sealed. To protect the silo from sun and rain, many
types of roofs or covers can be built, such as thatch, tiles or
sheathing, depending on available materials.
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A PVC tube is used at the base as a channel to remove the grains.
When the tube is pulled out, it opens the channel and the grains
spill out. The tube is closed when it is pushed back in.

| closed open

OTHER USES FOR A SILO

I
\ This silo can also be used as a water reservoir. Reinforce the base
with brick supports. The silo can store around a thousand liters.

supports

The water can be cleaned with sand and gravel filters beforehand,
so that only clean water enters the reservoir.
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PREMOLDED SINKS

A similar technique as that used for making the silos can be used
for premolded sinks and basins. Use a rounded-bottom clay bowl
placed upside down as the mold.

i On a flat surface, covered with newspaper, place the bowl
upside down and cover it with plastic so that the cement
does not stick to the mold. The mold of the sink counter is
made with ¥z2cm-thick strips of wood that are placed on the
flat working surface.

strips of wood

stakes

lay
bowl

=

2 Fill the mold of the counter with a %2cm-thick layer of the
2:1 cement mixture. Apply the same thickness of mixture
to the bowl.

3 Soak the plastic mesh in a bucket of the cement mixture and
then place it on top of the cement already applied.

4 On top of the plastic mesh, apply a second ¥%2cm-thick layer
of cement mixture.

leave a hole for the drain
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Let the sink dry in the shade for a week before installing it. Once
installed, apply a white or colored cement finishing.

It is important to use the right tools for each type of work. Often
construction is delayed because of inadequate tools. This chapter
decribes how to make tools to facilitate construction.

LEVELLING TOOLS

This instrument is used to verify the ground level in order to build
foundations or streets.

3 a nail
_"_I_ s Q the level is made with two pieces
B L) of wood that can rotate
H /K‘ -
3 ”
4 -

8 level
Slin

g -

-

v
using the level W 2

On piece (a) fasten a slightly curved transparent plastic tube with
an air bubble inside. Place two nails at one end of this piece and
one nail at the other, making sure they are at the same height.
Piece (b) has a small strip of wood crossing it at one meter below
piece (a).
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OTHER TYPES OF LEVELLING TOOLS

Use a hose filled with water

=

or a cross-shape with plumb lines

or a channel with water

All these tools are installed on support poles.

On the site, use a transparent hose filled with water to level
heights.

making the windows .
the same height
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The level can be used in combination with a two-meter levelling
rod painted with 20cm-wide black and white stripes.

Place the level in the ground and turn part (a) so that the air bubble
is always level.

In the drawing above, the man standing up with the levelling rod is
20cm higher than the area where the other man is kneeling.

Another type of level can be made with a plastic tube or hose in
the following way:

Cut a 5cm piece of transparent plastic tube. Insert a cork or @
stopper and at one end make a hook around the tube and stopper
slightly bending the tube.

2 marks for the bubble

stopper

Fill the tube with alcohol and place a stopper at the other end,
leaving an air bubble in the tube. Make another wire hook which
is attached only to the stopper to be able to open up and adjust
the bubble later. Apply a little wax to the stopper so the alcohol
does not leak out.
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Now the level needs to be calibrated with a carpenter’s level. Instal|
a level string between two posts, using the carpenter’s level. Then
hang the level on the string and adjust the hooks so that the air
bubble is exactly between the two marks.

) =1 =1

mark the center the bubble is on the correct position for
with two lines right side, so raise the the air bubble
left hook to center it

Example: To verify the height at which to build a wall so that it is
level with an existing one, stretch out a string and hang the level
from it. When the air bubble is in the center between the marks,
measure the height. Now the right height is known.

Rivets made with nails:

/%/ A A

a nail... sliced... add a washer.. bend the nail...
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CUTTING TOOL

A cutter or can opener can be made with a piece of steel.

\n 2
/\ sharpened groove

hammer down the end of
the cutter (a) while puiling it

COMPACTOR

To compact down soil, a metal drum can be used.

Weld a 3mm-thick steel cross to both ends of the metal barrel to
make a connection for the axle. The axle is made with steel rods
flattened at one end; at the other end, make a hook.

handle

Install a wood handle to facilitate moving the compactor by hand.
An animal can also be used to move the compactor.

Before using the barrel, fill the compactor with water. After the work
is done, empty it so it is lighter to transport.
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BUILDING A LATHE

The lathe described below is an example of a basic tool. If there is
constant wind or a source of moving water in the region, the power
of this lathe can be increased with a water or windmill. Find out
more details in chapter 7.

The base of the lathe is made with large-sized lumber. On top of
the table build a support with two boards for the cylinder. Place
the cylinder between the boards with a metal axle. The smaller
the diameter of the cylinder, the quicker the lathe will turn. On one
side of the table fasten a flexible pole. Tie one end of a string to
the top of the pole, turn the string around the cylinder and tie the
other end 1o the pedal at ground level.
pole

cylinder

support

table ]
pedal

When the pedal is pressed down, the string is pulled down and
turns the cylinder. The string’s tension in the pole turns the cyl-
inder the opposite way, creating a continuous rotation movement
around the axle.

MEASURING BUCKET @

A bucket without a lid can be used to prepare
cement mixtures and mortars. Nail a 2cm or
3cm strip of wood to the inside edge of the
container for easier handling.

2
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WHEELBARROWS

A wheelbarrow can be made to transport construction materials.

platform type

for transporting bricks,
blocks, wood, stones,
adobe

box type

for transporting earth,
concrete, sand

Reinforce the corners of the platform and box with metal.

The wheel éan be a motorcycle tire, or one can be made from wood
with a metal ring.

Half of a wooden or metal barrel can be used as a container. Cut
the barrel down the middie with a torch on a slant so one end is
higher than the other.
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WELDER

Tie a wire from the switch box to the piece that is to be welded as
a ground wire. Install another wire to a bucket filled with18 liters

of water with 5kg of salt.

#8wire | switch box

insulated tongs

metal window

20 liter piastic bucket

The energy capacity of the welder depends on the depth of the
metal rods in the water. The lid of the bucket should be plastic, and
an insulator must separate the metal rods from each other.
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LADDER

: Ladder made with the stem of the agave flower.

Let the stem of the flower dry well and then
make a series of notches 30cm apart and
aligned on one side.

Y

notches

Make the steps out of hardwood:

twisted wire

Tie the two sides of the ladder together with three pieces of wire
twisted close. Large bamboo poles could also be used instead of
agave flower stems.



ECOTECHNIQUES CONSTRUCTION

What are ecotechniques and how are they different from other
techniques?

E{‘) Example: When an industry settles in a certain region, it
has the potential to help improve the living conditions of
the inhabitants, but this rarely happens. Usually industrial
activity only benefits a few people and is more damaging
than helpful. When an industry tries to improve the living
conditions of everyone in the community, you can say that
the industry is using ecotechnigues.

The same happens in construction. When a house has a pleasant
atmosphere, comfortable temperature, is well ventilated, receives
sunlight, is not humid and has good acoustics, you can say that it
is designed and built using ecotechniques.

'lJHAT IS AN ECOTECHNIQUE

Heating water with a solar water heater instead of wood, gas or
electricity ... this is an ecotechnique. Using waste to produce gas or
making a pump to extract water with recycled bicycle parts ...these
are also ecotechniques.

WHY?

A solar water heater does not require a forest being cut down for
firewood. Another characteristic of ecotechniques is that they help
communities be independent and autonomous from industry of
other regions. The production of adobe bricks from local clay is
another ecotechnique because the material and the labor come

from the same region.
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Before designing or building a house, store or workshop, the mem-
bers of a community must consider if they will use ecotechniques.
To answer this question, consider the following:

? Will the new technique satisfy the basic necessities of the peo-
ple, such as shelter, nourishment, health and education?

? Will the construction utilize local labor and materials?

? When applying the new technique, will the local people work
on their own initiative and be directed by local people?

? Does the new technique take into consideration the tradi-
tional values of the community?

? Is the new technique simple to apply, and does it allow the
creative participation of the people involved in the project?

? Does the technigque contribute to the extinction of endan
gered resources or species, or pollute the environment?

? How does this new technique affect the buildings and the
environment in the project’s surroundings?
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Here are a few examples of ecotechnigues.
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Do you recognize them?









HEAT AND MOTION ENERGY

Energy is heat. Energy can also be motion.

Heat is used to cook or to heat houses in cold weather. Energy is
also used to power equipment or tools such as water pumps and

wood cutting tools.

Nature provides many forms of energy that generate heat. These
natural sources of energy can be used in regions where other
resources such as tree wood for burning are not available. And of
course by using these aiternative energies, forests are not destroyed,
especially in regions where trees are not being replaced.

)

I

il
I

i

{

These other sources of energy are sun rays, wind power and wa-
ter power. Water power is generated by the motion of rivers. Heat
energy can also be generated from the decomposition of organic
waste or burning the gas produced from this decomposition.

When considering using these types of energy, it is important to
know that they will not always be available.

A water pump powered by a windmill does not work if there is no
wind, and a solar heater does not function if it is raining. But when
there is sun and wind, these energies are free gifts from the sky.

| Always be prepared with a backup system. For example, install a
cistern which can store water for the days when there is no wind,

or a woodstove to heat water on a cioudy day.
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AN ANECDOTE

Once upon a time, there was a place where the electricity went
out and failed to come back on. The inhabitants were very upset
since they now were living in the dark at night.

The people of the community came together to try to find a solution
to their problem. One person asked: “Since we do not have oil, or
wood, or gas, how will we ever have energy or light again?”

Another person said: “Well, our fields are filled with flowers. We can
use the beeswax to make an oil to power our machines and these
machines will generate electricity to light our homes."

All seemed to agree this was a good idea. But yet another person
said: “If we want light, why don't we just use the wax itself?"

Everyone laughed, declared this would be impossible to do anq
said: "How could this ever be done?"

Then the man who had made the suggestion pulled from his ba
a piece of wax, and rolled it around a wick and lit the candle. And
light appeared!

From then on, the people understood that it is always best to search
for the simplest solution, using what you have on hand.

| i@ﬁﬁ > \

Always try to make the most out of the least!
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MONJOLO

The monjolo, a European innovation, used simple mechanics to
replace the backbreaking work of pounding corn. Resembling an
enormous seesaw, the monjolo consisted of a huge wooden beam,
hollowed out at one end to form a trough, with a wooden head on
the bottom of the beam at the other end. Balanced on a fulcrum,
the head was heavier than the trough and rested in a bin of corn.
But when water filled the trough, making that end heavier, the head
rose until the trough hit the ground. Then the water spilled out and
caused the head to crash down into the wooden bin filled with corn
kernels. Over and over again, the head rose and fell as water filled
the trough and spilled out on the ground. Creaking, groaning and
thudding all the while, the monjolo eventually produced cornmeal
with a minimum of human effort.

To build this grain mill, use a lever beam that is supported by a
Jost freely in the center and install a container at one end and a
weight at the other. The water falls into the container (a) causing
it to move downward from the weight and then empties out, while
the other end (b), now the heavier one, lands on the stand and
grinds the grains (c).

First test the length of the lever and the size of the containers to
make sure they are the correct size for the quantity of water that

is filtering through the fields.
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WINDMILLS

This mill is made with a 200-liter barrel which rotates slowly. It

works with wind coming from any direction. Use a metal barrel
installed on a wooden support.

Cut the barrel in half and then reunite the halves around a central
axle rod, as illustrated below. The rod is welded to two circular
plates at either end of the barrel. The plates connecting the halves
are larger circles than the base of the barrel.

£ half-barrels

&~ welded joint

base plate

divide in three equal parts

horizontal axie

axle

plan of the mill

There are many ways to use the axle movement of the mill. The
large drawing shows a transfer to a horizontal motion, and the

drawing in the bottom right corner, shows a similar way using a
leather belt,
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CROSS-BARREL MILL

Two 200-liter barrels can be used to make a type of mill powered
by light winds.

1 Cut the barrels in half and make a 1-inch-diameter hole in
the top and bottom.

hole

12cm distance

2 Make a 10cm x 10cm lumber cross assembled with a 2cm-
thick wood plate on the top and a 4mm steel plate on the
bottom. Glue the cross to the wood plate and fasten the steel
plate with bolts. Build a second identical cross with 5cm x
10cm lumber and two wood plates.

holes for bolts

the steel plate sits on top of the ring below

3 . Now attach the half-barrels with bolts onto the cross with
broomsticks so they do not loosen.
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lcm hole

120 J“ 50

4 Make a 1cm hole ina 1.70m long and 3cm diameter tube.

5 The heaviest cross is mounted on a tube with a ring or bear-
ing below and then instailed on a horizontal member of the
structure.

support structure
C l1cm diameter boit

6 Install the other cross at the top of the half-barrels. The
support structure is made with 8cm x 8¢m lumber. Place
the support structure on the highest point of the land so it
receives the most wind possible. The mill must be well sup-
ported and the structure strengthened with stretched out
wires tied to stakes in the ground.
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In regions with strong winds, build a security system to close the
the half-barrels (helix) so the wind does not damage the pump.

A\
AWVA

' Shown above is a partial view of the mill. Tie a third cross with
a rod and two bicycle inner tubes to the broomsticks of the half-
barrel helixes. Calibrate the tension in the inner tube with a bolt
fastened to the tube.



LI R L

ENERGY 549

The third 5cm x 10cm wood cross Is 26¢m long.

bicycle inner tube
3
small pole hooked ro
L broomstick

installing the inner tube

GENERATING ELECTRICITY WITH A WATERWHEEL

In regions where there are a variety of materials and tools, a metal
waterwheel can be built. The wheel is connected to an electrical
generator and a pump or another type of device that rotates.

The wheel is made of a series of
tubes cut in half with a base that is
connected to the axle wheel.
section and view of the scuppers

The lower part of the wheel is submerged in the current of a stream.
One end of the axle shaft is connected to the leather belt that
moves the generator or pump. .
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HOT WATER HEATERS

Described below is a way of building a water tank which is exposed
to the sun and heats water.

But first, how does this work?

Try this experiment, using an empty beer can, a little black paint,
pieces of white paper and a transparent plastic bag.

1 Paint the outside of the can matte black.

2 Fill the can with water and install it near the walls of the
house. The wall absorbs the sun’s heat during the whole
day. If the wall is not painted white, place a white piece of
paper between the can and the wall.

3 Place another piece of white paper underneath the can.

4 Cover the can loosely with a plastic bag which is well closed
so that the hot air does not escape.

5 Leave this miniature heater a few hours in the sun. Then
check how hot the water is.

The can should stay in the sun from the morning to the late after-
noon without being shaded, by a balcony or tree for example.

transparent plastic bag 'Z b
: \

8 0 | i U :.
s

% i ’;J
can painted matte black  smay stones or sand .
to hold down the plastic bag
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" equator

white background of paper

Before building a large water heater for a family, consider what
will be needed:

,%&> The tank of the heater must be painted black to absorb the
sun's heat.

The background (the wall or the ground) must be white to
reflect the sun’s rays onto the black tank.

so the sun's heat does not escape. Also, without a cover the
passing breeze will carry away the heat.

To prevent the day's heat from reducing the water’s heat at
night, the tank must be covered with an insulated lid made
from materials such as straw or boards.

|;‘> The tank must be covered with transparent plastic or glass

The heater also functions on overcast days. Only when it is raining
will the heater not store heat.
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THE HEATER

To make a heater, the following materials are required:

|f> a 40- or 60-liter barrel (if we use larger barrels, the volume of
cold water will be proportionally greater than the exterior sur-
face of the reservoir and will take more time to heat up)

Ef,} matte black paint

a transparent plastic sheet

First clean the interior of the reservoir so that there are no odors.
Paint the inside with an anti-corrosive paint to prevent the metal
from rusting. Pour the paint inside the barreland move it around,
so that the paint covers the inside completely. Then paint the ex-
terior in a matte black.

If there is no house plumbing, the reservoir can be placed on top
of a table to facilitate access to it.

200 liters or mare
of white tank -ﬁ

matte black

with two reservoirs

with one reservoir

The system works best with two reservoirs: a higher one to store
cold water and a lower one to heat the water.
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The inlet for cold water is at the bottom of the solar heater, and the
outlet for the hot water is at the top of the solar heater.

The reason for placing the pipes this way is simple: hot water
is less dense than cold water and will always try to rise to
the higher temperature level in a storage container.

As in the can test, the heater tank must be placed against a wall
that receives a lot of sun which, in the Southern Hemisphere, is
the north wall. The wall and the table are painted white.

Cover the entire tank with plastic. The hot air between the tank
and the plastic must not escape.

Another way to conserve hot air is to build a box with a glass lid.
The heater tank must be installed on its side. The rest of the box
can be made with wood and the interior painted white.

water
reservoir

cold water
supply infet

hot water outlet

At night, cover the glass lid with a wooden top.
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INTEGRATED COLLECTORS

The previous examples were for heaters located outside the house.
It is also possible to integrate collectors into the house. A good
place for this type of installation is above the bathroom or kitchen
where there is already plumbing.

Panel to cover the reservoir
at night. The inner surfaces
are painted white to reflect
the sun's rays onto the tank.

sun's rays

For large quantities of hot water, several small tanks work better
than one large one.

cold water supply
hot water [ _-r't‘; ’ ﬁ)
to house *

ROOF COLLECTOR

Another way to build a collector is to integrate it into the roof. It
should be installed as ciose as possible above a bathroom or
kitchen to reduce the amount of piping.

Install a movable insulated cover below the glass top. This cover
should be able to be closed and opened from inside the house. -




ENERGY 555

Make an opening in the roof near the lowest edge. To prevent [eaks
the tiles protrude a few centimeters over the glass pane.

giass above the heater

Install the cold water piping to the supply iniet. The end of this pipe
is capped and the pipe is perforated along the bottom. The hot
water outlet is, as usual, in the upper part of the tank.

tank hot water outlet
( cold water
‘ "“"-:_: """""" SRS supply
| .-“‘ "i
| i
'-{qd Thiias ‘/.
capped end | -t \ b
perforated pipe
lllustrated below are some construction details:
tiles
1
i !
L glass
| L%
atticspace | insulated L
| cover g
¥ | ; = o
] ] insulation | |¢" Ng== - s
= string to move |
the sliding |
cover up and | beam  cejling s eave

down | } . __)>’

wall
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SOLAR WATER HEATER PANELS

A car gasoline tank can be used to build an efficient solar heater.
A panel box is made with the tank, a pane of glass and insula-
tion. The pressure in the cold water tubing (¢) pushes out the
hot water (h). The cold water storage must be placed above the

solar heater panel. ; 5 ;

cold water
storage

solar panel with tank

This type of heater does not require pressure valves or overfiow
tubes since as the pressure in the heater increases, the stored
cold water is pushed out.

Build the panel with a 40-liter tank, which comes in various
shapes.

CONSTRUCTION

1 Clean the inside and outside of the tank. Then prepare two
pipes, one 12cm long and the other longer than the tank.
The part of the pipe inside the tank is capped at the end, and
2mm holes are made every 3cm along its lower surface.
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2 Weld the piping and test the seal of the joint with water under
pressure to make sure there are no leaks. Paint the outside
part of the reservoir with matte black paint.

perforated
_— pipe
joint ~ !L [t-\
e apped
end
3 Install the panel and the insulation material. Then make a

cover of the same shape and place a sheet of aluminum foil
in the inside part of the cover.

aluminum foil or lid
painted white

black tank

caulking for glass

The panel has a 3cm x 3cm strip of wood 2cm below the edge to
support the glass. The glass is sealed with silicon or another type
of caulking. :

Make sure there are no leaks around the edge of the glass or the
pipe joints. At night close the panel so that the heat accumulated
during the day does not escape.
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The inside dimensions of the panel are the tank size plus the thick-
ness of the insulation.

The cover can be loose or fastened to the panel with hinges. Be
careful that the panel is well made so air does not escape. When
the cover is open, the sun’s rays reflect onto the tank.

The positioning of the heater depends on the type of roof, the orient-
ation of the house and the location of the cold water storage.

L

L

f ;

®
-
= ;
o,
Gmmaacicas

4

ey

_On top of the door there is a cover
Ei e faw with a lever and a string to open

below the window the heater in the morning.
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insulation

frame

Hiter water heater

components of a
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THERMO-SYPHONING HEATER

The thermo-syphoning water heater is different from the previous
ones described since the hot water storage tank is separate from
the collector panel. With this system, there is no need to open and
close the panel.

The tank can be made with a 120-liter barrel covered with insula-
tion such as straw or newspaper so that heat does not escape.

The panel is a box made like the ones in the previous pages: with
wood and insulation. Inside there is a grid of tubing on a thin metal-
lic sheet. If sheet metal is not available, use thick aluminum foil.
The tube grid is made with ¥2-inch copper tubing, elbow joints and
T-joints. The panel box has a grocove to support a sheet of glass.

panel box heater

groove to support
the glass

metal plate painted hot water outlet

: matte black
il - ‘- - i . ave
i(‘L ' E-—- bottom
wire
The tubing must stay in contact with the metal plate. Piefce hol.es
through the plate and the panel's plywood bottom. Tie a wire

around the tubing and through the hole, so that the tube remains
in contact with the plate.



ENERGY 561

Make a valve with a ball-float inside the controller can. This part
can be used to control the entrance of cold water that comes from
the cistern or reservoir.

b y valve reservoir
g

. water level

controller can
€ container

insulation

cold water line

hot water line

> outlet

The hot water line and the piping supplying hot water to the kitchen
and bathroom are wrapped in insulation,

The inlet from the cold water pipe to the reservoir should be at
least 30 cms above the connection to the hot water pipe.
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Since the water in the insulated storage tank is never as hot
as the water in the collector panel, the water from the collector
continuously rises into the tank as the cooler water from the
tank falls into the collector panel. This natural separating effect
is called thermo-syphoning.

The solar collector panel is installed outside the house, and the
storage tank can be located in the house. The panel always must
be at least 30cm lower than the storage tank.

ORIENTATION

The heater is installed on a roof or a wall on the north* side of
the building or house. Make sure that the chosen area receives
sun all day long and that eaves or trees are not shading the area,
especially during the hottest hours from 10 am to 4 pm.

sun's path

Take a close look at the drawing above. Is the solar water heater
panel well located? in the winter, when the sun is low, this position
works but in the summer the tree shades the panel after 1 pm. The
panel must be relocated to the right and also be raised.

*This applies to the Southern Hemisphere; do the opposite in the Northern
Hemisphere.
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PROBLEMS WITH THE PANELS

=)

Collectors that heat, cool or distill water must be well built
and installed on the roof. With strong winds the supports
can become loose, so build with nuts and bolts. Collectors
must be positioned to absorb as much sun as possible and
must be protected from wind with trees, walls or parapets
that rise above the roofline.

with a parapet with trees

In time corrosion can clog the tubing, so once in a while verify
if the water is passing through the tubes smoothly and if ant
tube parts need to be replaced.

The collector must never be empty. Without water to absorb
the sun’s heat, the temperature inside the collector panel
becomes higher and the wooden box could break. Any plas-
tic material used as insulation can melt and release toxic
fumes.

Solar water heater panels can be purchased ready-made. Usually
they are more efficient than the homemade kind. However, very
hot water is not necessary for domestic uses such as bathing or
washing dishes in hot tropical climates.
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HOSE WATER HEATER

Simple solar water heaters can be made with a black or dark green
plastic hose:

1 Build a wood box of roughly 1m x 1m and 5¢m high. Insula-
tion materials such as straw matting, newspaper or sawdust
will also be needed.

2 In the bottom install 1cm of the insulation. In the center of
the bottom, make a hole of the same diameter as the hose
and pass it through the box as illustrated below.

3 Connect the hose to the bottom with wire. The other end of
the hose passes through a hole on the corner.

4 Cover the box with a pane of glass. The heater is installed
on an angle with the hot water outlet placed at a higher level
than the cold water inlet.

In the drawing above, the hose spiral is spaced wider than it should
be so as to better understand how the heater is built.

Obviously to make these things work, we need sun, but we also
do need water.
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HOW TO FIND SOURCES OF WATER

In a humid tropical climate, it is not difficult to find sources of water.
The issue is the quality of the water, since often water is polluted
with solid or liquid wastes.

In temperate climate zones, water is often found in the lower parts
of a site, in areas with vegetation, or by excavating. The depth of
excavation to find water depends on the type of plants.

In regions where there are heavy rains at certain times of the year,
collect and store rainwater to use during the drier seasons.

In a dry tropical climate, the water table is deeper and more difficult
to locate, so other solutions must be found. One way to know if
there is water on a site is to lie on the ground before the sunrise,
lift your head up and watch the surface of the land. As the first
sun rays heat up the humid areas, a little vapor rises, signaling a
water source deeper down.
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The sun's heat is also useful to dry food and even make ice.

SOLAR DRYER

A solar dryer for fruit and vegetables can be made with wood and
glass. The dryer is also a good place to store food and protect it
from insects.

The dryer is oriented to the north and exposed to the sun. In the
bottom of the box, place three drawers with metal mesh or wooden
slat bottoms that allow air to circulate.

The box is made from boards or plywood with an insulated layer
inside. Make holes on the sides and bottom for evaporation. The
holes should be small so that insects do not enter.

insulation material
holes for evaporation

equator north

a) base with holes
b) drawers with supporting siat bottoms for the fruit
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lllustrated below is another type of dryer with a heater panel in-
stalled in front of the dryer, .
:_; ;‘} alr exit

sectional perspective

plywood
or boards

sliding
shelves
for fruit

support

rrugated steel
painted matte black
entrance of air

On a base of wooden legs, build a cabinet with sliding slat draw-
ers which ailow air to circulate around the food. Instead of sliding
shelves, fixed shelves with different types of perforated or slat
racks or trays can also be used.

The dryer is protected from rain with a metal or tile roof. Above the
shelves and below the roof there is an opening for hot air to exit.
Below there is another opening that connects to an air heater made
with black sheet metal applied to the panels and covered with a
glass pane.
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ICE MAKER

Ice can be made in hot arid regions with desert conditions where
the night temperature is low.

The climatic conditions required are:

¢> a clear night without clouds

To know if conditions of a region are adequate for producing ice,
try the following test:

1 Excavate a hole in an open area close to a house or trees.

o

excavate SN

2 Fill the hole with insulation such as straw or leaves.

3 Install on the straw a couple of clay disks with water about
5cm below the ground level,
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On a clear night without winds, the water in the disk turns into
ice in the early hours of the morning. The disks must be removed
before the ice melts with the rising sun. They can be placed in
a box with an insulated lid or a jar. See the following chapter for
more details.

In areas where there is wind at night, build a small wall with bricks
and cement plaster around the side of the hole from which the
wind is coming.

wall

hole

Another way to protect the hole from wind is to make a wooden
structure covered with plastic.

The collector must be placed away from buildings that radiate hea:
at night as well as from trees.

without obstacles from above

setting sun

north

-
orientation *~

Two centimeters of water in a 50cm x 200cm collector produce
10 kilos of ice.
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In many regions, wood is scarce. Stoves therefore should be buiit
to conserve as much heat and energy as possible,

An example of heat efficiency is a rounded-bottom pot which heats
water up much more quickly and keeps it evenly distributed com-
pared to a flat-bottomed pot.

The heat does not
reach the sides, only
the bottom. W

Here the heat is more

evenly distributed and @
the water heats up

quickly.

CLAY STOVE

This type of clay and sand stove is efficient and saves on the quan-
ity of wood used.

The type of the clay determines the proportion to use in the mixture.
A stove may crack if the proportions are not correct, so it is always
better to test mixtures first.

Start with a mixture of 2 parts clay for 1 part sand.
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CONSTRUCTION PHASES

1 Build the stove base with bricks, leaving an opening below
for the wood.
Build an arch support with damp

sand and remove the sand when it
has dried out.

layer of mortar

2 Build a formwork with four parts that can be reused. Fill the
form with the mixture and compact it down. -

15cm-wide
: boards

- boards to close the sides
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3 Wait two days and make three holes for pots and one smaller
hole for the chimney. Shape the hole with a wet spade and
then wet the bottom of a pot to mold the top of the opening
to fit the pot.

4

curved tunnels

The openings are connected by 10cm-wide tunnels, made
with wetted knives or blades. The tunnels must be curved.
Raise the surface below the holes Scm.
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5 Wait two days for the mortar to dry, and then install the ven-
tilation duct and the doors to control the air circulation in the
chimney.

wood strips

holes every 5cm

ERC A N
FE R RN

place a nail ' \)/‘
in the door / *

PRECAUTIONS

::) After applying the finishing, wait two days before lighting a
fire.

@ The chimney duct must not be in contact with the woodwork
of the roof.

The chimney must be cleaned out every six months by remov-
ing ashes, to prevent fires.
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OTHER TYPES OF STOVES

In the model below, the third hole is replaced with a metal con-
tainer to heat water:

container with water

air circulation
control

‘Support the container on
bricks. Below the chimney is a
depression to help air circulate.

oven

wood

To add an oven, change the position of the tunnels. The chimney
duct is positioned on the side. Below the wood for the stove, place
charcoal from the fire. The tunnel between the oven and chimney
should be about 5¢m in diameter.
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SOLAR STOVE

To make a simple stove to cook rice, beans and bananas, two boxes
are needed, one larger than the other. .

First cover the bottom of the larger box with 5¢m of insulation such
as paper, sawdust, or coconut fibers,

Then place the smaller box in the larger one and fill the spaces
between the boxes with insulation.

small box

glass .;i insulation

large box

In the bottom, install a black steel or clay panel. Place the food to
cook in the box.

Cover the box with a small sheet of glass or transparent plastic.
Make sure the joint between the glass and the box is well sealed
so that heat does not escape.

To increase the temperature further, install a reflector made with
aluminum foil, using the same technique as with the solar water
heaters.
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A more solid and durable solar oven can be made with sheet metal
and bricks:

1 Make a stainless steel box with an angled opening. On the
opposite side, make a small door flap.

small flap
30
weld a channel
50 to insert the flap
70 70

view of the back

2 On the angle, weld four visors opening outwards like a head-
dress. Paint the exterior surfaces black.

view of the front

this visor is horizontal
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3 Install on the box three or four caster wheels.

4 Line the box with bricks.

rr
N

5 Install a glass pane sealed with silicon or caulking.

To heat up the oven, orient the opening towards the sun. Food to
cook is placed in the oven through the small door.

Every half hour, turn the oven so that the opening always remains
facing the sun.
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TECHNIQUES FOR REGIONS

In some regions, or during certain seasons, there are heavy rains
and overcast skies making it difficult to heat water with solar en-
ergy. Described here are other ways to heat water.

A Install a coil tube on the upper part of a traditional stove. The
water is directed to a reservoir that is wrapped in insulation
such as straw or paper.

chimney

cold water

insulated reservoir infst

perforated and
capped tube

stove

B In forest regions, the water heater can be built with a barrel
to use the least amount of wood possible.

Use a 200-liter reservoir. Weld a duct to the stove as a chimney and
tubes for the water inlet and outlet. The water in the tank heats up
when the fire is burning.
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chimney

hot water outlet &

200-liter
barrel
water from reservoir i
roof
cold
water
bathroom wall reinforcing . inlet
or kitchen é ey \/)
bricks
ground

garbage pit

tube grid

C Another method is to install a tube in a garbage pit that de-
composes organic matter from the kitchen.

As decomposing matter generates heat, place a coil or recycled
car or truck radiator in the garbage pit. -

Compost, the process of decomposition of organic waste,
generates heat at a high-enough temperature to be collected
and used. If this seems improbabile, try this test. Place a few
eggs in the compost and check if they have cooked a few hours
later. Do clean them well, though, before eating them!









LOCATION WATER

THE SOURCE OF WATER

The potable water faucet or public fountain must:

L &

& & &

Be close to where the water is used to save on construction
of infrastructure such as pipes and aqueducts.

Be easily accessible to the users; it should not be placed
far away from the houses, or on steep land that is difficult
to access.

Be close to land available for future construction. Local busi-
hesses may develop around this area.

Prevent wasting water by using excess water for plant
irrigation.

Be located in a paved area to prevent the ground from be-
coming muddy. If clothes are being washed nearby, create
shaded areas with trees or pergolas.

(&) stream orspring
(b) aqueduct
. (¢} distribution reservoir
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Other possibilities .

@) Install a solar water heater for hot water.

'£z> In dry regions, provide a solar distiller to recycle water.

Heaters and distillers can also be installed on the roof of a city
market where a lot of water is used.

The local fountain loses its original function with the installation
of plumbing. Therefore, place the fountain in an attractive and
pleasant area that can be used as a leisure space in the future.
since it is refreshing to be near water and plants.

—)—=¢

(d) main pipe
(e) solar heater
(f)  solar distiller
(8) irrigated field
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WATER FROM A RIVER OR CREEK

A first step toward purifying river water can be made by burying a
drum or a concrete box in the river bed. The upper part of the barrel
is closed and the bottom, the mouth, is perforated. The river water
passes through gravel and sand and then rises with a pump.

perforations

river bed

empty

sand .
ool

‘support
stones
1 Perforate the bottom of the barrel and lower sides with a nail.

2 Fill the barrel with gravel and sand: % gravel, % sand, and
leave the top ¥ of the barrel empty.

3 Fasten a hose to the top cover.
4 Excavate a hole in the river bed and install the barrel.

5 Cover the barrel with stones or other available river bed ma-
terial.

e Connect a pump to raise the water.

The next drawing shows how the river water filters through the river
 bed before entering the barrel.



WATER FROM A SPRING

To protect springs, do the following:

1 Remove the mud and earth in the riverbed down to the im-
permeable layer.

Build a masonry box with cement and sand finishing.
Install an outlet tube.
Cover the box with & lid.

Dig out a drainage canai above it to divert rainwater.

D 4 s W N

Bury the lid and the tube with earth. Build a support wall fo
the outlet tube.

drainage canal

/ earth

lid

LS gyt - outiet tube

impermeable layer




PUMPS WATER

NARROW DIAMETER WELL

Dip a 2m-long and 4cm-diameter pipe in the water of a well. The
water rises in the pipe up 1o level of water in the well. Cover the
upper end of the pipe with one hand, and then raise the pipe; the
water moves up along with the pipe. Lower the pipe quickly and
uncover the end; momentum causes a larger quantity of the water
to now fill the pipe. Continue this motion with the pipe until the
water spouts out the end of the pipe.

/2 ﬁﬂ“ //—7?
A L

This principle is used to build pumps. A 75mm-diameter, 4.5-
meter-long pipe can be used to extract water from a 4-meter-deep
narrow well,

lever
160

post !
\‘5' «'L/ 20em

a working pump lever 5
(D
Y
well
The lever and post are made from wood. The lever is 2 meters

long. Use short movements to pump the water - the pipe should
not move more than 20cm.
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1 The upper opening of the pipe is capped. Install a metal
hinge to attach the lever.

2 Twenty centimeters below the capped opening, weld a piece
of tube of the same size at a 45-degree angle.

3 The hinged lid is made out of two circular metal plates, with
a rubber seal in between.

4 File and polish the joint so as to make a tight air seal.

: '
metal strap 1? el Q bolt

upper part
of the tube

rubber seal

ring

The lid is made with two metal rings and a rubber seal. There is a
wire which connects the lid to the bolt of the metal strap. The lower
ring is smaller so it can enter into the tube. The rubber seal closes
the opening when the tube rises, as in the hand test.

Note: You can do most of this with plastic pipe, if it is available.
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Another type of pump is described below:

This pump can be made from available materials, such as bamhoo,
steel or plastic pipes. The dimensions are variable; you should
experiment to determine the best-sized pump for each condition.

hose

AL SULL LTI LI LAY

aarfidiis

rhitoc ggaavkadailn

water
outlet valve

inlet valve

stones

This device has two parts: a pump system (A), consisting of a pump
and a sealed hose filled with water which inflates a capped inner
tube inside a sealed container (B), which has two check valves and
an outlet hose. The container should rest on stones at the bottom
of the well to help prevent mud from fouling the inlet valve.

The pump pushes water down the hose which then expands the
capped inner tube like a balloon. The expansion of the inner tube
forces the well water in the container out through the upper check
valve and up the outlet hose.
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1 When the pump piston is pushed in, the inner tube fills with
water and creates pressure in the container. Since the water
cannot exit the lower check valve, it must rise through the
upper valve.

2 When the pump piston is pulled out, the water is sucked up
into the pump and the inner tube is emptied. This creates a
negative pressure inside the container, and the well water is
sucked into the container through the lower check valve,

water descends as the inner tube is filled, well water is
from the pump forced through the outlet valve
)
open valve waterrises >,
1 in the hose closed valve
2
closed valve el water open va!vJ

as the inner tube is emptied, the water
enters the container from below

CONSTRUCTION DETAILS

The pump is made from a 2-inch pipe with two drilled end-caps, and
a plunger rod with a leather washer. Weld a smali tube to the hole
in one of the caps. Insert the rod through the hole in the other cap,
attach a nut, a washer, the leather washer, a second washer, and
the second nut to the rod. Then attach both caps to the pipe.

threaded rod
Ieather washer

B =L

washers small tube
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Weld the two valves and a ¥2-inch metal connecting tube to the
metal container. Place the capped inner tube in the container
through the tube, then fold the end of the inner tube over the
metal tube (a).

S~ hose
valve
. hose
connecting tube ¢—
a
( part of the
container
connecting —
tube inner
the assembied container tube

small tube —:n ﬁ —~ ..

e ©
metal -""")

container
@b. -

The valves are made with steel tubes containing a lightweight metal
ball bearing; the ball must be light enough for the water to lift it,
and it must be heavy enough to seal the opening when it falls.
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connecting tube jg

d B

larger tube

ball bearing @
closed open
valve valve connecting tube _)

The ball bearing falls with its own weight into the lower tube, closing
off the opening. When the water pressure from below increases,
the bearing rises and water enters the container.

Another way to make valves is by using plastic tubes with a rounded
rubber cap fastened to one side with a screw. The advantage of
this type of valve is that it can be installed horizontally.

connecting tube -—ﬁﬁ
open valve larger tube /ﬁ

screw 7 '
rubber cap i

-—‘H==5=‘=: /?
, connecting tube

Verify that the check valve is only allowing water to pass in one
direction.
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A check valve can be made from one large tube, capped with two
smaller tubes connected to the inlet and outlet hoses, One small
tube extends past its cap into the large tube, is plugged, and has
several holes drilled in its side. Before finally installing the caps
to the large tube, slip a loosely snug rubber tube over the holes
of the smaller tube.

outlet
cap of the large tube \w holes hose
9 v
=r= oy (G
assembled valve 5. r
inlet hose rubber tube  large tube with
cap and welded
smaller tube

In areas with constant winds, connect a pump piston to a barrel mill.
(See chapter 7.)

axle of
the mill ’Z'} pump crank

A\ =
connecting rod hose \f

Then connect the hose to a nearby cistern.
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BUMP PUMP

Install a check valve on a supported rubber hose. Hit the hose
with a hammer. Watch the water get pumped from one end to the
other.

O DO LR
this bucket is emptying

A AT UL AT LA AU U T DA

this bucket is filling up

At least 400 bumps per minute are needed for the water to move.
The quicker the bumps, the more water will maove. For example,
you can pump 1000 liters of water per hour with 1600 bumps per
minute on a 10cm-diameter hose,

How do you produce this many bumps? Use a wind-powered bar-
rel mill with a metal chain welded around the outside base of a
barrel.

Each link bumps a lever in a rapid rhythm that compresses the
rubber tube against a metal backing plate. The lever is a rounded
triangular shape, and is fastened to the plate with a screw. Lubri-
cate as needed.

metal chain welded
to the barrel

hose

support
structure
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Asssembie the structure with the barrel mill between the well and
the cistern:

[ structure

hose or tube

o

well

in a region with a constant breeze, the pump is always in motion,
and even a leaky cistern will remain filled.

inlet tube
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HOW TO RAISE WATER WITH ITS OWN POWER

To raise river water up a sloped bank, a hydraulic ram-pump can
be built to raise water with mechanical power, using as an energy

source the difference in height between the water inlet and the
level of the pump’s location.

The drawing below shows an example of this system, with a 2-meter
inlet-to-pump height difference and an 8-meter rise to the tank

above. Using this difference, 200 liters of water per day can be
pumped 20 meters uphill,

As the rise becomes greater, the quantity of pumped water decreases.

For example, only 80 liters a day can be pumped up a 40-meter
rise,

The water enters the pump through an inclined tube. The water
rushing down the inlet pipe creates a rhythmic surge at the pump,
forcing the water to rise to the tank above the pump.

The rhythm of the pumping must be adjusted so that the pump
works slowly, and care must be taken that the level of the river
always remains above the inlet pipe to prevent air from entering.

=0

tank

riser tube

N

pump

e b

et

L e gt sy
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THE PARTS

The inlet tube has a 1:4 slope (15 degrees), and must not have any
curves or joints. Place a fiiter or fine mesh over the inlet opening.

The pump is made from three 50mm T-fittings, 1 meter of tube
of the same gauge, a few steel connection fittings, a 3mm steel
plate, 234" reducer fittings, and several bolts with nuts. The pump
must be solidly installed on a wood or concrete base to stabilize
the motion of the moving water.

cap Migb

Q-L——/ air tube

outlet pipe

100cm tube

conneclor

T-fitting &-—- hand valve

main valve -

""l ') &
reducer joint 4,)}, N 2 cap
~ /"ﬁ*ﬁﬁtﬁng
inlet pipe per ﬁ'\ ﬁ»i F_—
) i Tfitting

CONSTRUCTION

1 First assembie the main valve support structure using %-inch
steel angle iron and a 50mm x 300mm steel plate. All parts
must be welded solidly because the strong hammering ac-
tion caused by the main valve may loosen the joints.
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2 Next, assemble the main valve components. Add the 4cm
spring to the bolt, and insert the bolt into the support struc-
ture, tightening the nuts so that the spring is compressed.

componernts of the main valve

&
\:)

S 2
nuts

15" x 32"
spring

5" x 15 em
bolt

assembled main valve

1" metal
washer

134" rubber
washer

135" metal
washer

3 mm steel plate 15mm

Leave a 15mm space between the plate and the rubber washer.
The rhythm of the pumping action is regulated by adjusting the
compression of the spring.
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3 Now assemble the check valve that prevents water back-flow.
It is made from a connector fitting, with a perforated steel
disk welded inside. Fit a small cotter pin loosely into a 1mm
hole in the side of the connector to act as a pressure-relief
device..

assembled check vaive
cotter
" (2] < pin
convex washer "7_9 5)

rubber washer___ﬁ 0
45mm @
steel disk with )7

5mm holes

50mm connector j :

@ cotter
4mm bolt -—-L__)A pin

components of
the check vaive

4 Bolt the rubber and metal washers to the top of the disk. The
metal washer should be convex-shaped to ease the passage
of water past the top edges of the rubber washer.

Attach the capped 1-meter air chamber tube, and then con-
nect the inlet and outlet pipes. Install a shut-off valve be-
tween the outlet pipe and the pump.
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OPERATING THE PUMP
Before operating, the outlet pipe is primed by filling it with water.

The pump operates as water descends the inclined inlet pipe and
flows out to the ground through the open main valve. The velocity
of the water forces the main valve to slam shut. The momentum
surge of the water carries past the main valve and then pushes wa-
ter through the check vaive and into the outlet pipe. This releases
the pressure back at the main valve, which is then pushed open
by the spring. The process is then repeated as water once more
flows down the inlet pipe.

The spring tension of the main valve controls the speed of this pro-
cess. If there is too much spring tension, the valve does not close; if
too little tension, the valve stays closed all the time. Proper tension
allows the water flowing through the main valve to close the main
valve forcefully, causing a surge of water past the check valve.

The pump must operate between 40 and 130 beats per minute. A
greater quantity of water is pumped at slower speeds.

PROBLEMS

If the pump is not working after adjusting the main valve
spring tension, check that the rubber washers are closing
tightly.

E@ If air enters the outlet pipe, use a tlghter-ﬁttmg cotter pin in
the check valve hole. :

If the pump makes a lot of noise, use a looser cotter pm in
the check valve hole. :

This type of pump requires little maintenance. The filter mesh must
be kept clean and the nuts tight, since they loosen in time. Also
check the rubber washers and change them as needed.
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The next two pages show how two water sources are affected by
the development of their neighboring communities.

Imagine a place with a hill and grove of trees...

A group of people build their houses in the grove where

" there is water. Trees are cut down. Without vegetation, the
rainwater does not get absorbed and runs down to the base
of the hill. Now the few remaining trees do not have water.

At the base of the hill, water accumulates but quickly evapo-
rates. The people must now pipe the little water remaining
uphill to their houses,
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Meanwhile...

Another group of people build their houses at the bottom of
the hill, without removing any trees:

|_42> the water remains in the grove and does not evaporate. The
water is directed towards the settlement.

It goes without saying that the beautiful grove is still there
¥ for walks and recreation...
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BAMBOO PIPING

Before making bamboo pipes, make a chisel to remove the knots
from the bamboo:

1 Use an end of a 12mm bolt or steel rod. Flatten one of the
ends with a hammer.

_() ] 7 12mm

%___. ) flatten one end

2 Sharpen the end with a file or rock.

hole

60
e -ﬂ view fromn the side
the point
C—J—’D view from above

3 Insert the end into ¥2-inch-diameter and 6mm-long common
water pipe. Make a 4mm hole and fasten them together with

a nail or bolt, as shown below.

pipe
Y

<TEO = 4
r\ hoi nail or boltf

4 On the other end of the pipe, install a bamboo rod capped
by a knot to make a handle.

bamboo
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The chisel is used in the following way:

One person holds the bamboo, while another inserts the chisel,
and a third rotates the tube using a plumber's wrench (with teeth

for gripping).
hold the bamboo

plumber’s
wrench

removing bamboo knots with a chisel

If a wrench is not available, make a strap wrench with a strip o{
leather and a wooden handle as illustrated below:

rod of the chisel

details of the wrench

using the strap wrench
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BAMBOO PIPES

Bamboo pipes can last between 4 and 6 years, depending on the
quality of the bamboo and climate.

The best way to install the piping is underground on top of a layer
of leaves and earth.

There are areas where the bamboo cannot be buried, such as on
steep banks.

The joints between lengths of bamboo are made with leather or
pieces of rubber from inner tubes.

" The leather must be soaked overnight and installed wet; as it dries,
the feather shrinks tightly around the bamboo.

One advantage of this type of joint is that the bamboo pipes can
be made to curve slightly.

supports
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OPEN PIPES

Some types of bamboo are not appropriate for piping but can be
used to make open troughs.

BAMBOO GARDEN FAUCET

After installing the piping, make a bamboo faucet valve:

cotton with tar

SN

wooden cap ]

faucet with a rock and a stopper on a
string to close the outlet opening




606 WATER

EARTH-CEMENT DUCTS

Large ducts for drinking water distribution main pipes can be made
using an earth-cement mixture and a flexible, strong plastic hose. The
hose is 20-30 meters long and has a 20cm diameter when full.

1 Prepare the bottom of the trench with a thin layer of earth-
cement. .
o] \: v V ' . ]

earth-cement /Q\ - : e

2 Install the hose with one of its ends tightly closed and the
other raised one meter above the ground and supported on
a post.

3 Fill the hose with water. The raised end creates pressure on
the walls of the hose.

tied end

-—)
e S~ ¢ ] ™

4 Cover the pipe with an 8:1 mixture of earth-cement. Let it
dry for a few days. When the cement is dry, fill the rest of
the trench with earth.

support posts

trench

earth-cement duct

5 Finally, lower the raised end of the hose and let the water
out. Pull the entire empty hose from the earth-cement duct
and repeat the process until the duct reaches the required

length.
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MILL TO RAISE WATER

A water mill can be built with bamboo tubes to raise water from a
river having a strong current.

The ends of each tube are tied to the supports. One end is tied in
front and the other in back of the blades. The closed end of each
tube is farther away from the axle than the open end, so the water
spills out of the raised tube. .

high bank

.
direction of
the current

The support ends are connected with strips of bamboo or twine to
reinforce the structure of the mill. Attached to the tube are blades
made with boards fastened between two supports, so that the
river's current makes the mill rotate.

post
bamboo bearing

axle from cut
trunk with holes

The axle is a large log with holes in which to insert the supports.
At the ends of the tube, use pieces of bamboo as bearings. These
bamboo pieces are supported on a notch in the posts so that the
axle turns smoothly. Now build an aqueduct to carry the water to
farm land or into cisterns.



CISTERNS WATER

In regions with long dry periods, it is convenient to have cisterns
to store rainwater. The rain can be collected in roof gutters and
directed to the cistern. Gutters can be made from metal, bamboo
split in half or tree bark.

é) The cistern must be close to the house and far from polluted
areas such as toilets, stables or septic tanks.

The size of the cistern depends on the length of the dry
¢ period and on the family's daily water use.

,:3 At the beginning of the rainy season, discard the first few
liters of rainwater because they are contaminated with dust
and dirt from the roof.

direction of

gutter
the water fiow

Water that runs off thatch roofs must be filtered before being used,
because smoke from the chimney contaminates the thatch and
makes the water taste unpleasant. _
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A good water storage system has three components:
A A cistern for the water.

B A gravel and sand filter.

C A sedimentation tank. This tank must be cleaned occasion-
ally to remove the sludge from the bottom.

section of the cistern and filters

opening with covers to
facilitate cleaning

water pump

the water moves from C to
B through a T-shaped tube

There are different ways to install the three parts, depending on
the space available.
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The walls are made with rocks, cement blocks or bricks.

1 First compact the floor and install rocks; let them settle for
a few days.

2 Apply the earth-cement mixture and fill the rock joints.
3 To waterproof, apply cactus juice to the floor.

4 Make a smooth, hand-polished finish with a mixture of fine
sand.

Repeat the process for the walls

BARREL CISTERNS

In rainy areas where there are no dry seasons, large cisterns are
not necessary. The cisterns can be integrated into the house.

The rainwater can be stored in tanks, reservoirs or linked drums.

barrels f-\

roof gutter

The barrels must be installed below the roof and above the areas
where the water will be used, such as the kitchen and bathroom.
A pump is not needed using this system. Entire or half-drums can
be used. The tops are covered, but not sealed
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water infet

water outlet

Shown below are two examples of installation; the first one is for
a house built on a slope, and the second is for a two-storey house
on a flat site.

In urban zones where houses are built close together, courtyards
or streets can be used to collect water.
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VENETIAN CISTERN

The water for a Venetian cistern can be collected from a courtyard.
In the center or on one side of the cistern, install a pump to raise
the filtered water.

The walls of the pump's well are impermeable and have holes in
the lower part to allow water to enter.

Install spaced paving blocks at ground level to allow water to run
through to the ground. A slight inclination slows down the filtration
of water through the layers of sand on top of gravel.

ventilation pipe

pump
paving blocks
open joints /1
pumanﬂﬂﬂﬂ’ D 3 D I:l'n=.==.==
. finesand =~ -
" e ', "'" bt "' ." '-:-"- u VL] 'n ar "\!""
(e nete i f::f.: o med:um sand
= '-‘;';} .;"5“ - -- -tqc:.v-' ’.. .5.... -
o a" o g i - 1... : 2 <
waterproof plas
wall of the cistern with openin
concrete base i

in the bricks at the base

The cistern is made of bricks with a mortar finish. If the house does
not have a courtyard, the cistern can be built in a garden.

EXCAVATING A WELL

If the ground is very loose, a solid wall must be made.
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i Construct a 2-meter-diameter flat wooden hoop from 10cm
x 20cm boards held together with a metal band.

2 Now make a circle on the ground which is a little larger than
the hoop. Excavate a 50cm trench and install a circular con-
crete foundation in the trench.

3 Build up the wall above the hoop, leaving openings in the
first four brick courses for water to enter.

4 When the wall reaches a height of 1 meter high, excavate

below the base of the hoop to allow the wall to gradually
settle into the ground.

§  After settling, build up another meter of wall.

6 Repeat the process until the bottom of the well is far enough
below the groundwater level to reliably produce sufficient
water.
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A BAMBOO-CEMENT WATER RESERVOIR

Water reservoirs can be made using the construction technique
for bamboo panels. (See chapter 6.)

Install a drainage tube in the lower part and apply mortar to a
large bamboo basket. Apply 4 layers of mortar on both outside
and inside, and let it cure for one week while covered with damp
cloth. Then let it cure completely for three weeks.

Described below is the method for applying the layers of mortar;

2 Place the basket on the box
and mortar, and insert the
drainage tube above the
concrete.

drainage tube

[ -
- &
)

The bamboo drainage tube should be soaked in water for three
hours before applying the mortar around it.
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3 Next apply a 1cm layer on
the outside.

4 Two days later apply the
inside layer.

5 One day later, apply a sec-
ond layer to both inside
and outside.

Polish the suface of the final layé.r with a rich mortar mixture.
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WATER TREATMENT

A drum filter can be built to filter water. On the top, weld a fun-
nel to make it easier to fill. Occasionally, clean the sand to remove
sedimentation. When only half the quantity of sand remains, replace
it with new sand and charcoal.

funnel

container

Polluted water must be disinfected beforehand by fiitering it through
a container with a layer of lime on top of a layer of sand. Place a
plate under the filter to prevent the water from hollowing out the
sand. Another better system is shown on page 636.

..

(a) stones

(b) sand with lime
{c) stones

(d) holes

The water can also be boiled for 20 minutes and then poured from
one container to another several times to oxiginate the water.
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AN EASY-MAINTENANCE FILTER

Described below is a drum filter where the water enters from
below and exits from the top, making it a self-cleaning filter.

Construction:
1 Cutoffoneendofadrumand /-)
trim the end so it fits inside

the drum. Drill 2mm to 3mm lid
holes spaced 5cm from each -
other.

"‘h—..___.__‘.r”
2 Drill and clean holes for the /)
inlet and outlet pipes. S

200 liter
3 Paint the inside surface with 9™

non-toxic, anti-corrosive paint,

After the filter has been used for some time, the sedimentation in
the sand must be removed. Close the inlet valve and remove the
lid. Open the cleanout valve. The water discharged by the cleanout
valve cleans the sand by flushing impurities. Close the cleanout
valve, put the lid back on, and open the inlet valve.

outlet

sand

3mm to 4mm gravel
perforated plate

inlet -

vilie .ol ﬁcleanout valve

stone support

for the plate
Shown above is a section of the drum filter.
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BIOLOGICAL FILTER

A biological filter is a layer of organic matter, a type of slime layer,
that gathers on the surface of the sand after two weeks of use.
This fine layer is an efficient biological filter that retains and di-
gests harmful microorganisms that might be in the water. Filter
the water with a fine sieve beforehand, since the slime layer only
filters microorganisms.

BUILDING A FERROCONCRETE BIOLOGICAL FILTER

Build six 2m x 0.60m rectangular panels and two hexagonal panels
with 0.60m sides, using the technique described on page 522.

1 Join the plates to make a hexagonal container. Install the
container on @ masonry base.

2 Install the inlet, outlet and cleaning pipes on the sides of the
container. (See drawing next page.)

3 Apply animpermeable layer of cactus juice on the inside and
outside surfaces. See page 332 for details.

4 Fill the container with water to check for leaks.

5 Place 50cm of gravel at the bottom of the filter and 50cm of
sand on top of the gravel.

A 2m-high biofilter with a 60cm hexagonal base has approximately
a 1m? filtering area and a capacity to filter 1600 liters of water

a day.



WATER

MAINTENANCE
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In time, the slime layer becomes overgrown and the passage of
water is reduced. To clean the filter, connect the inlet hose (e) to
the outlet (s) to reverse the water flow. Plug the cleaning pipe (t)
before opening the valve. The water rises and lifts the slime and
the impurities. Once cleaned, place the hoses back to their original
positions and wait two weeks for a new slime layer to form before

drinking the water.

During this two-week wait, the wa-
ter can be used for bathing, laun-
dry or watering the garden.

Ideally, build two filters so that
there is always one providing
drinking water.

The sand in the filter must be
fine and pre-cleaned. Add a hose
spray attachment to the inlet tube
to disperse the water and lessen
the impact of the falling water to
the top layer of sand.

The valve on the outlet is used to
regulate the flow of the filtered
water. The water must not run at
a rate greater than one liter per
minute for a 1 m2filtering area.

(e) inlet with ball-float
(t) cleaning tube with plug

(s) outlet with valve

slima.

sand—;

In the illustration above, one of the vertical panels has been re-
moved in order to display the interior layers of the filter.



620 WATER

BASIN FILTER

A basin filter can be made that will prevent the earth near the house
from becoming polluted by detergents and soaps.

1 In @ common basin or sink, install a 25cm-long drainpipe.

U v
2 Construct a grease tank on a concrete base. (See page 614.)
Cover the inside with an impermeable layer of cement. Dirty
foam is kept from entering the filter by using two tubes of
different diameters.

3 Insert one tube into the other and then attach both into one
of the corners.

base

4 The brick filter box is built on a concrete pad. On the lower
part of one side, install an outlet. On the upper inside part of
another wall, install a projecting brick as a baffle to spread
the force of the incoming water.
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5 Fill the bottom of the box with coarse sand, add a layer of vege-
table charcoal, and top with fine sand. Set the lid on and install
the tank on top of the box. Occasionally, the filter will need to be
disassembled to clean out the grease and replace the sand.

baffie made from projecting
brick to soften the impact of
the jet of water

outlet

basin
: 1/ larde tube
a section of the basin filter

thin tube with the dimensions of the

f tubes and layers.

1 brick baffie

™ sand

charcoal
____ﬁ\_l base

If the filter has been used for a while, remove the water from the
grease box so it does not become foul.

The filtered water can be used to water plants.



PURIFICATION WATER

PURIFYING WATER

A solar evaporator can be used to transform either salty or unclean
water from sinks or showers into potable water. To understand how
it works, try the following test:

1 Excavate a 60cm x 60cm x 60cm-deep hole in the ground.

2 Place a can in the bottom center of the hole.

3 Cover the hole with transparent plastic, holding down the
edges with sand.

4 In the center place a small stone, so that the plastic is de-
pressed slightly.

the hole seen from above

stone

plastic

section of the hole

can or vase

After a clear day, the can will be full of water.

,;‘) In this test, water in the damp earth evaporates when the

temperature rises under the plastic. When the vapor touches

the plastic it transforms into drops in a process called con-

densation. The inclination of the plastic from the weight of

the stone directs the drops to drip towards the center of the
plastic, where they fall into the can.

A larger quantity of water can be produced by placing a few plants
inside the hole.
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SOLAR DISTILLER

In regions with a lot of sun and scarce water, you can use a solar
distiller to purify salt water or polluted water.

The distiller is made from a tray placed inside a wooden box that
has a glass cover. One side of the box is higher than the other,
creating a sloped cover to direct the water to a gutter. The box
must be well sealed around the tray area.

Depending on the construction of the box and the climatic conditions,
a distiller of this type with a one-meter-square tray can purify be-
tween four and nine liters of water per day.

HOW THE DISTILLER WORKS

The sun's rays heat the water and it evaporates and rises (1). When

the vapor hits the glass, it condenses into water drops (2} that run
down the sloped glass cover into a gutter made from a half-tube

(3); the drops flow through the sloped tube into a container.

- gutter made
wood box e : from tube cut
"V in haif

The gutter extends out from the box and is connected to a fiexible
tube linked to a container to collect the distilled water.

g e b



624 WATER

HOW TO DISTILL LARGER QUANTITIES

Install the sloped glass close to the top of the water's sur-
face.

|:§> Place a fine black cloth on top of the water. The fibers of the
cloth help evaporation to occur.

@) Install the distiller in such a way that wind passing over the
glass cools it and increases condensation.

Pre-heat the water before it enters the box with a small 10-
liter solar heater. The connection pipe must be insulated.

@) Vibration on the glass make the drops fall more quickly. You
can produce vibrations on the boxes with a small windmill.

view of the distillers

tube with
pre-heated water

outlet for the
purified water

b section

A contoller must be installed when using pre-heated water so that
the water level in the trays remains consistent. See the discussion of
thermo-syphoning heaters and their controllers (pp. 560-563 above).
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LOCATION

Locate the distiller on the sunny side of the house. To control the
quantity of water in the tray and facilitate the cleaning of the glass,
the distiller should be located in an accessible place. The distiller
must not be shaded by roof eaves or trees.

placement of the distiller equator

COMMON PROBLEMS

Shown below is an incorrectly built distiller:

Why it is incorrect:

(@) The water level is too high (more than 5 cm deep).

(b) The air space between the water and the glass is too large:
the glass is too high.

(e) The glass is not sloped enough, so the drops do not fall
towards the tube.

(d) There is too much dust on the glass and water cannot heat up.
(@) There is too much shade on the distiller.
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CONSTRUCTION OF LARGE DISTILLER

b The tray is made from a 130cm x 90cm sheet of metal.

I | Fold up 5cm edges and spot-weld the corners together.

| fold and weld
1 : PR the corners

2 Paint the inside of the tray with matte black paint, and wrap
it in insulating material such as 1-inch-thick styrofoam. If this
is not locally available, use coconut fibers or sawdust.

3 Build a wooden box frame.

-1 On the lower side of the box, install a tube cut in half lengthwise

' that projects out of both sides of the box. The tube is painted
white on the inside. Now, install an inlet tube through which the
Jjon-potable water enters.

On top, install the glass pane in the frame using glass caulking
or silicone.

caulking

frame

. g

All the joints must be well sealed to keep hot air from escaping. '
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insulated
bottom

MAINTENANCE

The glass must always be kept clean and dust-free. Check the
sealed joints after a while to make sure no air is escaping between

the wood frame and the glass pane.

When removing the potable water in the morning, refill the tray
with non-potable water.
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OTHER TYPES OF DISTILLERS

An easy-to-maintain distiller can be made in regions where there
is access to industrial products.

E» Use a transparent plastic cover and an outlet tube cut length-
wise on one side of the box.

':§> The base is made from concrete, brick or metal, and is insu-
lated. The area with the non-potable water is painted black,
and the rest of the base is painted white.

The cover is embedded slightly into the ground, so that hot air does
not escape, as shown below:

cover
‘/ ground
\~ base
The jar is buried to keep the potable water cool.
acrylic cover
base with tray

Another type of distiller that is easy and quick to build is made
with a frame, a tube cut lengthwise or a piece of metal folded in a
V-shape. The bottom can be made out of black plastic. The cover
is a transparent plastic supported by a short pole.



WATER 629

frame base

black
plastic

section

Non-asbestos concrete tiles, or corrugated sheet metal made for
roofing large spans, can also be used as a base for building distili-
ers. The channels are covered with glass, as illustrated below.

metal roofing

end cap caulking

section of a corrugated roofing channel
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COOLING PURIFIER

A purifier for salt water or used water (greywater) can also be used
to cool water.

First build a box with a partition in the center. Cover the bottom
and sides with black plastic.

. inlet for
'< contaminated
water

outlet for pure water

insulated base

One of the sides of the box must have a tube cut lengthwise to col-
lect the drops of water falling down the glass cover. Two pieces of
glass are sloped towards the center and supported on an inverted
steel T-section channel.

T-channel
glass A &— drops
cut tube "L—)

Shown below is a detail section of part (a) of the distiller.

glass box

plastic
insulated base
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The purified water runs into another box to cool. The first box has
an inlet for contaminated water. A wooden cover slides in tracks
fastened to the top side above the glass sheets

At the end of the day, slide the glass cover over the wooden lid to
expose the already distilled water to the night cold. During the day
this position is reversed, and the cover acts as a thermal insulator
for the water already distilled.

cover

At night uncover the holding area so that the water cools. During
the day cover this area to keep the water coal.

detail of the box

frame insulated wooden cover

black plastic

The base and cover are insulated.
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The distiller can be located on either the top or the side of a roof,
depending on the roof's shape.

on a flat roof next to a sloped roof

In certain areas, the water could be exposed to insects or dust;
cover the cold water box with glass or transparent plastic.

Move the cover with a string or use a ladder to reach the cover.

COOL WATER

Td keep water cool, install a jar in a box of wet sand. The jar must
be tightly closed. '
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Clay cooking pots can also be used:
To cool air: Place a jar filled with water in windows or in other

openings where air circulates. See chapter 3 for more details
on this technigque.

section of the house with a &:":7

cooling jar under the window | l e

To preserve food: Place a glazed jar containing food inside
an unglazed (porous) jar. Then add water between the two
jars.

glazed jar

x®
ungiazed jar '; '

@) To irrigate plants and trees: Use clay pots or vases with lids.

Make small hales in the bottom of the containers. Bury the

containers up to the necks. Fill them with water every 3 to

5 days. This technique uses much less water than surface
irrigation.

Tenpridngett

a_— f\ holes



IRRIGATION WATER

DRIP [RRIGATION WITH CLAY POTS

Before embedding the jars in the garden beds, the ground must
be prepared.

1 Making the garden beds.

ver with a 10cm layer % e
cover wi
&, %

of manure or compost
. -v'E' _hl /
"
"~

level out the ground, pull out the
grass and till the earth 10cm deep

A o

‘ % /% " use the earth from one
furrow to fill up the next one

tilled earth

\wﬁ- £ tilt 30cm deep in the furrow

%) € S without removing the earth
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2 After covering the beds with a new layer of manure, make
25cm-deep holes 40cm apart and insert the jars.

mouth of the jar must
be 5cm above ground

n.*-‘ ."'
- ~
’ “ . .

lids or stones -

to cover the jars

3 Before planting seeds, fill the jars with water and cover the
opening with a lid or stone.

And gV agye

A
=ta
o
-y
ot
I-

the water filters slowly through
the jar towards the roots

Leave a 2-meter distance between jars in vegetable gardens with
trees or orchards. - o -
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Another way to irrigate is to place stones around tree trunks or
bushes to gather moisture from the air.

SOLAR FILTER

To purify a small quantity of impure water, pour it through a fine
cloth placed over the opening of a transparent glass or plastic 2-liter
bottle. Now shake the bottle. Piug the mouth of the bottle and let
it sit facing the full sun — not in the shade — at a 45° angle for

six hours.

plug i

fill the bottie leave it for 6 hours

Water from' this bottle must be used within the next six hours;
bacteria can regroup and multiply if the water sits too long.



WATER COOLING & CONSERVATION

FOOD STORAGE

Build a shelf unit with a tray at the top and standing in a larger
tray at the bottom. Fill the top tray with water and cover the sides
with a fine cloth with its lower ends touching the bottom tray. The
water slowly wets the cloth, humidifying the shelf, and cooling the
food.

cut through one side

The cloth protects the food from insects and climbing creatures.
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Another type of “refrigerator” is made with mosquito mesh and
vegetable charcoal. Place a tray filled with water on top and a
hanging cloth that is touching the charcoal.

The lock is made with a piece of wood and a string with a big knot.
The space between the cloths is filled with pieces of charcoal.

cloth on both sidea‘)

cloth charcoal o
s "-. = " W [ . <
o P 5x5 58
. ~.\
| | \;l
a box made with a j
three-sided frame - 5x5 frame

door
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In areas where water is scarce, use a vaporizer for bathing.

The vaporizer is a container with a pump that sprays vapor out like
clouds of fine drops. These drops penetrate the surface of the skin.
This cleans the skin very well and soap is not necessary.

Small or large vaporizers can be used to water plants as well.

save on water with
a vaporizer or spray can

Install a dry toilet to reduce daily use of water significantly.
See chapter 9 for more details.

SAVING WATER

To use less water:

N

Filter greywater (used water) and re-use it for irrigating or
washing.

JL

Wash dishes and clothes with hot water from a solar heater.
Hot water cleans more effectively and therefore uses less
water. :

N

Bathe using a vaporizer that uses much less water.
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The last two chapters showed ways to save energy and water,

The drawings below illustrate how these alternatives are used.

Here less wood is being used with a high-efficiency stove.
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This rainwater is collected, filtered and stored in a cistern that
feeds a reservoir.

A solar wall between a living room and a winter garden mth the
hot air rising to warm the living space.
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EQUIPMENT SANITATION

Basically, there are two types of toilets: those that use water to
flush out the human waste, and those that turn this waste into
compost.

To choose which one to use, we must look at:

q‘> The amount of water available. If there is only a limited
amount, we should install a “dry” toilet.

If we want to grow a vegetable garden and utilize the compost
/  as a fertilizer.

' The environment, as a waterless toilet does not contaminate
the subsoil nor the water table.

LUSH TOILETS

The used flush or black water from the outhouses should not pol-
lute the drinking water source. Therefore the minimum distance
between a water toilet and the well must be 15 meters and at least
5 meters from the house.

L

5 '
4 » - —
. . *
outhouse b

" On sloping sites the outhouse must be located below the well or
spring of drinking water.
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BUILDING AN OUTHOUSE

1 First make a solid border, with bricks or tree trunks, around
the edge of the pit.

2 Then build a concrete slab on top, with a bow! and a small
cabin.

View of an outhouse door -
with the walls removed TR

posts

slab N e S

border A pit

The reinforced border keeps the weight of the outhouse from de-
stroying the edge of the pit. Moreover, it prevents rainwater from
running directly into the pit, which would make it collapse.

The bowl could be made out of wood or bricks with a wooden cover.
Shown below is a bowl made with bricks.

section of bow!
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Instead of using a bowl, you could make a slab with a hole con-
nected to a drainage pipe with a diameter of 10 or 15¢cm and a

length of 30cm.

The slab is poured on the floor and covered with a piece of plastic,
with a wooden frame which is removed after the concrete has set.

The drainpipe is set into the slab, with the rim slightly above the
surface. In order not to dirty the feet, you make pads on both sides

of the hole.

view from the top view frorm the bottom

UILDING THE PIT

Underneath the slab comes the pit, made with bricks or concrete
blocks. This pit empties out via a pipe or draintiles into a trench.

Before using the system for the first time, you fill up the pit with
water. There should always be sufficient water to make sure that
the lower end of the pipe in the slab is submerged.

For this type of toilet, it isn’t necessary to use clean water; you can
use the water left over from washing clothes or dishes.

After a certain span of time, there will be a build-up of mud.

To ease the removal of the mud, make a sloped bottom floor; the
cover slab is not fixed to the rim. With normal use, the pit needs
to be cleaned once every two years. On the next page a section

through the unit is shown.
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slanted floor

The exit drainpipes of 5 or 10cm are connected to the tank via a
“T"-shaped pipe in order to keep the solids in the tank.

The plants in the trench help to purify the water; nevertheless this
water is not fit for drinking and should be nowhere near a source
of potable water.

SEEPAGE TANK

On smaller-sized lots, instead of using a drainage trench like that
illustrated above, you build a seepage or sump tank.

The wastewater which leaves the main tank goes to the seepage
tank where it will leach into the surrounding soil. The dimensions
and the amount of seepage will depend on the type of soil, which
controls whether the water is drained slowly or rapidly.
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The bottom floor and the walls are made with bricks or stones,
leaving openings to let the water pass through.

The drawing below shows a section perspective:

manhole

P, closed bricks ¥+
, > ey

5 Y
ol
B~ &2

earth

bottom detail

The rim above is made with joined bricks. The space between the
walls and the excavation is filled with gravel or stones.

COMPOSTING TOILETS

A waterless or composting toilet is appropriate when:

E}) The typ'e of soil prevents the digging of a deep pit (in the
case of rocks or loose soil).

The water table is less than one meter below the surface
/' of the earth.

y;? Compost is needed to improve garden soil.
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Sometimes people just make deep holes in the ground. When one is
filled up, they cover the contents with earth and use the next hole.

Qr the hole serves as a composting toilet, and after each use, the
waste is covered with plants, turning the contents into fertilizer.

TWO-COMPARTMENT COMPOST TOILET

1 First you dig a hole with a depth of about 150 to 180cm. The
bottom will be the compartments’ floor.

platform

In humid zones, use cement to strengthen the platform.

The compartments that receive the waste are made with bricks
or blocks. The drawing below shows the use of 10 x 20 x 40cm
blocks.

compartments

excavation

2  The lower part of the compartments is raised to about one
; meter above the floor. To support the slab, use a small wood-
en or concrete beam.
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3 Build the top part, leaving a double hole as a passageway
for the ventilation pipe.

hole

4 Build the two covers out of concrete reinforced with chicken
wire. A block of wood is located at the spot where the waste
entrance pipe will be installed later.

i wooden block

| =
Lo (LT U
chicken wire \i‘ __Q..ﬁ _g.z-b /)
}’\\\- //
Ty
5 To avoid entry of insects, seal the slabs and the vent pipe.
Then build two more covers for the lower part of the com-

f
*

wooden frame

partments.
concrete
—;) Y covers
- ventifation pipe NS S
- . wooden

covers

6 Next make two wooden covers for the compost-removal
openings. :
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7 The outhouse can be built using the same materials as were
used for the house. The vent pipe could be bamboo, sheet-
metal, or PVG; if hollow blocks are used for walls, you can
leave a continuous opening like a built-in smokestack.

If the entrance of the outhouse faces south,* the covers should
be painted black.

Another way of reinforcing the edges of the excavation is by using
pieces of tree trunks in areas where cement is difficult to obtain.

1 Place 4 tree trunks
over the hole.

2 Make a mud frame to
cover the tree trunks.

3  Usingbranches or bamboo
as reinforcement, make a
platform covered with mud
as a base.

*This applies to the Southern Hemisphere; do the opposite in the Northern
Hemisphere. -
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Two important observations:

@ To avoid leakage from rainwater, the compartments must be
well sealed against infiltration.

:D To prevent insects, which may carry diseases, from going
inside the ccmpartments, the joints between the covers and
the slabs should be a tight fit.

HOW TO USE THEM

Before using a composting toilet for the first time, fill the bottom
part with humus, like dry leaves, straw or sawdust. This serves
to absorb the liquids, is essential to the composting process and
prevents the contents from getting solidified.

Only one compartment is used at a time. After it fills up, you cover
the pile with cut grass and a thin layer of earth and then put a
heavy weight, like a stone, on the cover and start using the other

compartment.

Inside the outhouse, keep a small broom to clean the slab. Also
have 'a small box with ashes, sawdust, or dry earth. After using
the toilet, you throw a bit of the mix inside; the ashes serve to
minimize smells.

When the second compartment is also full, it's time to clean out
the first one, where the contents have turned into compost.

This compost is dry and odorless. Remove it with a shovel, and
leave it exposed to the weather a wh:le before using it in the gar-
den as fertlhzer

However, the best way to get rid of waste is to build a “bason.”
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THE BASON TOILET

Human waste (feces and urine) can be mixed with organic kitchen
waste, and this mixture will slowly turn into an organic fertilizer in
the shape of a loose, black earth,

Some of the advantages :

. .+ 0 oS waste

........

Thus, we can see that:

Human waste brought into contact with organic kitchen gar-
bage will convert, in time (a bout sixX months), into an excel-

lent fertilizer.

Incoming air ducts and a ventpipe make the operation odor-
Y less. _

The bottom of the unit has a 30-degree slope to ease the
E& downslide of the composting waste and leaves the material
in a lower section, from which it can be removed yearly,
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cover to prevent rain from entering Q

f : mosquito wire
g~ & 't...-—’

45" ventilation pipe

3 meters or more

b seat opening

compost deposit area
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In addition to the bricks and cement, you will need wooden strips,
3cm wide; 1 metal pipe for ventilation; a PVC tube with a 10cm
diameter; chicken wire; and some wooden boards for the seat and
outside exit cover.

1 Make an excavation of about 2.50 x 1.25 meters; the low-
est section, the compost area, stays at 1.20 meters below
the bathroom floor; from there the bottom rises with a 30-
degree slope.

2 Pour a 1.20 x 1.20 meter concrete floor as a base on the
bottom area of the excavation.

3 Start the walls at the foundation, and as the height of the
brick row gets to the sloped area, make the base with mor-
tar.

bricks placet
on edge

brick arch tc support
the dividing wall __,

30-degree-

foundat;'oﬁ‘—j‘

slab

To support the dividing wall, an arch is made at a 60cm distance
from the end wall at a height of 30cm from the bottom. The top
wall must be made with narrow bricks to make seat room.
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4 Cover the sloped section with concrete; the thin wall above
must have a very smooth finish.

on top of the arch leave
3 openings for the half-
tubes of PVC

the floor and the
walls do not need
a smooth finish

Note: The blocks illustrated above have a dimension of 20 x 40
X 10cm.

5 The PVC pipes are cut in half to make rounded channels; for
the inclined part, 3 pieces of 1.50 meters are needed and
3 pieces of 50cm are nailed on the top wall.

nail here

3 pipes cut in haif
lengthwise

to show the position of the channels,
only paris of the walls are drawn

The half-tube channels begin at the openings in the separation wall
and end about 10cm below the upper edge of the top wall.
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First cut the pipes into 2 pieces of 150cm and then cut them
lengthwise in half.

If pipe is not available, then cut 20cm-wide sheetmetal strips,
bending them lengthwise in the middle and doubling the edges to
strengthen them.

VAN %
Make an elbow joint with the inclined and vertical sections; the
points of the PVC pipes are bent using a small flame.

) o

a candle

6 A form is made with the wooden strips (see the drawings
below) to make the openings for the ventpipe, and for the
seat use a can and a pail; use %" rebar to make a 15 x 15
grid embedded in concrete.

You can also use folded chicken wire instead of the rebar.

The dimensions shown above must be adjusted on the job, as the
panels must have a close fit on top of the walls.
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7 Two panels are set with mortar on the walls of the larger com-
partment; make certain that no cracks are left for insects
to enter. The third panel has to be fixed on the walls using a
weak mortar so you can remove the panel from time to time
to remove the compost.

s
.

¢> Before covering the bason with the panels, put a 30cm tayer
of dry leaves, straw or hay on the bottom to receive the first

waste,

8 The seat can also be made out of wooden boards; the opening
is sealed with a piece of garden hose nailed to the cover.

40

.45 40

40

You can aiso get a plastic, factory-made seat and cover; however
the cover has to fit tightly to keep out insects.
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The small ventilation window is covered with window screen. The

size of the window is the same as that of the concrete blocks used
for the walls.

- i
N
I

opening is about 15¢cm above the ground "\ 8

@) The ventpipe must be at least 3 meters long and start at
the very top part of the upper compartment.

9 The outer part of the ventpipe is painted matte black. This
way the sun’s rays will heat up the air inside and provide an
updraft to force the compost odors away from the house.

the top of the ventpipe is covered with ] i
mosquito wire to keep out the flies and
with a cap to keep out rain

The overhanging edge of the lower panel keeps out the rain.

e il I EEII Il M
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THE PLACEMENT OF A BASON

On a sloped lot, the bason must be placed at the low side of the
house in order to avoid rainwater building up at the foundation.

Moreover, the unit ought to be placed in such a way that the black-
painted part of the ventpipe is exposed to the sun, free from the
shade of the house or surrounding trees.

With existing houses, the ba-
son is built against an outside
wall.

With new construction, the ba-
son is built inside the house
and the compost compartment
is part of the foundation. .

A bason also could be builtas a
separate unit, but not close to
a well, as the water could seep
into the compartments and
slow down the composting.

i

i
i

Note: It is recommended that the bason be built as shown in the
drawings. Any deviation could hamper the operation inside the

compartments.



SANITATION 661

In the case of a set of basons, as in a school, there could be one
chamber below the floor panels with separate cubicles above. Since
in public buildings there are proportionally more liquids, a narrow
trench is made at the bottom of the lower compartment. The trench
is open to the underside and filled with charcoal and gravel.

WHAT ONE SHOULD KNOW ABOUT THE BASON

To facilitate the initial composting, you should cover the botion,

with a layer of vegetable matter: ieaves, hay, sawdust, and a bit
of earth.

This layer will absorb the urine. No other liquid whatsoever should
be poured into the compartments.

It could happen that during the first week flies will come out of the
mixed waste; after that, the rising inside composting temperature
should destroy insect larvae or eggs.

When the unit is not being used, the seat as well as the exit covers
must be closed to maintain inside air circulation.

In addition to solid and liquid human waste, you can add organic
kitchen garbage, and all kinds of vegetable waste, e.g,, fruit peels
or bones.

Never put cans, glass, plastics, wood, metals, soap, paints, medi-
cines, detergents or cardboard in the bason.
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A PREFAB BASON

Using the thin-plate technique is a quicker and more economical
way of making basons which could be produced in a neighborhood
plant, thus also providing local jobs.

To assemble this type of bason, you will need nine panels of these
dimensions:

15 o 50 70 70 10 70 70
l=) o f
52
a 2|8 Ob C 2x d e E
2X ) 2 ! o =
B e =
50 55
ol B
_ % o{ h
102 bt

The type (c) panels carry a little piece of metal pipe to receive the
end of the turning handle. In making panel type (b), which has the
seat, use a plywood oval form for the opening. In the same way
in panel (d), leave a circular space with a diameter of 10cm and
a slot of 1 x 15cm. Panel (f) has an opening of 30 x 40 with an

external rim of 2cm height.

To make the form for the panels use ¥2cm-thick strips, placed on
a flat surface. With eight 8cm-wide strips, you can prefab all the

panels.
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Panel (a) fits in a square of 102cm. The size shown is for an average-
sized family. You could enlarge the capacity, for example, by making
the width of this unit 100cm instead of the 70 as indicated on the
drawings.

1 Lay out the pieces of stakes
wood on an even surface
and secure the edges

with small stakes. plastic 3
sheet

2 Fill the area with a 1 to
2 mixture of cement and
sand, making a layer of
only ¥z cm.

concrete

3 Cover the first layer with a cement-soaked plastic net (using
the weblike plastic bags you carry fruits or vegetables in). The
web size must aliow passage of the mixture. The net sticks out
about 3cm on all sides to facilitate the joining of the panels.
Put “U"-shaped wire on all corners.

net

4 On top of the first form,
put more pieces of wood
of equal thickness and

fill up the center with an- :
other %cm-thick layer of " "2, /
concrete mix. After 10 g
minutes, carefully remove . o
the stakes and wooden concrte "

strips.

Let dry for one week out of direct sun. During the first few days,
keep the panel moist.
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To make the other panels, use the same procedure, remembering
to leave the required openings in panels (b), (c), (d) and (f).

With the side panel (a), cut and adjust the strip endings of the form
to fit the shape of this panel.

ASSEMBLING THE BASON

Start by placing an (a) panel flat on the ground, then the other
panels are added, starting with panel (d). They are joined with
the same concrete mix, after tying them together with the wires
embedded in the panel corners.

raised joint

Fold the protruding edges of the plastic net and cover the joint with
the concrete mix, leaving a slightly raised joining edge.

Note that panel (¢) has the embedded pipe pointing towards the
top and towards the bottom of the bason.

Close the bason by joining panel (a) on top and mortar the joints
with concrete mix on the outside as well as the inside. Let the whole
dry and harden for at least a week, and then put the bason in an
upright position to reach and finish the remaining joints.
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Instead of using channels to provide air to the waste mixture, use a
handle made from %" rebar to turn over the contents once a week,
thus loosening up the compost and mixing in oxygen.

The handle is passed through the slot in panel (d) and pushed into
the pipe ends of panel (¢). In time, the handle will rust through,
and you must insert another.

top . ¥
nails K

wire

outside cover

The cover of the opening through which the finished compost is
removed is made out of wood and should have the air entry slot
protected with mosquito wire to keep insects out.

house wall

‘t‘\seat
bathroom floor

The black-painted ventpipe is fixed to the bason at the opening in
panel {d) using an elbow joint.



666 SANITATION

BASON VARIETIES

The bason shown in the previous pages has dimensions suited for
a small family. Units meant for larger families or for public facilities

should have bigger volumes, simply by enlarging the lower part, like
the one below with an additional 30cm to the height of the unit.

70
70
1 0
SR
2 S

y" front panel side panels (2) back panel

Here, the interior panel, which divides the two chambers, should
be 70 x 100 tall.

To make a bason, you do not need special skills, as the process is
simple. When assembling the panels it may happen that the parts
do not fit smoothly, in which case any excess edges can be snapped
off with a pair of pliers; if there is a narrow gap, it can be filled with

the same cement mix used for joining the panels.

A RAISED SEAT

If the unit is placed in the basement or crawi space as part of the
foundation (depending on soil condition), the top of the bason
should be level with the floor. A cylinder made from plastic concrete
is located on the top opening and is finished off with the usual

wooden or plastic seat.
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seat and cover
28 - _
>
fioor level —~ cviinder
32 Y )

The cylinder is made with the same mix, using a plastic bucket as
a form. The seat has to be fixed in such a way that insects cannot
get inside.

|
SEPARATING THE LIQUIDS
:

In humid climates, it is better to separate the urine from the other P
waste. This is done by adding a curved panel to the inside frontof  /

the cylinder. Using the same mix again, you form this panelina haif-
funnel shape, with a hole at the bottom for attaching a hose. k_

urine entry

top of bason unit

plastic hose

soak pit

The hose passes through the inside of the bason, and at a lower
point it passes through a side panel to the outside, where it empties
into a soak pit.
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INSTALLING THE BASON

The bason box is located in such as way that the exterior wall is
built on top of panel (f) and the adjoining panel (d).

The seat panel (b) must be 30¢cm
above the finished floor of the bath-
room.

Continue raising the wall and
leave an opening for the ven-
tilation pipe to pass.

The wall foundations begin at both sides of the box.
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To ventilate the bason, install a 100mm-diameter PVC pipe painted
matte black where it is exposed to the sun.

The sun heats the tube and the interior heat rises, producing an
air exhaust current outwards.

Finally, cover the opening of panel (f) (from which the compost is
removed) with a wooden lid.

The edges of the lid overlap the opening to keep out rainwater.

Once the wall and fioor finishings are applied, a normal toilet seat
can be installed and adjusted to fit the opening.
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SAND FILTERS

A sand filter consists of a brick or concrete box filled with layers
of sand and gravel. The water enters at one side and leaves at
the opposite one. The sand has to be replaced from time to time
whenever dirt has accumulated, in which case the water comes

out discolored.

sand filter

concrete cover /\

water coming
from grease trap

grease trap

fine sand

coarse sand

]
‘
l
|
l
i
{
[

\"h}
”

10cm above bottom

isometric sections of grease trap and sand filter

GREASE TRAP

If you decide to use a sand filter to recycle the greywater (that is,
water which comes from the sink, showers or laundry) a grease
trap must be installed to separate the fatty substances from the

wastewater.
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Greywater contains impurities which should be removed; the grease
trap and the filter are located in line. The insides should be water-
proofed with mortar. The entry pipe is located directly above the
water surface with an exit pipe made from a “T"-pipe section.

The trap has a concrete or wooden cover. Once in a while, the unit
must be cleaned by removing the grease lumps which are floating
on the water inside the trap.

DWELLINGS WITHOUT SEWER CONNECTIONS

The drawing below shows a dwelling with an integrated water use
system. Non-liquid waste coming from the kitchen and bathroom
goes to a compost tank, the bason (a). Liquid waste goes first to
the grease trap (b) and a sand filter (¢), then is used to water the
gardens. Rainwater is gathered from the roof and kept for drink-
ing purposes in a storage tank (d), and when required it could be
warmed in the solar water heater (e).

~ Obviously more can be done. In very dry regions, you can recycle
the wastewater for drinking, using a solar distiller.
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Next, more gravel is put on top to cover the drain tiles. Then the
trench is filled in with earth. This way the water can enter the tiles
with ease and run away from the foundations.

If tiles or pipes are not available, you can create drainage with
gravel or crushed stones:

Excavate the trenches and lay down a 15¢m layer of gravel,
stones, or even pieces of bricks or roof tiles. Level the trench
with earth and compact well.

On loose earth terrains, first lay down a sheet of tarpaper to
prevent soil from below from clogging up the gravel.

drainage In loose earth

sheet of tarpaper

This method of making drains can also be used to let rainwater
run underneath a road.






MATERIALS AND HEAT MAPS & TABLES

Temperature inside a house is always different from the outside
temperature.

Even without walls, the temperature underneath a roof will not be
the same as the outside air, since the covered area is protected
from sun and rain.

Comfort inside a house depends on the type of materials used in
construction.

A house made with adobe walls and a straw roof is cooler during
the summer and warmer in the winter than a house made with a
concrete roof and walls.

A house having large windows has the opposite effect. Here the
heat passes easily through the glass, making the house cold in the
winter and hot in the summer.

WindOW  aqs: heat passes quickly

e N )
adobe; heat passes slowly

e ™ ™

wall

Some materials offer more resistance than others. It is obvious
that the amount of material used is important, as the heat will pass
more slowly through a thick wall, compared to a thin one made
with the same materials.

SOME MATERIALS AND THEIR RESISTANCES

The table on the opposite page shows a number of building materials
and how their resistances to the passage of temperature vary.
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We begin by assigning a factor of 1 to the resistance a sheet of
glass 4mm thick offers. This value we shall use as a reference to
compare with the values of the other materials.

To calculate these values for each material, we have assumed its
most common thickness as a construction material.

For example, a 10cm-thick brick wall has ten times as much resis-
tance as a glass curtain wall. A plaster finishing ( 3cm outside and
2cm inside) also has ten times as much resistance as glass.

Similarly, a brick wall finished with plaster has twenty times the
resistance of glass.

MATERIAL VALUES
sheet metal Yo
tarpaper 4
concrete 4
ROOFS wood shingles 24
clay tiles 28
glass: 4mm 1
wood: 25mm 25
plywood: 10mm 12
gypsum: 25mm 40
WALLS plaster: 50mm 10
earth: 200mm 40
brick: 200mm 20
stone: 200mm 24
pumice: 200mm 42
hollow cement block: 200mm 32
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UNITS OF LENGTH
km 1 kilometer 1000 meters
m 1 meter 100 centimeters
cm 1 centimeter 10 millimeters
inch | 1inch 2.54 cm
% inch 12.6 mm
44 inch 6.3 mm
UNITS OF SPACE
m2 1 square meter 1 meter x 1 meter
ha 1 hectare 100 meters x 100 meters
ha 1 hectare 10,000 square meters
L |
NITS OF WEIGHT
kg 1 kilogram 1,000 grams
tn 1 metric ton 1,000 kilograms

Note: 1 liter of water has the weight of one kilogram.
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WOODEN BEAM DIMENSIONS

(a) separation in centimeters
(b) span in meters
(c) size in centimeters

FLOOR
oy 30 40 60 a
5x 15 4.00 3.50 3.00 ;
5 x 20 5.00 4.50 4.00
5x25 | 6.00 5.50 4.50 | &
8x 15 5.00 4.50 3.50
8x20 7.00 600  5.00
8 x 30 10.00 8.50 7.50
ROOF .
RAFTERS
5X15 5.00 4.50 3.00
5 X 20 7.00 6.00 5.00
5%25 | ¢ 9.00 8.00 - 650 b
8 X 15 6.50 5.50 4,50
8 X 20 8.50 8.00 6.50
8 X 30 11.00 10.50 9.50

Suppose we want to lay a floor in 2 room of 5 meters width, that
is, a span of 5 meters, using 8 x 20 beams, we must place them
with a distance of 60cm between them. Using smaller beams, say
of 5 x 20cm, this distance should be 30cm.
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MORTAR MIXTURES
LIME | CEMENT| SAND*| SAND APPLICATION
0 1 2 - waterproofing
4 1 12 - outside walls
4 1 16 - inside walls
2 1 - 6 Jjoining bricks

Proportion by volume:
Lime 1, sand 5; which means, one bucket with lime and five with

* fine sand

sand.
CONCRETE MIXTURES
CEMENT| SAND | SAND* | GRAVEL APPLICATION
1 3 - 5 shop floor
1 2 - 4 office floor
1 2 - 3 beams, columns
4 5 1 10 waterproofing
PLASTER MIXTURES

A good finish (being waterproof) to apply on adobe walls is:

LIME SAND | SAND* | GROUND | BRICK APPLICATION
1 - 6 - base layer
1 5 - 1 top layer
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Some other mixtures might show fine cracks over time.

LIME SAND * SAND APPLICATION
2 5 - base layer
1 - 5 top layer

Instead of lime, you can also use cement :

CEMENT SAND APPLICATION

1 10 two layers
CEMENT GYPSUM APPLICATION

1 20 on walls and ceilings

Besides these materials for mixtures, you can also use pumice,
stone, straw, sawdust, shells, glass (bottles) and roofing tiles.
You should always test bricks which are made with used ingredi-
ents in their mixtures for durability.

See chapter 5 for tests.
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WATERPROOFING ADDITIVES
P cut up in pieces and and cover with water;
GRGIME JiTes after one week use the sticky liquid
yellow soap dissolve in boiling water
pumice stone boil and remove the foam
used car oil collect at gas stations

To improve the resistance of wood, you can paint it with a
mix of leftover paints, adding some tar. This paint will be a
dark brown color.

WALL FINISHES FOR ADOBE
sand 3 easy to apply, but must be
lime u 4 done periodically
cement 1
two layers of tar; after hard to apply, but will last
each coat, cover with a long time
washed sand
application of hot linsee only in dry zones
oil :
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1 Paint the wall using a wide sisal brush.

2 On the dried wall, brush on a cement-water mix of one 50-
kilo bag of cement mixed in 20 liters of water,

3 Moisten the wall several times a day for 5 days.
4 Apply a second cement-water mix; this time you can add
pigments.

HOW TO APPLY AN ADOBE FINISHING COAT

For a rustic look on a wall made with concrete blocks, do
the following:

1 Apply a cement-paste mix with an added sealant to water-
proof the block wall.

2 Smooth out with the usual adobe mixture.

3 When the surface has dried, smooth out the wall again, but
now using a finer mixture.

4 Keep the wall moist for three days.

The last mix is made with one 50kg bag of cement, two wheei-
barrows of adobe, and 6 to 8 liters of waterproofing liquid.
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Often we talk about a humid tropical climate to describe a jungle.
Or we call desert a dry tropical climate. The temperate zone is
either located in the mountains or outside the Tropics of Cancer

or Capricorn.

However, we can often see all three climates in a mountainous
region where the valleys are humid, higher up it will be dry, while
at the top the climate is temperate.

To know in which zone we live, so that we can buiid our house in
harmony with the natural world, we can look at the chart below:

HUMID TROPICS i
RAIN almost all year
SKY afternoon clouds
TEMPERATURE hot during the day, less so at night
HUMIDITY always quite high
dense forest with many varieties of high
VEGETATION trees and climbing vines
ANIMALS jaguars, monkeys, colored birds, insects,
anteaters, anacondas
SOIL very wet earth, water table close to the

surface
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TEMPERATE ZONE O

DRY TROPICS 0O

June to September, after-
noons

sometimes during summer

darkens when it rains

almost always clear

very cold during winter, with
frost at night

hot at day, cold at night

with rains

little humidity, very dry air

conifers, many types of fruit
trees

cactus, a few small trees

mountain lions, eagles,
snakes, insects

deer, scorpions, rattlers,
emu, insects, armadillos

black earth with leaves, rocks
in the higher parts

low water tabie, rocks, arid
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Poe . cross-ventilation A
T woows

OPENINGS

remove heat and smoke

>

Cal S

CONSTRUCTION

e O

< traps warm air A
CEILING

shading walls and A

avoiding wetness E]
OVERHANG

I to improve fresh air
by L . movement
el PATIO 1D

CRSC CATCHER

o

to catch cooler air

ROGF

roof shape helps rainflow
and inside air movement

E 1 [ LOUVRES

to create shade and cool
air

Ssl==

FIREPLACE

right location will help
heating distribution

O Op oD |0
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NATURE

MATERIALS

§ ORIENTATION

right layout of spaces
inside

VEGETATION

to provide shade and
evaporation

to protect against
extreme temperatures

0 g Oob| oob

subsoil temperatures
regulate comfort

0

GLASS

to catch solar heat and
distribute it inside

WALL

to slow down the heat
transfer

to facilitate ventilation
in extreme heat

>|O0 0|0

@ CURVES

to raise wind velocity

aob>

FLOOR

to avoid humidity or
cold rising

a >
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To get a 90° angle, draw a triangle with three sides in the propor-

tion of 3, 4 and 5.

For example, the drawing below shows sides of 6, 8 and 10¢m in

order to get a 90° angle.

15°

30°

45°

90°

00
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PLANS OF TYPICAL HOUSES

The plans below all include a coban (kitchen/bathroom).

o -—-—-—-—-|

HUMID

DRY

TEMPERATE

These plans are not final, the drawings only show some ideas. As
we learned before, the final plan of a house depends on the size
of the family, the slope of the site, the types of vegetation, and the
positions of the sun.
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THE RELATIONSHIP BETWEEN DEGREES AND INCLINATIONS

Angles of solar heat collector inclination and roof slopes are given
in degrees and through the proportion of the sides.

1 angle
i the 45-degree angle (1:1)
i
_ the 30-degree angle (1:2)
2
1
. . the 15-degree angle (1:4)
4

When deciding roof slopes you have to consider the climate, as
well as the roofing materials.

Roof with:
MATERIAL ANGLE
grass fibers between 45° and 60°
tiles between 30° and 45°
shingles between 15° and 30°
earth less than 15°
concrete less than 5°

Usually in very humid, rainy areas made the slopes are steeper in
order to improve water runoff.
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HOW TO CALCULATE ANGLES
You use a piece of paper with equal sides.

To get the proper angles, you can fold the paper in different ways:

to get 45° Y
fold diagonally ‘\
7
/
4 = -
I r’
for 60° make a two-thirds fold

for 30 ° make a one-third fold

for 15° fold a one-third foid in half

Another way to get 30° and 60° would be:
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To get a 90° angle, draw a triangle with three sides in the propor-
tion of 3, 4 and 5,

For example, the drawing below shows sides of 6, 8 and 10cm in
order to get a 90° angle.

S

90° angle

90°

45°

30°

15°

00
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PLANS OF TYPICAL HOUSES

The plans below all include a coban (kitchen/bathroom).

HUMID

]

TEMPERATE

These plans are not final, the drawings only show some ideas. As
we learned before, the final plan of a house depends on the size
of the family, the slope of the site, the types of vegetation, and the
positions of the sun.
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INCLINATIONS FOR SOLAR WATERHEATERS

To get the most out of a solar collector, it must be inclined towards
the sun, depending on the local latitude. The map below shows the
inclinations in degrees for the different regions of the world.

45°

30°

00

30°

45°

Note: north of the equator, solar collectors must be inclined towards the south
and vice versa.
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| For example, in the countries far to the north of the equator, it
would be necessary to incline the collector at 45 degrees.




GLOSSARY

Adobe: Mixture of clay, sand and manure molded into sun-dried

bricks. Sometimes cut straw or other vegetable fibe
to make the bricks lighter. rs are added

Balustrade: Low brick or concrete wall, often with small openings
acting as a railing on terraces or balconies. '

Bason: Waterless composting toilet which produces a rich garden
fertilizer from human and organic kitchen waste.

Cascaje: Curved, thin concrete panel used for roofs or floor slabs.
Coban: Wall between bathroom and kitchen used to house water
pipes.

Column: Vertical structural element supporting upper floor, slabs
or roofs, made out of wood, bamboo, bricks, stones, concrete or
steel.

Eave: Roof overhang which protects the walls below from heavy
rains.

Ferrocement: Thin concrete panels, using chicken wire as reinforc-
ment, used in many applications, such as roofs, walls, water tanks
or even ship hulls.

Forms: Usually made from boards or plywood, acting as molds for
concrete or rammed earth.

Mezzanine: An intermediate floor between main floors of a building
with high ceilings.
Ridge: Uppermost part of a sloped roof.

Shingle: Rectangular, thin, tapered pieces of wood used to cover
roofs or walls.

Sill: Bottom part of window or door frame.

Sill plate: Wooden board on top of a concrete or brick wall where
the the roof rafters are attached.

Tar: Black petroleum-based substance, used to waterproof walis
and floors.

Tiles: Roofing material usually made from baked clay, or metal and
asphalt, mostly used for sheds or garages.
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TIBA WORKSHOPS

In Tupi, an indigenous [anguage in Brazil, tiba means “a place
where many people meet.” TIBA is a center for bio-architecture
and ecological building techniques in the Mata Atlantica
(coastal jungle) of Brazil. Workshops are conducted in build-
ings surrounding a charming cobblestone square in the rain-
forest, with waterfalls, large ponds, orchards, and gardens.
There are trails to explore, where one can observe the many
birds and other animals of the jungle.

When TIBA started in 1987, its primary goal was to instruct
people in the use of local materials, such as adobe or bamboo,
combined with the use of passive heating, cooling and venti-
lation, in buildings. These days the use of natural materials
has become rather well accepted, and TIBA has gone on to
helping people change their mode of thinking: in brief, less
logic and more intuition: workshops and volunteer programs
geared to intuitive thinking and design, using the right side
of the brain.

There are currently workshops on building with earth and
bamboo, sustainable architecture, “permaculture,” and more
recently, classes in “agro-forestry” — gardens for food produc-
tion, as well as utilization of fruits, roots, and medicinal herbs
from the tropical forest.

When a king dies, his peopie say:
“He did this; he did that...”

But when a great king dies, they say:
“We did everything ourselves.”

-oid Chinese saying

ot
vy TIBA
<«

For information on TIBA (Intuitive Technology & Bio-Architecture)
and workshops by the author in Brazil, contact:

TIBA
Rua Inglés de Souza, 296
CEP 22460-110 Jardin Botanico
Rio de Janeiro - RJ - Brazil
Tel: (65-21) 2274-1762/Skype: tibarose
email; info@tibario.com
Website: http://www.tibario.com




[ TINY HOMES Ti ny Homes
Simple Shelter | Simple Shelter
“™== 1 by Lloyd Kahn

Come take a trip with us through the world of
tiny houses. See firsthand the current
.trend in scaling back, reducing living
expenses, and escaping bank mortgages

or high rents.

There's a grassroots movement in building
smaller homes these days. The real estate
collapse, the economic downturn, and the
growing scarcity of resources, have caused
a sea change in thinking 2bout shelter.

Here are some 150 builders who have
created tiny homes (under 500 sq. ft.).
Homes on land, homes on wheels, homes on

$28.95 9"x12" 224 pages
ISBN: 978-0-936070-52-0

“Before McMansions, before the counterculture was
granite and marble, there was Lioyd Kahn, champion
of the hand-built house.. . progenitor of the new
do-it-yourself movement.” —The New York Times

in the trees. There are also studios, saunas,
garden sheds, and greenhouses.

Here is a rich variety of small homemade
shelrers, with 1,300 phoros, along with stories
of people who have chosen to provide their
own roofs overhead.

As you thumb through the pages, we
hope you'll be as intrigued as we are with
this new and growing trend in downsizing
and self-sufficiency, and as excited as we are
about the creativity and joy expressed in these |
little homes.

i
|
|

Shelter

$28.95
11" x 14%"
176 pages

WEth over 1,000 photagraphs, Shelter is

a classic celebrating the imagination,
resourcefulness, and exuberance of human
habitat. First published in 1973, it is not only
a record of the countercultural builders of
the "60s, but also of buildings all over the
world. It includes a history of shelter and

the evolution of building types: tents, yurts,
timber buildings, barns, small homes, domes,
etc. There is a section on building materials,
including heavy timber construction and stud
framing, as well as stone, straw bale construc-
tion, adobe, plaster, and bamboo. There are

Edited by Lloyd Kahn

ISBN: 978-0-936070-11-7

Over 250,000 copies sold

interviews with builders and tips on recycled
materials and wrecking. The spirit of the ‘6os
counterculture is evident throughout the 1
book, and the emphasis is on creating your
own sheler (or space) with your own hands,
A joyful, inspiring book.

“How very fine itis to leaf through a 176-page book on
architecture — and find no palaces, no pyramids or
temples, no cathedrals, skyscrapers, Kremlins or Pentagons
insight. . . instead, a book of hames, habitations for
human beings in all their infinite variety.”

—Edward Abbey, Narural History magazine

For complete ordering information: www.shelterpub.com
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Johan van Lengen was born in the Nether-
lands, studied architecture in Canada, and |
received his architectural degree in 1960
from the University of Oregon. In the early ¢
"70s, largely influenced by the Whole Earth &
Catalog, he abandoned a successful career |
as an architect in San Francisco to work on
providing better housing for the disadvan-
taged in Latin America. He moved to Brazil, |
where he and his wife Rose founded TIBA |
(Bio-Architecture and Intuitive Technology),
an institute for alternative building tech-
nology in the Mata Atlantica, the eastern
coastal jungle of Brazil. At the same time,
the van Lengen family started converting
abandoned grasslands into tropical forest.

Sl o ome b ki

Johan has also worked for the United Nations
and a number of government agencies
in Latin America. At TIBA he continues to
develop new ideas in construction technol-
ogy and ways to transfer this knowledge to |
the self-help builders in his workshops. i

= e

TIBA was originally founded to help exchange
ideas in alternative building techniques with
people around the world. Johan has found
a keen interest in his methods recently by
people who are leaving their high-stress
jobs in cities in search of simpler lives,
creating “eco villages.” In addition to con-
ducting transformation workshops at TIBA,
he does workshops and seminars in vari-
| ous parts of the world, including Europe,
41  India, and several Latin American countries.
For information on contacting TIBA, see
opposite page.
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A Handbook for
Green Building in the 21% Century

« Big-architecture, basic design, climate, and site
planning for humid and dry climates

¢ Addnbe, rammed earth, bamboo, plaster, wood,

corgrete, and ferro-cement

e Foyndations, rocts, finorg, walls, doors, windows, §
and eco-technigues - i.

« Solar heating, water-powered electricity, natural b
cooling, ventilation, and wood stoves °'

« Water purification, pumps, cisterns, septic
tanks, and composting toilets

200,000 copies of the Spanish language edition Eou s
sold. The Mexican government bought copies for {
every library in Mexico. Also in Portuguese.

1 JOHAN VAN LENGEN is the founder of the Bio- {
i Architecture and Intuitive Technology (TIBA) school
' in the Mata Atlantica (coastaljungle)ofBrazil,where :
there are programs and workshops in housing, |
sanitation, communication, and education.

THE BAREFOOT ARCHITECT is a timely book for
these times of increased worldwide concern _for the v
environment and for those who desire to build eco- E i
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conscious dwellings utilizing natural resources.
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