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Preface: The Proyecto Experimental de Vivienda
In January 1969 the United Nations, working with the
Banco de la Vivienda of Peru, asked us atthe Centerfor
Environmental Structure, Berkeley, USA, and 12 other
architects from various countries to submit competi-
tion designs for a community of 1,500 houses. The
houses are to be built at a gross density of 37 houses
per hectare on a site of 40 hectares, 8 kilometres north
of Lima. The site is bounded by two major arterial
highways, and crossed by a third; these highways
are fixed by the Lima transportation plan. The financial
arrangements require that each house be contractor
built, on its own land, at a cost ranging from 78,000
to 164,000 soles ($1,800-53,800, £720-£1,520) and that
the houses be sold to low-income white-collar workers
(empleados) earning between 2,800 and 5,800 soles
($65-3135, £26-£54), per month.

We were asked to present our designs in a way which
would help the evolution of Peruvian community and
house design in the future. We have therefore chosen
to present our work in two parts:

In part one we present our designs. This part includes
a site plan, drawings and construction details for
individual houses, and a choice-process which allows
the final site and house plans to be formed, in detail,
by the idiosyncratic needs of the individual families
who buy the houses.
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PART ONE

The site :

The site contains 1,726 houses, at a gross density of
43 houses per hectare. House lots are 5.20 metres
wide, and vary in length from 13 to 27 metres.

No two houses are alike. The exact form and length
of each house is determined by a choice-process
which allows families to fit their houses to their own
needs and budgets.

Since the lengths of houses in the final site plan will
be based on the choices which families make, and
are unknown at present, the current drawing of the site
plan is only approximate. Once each family has made
its choices, it will be necessary to lay out a new site
plan. This new plan will have the same morphology
as the one shown, but the exact number of houses of
different lengths, will reflect the families’ choices. The
morphology of the plan is fluid enough to adjust to
the new lengths.

The site contains a number of cells Each cell con-
tains 30-70 houses; it is a pedestrian island, sur-
rounded by a sunken one lane road, which feeds small
parking lots which surround the cell.

N The cell
We have designed the cells with the idea that the
particular group of people who live in a cell can make
an impact on their cell, can give it a unique atmos-
phere, created by them, and can then, in a real sense
‘take possession of it'.
First, the basic form and circulation of each cell is
unique — according to its particular location in the
large plan.
Second, during the choice-process, people will be
asked questions about the location they want for their
house. When they are then located according to these
choices, people with similar attitudes and interests
will be living in the same cell.
Third, the cells are physically separated, and the
pedestrian passes through a physical gateway when-
ever he enters a cell: this will give each cell a better
chance to build up its own unique flavour.
Fourth, at the heart of each cell, there is a small open
place, surrounded by an unfinished, roofed arcade. It
is our intention that the people who live in the cell
will develop this arcade according to those community
uses they think most valuable.

Road system
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Over and above the cells, the site contains three
major overlapping configurations: the road system,
the pedestrian network, and the community spine.
Vehicles travel on narrow one-way loop roads,
around the cells, with car parking at the entrances to
the cells. There are enough parking spaces to provide
for 509, car ownership. This figure was given to us by
the United Nations: they estimate 509, car ownership
in 30 years, and asked us to work to that figure.

The central spine of the pedestrian system, we call

Central spine

Below The site
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the ‘paseo’. This name is taken from the Latin Ameri-
can habit of the evening and Sunday stroll (paseo in
Spanish). The paseo gives people a high density
pedestrian spine of looped paths where a tradition of
evening and Sunday walks can develop.

At frequent intervals along the paseo there are

‘activity nuclei': small open places, with the com-

munity facilities and shops grouped around them.
The community facilities are grouped in such a way as

to create a special character at each of these activity

nuclei.

The peripheral pedestrian paths connect cells to one

another, and connect them to this main paseo. Each

cell which is large enough, has a pedestrian loop in it:

this will help to create the inner character of the cells,

since it will become natural for people to take a walk
‘around the cell’. All pedestrian paths from the outer

parts of the site lead towards one of the eight activity
nuclei. The nuclei will always be full of people.

The house

Although the choice-process guarantees that no two
houses will be exactly alike, all houses are based on
one generic house, see next page.

This generic house is a two-storey house, 5.20 metres
wide, and about 20 metres long, which has an alterna-
tion of rooms and patios along its length, the rooms
connected by deep verandas. This alternation gives
every room light and air, and makes the house seem
larger. The two main patios are always one behind
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the other in the direction of the breeze (which comes
from the south) — so that cool air circulates through
the house in summer. In winter, the patios will be
covered by dacron sailcloth covers which run hori-
zontally on rods at roof jevel. They may be controlled
from upstairs by cords, and make the patios usable
all the year round.

The ground flocr of the house contains two parts: a
public part and a farnily part. The main features of the
public part are the front patio, and the sala (formal
living room or pariour). In Peruvian life there is a
strong distinction between members of the family
who may go anywhere in the house, and strangefs
who must be entertained in the sala. The sala is

separated from the rest of the house by the front
patio which even in the smallest house allows visitors
to be treated with proper formality.

The family part of the house centres on the family
room (comedor-estar). An alcove (two in large houses)
opens off this family room to make a place where
children study at night, where women can sew, where
people can talk while the TV is on, etc. Behind the
family room there is a kitchen, with two service patios,
one on either side of it. The one between kitchen and

family room is a pleasant place, where people can eat,
and work. The other provides storage for the inevitable
building materials, animals, and laundry lines.

Upstairs the house contains a master bedroom,
bathroom, and a number of tiny individual bed alcoves.
These bed alcoves give each child a small space
which is his own, for his own things; very young
children may double bunk in a single alcove. Since
Peruvians don't like being isolated, these alcoves
are clustered around common spaces. There are two
clusters; one for boys and one for girls. Every house,

are much easier if the back of the house opens on to
a pedestrian way: those people who are willing to
pay for it may select this option in the choice-process.
Finally, each house has a very strongly marked en-
trance, with deep recesses, a seat outside, and a
gallery or ‘mirador’ at the second storey. Peruvians
spend a great deal of time street watching: people
hang out in doorways, sit on benches outside the
doors, and watch the street from windows above.
They like to be in touch with the street, but from the
seclusion of their homes. Most houses in our site

even the smallest, can be extended to make room for
as many as eight beds.

Every house can be extended to provide accommo-
dation for a grandmother downstairs near the family
room, a sleeping place for a servant, a room at the
back which can be rented out, or a small shop. Many
low income families try to make extra money by (ent-
ing out rooms OF selling things. These extensions

plan command a direct view into the centre of the cell
in which they stand, so that activity can be seen from
the front window or the door.

Construction

The basic structure of the house consists of a floating
slab foundation, load bearing walls, and a light weight
plank and beam system. This form is conceptually
very similar to traditional construction: but each of
the components is a cheaper, lower-weight higher-
strength version of its traditional equivalent. The
floating slab is laid in large sections by a road building
machine. The walls are of interlocking mortarless
concrete blocks, reinforced with sulphur, with a
cavity for plumbing and conduits. The planks and
beams are made of urethane foam-plastic and bam-
boo, reinforced with a sulphur-sand topping.

All these building components can be produced in
Peru today with available resources and skills. Further,
the ideas embodied in these methods and products
have the potential for long-range development of
natural resources. These, in turn, will directly contri-
bute to the economic growth of the people and the
country, a vital factor in creating a national housing
policy. Sulphuris available in huge quantities in Peru;
current estimates show 50,000,000 tons of sulphur
waiting to be mined in the Peruvian Andes. The use
of urethane foams has been tested in various parts of
Latin America; itis a seed industry of great im t
ance, since foams are now used in many different
ways, inside and outside the building industry. A
urethane plant, once started, would benefit many
sectors of the national economy. Bamboo is widely
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Second floor

1 Entrance
2 Sala (Parlour)
3 Family room

4 Family room alcove

5 Main patio
6 Veranda
7 Kitchen
8 Laundry

9 Kitchen patio
10 Storage patio

11 Master bedroom

12 Bed Alcoves
13 Mirador

14 Clothes drying closet

15 Shower
16 Toilet
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available in the north of Peru, and may be imported
cheaply from Ecuador. Though it is often thought of -
as a low-prestige material, it will quickly become a
material of great value when used together with high
performance bonding agents.

These building materials are especially suited to the
local earthquake conditions. The mortarless block
has been tested in Mexico under earthquake condi-
tions, and has performed well throughout. Sulphur
is now being tested in earthquake zones, and per-
forms as well as steel reinforcing. The floating slab
has a long history of success in earthquakes. The
urethane-bamboo sandwich is enormously strong -
and its very light weight reduces loads during earth-
quakes.

These are not merely low cost, high performance
materials. The yellow diamonds of the block wall,
where it is reinforced with spots of sulphur, the warm —
texture of the bamboo ceilings, the deep polished red ?
of the oil stained concrete slab, and the translucent I .

white of the dacron sailcloth patio cover, combine to
create a house which is far more warm and human
than the usual heavy grey of low cost construction.
To simplify building construction, all components are
prefabricated, on site. They all conform to the 10 cm
module. They are assembled dry. This makes them
equally suitable for use by the contractor, when the
houses are first built, and by the families who live
there, when they want to change their houses later.
We have chosen these components with special
emphasis on the idea of future do-it-yourself con-
struction. Peruvian families add to their houses, and
change them, continually. They can only do this if the
components are extremely small in scale, and easy to
work with home tools. We have therefore tried very
hard to create a system of components that are easy
to work, and can be used at the rather low tolerances
that correspond to the realities of home construction.
In our opinion, this is more relevant to people's needs
than a system of highly machined components, which
must be built to very fine tolerances. Given the
assumption that home construction will always be
done rather roughly, with hammer and nails, and
fillers where required, our system will allow the home-
owner to do almost anything he wants to do.

For example:

On the slab foundation, a new wall can be built any-
where, without needing extra footings. The mortarless
block wall can have individual blocks removed or Right

added, at will. The hollow wall makes it easy to add 1 Floating slab

new plumbing fixtures or electrical conduit, cheaply 2 Bamboo—urethane foam beam
and simply, by taking out a block. A person can make 3 Eamboo—urethane foam plank
his own blocks, instead of buying them: the block 4 Mortarless block cavity wall

sick

(1
Q4

ok

go

EX

GUE

A

SAAS

740718

230

36




P
@
=
(&)
)
oc
|
7p
4
@)
&)




moulds are designed to be operated by one unskilled
person. Extra block columns can be inserted at any
point. The sulphur joints, unlike cemented joints,
need only to be melted by local application of heat,
to loosen; when they cool they harden again. The
bamboo foam beams are made in 5 metre lengths
which fit across every house; they can sit anywhere
along the length, on the continuous impost block.
They can be hand cut to frame any desired opening.
The bamboo foam planks can also be hand cut to any
length and any width. The beams which support the
roof are initially designed to carry a minimal live load
only: if the house owner wants to make a usable third
storey, he may insert extra beams next to the existing
ones.

Finally, the components must be easy to get. They
will be impossible to obtain on the open market. To
make them available, we propose that the community
contain a new kind of community service, which we
call the Community Building Supermarket. This super-
market will start as the on-site factory needed for
initial construction. In its later life, it will manufacture
components, sell them, rent out the equipment
needed for assembly, provide skilled labour for those
aspects of the construction which involve new
techniques, and train members of the community
who want to learn these techniques for themselves.

The choice process

The people who live in our houses will, because they
are all Peruvians, share certain needs and all have
similar backgrounds. At the same time, each person,
and each family, will be unique. The choice-process
tries to do justice to this fact.

The needs which people share led us to the patterns
and these patterns led us to the generic house design
already presented. But even if all families share the
needs which are satisfied by this generic house, they
will, because they are unique, also have very different
attitudes to the relative importance of these different
needs. One family, which tends to be formal, will con-
sider the need for a sala mostimportant of all; another
family in which life tends to be informal, may live most
of the time in the kitchen. Although both families will
want a sala and a kitchen, the first family would
prefer a large sala and small kitchen, if they had to
choose - and the second family a large kitchen and a
small sala. The uniqueness of any family, will, in this
way, be reflected by the relative amounts of money
they would want to spend on satisfying their various
needs,

This is essentially how the choice-process works.
We ask each family to decide how much they want to
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spend; and then we ask them to divide thig money up
among the various parts of the house, in the .»l\_lsy
that best reflects their individual preferences. ‘e
form of the house allows its various. parts tp vary_ in
size, independently of one another; without disturbing
ity of the whole.
:E':/ee:'t]ht;’ugh no one part of the house'can take more
than a small number of different sizes, the. total
number of combinations is extremely large - in the
neighbourhood of a million. In a communlt)_' of 1,500
houses, it is highly unlikely that any two W}" be the
same. This variety is not just visual variety: it ‘reﬂegts
the real variety of attitudes to life which.wﬂl' exist
among the fifteen hundred families who live in the
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Proyecto Experimental.

On the following pages we present the choices which
a family would have to make, before buying a hoyse i
the Proyecto. These choices would, of course, haye
to be made before construction starts. To help people
make the choices, it would be essential to build one or
two model houses ahead of time, and allow people
to visit them. Otherwise they would Probably not pe
able to grasp the meaning of the choices.

The combination process

The combination process is not unlike the process
by which the leaves on a tree are formed, AJ| the leaves
are defined by the same morphogenetic rules. The
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PROYECTO EXPERIMENTAL DE VIVIENDA

LIMA, PERU

FAMILY CHOICE SHEET

By answering the questions on this sheet
how big to make the various rooms inside your ﬁoxgz.magcgsilge
dectding sow much aoney you want to spend on the house alto—y
gether. ou may choose any amount betwee 5
e reirasy n 79,000 soles and

When you have decided how much you want to spend X
you may start making choices about individual roomg and°§§23§§2§"
and about‘the location of the house in the communit&. Each of :
these ghoxces costs money. To make your choices, you will have
to decide which things matter most to you.

The available choices are shown below. The numbers which
follow each item, show, in thousands of soles, how much each of
the various choices costs. Write the number you have chosen
for each item, in the column on the right. When you have fin-
ished, add up the numbers on the right. You must be sure that
the total is the same as the total price you are willing to pay
for your house. Thus, for instance, if you want to spend 95,000
soles on your house, the numbers in the right hand column must

add up to 95.

On the pages which follow this one, we give you the de-
tailed explanation of these choices one by one, so that you can
understand clearly what you are choosing. You should read these
detailed explanations before you try to make your choices.

Your
Choice
SALA  Choose one of these 3 8 14 20
FAMILY ROOM Choose one of these 220242 6128 3 2035
MAIN PATIO Choose one of these 185 21423 27
KITCHEN-LAUNDRY Choose one of these 13 22
BED ALCOVES Choose one of these 6 9 13 16 19 22
MASTER BEDROOM  You must choose this 11
GRANDMOTHERS BED ALCOVE Choose one of these QR
LAUNDRY-STORAGE PATIO Choose one of these 6 7 8 10
CAR HOUSE DISTANCE Choose one of these O3
RENTAL/BACK DOOR Choose one of these ORISR 2 41 S8R 000,
SHOP  Choose one of these 0l 88308 20
EXTRAS  You may choose more than one 1 1 1 1 2 S
of these, or none. Write
the total on the right
1 1 2

FINISHES  You may choose more than
one of these, or none.
Write the total,on the
right

TOTAL:

PROYECTO EXPERIMENTAL DE VIVIENDA

LIMA, PERU

1. SIZE OF SALA

In all houses, the sala is a receiving room, separate from
the comedor-estar. The very smallest sala you can have is a
tiny alcove just large enough to hold two chairs and a sofa,
inside the front door. Or you can have a sala more like an
ordinary room.

Choose one:

Tiny sala COST: 3,000 soles
Tiny sala with option for medium
sala later COST: 8,000
Medium sala cosT: 14,000
Large sala cosT: 20,007

2., SIZE OF FAMILY ROO

Your family room can have a number of different sizes. Al\
of these rooms have one small alcove off them, where children
might do their homework, or a woman might sit and sew. 1In the
smallest one, this alcove is very small. In the larger ones,
there is a second alcove.

Choose one:

Small room + one (small) alcove COST: 22,000 soles
Small room + one alcove COST: 24,000
Medium room + one alcove COosT: 26,000
Large room + one alcove COosT: 28,000
Medium room + two alcoves CcosT: 32,000
Large room + two alcoves COST: 35,000

As you will see on the next page, the master bedroom size
is determined by the family room size which you choose. For
this reason the costs of the family room shown here include
the extra costs created by larger master bedrooms.

3. MAIN PATIO

Every house has a main patio, which contains the stair, is
flanked by the sala, the family room, the entrance, and by a
veranda which connects the sala and family room. This patio is
covered in winter by a dacron sailcloth. The patio is always 3
meters wide, but its length may vary. Especially if you intend
to plant things there, you should choose one of the larger ones.

Choose one:

Tiny patio cosT: 18,000 soles
Small patio cosT: 21,000

Medium patio COST: 23,000

Large patio COsT: 27,000



PROYECTO EXPERIMENTAL DE VIVIENDA

LIMA, 2ERU

4. KITCHEN-LAUNDRY

There are two kitchens to choose from. The small one has
no sitting space in it, and has the laundry counter out of doors,
in the storage patio. The large one is twice as large, has room
for a table in it, and has the laundty counter under cover. Both
kitchens contain, as an integral part, a small kitchen patio,
which will be covered in winter, and gives you extra room to work,
room for children to play, etc.

Choose one:
Small kitchen COST: 13,000 soles
Large kitchen COST: 22,000

5. NUMBER OF BED ALCOVES

Every house will have a master bedroom; but this is the only
conventional bedroom. All the other beds will be in individual
bed alcoves, containing a bed, a dressing space, and storage,
and nothing more. These bed alcoves will be arranged in two
small clusters, one for boys and one for girls.

At least one of the alcoves will be an extra large one, large
cnough to hold two bunk beds. If you would like to have two of
your children sleceping in bunk beds like this, you may choose a
number of alcoves which is one less than the number of children
in yourw-family.

You may choose how many individual bed alcoves you want (each
alcove costs 3,000 soles), and you may also say how you want the
alcoves clustered. Choose one of the following. (The first num-
ber is the number in the front cluster, the second in the back.)

Two beds: 2,0 COST: 6,000 soles
Three beds: 3,0 or 2,1 COST: 9,000
Four beds: 4,0 or 3,1 or 2,2 COST: 13,000
Five beds: 4,1 0or 4372 ors 23 CosT: 16,000
Six beds: 4,250 3,302 4 COST: 19,000
Seven beds: 4,3 COsT: 22,000

6. MASTER BEDROOM, ‘BATH AND STORAGE

The master bedroom and storage are always above the family
room. These rooms can vary in size, but their size must always
correspond to the size of the family room you have chosen. 1In
this sense, you have no real choice of sizes here, though it may
influence your choice of family room size: the bathrooms are al-
ways the same size.

The fixed cost of this room is 11,000. All additional costs
are included in the costs of family rooms. For all family rooms
the master bed costs are:

Master bedroom COST: 11,000 soles

PROYECTO EXPERIMENTAL DE VIVIENDA

LIMA, PERU

7. GRANDMOTHER'S BED ALCOVE

Every house has the possibility of placing a bed alcove, on
the ground floor, just next to the family room, for an old person,
You may choose to have this bed alcove built today, or you may
build it yourself, later.

Choose one:

Grandmother's bed alcove built now COST: 1,000 soles
Not built now COST: zero

8. LAUNDRY-STORAGE PATIO

Every house has, at the very back, an extra patio which gives
you room for expansion on the ground floor, a place where servant
quarters may be constructed, a place to hang laundry, and to store
building materials and large objects. If you want to usc this
patio to build rental space, or a little shop, do not choose the
very small patio.

Choosc one:

Very small COST: 6,000 soles
Small COST: 7,000
Medium COST: 8,000
Large COST: 10,000

9. CAR lOUSE DISTANCE

Some houses have-parking lots right next to them, others do
not. In no case is a house more than 50 meters from the nearest
parking lot. If you have a car or if you expect to have a car
in the ncar future, you may want to choose a house near a parking
lot. Otherwise you may prefer the quietness and safety of a
pedestrian street, especially if you have children who play out-
side the housge.

Choose one:
—Qgesone

There is a parking place within 15

meters of your house COoST: 3,000 soles
There is a parking place between 15

meters and 50 meters from your

house COST:. zero

10. RENTAL AND/OR BACK DOOR

If you hope to rent out a small room in the future, or :
you are particularly anxious to let your servant have a back
door which is separate from the front door, you may have a lot
which has a back or a side opening onto a walkway. If you chcose
a lot that has a second entrance, you may have a small room for
rental, built there today, or you may leave it unbuilt, and build
it yourself later. If you choose a shop you may not choose a
rental unit,
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Choose one:

Corner lot with second entrance on

side and rental space built to
Corygr lot with second entrance g:Y R 0 solds
side
Lot :ith second entrance on back Sty g
and rental space built toda
Lot with second entrance on b§ck gg:;: S0y
Lot with front only COST: iéooo
: ro
11. SHOP

Y9u may want, now or in the future, to ope

In this case you will want to have a lécatioﬁ :h:r:mglihzhog;
prosper - either next to the main market, or at some corngr g
which many people are going past. If you choose a shop loca-
tion by the market, you will have the shop built now, auto-
matically. If you choose one of the other shop locations, you
may have the shop built now, or you may choose to leave it un-
built now, Fnd then build it yourself later. If you have chosen
a rental space, you may not choose a shop.

Choose one:

Market location, with shop built now COoST: 20,000 soles
Corner location, with shop built now CcOST: 10,000

Corner location, shop not built now COST: 8,000
No possibility of building a shop COST: zero
12, EXTRAS

If you find that you can purchase adequate space for your
family without using all the money that you plan to spend on
housing, or if some of these extra features mean more to you
than extra space, you may want to choose some of the optional
features listed below.

Fiberglass patio covers instead of

sailcloth on front patio and middle
CcosT: 5,000 soles

patio .
Electric hot water heater, connected
to bathroom, kitchen and laundry cosT: 3,000

Second wash basin for family cosT: 1,000

Wash basin and WC for servant,
enclosed

Colored tiles around the main doar

Bench near the main door

5 meter Eucalyptussaplings near
front door

cosT: 2,000
cosT: 1,000
cosT: 1,000

cosT: 1,000

PROYECTO EXPERIMENTAL DE VIVIENDA
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13. FINISHES

In Proyecto Experimental the basic finishes are the
finishes of the building materials, block and bamboo. If
you want to, you can have plaster or white wash in the sala
or comedor.

Plastered ceiling in the sala CcosT: 1,000 soles
Plastered ceiling in the comedor-

estar cosT: 2,000
White washed block walls cosT: 1,000

Finally, you may choose where you want your house to be
in the larger community. There are two choices: neither has

any cost.

14. QUIET AREA OR BUSY AREA

There are two kinds of housing area to live in. 1In one
kind of area there are many people walking up and down the
pedestrian way outside the houses. During the day and in the
evening, there will almost always be some people on the street.
In the other kind of area there are far less people walking
through.

Choose one:
Many people going past your house.

Few people going past your house.

15. NLUARDBY COMMUNITY FACILITIES

The church, market, clinic, parks, kindergartens, schools,
secondary school, technical school, evening entertainment, are
all fixed positions on the site, and each has a housing area
that is particularly closely tied to it., Choose the one which
you would most like to be near:

Church

Market

Clinic

Park

Kindergarten

Schools

High school

Technics 1l school
Evening entertainment



individual leaves are formed by the interaction between
these rules and the local conditions to which the
leaves are subject. As a result, each leaf becomes
unique, according to its position in the whole tree;
yet in a generic sense the leaves on the tree are all the
same. The combination process works in the same
way.

All houses are formed by the same sequence of rules,
based on the form of the generic house. But each
house has to meet certain particular conditions: those
imposed on it by the family's choices, and those
imposed on it by its position in the site ~ orientation,
the lengths of next door houses, location of nearby
footpaths, and so on. Each individual house is formed
by the interaction of the local conditions which it has
to meet, and the generic rules of the combination
process.

For example, in order to make the house-form co-
herent, the shape of the house entrance must be
differentfor houses with a small sala and houses witha
medium sala;it mustbe differentforhouses ona corner
site and houses on a centre site; it must be different
according to the length of the next door house on
the eastern side (since the entrance is always on the
east). The rules which form the house entrance
(Steps 6,7,8 below), therefore depend on the size of the
sala, the type of site, and the position of the next
door house on the eastern side.

It is only this high degree of interaction between the
rules of the combination process and the local
conditions which guarantees that all houses are
internally coherent, and that each house fits coherenty
into the larger site plan. Like the leaves on a tree, all
the houses will be different, yet all of them coherent
and all of them the same.

We must stress the fact that the rules of the combina-
tion process are almost mechanical, and can be
carried out by any trained draughtsman. The low cost
of the houses cannot support any individual design time.
We estimate that a trained draughtsman will need
about one hour per house, to translate the family
choice sheet into a set of working drawings and
specifications for the contractor.

The draughtsman has one master site plan with the
house sites shown on it; one file for each family,
containing the family choice sheet, and a blank house
plan, which shows the side walls only, 520 metres
apart, for both floors, and no end walls or interior
walls. He now builds up the detailed design of each
house, by using the following rules, one step at a
time:

Step 1

nment of houses to cells

issssllggn each ffamily to a cell in the site plan,
basis of their answers to questions 14 or 15 on. the
choice sheet. Location across the site is determined
by choice 14. If they want to be in a bu.sy area, place
them along the paseo. If they want to be |.n aquiet area,
place them far from the paseo. Location along t!\e
length of the site is determined by the community
facility they want to be near (choice 15).

on the

Step 2

Determination of house length
Fix the house length as the sum of the lengths of the
chosen sala, patio, family room, kitchen and back

patio (choices 1, 2, 3, 4, 8).

Step 3

Assignment of houses to sites, within the cell

Within the cell fixed by step 1, assign each house to a
lot whose length is as near as possible to the length
determined by step 2, and which also satisfies the
family's choices concerning shop location, rental/back
door, and distance from parking lots (choices 9, 10,
11). (At this point the new site plan will be slightly
different from the current site plan - since each house
will have a slightly different length. It will now be
necessary to make minor changes in layout and
arrangement of houses, so that pedestrian paths, loop
roads and parking lots still have a coherent form.)

Step 4

Detailed site conditions for each house

Since the house is now fixed within the site plan, the
positions of next door houses, positions of adjacent
paths and roads, the front end of the house and
orientation of the house are now fixed. Transfer these
to the drawing of the individual house.

Step 5

Position of patio openings
The patio openings are always on the east side of the

house. Sketch in patios for differen i
shown. t orientations as

Nerth J,

Step 6

General position of front door

The position of the front door is given as a function of
patio position (step 5), and the presence or absence of
adjacent houses. Sketch entry arrows according to
this table.

The arrangements for houses facing north are mirror
images of the arrangements for houses facing south.
To avoid duplication, all future diagrams will be
shown for south facing houses only. Arrangements
for north facing houses are obtained by taking the
mirror images of these arrangements.

Veat Side Neither Side tast Side

Op ron
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Medlun Sala Hediu ga1a
Hedium Patio Lacge Patic Large a1,
Hedlum pati,  large gy,
Large payfy

Large Kitcher

gmall Kitchen
Step 12

itchen and laundry
#Irf: arrangement of the kitchen is determined by the

Kitchen size (choice 4), by the presence or abse:cet:;

a second family room alcove (step 10), a.nd y o
number of beds in the back cluster upstairs (choice o Ded

5). Draw according to table.

o

EEEL IR e |
. 3 32t e mlips ittt el o=k
- B h e -
L i pe—y 1
1 ﬂa H} it ¢:=-1 B B
No Back s v
Alcove in o Sy .-{ I 3-{ 4 3
Conedor 2 Bed Alcoves — F
In Back
bet | i
[]
Back | s
e Jal e
Large Sala targe Sala Large Sala large Sala
Very Small Patio Small Patio Mediun Patio Large Patio
Step 13
Master bedroom and bathroom layout Step 15 i
The layout of the master bedroom is given directly by ¥
the length of the family room below (step 10). Draw as  Front cluster of bed alcoves ,
shown. The layout of bed alcoves in the front cluster depends -\\ =
on the number chosen by the family (choice 5). Draw Coiid
24,000 Co o according to table.
E EJ Four front bed alcoves (1)
3 Three o sala
Ja front bed alcoves (2) Tooy sata Maysds,  mwe Nttt etta

Two front bed alcoves 3)

32,000 35,000

s Pt ;] Mediun Sala

saal) pacis Hedium Patto

Step 14

Back cluster of bed alcoves
The layout of bed alcoves i
on the number chosen by
the kitchen size (step 12).

n the back cluster depends
the family (choice 5), and
Draw according to tap|e,
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Step 16

Mirador
Front mirador is given by step 15. Side mirador occurs
in corner houses only. Draw according to table.

Vory mmall
ratio

est Pacing Mirador l ( ii East Pacing Mirador i ;\ ; I

small Patio Medium Patio Large Patio

it FCT P

Step 17

Position of windscoop

The windscoop always faces the south wind. It is on
the main patio in a south-facing house, and on the
kitchen patio in a north-facing house. Draw in posi-
tions shown.

R 5

e

———‘;
————> South Wind

——> orth
r—t [ S s
i P
e d (s L
2 R ) i ._,_l___
Step 18

Bed alcove for grandmother

If the family has asked for a bed alcove (choice 7)
downstairs, it is placed in the kitchen patio, next to
the family room. Draw according to table.

small Kitchen

ju

Position of shop

If the family has asked for a shop (choice 11) the house
either fronts on the market, or has a corner lot. The
exact arrangement depends on the relative positions
of the corner, the sala, the kitchen. Draw according to
table.

Zaxge Xitchen

Step 19

Shop facing market

ium or
Tiny Sala Large Sala

o

Shop at front of house

Medium or Medium n;-
winy Sala Large Sala Large Sala
moran,  REEN sShean S
o=
b= pe B ks
: :

Shop at back of house

ZTarge Kitchen

Small ¥ltchen Weat Cornex

East Corner

Small Kitchen ZTarge Xitchen
Hest Corner East Corner

Step 20

Back door and rental space

If the back or the side of the house is open to a
pedestrian way, the back door is placed according to
the site and the position of the kitchen. If the family
has asked for rental space (choice 10) this is built in
the position marked R; otherwise this position is left
unroofed. Draw according to table.

Open on ‘open on Cgan on
Back. West Zast

small Kitchen

Large Kitchen i

Costs

The generic house will cost 119,000 soles ($2,800,
£1,120) as of summer 1969. The smallest house
will cost 79,000 soles ($1,800, £720), and the largest,
with all possible extras, will cost 163,000 soles ($3,800,
£1,520).

These costs are within 1,000 soles of the target set
by the United Nations. They give an average of
1,130 soles per square metre of interior space (not
including verandas or overhangs). This is 25% less
than current low-cost construction in Lima.

Our major cost savings have come from the following
sources. The foundation slab, without footings, costs
100 soles per square metre, compared with the usual
price of 200 soles per square metre for slab and foot-
ings. The mortarless concrete block wall reinforced
with sulphur, costs 120 soles per square metre, com-
pared with the usual price of 140 soles per square
metre for a mortared block or brick wall. The long
side walls are two-leaf party walls, thus halving the
usual cost of individually owned walls. The bamboo-
urethane floors and roofs cost 200 soles per square
metre, compared with the usual cost of 340 soles per
square metre for reinforced concrete slabs. The
finish of the mortarless block wall and the finish of the
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second floor 1, first floor 2

Left Small house, ond floor 3, first floor 4

Below Large house, sec

10 Storage patio
11 Master bedroom
12 Bed alcoves

1 Entrance
2 Sala (Parlour)
3 Family room

i Icove 13 Mirador z
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6 Veranda 15 Shower
7 Kitchen 16 Toilet
8 Laundry 17 Future bed alcove

9 Kitchen patio

I ek
| | ]
]
I o 1 |
pamy A & [ ( U i
= 'l 4 A s i
& I i | B.E !
= i 8 ¥ CJ\jng L; i
3 . | |
10 L7 530 6 2

bamboo ceilings make plastering unnecessary, and
save the usual cost of 50-60 soles per square metre for
plaster. The dacron sailcloth cover on the patio, costs
250 soles per square metre and saves the cost of
windows throughout the house, at a usual cost of
500-600 soles per square metre. We have eliminated
several doors at a cost of 550 soles per door. The ABS
accumulator and use of the cavity wall as a vent, saves
the cost of several metres of waste pipe, vent pipe,
and connections. The fact that our site plan has 1,726
houses, as against the 1,500 expected, saves 129 of
the cost of site development.

All costs are for summer 1969, The savings are based
on innovations in the building and site development
only, since land and financing costs were fixed.

PART TWO

Introduction

We now present some examples of the 67 patterns
from which we have built our designs. We do not

y to explain our designs,
at each of them expresses a
whltt:h can be used over and
ssential point of the $
th’ey are re-usable. Since many of t,:\em dé‘al spgzgi‘féglsl);
with Pery, we hope that they may be particularly useful
to Peruvian architects and builders.
A pattern defines an

but because we believe th
generally valid principle,
over again. This is the e

arrangement of parts in the

environment, which is needed to s
social, psychological, or technica
pattern has three very clear]
context, solution and problem,
The context defines a set of conditio
defines a complex of needs which always ogqyr ;
the given context. The solution defines the srs.m
arrangement of parts which must pe Present if\a:l
given context in order to solve the problem, he
If the needs in the problem are correct, and dq o
as stated in the given context, then this al‘l’angeme:;
of parts, or an equivalent one, must always pe i,
cluded in any design for the given context, An, design
for this context which does not include the pattern gis
failing to solve a known problem. 1
This does not mean, of course, that the
absolute. The rightness or wrongness o
an empirical matter, and as such is always open to
further observation and experiment. For this reason,
we have tried to state the observations anq evidence
behind the patterns as clearly as possible, so that they
can be checked by others, and rejected when incorrect,
The evidence we use comes from three sources: the
published literature, our observations in Lima, and
our laboratory tests and experiments. We spent a
month each living with low income Peruvian families
in Pampa de Comas, San Martin de Porras, La
Victoria and Rimac (districts of Lima) to better
understand their way of life. We built and tested each
of the major building components, with supportive
testing from professional laboratories. Where our
observations are hard to support, we have stated them
as conjectures.

Each of these patterns is part of a larger system of
patterns, called the pattern language, which we are
developing at the Centre for Environmental Structure.
When the pattern language is working, as it will be
within a few months, it will allow any designer who
uses it to draw out all the patterns appropriate ‘?ta
particular design for any design problem in the tmtyo
Even more important, each designer can cont.nb‘u ehis
the language: he will be able to communica fhem
design ideas to other designers, by expressing

as patterns.

Ongﬁnal note. The patterns which are presemr‘;:::(’;
were originally prepared for the Proyecto EX‘,’; e
competition, Each pattern therefore ends Wi has been
statement which explains how the paﬂe”:chO EX-
realized in the geometry of THE PROY ey
PERIMENTAL. This statement is just an de:si on. s
the way the pattern was used by us, In ou’~(self always
not part of the pattern itself. The pattern ITTERN 1S
starts with the words THE GENERAL PA

olve 3 "eCurrep
Problem, Ea

Y defined Sectiong,

ns. The Problem,

patterns are
f a pattern ig
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Subculture cells
THE GENERAL PATTERN IS:

Context:

Any urban area which contains more than a few
hundred dwellings.

Solution :

The area is made up of a large number of small
inward focused residential ‘cells’. The cells are
separated as sharply as possible from one another; if
possible by open land, community facilities, or public

land.

Each cell is intended, in the long run, to sustain a
different way of life: a different subculture. A sub-
culture is defined as a group of people (not neces-
sarily friends) who share certain attitudes, beliefs,
habits and needs not shared by others; and who may
require special environments, local organizations, or
services to support these special needs. The com-
munity facilities which surround any given cell should
reflect the particular interests characteristic of that
subculture. All community facilities (including roads,
schools, hospitals, churches, parks, industry, com-
merce, entertainment) are placed in the boundaries
between cells.

The arguments which define cell size, are not yet
fully clear. At present it seems that no cell should
contain more than 1,500 people, or less than 50, with
a mean cell population of about 500.

Problem :

People need an identifiable unit to belong to. They
want to be able to identify the part of the city where
they live, as distinct from all others. Available evidence

suggests that the areas which people identify with are
extremely small - of the order between 100 and 200
metres in diameter. They cannot identify these areas,
unless the areas are well differentiated from one
another: and studies show that areas will not be
strongly differentiated from one another unless they
support identifiably different ways of life. This sug-
gests that any urban area should be broken into a
number of small ‘subculture cells’, each supporting
an identifiably different way of life.!

Psychological arguments lead to the same conclusion.
There is strong evidence to suggest that a person
cannot develop his own life style fully, unless he does
so in an ambience where others share his life style.
In a homogeneous urban area, differences of life
style tend to vanish, and ego-strength, self-confidence
and character formation deteriorate. This again
suggests that the urban area should, as far as
possible, support a large variety of strongly differen-
tiated life styles, each supported by a ‘subculture
cell’.

Ecological arguments help to fix the suitable cell size,
and show the need for radical separation between
cells. To develop their own life style, the families in a
cell must be able to agree on basic decisions about
services, community land, etc. Anthropological
evidence shows that a human group cannot maintain
the face to face relations required to co-ordinate

itself in this way, if its population is above 1,500; many
people set the figure as low as 500.2

It has also been shown that the group feeling neces-
sary to support a particular unique life style, is
greatly strengthened when that group is physically
separated from all adjacent groups. This suggests
that cells should be inward looking, and wherever
possible separated by community facilities.?

IN THE PROYECTO EXPERIMENTAL, the community
is divided into 43 small residential cells, each con-
taining between 25 and 75 houses. The cells are
clearly separated from one another. All houses in a
cell face inwards, and the outer cells are surrounded
by a narrow road sunken 50 cm below grade, so that
these cells are elevated pedestrian islands.

Families choose the cell they want to be in, according
to its relative ‘quietness’, and according to the com-
munity facilities nearby. As a result, the families in
any one cell will probably share attitudes and interests;
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we hope that each cell will develop a unique ‘charac-
ter', different from the others.

Looped local roads

THE GENERAL PATTERN IS:

Context:
Any residential area served by local roads.

Solution :

These local roads are narrow one-way ‘loop’ roads
serving a maximum of 50 parking spaces. They need
be no more than one lane wide, the surface should be
rough. A loop road is defined as any road in a road
network placed so that no path along other roads in
the network can be shortened by travel along the
‘loop’.

Problem :

Through traffic is fast, noisy, and dangerous. At the
same time cars are important, and cannot be ex-
cluded altogether from the areas where people live.
To safeguard these areas, the roads must be laid out
to discourage all through traffic — hence the loops. The
loops themselves must be designed to discourage
high volumes or high speeds: this depends on the
total number of houses served by a loop, the road
surface, the road width, and the number of curves and
corners. Our informal observations suggest that a
loop is, and feels, safe as long as it serves less than
50 cars. At this level, there may be a car every two
minutes at rush hour, and far fewer during the rest of
the day. The number of houses served will vary,
according to the average number of cars per house.
At 1% cars per house, such a loop serves 30 houses;
at 1 car per house 50 houses; at % car per house, 100
houses.

IN THE PROYECTO EXPERIMENTAL, all access to
houses is provided by one lane, one-way, loop roads.
No one of these loops serves more than 100 houses or
50 parking spaces (at 509 car ownership).

Car - pedestrian symbiosis

THE GENERAL PATTERN IS:

Context:
Any area which
car roads.

contains pedestrian paths and local

Solution : ;
The system of pedestnap
roads are two entirely dis

paths and the system of
tinct orthogonal systems.

They cross frequently; so that no point on either
system is more than about 50 metres from a crossing.
Every time they cross, both paths and roads swell out,
making room for pedestrian activity and for parking
and standing.

Problem :

lt. is common planning practice to separate pedes-
trians and cars. This makes pedestrian areas more
human, and safer. However, this practice fails to take
account of the fact that cars and pedestrians also
qeed each other: and that, in fact, a great deal of urban
life occurs at precisely the point where these two systems
m_eeL Mar]y of the greatest places in cities, Piécadlll
Circus, Times Square, the Champs Elysées, are‘allvz

wns like Cumbernauld
there is total separation b -
etween th
Epe same sort of liveliness, 5 St -
gllztszmel thflng is true at the local residential scale. A
eal of everyday social life happens where cars

and pedestrians meet. In many low income areas, for
example, the car is used as an extension of the house.
Men, especially, often sit in parked cars, near their
houses, drinking beer and talking.* :
Many studies show that conversation and discussion
grow naturally out of the communal car lots where
men meet when they take care of their cars. Vendors
always set themselves up where cars and pedestrians
meet; they need all the traffic they can get. Children
always play in parking lots - perhaps because they
sense that this is the main point of arrival and de-
parture; perhaps because they enjoy the cars. e
In Peru, there is a new version of the paseo: o
‘autopaseo’ - several friends hop info a car, and (::'Inq
around, visiting their friends, often not even ge ;n
out of their cars, but talking from house to car
back.

None of these things can happen in a pl
roads and pedestrian paths are separate
two meet frequently, and the places wheré
are treated as minor centres of activity.

IN THE PROYECTO EXPERIMENTAL, the €

an where ca’
d, unless the
they mee!

ar roads



form loops, and the pedestrian paths form a diagonal
network which crosses these loops at right angles
Where they cross, there are parking lots, cell gate:
ways, and spaces for pedestrian activity. The two
systems form a double gradient: car densities domi-
nate towards the outside of the site, pedestrian
densities dominate towards the inside of the site,
with a smooth gradient between the two. ;

Pedestrian 50 cm above car
THE GENERAL PATTERN IS:

Context:
Any area which contains roads with traffic densities
of more than a few vehicles per day.

Solution :
These roads are sunk 50 centimetres below all pedes-
trian paths.

Problem :

In the modern city, the car is king; the pedestrian is
made to feel small. This cannot be solved by keeping
pedestrians separate from cars; it is in their nature,
that they have to meet. But where they meet, the car
must be ‘put down’, symbolically, and the pedestrian
world given more importance. This is most easily
achieved if the car is physically below the pedestrian.
Our experiments suggest that the effect first makes
itself felt, when the car is about 50 centimetres below
the pedestrian paths. There are two possible reasons
for this figure.

Most people's eye level is between 1.30 and 1.60

metres. A typical car has an overall height of 1.40
metres. Although tall people can see over the cars,
even for them the cars fill the landscape, since a
standing person’s normal line of sight is 10 degrees
below the horizontal.’ To get the top of a car that is
four metres away, completely below the line of sight,
it would have to be standing between 50 and 80
centimetres below the pedestrian.

It may also be that the car overwhelms the pedestrian
because of a constant, unspoken possibility that a
runaway car might at any moment mount the kerb and
run him down. A car can climb an ordinary 15 centi-
metre kerb, easily. For the pedestrian to feel certain
that a car could not climb the kerb, the kerb height
would have to be greater than the radius of a car tyre
(30-38 cm): thus at least 40 cm, preferably 50 cm.

IN THE PROYECTO EXPERIMENTAL, all local roads
are 50 cm below grade. The pedestrian precinct
defined by each cell, is an island, floating 50 cm above
the road which surrounds it. Where a pedestrian path
crosses a local road, there are three steps down.

0
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Activity nuclei

THE GENERAL PATTERN IS:

Context:
Any community large enough to support community

facilities.

Solution :
The community facilities are clustered round a small

number of very small open spaces which we call
activity nuclei. The facilities in any one nucleus are
clustered in such a way that they co-operate func-
tionally. (See problem statement.) All paths in the
community pass through these activity nuclei.

Problem:

One of the greatest problems with new communities,
is the fact that the available public life in them is
spread so thin, that it has no impact on the com-
munity, and is not in any real sense ‘available’ to the
members of the community. Yet studies of pedestrian
behaviour make it clear that people seek out con-
c:ntr‘ations of other people, whenever they are avail-
able.

To create these concentrations of people in a com-
munity, facilities must be grouped densely round very
small public open spaces which can function as
nuclei - and all pedestrian movement in the com-
munity channelled to pass through these nuclei. These
nuclei need two properties.

First, the facilities grouped around any one activity
nucleus must be carefully chosen for their symbiotic
relationships. It is definitely not enough merely to
group communal functions in so called community

cinema, kindergarten,

le, church
s . tacilities — but

centres. For exam I ey
and police station aré all co S
they ‘:Io not support onée another mutually. Different

people go to them, at diﬁerent.tim‘es, with.dlﬁxzr’:
things in mind. There is no point in QVOUP'?Q s
together. To create intensity of action, the acn: ie!
which are placed together round any one nuc eus
must function in a co-operative manner, anfi must
attract the same kinds of people, at the same times of
gz example: When evening entertainr.nents are
grouped together, the people who are having a night
out can use any one of them, and the total concentra-
tion of action increases. When kindergartens and
small parks and gardens are grouped together, mother
and young children may use either, so their total
attraction is increased. When schools and swimming
pools and football space are grouped together, they
form natural centres for school children.

Second, the open places which form the nuclei
should be very small indeed. Our observations
suggest that 15 x 20 metres is the ideal size; if the
space has to be larger, it should be long and narrow,
with its short dimension no more than 20 metres.
Our observations in Lima showed, again and again,

that places whicharelarger look and feel deserteq
discourage activity. The reasons for this recu‘rrand
observation are obscure, but the following facts ment
have something to do with it. A person’s face js ay
recognizable at about 20 metres, and, under typliust
urban outdoor noise conditions, a loud voice can ical
be heard at 20 metres. Just
This may mean that people feel tied together ;
spaces whose diameter is less than 20 metres, 5 in
lose this feeling in larger spaces: perhaps a r'naf‘d
factor in the development of activity. 0
IN THE PROYECTO EXPERIMENTAL, all communit
facilities open on to one of eight small squares ang
all pedestrian paths in the community lead towlards
these eight small squares.

Each of the activity generators is unique, according to
the facilities which surround it. The market square s
surrounded by small shops, has a supermarket at one
end, the artery crossing at the other, and contains
market stalls. The evening centre is surrounded by
bars, cinema and dance hall, and contains clustered
lights for night time activity, and sheltered tables
round the edge. The open spaces between kinder-
gartens and walled eucalyptus groves, contain
shallow tiled pools, where toddlers can splash and
play, with seats around them for mothers. The open
space between church and clinic contains flowers,
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grass and bushes, cared for by the church. The open
spaces in front of primary schools, and sports centres
contain a stepped depression, large enough for
football in the middle, the steps deep enough to form
seats for people who want to watch the games.

Walled gardens
THE GENERAL PATTERN IS:

Context:
Any small park or public garden in an urban area.

Solution :
It is walled, or partly enclosed, yet close to major
centres of pedestrian activity.

Problem :

People need contact with trees and plants and
water. Their symbolic character is not replaceable.
In some way, which is hard to express, people
are able to be more whole in the presence of nature,
are able to go deeper into themselves, and are some-
how able to draw sustaining energy from the life of
plants and trees and water.

The small parks and gardens in a city try to solve
this problem; but they are usually so close to traffic,
noise, and buildings, that the impact of nature is
entirely lost. To be truly useful, in the deepest psycho-
logical sense, they must allow the people in them to
be in touch with nature — and must be shielded from
the sight and sound of passing traffic.

In those few cases where there are small walled
gardens in a city, open to the public - Alhambra,
Morocco, Copenhagen Royal Library Garden — these
gardens almost always become famous. People
understand, and value the peace which they create.

This is a particularly crucial problem in desert
areas like Lima. In the desert, trees and plants are
infinitely precious. Gardens are almost like oases -
people flock to sit and talk and lie in them, wherever
they exist. In such desert areas it is doubly important
to keep at least partial separation between the garden

and its surroundings, so that the garden can be fully
felt, and the oasis character isn’t lost.

At the same time, just because they are so precious,

such gardens need to be close to major centres of
pedestrian activity, so that people can use them and
enjoy them often.
IN THE PROYECTO EXPERIMENTAL, there are
three small walled gardens containing grass, seats,
paved areas and eucalyptus trees. Each one opens on
to one of the activity nuclei along the paseo. The
eucalyptus will be a fast growing variety, suitable for
Peru, and should reach a height of 26 metres in five
years. The gardens will be irrigated by the irrigation
water that comes in from the north-east corner of the
site.

Multi-purpose Outdoor Room
THE GENERAL PATTERN IS:

Context:
Any local part of a residential community.

Solution :

There is, within view of every house, at least one
‘multipurpose outdoor room’ with the following
characteristics. It is open to the sky, surrounded or at
least partly surrounded by a continuous roofed arc:ade
always at least two metres deep, and, where possible,
built up against the walls of existing buildings.

The outdoor rooms are left unfinished, with the un-
derstanding that they will be finished by people who
live near them, to fill whatever needs seem to be most
pressing. They may contain sand, or water faucets, or
play equipment, for small children. They may contain
steps, and seats, where teenagers can meet. Some-
one may build a small bar in a house that opens into
the arcade, making the arcade a place to. eat and
drink. There may be games for old people, like chess

and checkers.

Problem :

In existing modern housing projects, people rarely

feel comfortable lingering outside their houses.

There are few places where it is ‘all right to be'. Yet

at the same time, it is clear that almost everyone

wants, at some time or another, to linger in some

public space. Our observations in Peru show that the

men seek corner beer shops, where they spend hours

talking and drinking; teenagers, especially boys,

choose special corners too, where they hang around,

waiting for their friends. And of course these things

are not peculiar to Peru - something like it happens

everywhere. Old people like a special spot to go to,

where they can expect to find others; small children

need sand lots, mud, plants, and water to play with in

the open; young mothers who go to watch their
children, often use the children’s play as an oppor-
tunity to meet and talk with other mothers.

Few modern housing projects provide for these
needs; it is very hard to provide for them. On the one
hand, indoor community rooms are too enclosed.
When provided, they are rarely used. People don’t
want to plunge in to a situation which they don't
know; and the degree of involvement created in such
an enclosed space, is too intimate to allow a casual
passing interest to build up gradually to full involve-
ment. On the other hand, vacant land is not enclosed
enough. It takes years for anything to happen on
vacant land; it provides too little shelter, and too little
‘reason to be there'.

What is needed is a framework which is just enough
defined so that people naturally stop there, and tend
to stop there; and so that curiosity naturally takes
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people there, and allows them to stay there. Then,
once community groups begin to gravitate towards
this framework, there is a good chance that they will
themselves create an environment which is appro-
priate to their activities. Some possible examples of
such future developments are given in the solution
statement.

We conjecture that a small open space, between 10
and 20 metres in diameter, and surrounded on all
sides by an open roofed arcade, may just about
provide the necessary balance of ‘openness’ and
‘closedness’. The arcade should be at least 2 metres
deep, for the reasons given in ‘Two Metre Balcony’.
Even if this conjecture turns out to be correct in
theory, it will undoubtedly be very hard to implement.
Only detailed experiments, in communities, will show
up the finer points that are needed to make this pattern
work in practice.

IN THE PROYECTO EXPERIMENTAL, each cell
contains one open space about 6 x 10 metres,
surrounded by a two metre deep, roofed arcade, and
several smaller, non-continuous sections of the same
arcade in other places. Each one of these arcades is
placed at a node in the system of pedestrian paths.
They are left unfinished, with the understanding that
community residents may build in games like table
tennis, bochas or sapo, sand-pits, seats, water faucets,

'!’Il

walls, and small shops or bars, according to their
needs.

Flowers on the Street

THE GENERAL PATTERN IS:

Context:
Any pedestrian path outside houses.

Solution : :
The paths are paved with removable paving stones
and it is understood that the people who live in any
given house may take up the stones outside their
house, to plant flowers, trees and grass.

Problem:

The overall effect of a community, especially in a
desert area like Lima, is largely determined by the
planting. An area with well kept plants is beautiful;
the areas without them seem arid by comparison.
However, the only plants in a community which get
looked after, are those which individual people plant,
and care for - public planting usually flops — no one
takes the responsibility of looking after it, and there is
no money for gardeners.

We may thus establish a principle: the planting in a
community should be in the form of small gardens,
clearly associated with the front of specific individual
houses, and planted by the individuals in these
houses.

However, only a few of the people in any given com-
munity really enjoy gardening. If all the houses are
provided with front gardens, three quarters of them
will be left unkept - and will very likely end up as dust
and weeds. There must be a way of giving gardens to
all those people who will look after them, and to no
one else. This is easily done. If the footpaths are all

paved with the understanding that anyone who wants
to can take up the paving stones and plant things,
the only people who will bother to do so will be thos,
who really want a garden.

IN THE PROYECTO EXPERIMENTAL, the pedestrian
paths outside houses are paved with large, removable
earth-cement paving blocks laid over unfinished
earth. It is understood that any homeowner who
wants to plant flowers or trees or grass outside his
house, may remove these paving stones to do so.

Patios Which Live
THE GENERAL PATTERN IS:

Context:
Any patio intended for active use.

Solution :

1 It has sources of traffic and activity on at least two
sides (opposite each other), and functions, at least in
part, as a circulation space.

2 Itis placed so that you can see out of it, into some
other larger space beyond.

3 At least one side of it is roofed, this roofed part
being at least two metres deep, and connected to the
rest of the building.

Problem :

Many of the patios built currently in modern houses
are dead. They are intended to be private open
spaces - but often remain unused.

Informal observation suggests that patios are unused
for the following reasons:

1 No one ever goes to them when they do not have
any natural relation to the activities in the house - this
is especially true for those that are dead-ends, off to
one side of rooms. To overcome this, the patio should
have activities opening off at least two opposite

o A
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sides, so that it becomes the meeting point for these
activities, provides access to them, provides overflow
from them, and provides the cross-circulation be-
tween them.

2 They are so enclosed that they become claustro-
phobic. Patios which are pleasant to be in always
seem to have ‘loopholes’ which allow you to see
beyond them, into some further space. The patio
should never be perfectly enclosed by the rooms
which surround it, but should give at least a glimpse
of some other space beyond.

3 They are oppressive. No one wants to sit surroun-
ded by blank walls, disconnected from the house,
with a little square of sky overhead. To solve this
problem, the patio needs to be partly roofed. This
provides a sitting space that is less nakedly exposed
to the sky, and, if the roofed position is continuous
with the interior of the house, makes the patio seem
more like a part of the house, and people will drift
more naturally into it.

The veranda formed by this overhanging roof will not
work unless it has room for a small table and a couple
of chairs, so that people can sit there and talk and
drink. This requires at least two metres.

IN THE PROYECTO EXPERIMENTAL HOUSE,
both the kitchen patio and the main living patio are

surrounded on three sides by activities, contain a
two metre veranda which connects the patio to the
house, and are placed so that natural circulation
moves through the patio.

Tapestry of Light and Dark
THE GENERAL PATTERN IS:

Context : :
Any building where people live during the daytime.

Solution :

Openings and covered areas alternate in such a way
that the interior of the building is a tapestry of alterna-
ting light and dark spaces, with special emphasis on
the boundary areas where dark changes to light.

Problem : ;
In a building with uniform light level, there are ew

‘places’ which function as effective settings for human
events. This happens because, to a large extent, the
‘places’ which make effective settings are defined by
light. People are by nature phototropic - they move
towards light, and, when stationary, they orient them-
selves towards the light. As a result the much loved
and much used places in buildings, where most
things happen, are places like window seats, verandas
fireside corners, trellised arbours; all of them defined
by non-uniformities in light, and all of them allowing
the people who are in them to orient themselves
towards the light.

There is good reason to believe that people need a
rich variety of settings in their lives.” Since settings
are defined by ‘places’, which in turn seem often to
be defined by light, and since light places can only be
defined by contrast with darker ones, this suggests
that the interior parts of buildings where people
spend much time should contain a great deal of

alternating light and dark.
IN THE PROYECTO EXPERIMENTAL, each house
has a sequence of alternating patios and rooms along

its length.

Intimacy Gradient

THE GENERAL PATTERN IS:

text: :
.iot?ouse in Peru, or any other Latin country.
Solution :

There is a gradient from front to back, from the most

formal at the front to most intimate and private at the
back. This gradient requires the following strict
sequence: entry-sala-family room-kitchen-bedrooms.

The most important element in this sequence is the
sala (parlour). It is essential that the house contain a
sala. If the house is so small that cost rules this out,
the house should at least contain a tiny receiving al-
cove immediately inside the front door.

Problem :

In Latin American countries, such as Peru, friendship
is taken very seriously and exists at a number of
levels. Casual neighbourhood friends may never
enter one's house. Formal friends, such as the priest,
the daughter’s boy-friend and friends from work
may be invited in but tend to be limited to a well
furnished and maintained part of the house, the sala.
This room is sheltered from the clutter and more
obvious poverty of the family which are visible in the
rest of the house. Relatives and intimate friends, such
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as compadres, may be made to feel at home in the
comedor-estar (family room) where the family is likely
to spend much of its time. A few relatives and friends,
particularly women, will be allowed into the kitchen,
other workspaces, and, perhaps, bedrooms of the
house. In this way the family maintains both privacy
and pride.

This is particularly evident at the time of a fiesta.
Even though the house is full of people, some people
never get beyond the sala; some don’t even get be-
yond the threshold of the front door. Others go all the
way into the kitchen, where the cooking is going on,
and stay there throughout the evening. Each person
has a very accurate sense of his degree of intimacy
with the family, and knows exactly how far into the
house he may penetrate, according to this estab-
lished level of intimacy.

Even extremely poor people try to have a sala if they
can. Many modern houses and apartments in Peru
combine sala and family room in order to save space.
Almost everyone we talked to complained about this
situation. As far as we can tell, a house must not,
under any circumstances, violate the principle of the
intimacy gradient.

IN THE PROYECTO EXPERIMENTAL, there is a
strict gradient from formal to informal, front to back.

Each house contains entry-sala-family room-kitchen
in that order. Those houses too small tg hav.e a.proper
sala, have a small receiving alcove, just inside the
front door, which functions as a sala.

Family Room Circulation

THE GENERAL PATTERN IS:

Context: ;
The family room (comedor-estar) of any low income

Peruvian house.

Solution : |
The room is relatively long and narrow. The dining
table is in the middle; traffic in and out of the house
goes through one end, and there are seats or leaning
spaces at this end; the TV set is at the other end, in a
darkened corner.

Problem :

For a low income Peruvian family, the family room
(comedor-estar) is the heart of family life. The family
eat here, they gossip here, they watch TV here, and
everyone who comes into the house comes into this
room to say hello to the others, kiss them, shake hands
with them, exchange news, gossip. The same happens

b &

when people leave the house.

The family room cannot function as the heart of the
family life, unless it helps to support these processes.
The room must be so placed in the house, that people
naturally pass through it on their way in and out of the
house. The end where they pass through it, must
allow them to linger for a few moments, without hav-
ing to pull out a chair to sit down; this requires
‘leaning space’. The TV set should be at the opposite
end of the room from this throughway; since a glance
at the screen is often the excuse for a moment's fur-
ther lingering. If possible the part of the room for the
TV set should be darkened; the family room and the

TV function just as much durin i
A g midday as they do at

IN THE PROYECTO EXPERIMENTAL HOUSES the
main part of the family room (not including a|00\'/es)
is 3-3.80 metres wide, running across the plot. The,é
is room for a large dining table in the middle, close to
the kitchen. Circulation from the front of the house
to the kitchen, goes past one end of the table, per-
pendicular to the room’s main axis, and there are
seats and leaning niches at this end of the room. The
far end of the room is windowless, and containg an
electric outlet for TV.

Family Room Alcoves
THE GENERAL PATTERN IS:

Context:
The family room of any house.

Solution :

There are a number of alcoves off the family room
(preferably at least two). Each alcove is between one
and two metres deep; the alcoves are all narrower
than the walls they open from; and their ceilings are

lower than the ceiling of the main room. Each alcove
looks at the other alcoves.

Problem :

In modern life, the main function of the family is emo-
tional; it is a source of security and love. But thees
qualities will only come into existence, if the members
of the house are physically able to be together, as a
family.

In modern life, this is often difficult. The various
members of the family come and go at different times
of the day; even when they are in the house, each has
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his own private interests: sewing, reading, homework,
carpentry, model-building, games. In many houses,
these interests force people to go off to their own
rooms, away from the family. This happens for two
reasons. First, in a normal family room, one person
can easily be disturbed by what the others are doing:
the person who wants to read, is disturbed by the
fact that the others are watching TV, Second, the
family room doesn't usually have any space where
people can leave things and not have them disturbed.
Books left on the dining table get cleared away at
meal times; a half finished game can't be left
standing; naturally people get into the habit of keeping
some activities away from the family.

To solve the problem, there must be some way in
which the members of the family can be together,
even when they are doing different things. This
means that the family room needs a number of small
spaces where people can do different things. The
spaces need to be separate from the main room, so
that any clutter that develops in them does not en-
croach on the communal uses of the main room. The
spaces need to be connected, so that people are still
‘together’, when they are in them: this means they
need to be open to each other. At the same time they
must be secluded, so that a person in one of them
is not disturbed by the others. In short, the family
room must be surrounded by small alcoves. The
alcoves should be large enough for one or two people
at a time: about two metres wide, and between one
and two metres deep. To make it clear that they are
separate from the main room, so they do not clutter it
up, and so that people in them are secluded, they
should be narrower than the family room walls, and
have lower ceilings than the main room.

IN THE PROYECTO EXPERIMENTAL HOUSES,
small family rooms have one alcove opening off them,
and the large family rooms have two. These alcoves

"-».fﬁ'.-,s;;uf;,»s.aum—~- o

are 250 cm wid
Ceiling height
pared with 2,70 i

e and between 120 and 160 cm deep.
in the alcoves is 2.20 metres (com-
n the main part of the family room).

Thick Walls

THE GENERAL PATTERN IS:

Context :

Interior wall, in any part of a building which is intended
to be personal.

Solution :

The wall has ‘depth’, at least 40 cm, which is created
§y a hand-carvable rigid space frame, in which a con-
tinuous variety of niches, shelves, seats, cupboards,
leaning posts, and window seats occur at frequent
intervals. This hand-carvable space frame is made of
materials which are readily available on the retail
market, and easily cut, modified, painted, nailed,
glued, or replaced by hand, using only tools available
at any hardware store. Possible examples are wood,
plywood, fibreglass, styrofoam, polystyrene.The space
frame is highly redundant structurally: large sections
of it may be removed, without weakening it, and
pieces or sections may be added in such a way that
these sections become continuous with, and indis-
tinguishable from, the original surface.

Problem :

Rooms with large, flat, unbroken wall surfaces almost
never have any personal character, and it is very hard
for people who live in such rooms to make them per-
sonal. A room becomes personal only when the im-
print of its inhabitants is clearly visible, the walls
crowded with treasures and belongings: presents,
pictures of sweethearts and grandparents, flowers,
vases, knick-knacks, books, collections; these
treasures built integrally into the fabric of the room,
and the surface of the room moulded to the character
of its inhabitants. If a room has large unbroken wall
surfaces, made of unmouldable materials, none of
this is possible. It is hard to store things in the ogen,
without cluttering up the room, and it is not possible
to build these things in a personal way into the fabric
of the room. ;
Wall surfaces must be deep enough to contafn a
variety of niches and recesses, where special things
can be placed, without being in the way; and th(_a wall
must be made of materials which al.lo'w these mchesf
and recesses to be adapted to the ndlosyncraciest:
the things which are to be placed there, and to the

habits which go with them.”

IN THE PROYECTO EXPERIMENTAL HOUSE, the
wall connecting the sala, patio, veranda and family
room, has a series of small niches in it, formed by 40
¢m stub walls that project at right angles to the main
wall. Each niche contains a seat, shelves, cupboard
or display.

Entrance Transition
THE GENERAL PATTERN IS:

Context:
Any house entrance.

Solution :

The path from the streetinto the house passes through
a zone where levels, materials, view, light and other
qualities change.

Problem :

There is no doubt that houses which provide a grace-
ful transition space between street and house, are
nicer than those which open abruptly off the street.
If the transition is too abrupt there is no feeling of
arrival, and the house fails to be an inner sanctum.
The following argument may help to explain it. While
people are on the street, they adopt a mask of ‘street
behaviour’. When they come into a house they
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naturally want to get rid of this street behaviour and
settle down completely, into the more intimate spirit
appropriate to a house. But it seems likely that they
cannot do this, unless there is a transition from one
to the other, which helps them to lose the street
behaviour. The transition must, in effect, destroy the
momentum of the closedness, tension and ‘distance’
which are appropriate to street behaviour, before they
can relax completely.

Evidence comes from the report by Serge Bouterline
and Robert Weiss, The Seattle World's Fair.’ The authors
noticed that many exhibits failed to ‘hold’ people;
they drifted in, and then drifted out again within a very
short time. However, in one exhibit people had to
cross a huge, deep-pile, bright orange carpet on the
way in. Though the exhibit was no better than other
exhibits, people stayed. The authors concluded that
people were, in general, under the influence of their
own ‘street and crowd behaviour’, and while under
this influence could not relax enough to make contact
with the exhibits. The bright carpet presented them
with such a strong contrast as they walked in that it
broke the effect of their outside behaviour, in effect
‘wiped them clean’, with the result that they could
then get absorbed in the exhibit.

There are many ways of marking the transition from
street to house: change of view, change of light,
change of level, change of surface, change of sound,
change of scale; all break the continuity of passage
from street to house, and all can be helpful.

IN THE PROYECTO EXPERIMENTAL HOUSE, there
is a dark, covered area, immediately inside the front
door, and a well lit patio further in. A person entering
thus passes through a dark zone, towards the light of
the patio beyond, and then enters the house through
the main veranda, between sala and family room.

Front Door Recesses

THE GENERAL PATTERN IS:

Context:
Any Peruvian house which has a front door opening
directly off a public path.

Solution :

The front door is surrounded, on both sides, by deep
recesses, each at least 50 cm deep - if possible by
double recesses. The effect of the recesses is helped
by an opening in the door, or a dutch door.

Problem :

‘Hanging out' is a standard part of Latin culture.
People like to watch the street. But people do not
always want the same degree of involvement with the
street. The process of hanging out requires a con-
tinuum of degrees of involvement with the street,

ranging all the way from the most private kind, to the
most public kind. A young girl watching the street
may want to be able to withdraw the moment anyone
looks at her too intently. At other times, girls, young
men, and the women of the house, may want to pe
watching the street, near enough to it to talk to some-
one who comes past, yet still protected enough so
that they can withdraw into their own domain at
moment’s notice. At still other times, old men, less
afraid of real involvement on the street, will actually
sit out, in front of their doorways, and feel secure
provided that the seat is still clearly identified with
their house.

In the most common kind of hanging out, people lean
in doorways, half in, half out. They can see what is
happening outside, they can talk to anyone they want
to — yet they can withdraw in a moment. To invite this
activity, front doors need deep recesses, large enough
to hold a person (thus at least 50 ¢cm deep), and, if
possible, a way of hanging over the door, like that
which a dutch door provides.

IN THE PROYECTO EXPERIMENTAL HOUSE, each
front door is surrounded on the outside by one or
more deep recesses, according to the exact position
of the entrance with respect to other houses. The
front doors are of the dutch door type.

Composite Bamboo Foam Beam
THE GENERAL PATTERN IS:

Context:
Short spans and light loads in countries where bam-
boo is abundant and cheap.

Solution :

Beams may be made of bamboos (pinned and glued
with epoxy) to form a box which is filled with plastic
foam. Spans may range from 3 to 5 metres with
corresponding variation in beam spanning. Allow-
able loads are shown in the problem statement.

Problem :

Concrete beams are expensive, very heavy, hard to
move around, and hard to work. In many buildinas,
especially those where people will be building for
themselves (as in self-help housing) beams nood
be lightweight, and easy to work. In earthquake 70
it is also necessary to reduce dead loads as far as
possible. If bamboo is locally available and petroleum
resources allow local manufacture of urethane foams,
then it is possible to make lightweight bamboo/foam
beams, with excellent structural characteristics.
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We have built three different beams of this type, and
tested them. It is clear from our tests that bamboo/
foam beams of this type are about as strong as soft-
wood beams of the same size. The most serious prob-
lem is deflection. Bamboo is extremely strong in
tension, and the urethane foam makes the beam sec-
tion rigid; but the bamboos tend to slip past each
other in horizontal shears.

In the third of the three test beams, we pinned and
spotglued bamboos together with epoxy glue and
dowels. This test beam was 20 cm wide, 40 cm deep.
We tested it over a clear span of 3.50 metres. At a
uniformly distributed load of 1,300 kilograms the
deflection reached 0.8 cm after an hour, and showed
no sign of further creep 24 hours later.

We may use the formula:

Deflection max = (5/384) WL*/EI

to obtain a value for El, and extrapolate the following
figures for maximum allowable uniform loads, at
various spans:

Clear span between Maximum allowable

supports (metres) uniformly distributed
load, for beam deflection
less than L/360 (kg).

3.00 2200
3.50 1620
4.00 1240
4.50 880
5.00 800

(where the design
criterion is L[240, for
unplastered conditions,
these loads can be
increased by 50%)

These beams will cost 100 soles per metre (compar'ed
with about 200 soles per metre for comparable rein=
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forced concrete beams), and weigh about 20 kilo-
grams per metre (compared with 50 kg per metre for a
reinforced concrete beam of similar strength). Fur-
thermore, these beams can be cut with simple tools:
they can easily be lifted and installed by two men.

It is important to note that the beam type described
here is by no means the last word in composite bam-
boo/foam beams. Much development is needed to try
others which use different indigenous materials in
place of bamboo, other foams like high-density sul-
phur foams, and new glues and bonding agents. The
sketches illustrate some of these possibilities.

IN THE PROYECTO EXPERIMENTAL HOUSE, all
beams are rectangular section boxed beams, 20 cm
wide, 40 cm deep, and 5 metres long. The beams are
made of 6 cm bamboos, placed over plywood tem-
plates, with a core of 2 Ib density polyurethane fire-
re_atardent foam, foamed in place. The bamboos are
pinned and spot glued together at 50 cm intervals
with epoxy glue and wooden dowels. '
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The framing model is shown below. The second
storey floor beams are all supported by interior par-
titions or columns, and have clear spans of 3 metres
or less — except in the family room, where they span
4.50 metres between shear walls and impost blocks,
and are spaced close together to make up for the long
span. The roof beams span the full 4.80 metres be-
tween impost blocks, and are spaced at intervals
ranging from 1.50 to 2.40 metres.

The second storey floor is designed to carry 200 kg
per square metre (bamboo foam plank 15 kg per
square metre, sulphur cement topping 45 kg per
square metre, second floor partitions 50 kg per square
metre and live load 90 kg per square metre). The roof
is designed to carry 80 kg per square metre (bamboo
foam plank 15 kg per square metre), thin topping 20
kg per square metre and live load 45 kg per square
metre). To put a third storey on the house, additional
beams will need to be inserted (they can be slipped

Below top first floor ceiling
Below bottom second floor ceiling
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on to the impost block easily), and the top
roof increased.
At these loads, the beams have a deflect

: ect
than 1/360 of the span, and can safely belopr:a:: o
Families who do not like the appearance fered_
exposed bamboo can plaster them. s

Ping on the

Composite bamboo foam plank
THE GENERAL PATTERN IS:

Context:
Shortbeam spacingsand lightloadsin countri

3 ntr
bamboo is abundant and cheap, compared w‘/ietshwiﬁre
materials. g

Solution :

Floor and roof planks may be made from bambo

polyurethane foam sandwich. Maximum span fg
this system is approximately 2.50 metres unlessr
panels have additional thickness and reinforcin

Allowable loads are shown in the problem statemen%
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Problem :

Conventional reinforced concrete beam and plank
is expensive and heavy. A number of recent experi-
ments have shown thatsandwich planks with plywood
gypsum or cement asbestos skins and polyurethane:
foam cores have enough strength to span 2-3 metres
with normal live loads; they have been widely built
and tested in many parts of the United States. In a
country where bamboo is readily available, and wood
expensive, it seems natural to use bamboo as the
outer skin of the sandwich instead of plywood.

We built a test plank, with bamboos for the lower

Plank joint

skin, and 3 mm fibre board for the upper skin. This
plank performed very | in tests. At final failure
the upper skin failed, in shear; the bamboo held. The
following table shows the deflection test data.

These figures are for a centre load, on a plank 70 cm
wide, over a span of 170 cm.

This rudimentary plank, which has half bamboos in
the lower skin, and very little in the upper, is too weak.
We recommend a stronger plank, which has whole
bamboos top and bottom.

By means of the formula

Deflection max = (1/48)WL3/EI

we may obtain a value of El for the weaker plank.
Reckoning that the moment of inertia will be tripled in
a plank with whole bamboos top and bottom, we
estimate that the stronger plank will support the
following loads, at the stated spans:

Clear span between Maximum allowable

supports (metres) uniformly distributed load,
for plank deflection less
than L/360 (kg per square

metre)
1.00 200
1.50 590
2.00 250
2.50 128
3.00 74

These planks are extremely light: they weigh about
1.3 kilograms per square metre, they can be |
carried, and laid by two men. Since they can

be made in long lengths, it is advisable to lay them
over several supports, thus getting the benefit of the
negative moments. The urethane core gives them
excellent thermal and acoustic performance. The
foam can also be used as base for applying plaster or



can be painted when desired. :
Since the plank relies heavily on the use of poly-

urethane foam, it is important to add a note on the
manufacture of these foams: particularly since the
countries which are most likely to benefit from the use
of bamboo, like Peru, will have to create urethane
manufacturing capacity from scratch.

Capital equipment will cost £20,000 to £40,000. The
organization of the factory and one year's operation
will cost £80,000 to £100,000; with £40,000 of this
amount going for the initial inventory of raw materials.
At these costs it will be important to use polyurethane
foams for other purposes too. They can be used for
beams (see Composite Bamboo Foam Beam) e.g. for
interior partitions, and in a slightly different chemical
formulation, for the manufacture of furniture, bedding

and soft seating.'®

IN THE PROYECTO EXPERIMENTAL HOUSE, the
second floor and roof structure are bamboo/poly-
urethane foam sandwich planks laid over beams. The
outer skins of the plank sandwich are made of 6 cm
bamboos, and the core is 2 Ib density polyurethane.
A sand-sulphur topping is poured after planks are in
position to form the upper walking surface, and the
jointing between planks.

114 The planks are 15 cm thick (including the topping),
50 cm wide and 5 metres long. They are supported by
similarly constructed beams (see Composite Bamboo
Foam Beam) spaced at intervals between 1 metre and
2.40 metres, according to position in the structure.
Since planks are 5 metres long, they act as continuous
members over at least two supports after the topping
is poured over them. If families do not like the exposed
bamboo, the plank will readily take plaster.
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