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Preface

This dissertation is a part of a series of documents produced by
the author over the past eight years during three different peri-
ods:

MSc. in Architecture: Thesis "Methodologie d'Evaluation des Tech-
nologies de Construcction Appropriées ala Region Amazonienne
en Equateur”. Louvain la Neuve, Belgium, 1987

This thesis was the outcome of four years of research and con-
struction of Low-Cost timber dwellings in the Amazonian Region
of Ecuador.

MSc. in Habitat and Development: Thesis "Tecnologias apropiadas
de construccion y posibilidades de prefabricacion en Ecuador”.
Louvain la Neuve, Belgium, 1991

This thesis represents three years of research (1987-1990), experi-
mentation and construction of Low-Cost earth timber and bam-
boo dwellings in the Coastal and Andean region of Ecuador.

Trade-off Methodology for Low-Cost Housing Construction Tech-
nologies is the continuation of the above mentioned theses and
it summarises three years of research and application of techno-
logical innovations for low cost housing using appropriate tech-
nologies and information systems in Latin American countries.
(Brazil, 1991-1992; Ecuador 1992-1993; El Salvador 1993).

Carlos GUERRERO
CENDEP
Centre for Development and Emergency Planning

Oxford, September 1994,
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Abstract

As we become ever more immersed in a new “technological”
era we neglect those things that are most basic and obvious to
us.

In the 1970s some architects and builders, who had been experi-
menting with vernacular materials, decided to break away alto-
gether from modern technologies based on concrete and steel,
and return to traditional methods of construction in earth, timber
and bamboo. This “return to nature” coincided with the birth of
the ecological movement, providing an interesting alternative
for the billions of homeless people in developing countries.

The advantages of affordability and flexibility of timber, earth and
bamboo, coupled with good design, contribute to raising the
living standards and improving the housing conditions of low-in-
come populations. The simplicity of the respective construction
methods facilitates self-building.

The principal objective of this thesis is to design a methodology
for selecting the most appropriate technology; monitoring; site
supervision and feedback for Low-Cost Housing Construction in
Developing Countries.

The methodology is divided into four parts: (Figure 1)

The first partis a house design suitable for low-income populations
in Latin America.

In the second part, this house design offers three alternative Low-
Cost Building Technologies in local materials.

The third part consists of a computerized statistical budgeting
system which permits a fast and comprehensive evaluation of
housing construction systems for optimal cost-saving in the con-
struction process.

The fourth part of this thesis consists of a series of graphs and a
software application which enable the professionals to select the
most appropriate technology with respect to the income level
of the community; interest rate on loans; length of mortgage
period and the size of regular monthly payments.

This methodology has been designed to take maximum advan-

tage of the latest computer technology and is designed to be
user-friendly for those with limited computer skills.
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Figure 01
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Introduction

Since early 1970's, some Latin American pioneers decided to ex-
periment with construction systems based on timber, earth, and
bamboo, to make low-cost housing more affordable for poor
people. Scepticism was the first major obstacle they came across,
particularly from professionals in the civil engineering and con-
struction sector. Despite strong opposition from these profesionals,
they managed, nevertheless, to attract the attention of various
international organisations (for e.g. United Nations) who have
since recognised the validity of these alternative construction
methods.

Currently, a number of low-cost housing programmes using tim-
ber, earth and bamboo are being implemented in different parts
of the world. These materials are also being used in the con-
struction of high-cost private housing and other building types.

Now in many developing countries, the recognition and use of
these construction technologies and systems, together with the
intensified use of local materials, is becoming increasingly com-
mon. One of the greatest problems in the implementation of
these housing programmes, is their social acceptability among
the low-income, specially in urban contexts.

For the rural population who migrate to the cities, a house built
from earth or timber has connotations of insecurity, poverty, ob-
scurity and lack of basic amenities: it represents all that they
hoped to leave behind, when they set off for a new life in the
city. However, the quality, design and durability of housing in
local materials can be equivalent or superior to "modern" rein-
forced concrete construction.

Low-cost housing programmes developed by governmental and
non governmental organisations are usually implemented in a
hierarchical manner, whether they use conventional concrete
construction or local materials. In both cases, there is little, if
any, user participation. These housing programmes end up re-
flecting exactly the “working class” that their inhabitants resent.
Although they optimise self-help labour, they do not evoke the
modern image the immigrant rural population aspires to.

Research and wide experience of implementation of low-cost
housing programmes has led to the development of a new
method of intervention based on “showhouses”. Local materi-
als are used for the construction of important buildings, such as
upper-middle class houses, country clubs and luxury hotels, with
excellent quality finishes so as to act as a "shop window" to en-
hance the prestige and social acceptability of these materials.

Meanwhile the construction of these luxury models provides great
opportunity for experimenting with and consolidating various
construction technologies, which can subsequently be used in
large-scale housing projects for low-cost housing.

Trade-off Methodology for Low-Cost Housing Construction Technologies %



This strategy also strengthens local and regional economies by
generating income through micro enterprises for the produc-
tion of building components using local materials with cocal
labour, thereby improving conditions for low-income communi-
ties.

Besides all these advantages, the application of information tech-
nology throughout the whole process enables low-cost building
technologies to become more competitive in terms of quality,
cost and affordability.

In response to the lack of modern technology available for low-
cost housing, In the last three years | have developed a practi-
cal methodology for optimal use of affordable building tech-
nologies. applying the potential of modern information technol-

ogy.
Use of Information Systems

Statistical-Budgeting System

The first piece of software, is the Integrated Statistical-Budgeting
System, it permits a rapid cost evaluation between the compo-
nent parts of any one construction technology. Thus maximum
cost-savings can be achieved by selecting the most appropriate
combination of these component technologies. This system also
faciliates a tight control over quality (correct proportions for
mortar, whitewash, joining components etc); and man-hours re-
quired per prefabricated element. With this system, total quality
control for the whole project can be a reality.

Trade-Off Software

The second software, the Trade-Off System for Optimal Afford-
ability of Appropriate Technologies, evaluates the outputs from
the Statistical Budgeting System in conjunction with a series of
financial variables (community income levels, constructed floor
area, interest rate on loan and annuity) to achieve optimal af-
fordability and cost recovery.

This is a practical and useful package developed to reach

proffesionals in housing, policy makers, academics and students.
It consists (thesis, manual and software)
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Objective

The principal objective of this thesis is to design a methodology
for selecting the most appropriate technology; monitoring; site
supervision and feedback for Low-Cost Housing Construction in
Developing Countries.

The results will be three products: this thesis which explains the
methodology; a software user's manual and the software pack-
age on disk,

Areas of Application

Scale
This methodology is designed for medium and large-scale projects
and programmes of over 50 houses.

Economic Sector
Family income between 1 and 6 minimum salaries per month.

Geographical Sector
Tropical and subtropical regions in developing countries

Building Technology
Self-help prefabricated construction systems

Target user
Spectrum in between: construction and information systems semi
skiled agency worker and Construction Expert.

Technical Equipment
The software must be run on:

Macintosh Systems

- A Macintosh equipped with a 68020, 68030 or 68040 processor
SE/30, Classic, LC series, Quadra series, Power PC series,
Powerbook series and Duo series.

- System 6.05 or later

- 4 MBs of RAM

- Microsoft Excel versions 3.0, 4.0 or 5.0

IBM Compatible

- A Hardware equipped with a 286, 386 or 486 processor
- System Windows 3.0 or later

- 4 MBs of RAM

- Microsoft Excel 3.0, 4.0 or 5.0 for Windows

Trade-off Methodology for Low-Cost Housing Construction Technologies /3
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housing design which accommodates three possible build-
ing technologies. Drawings vary, illustration all three ap-
plications.

T his chapter describes the proposed a reference low-cost

The proposal is a variation on an original design used by the au-
thor for the construction of 250 dwellings, a project carried out
by "Centro de Investigaciones CIUDAD" in the coastal region of
Ecuador, 1993.

The following selection criteria have been taken into accountin
designing this prototype:

Climate context
The proposed design responds to a temperature range of 10° to
32° C. and humidity from 50% to 90%

Area
The proposed design has a floor area of 71 m2 (including three
or four bedrooms), appropriate for a high density urban sector.

Expansion

Being based on prefabricated components, the prototype can
easily be added to for both horizontal and vertical modular ex-
pansion.

Aesthetics

Local traditional vernacular architecture is used as an essential
parameter for designing low-cost housing.

The connotations of poverty, associated with traditional earth,
timber and bamboo houses, have been addressed by giving the
facade a very modern aspect, in keeping with urban trends.

Trade-off Methodology for Low-Cost Housing Construction Technologies /6



Proposal

Basic Grid and the Plot

The proposal is developed on
a 8.00 x 20.00 m (160.00 m2)
plot; and the structure and
construction components are
based on a 0.8 m2 modular
grid.

The main layout of the house,
2.40:2.40 x 3.20:1.60:3.20. is
based on the flexibility of the
grid.

The Building

The prototype is a 71 m2
semidetached two storey
house with 3.20 m clearance to
the site boundary.

The same plan may be used for
terraced housing a 5.00 m
frontage.

Ground Floor

The ground floor has 40 m2 of
constructed floor area. The
main entrance is through the
porchinto the living room. The
split-tread staircase and the
bathroom act as buffer to the
dining room and kitchen areas.
In this particular example the
hammock is strung across the
porch, as a traditional security
measure in the Pacific culture.
(Fig. 2)

The design of the elements is
such that the kitchens are back
to back to the kitchen of the
next house, this save connec-
tion costs.

The doors and windows both
have the same standardised
design to minimise costs and re-
sources.

Every consideration is given to
maximise the use of space.

()Q r-ﬂ = : _:: _.

wom LAYOUT GROUND FLOOR PLAN
Area: A0 m2

{

FRAIT
ETrEICE

Figure 2

CROBS SECTION

Figure 3
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Storage space is provided un-
der the stair case.

The wall construction is only 15
cm thick to minimise plot usage
and maximise internal floor
area space.

First Floor

The first floor is 2.60 m high and
consists of 31 m2 of con-
structed floor area. There are
three bedrooms, with the pos-
sibility of adding a fourth above
the porch. The average room
size is 6.9 m2. (fig. 4) It is possi-
ble to accommodate a small
attic within the pitched roof.
(Fig. 3)

An extra bedroom may be
build over the void.

Facades

The facades are designed in
such a way as to eliminate the
stigma of the traditionalimage
of low cost housing. The semi-
detached houses with their al-
ternating sloping roofs provide
an engaging and responsive
streetscape.

With the possibility for each
household to add on extra
rooms the character of the
facade becomes ever more
diverse.

The doors and windows are
designed to follow a vertical
and horizontal grid pattern in
40 cm modules. This provides
a harmonious frontage to the
building. (Fig. 5)

The contrast of texture and
colour between the structural
elements in timber and the
walls painted white, gives the
house a very strong modern
image. This characteristic plays
avery importantrole in encour-
aging the owners to fully ac-
cept the houses. (Fig. 9)

Yold

i L AYOUT FIRST FLOOR PLAN

Area: .00 w2

Figure 4

RIGTH ELEYATION PLAN

Figure 5
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Roofs

The standardization and light-
ness of the specially designed
truss facilitates the construction
of an additional storey.

The roof truss construction is
specifically designed to max-
imise cross ventilation through-
out the house. It also facilitates
the illumination of the stair well,
which owing to the strong light
will provide unusual lighting ef-
fects. (Fig. 7)

ROOF PLAN

Figure 6 Figure 7

Figure 8 Figure 9
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chapter could be built with three alternative construc-
tion technologies, each of which has been researched,
developed and implemented by the author in different
projects and institutions.

T he low-cost housing design proposed in the preceding

These construction systems are based on vernacular building
systems used all over Latin America for centuries.

A The first technology Wattle and Daub - Tim-
ber was developed and implemented in dif-
ferent low-cost housing projects in Ecuador in
1992-93.

B The second technology Timber - Mud Brick
is based on "Alahua-Funhabit" structural prin-
ciples and was implemented in the construc-
tion of the Guayllabamba Research Centre
in Ecuador in 1988; and was refined in 1991 in
a Master's thesis at Louvain University, Belgium.
Thereatfter, it was used as a prototype for the
"Comunidades" low-cost housing project in
Brazil in 1992.

C The third technology, Rammed Earth - Tim-
ber, was developed in the construction of the
Guayllabamba Research Centre in Ecuador
in 1987-89 and refined in different projects in
Ecuador in 1992-93.

Properties of these Construction Systems

Cost
Much more economical than conventional construction systemes.

Flexibility

Most of the component parts of these systems may be used in
any combination i.e. interchanging the structure, foundations,
roof, walls etc.

Materials
Most of the materials used in these proposals are locally avail-
able throughout the developing world (earth, timber, bamboo).

Self-Build Potential

All the components and construction systems have been de-
signed to maximize the potential for prefabrication and self-con-
struction.

Trade-off Methodology for Low-Cost Housing Construction Technologies A



Wattle and Daub - Timber
Proposal

This is traditionally a wooden structure rendered in earth. The
innovations proposed to adapt this technology for large-scale
contemporary use are: the standardization and prefabrication
of all the timber elements. It is also necessary to study the com-
position of locally available earth in order to maximise its resist-
ance to the external elements and the tolerances of the struc-
ture. The assembly system has also been refined to facilitate
much faster construction.

The principal structural component of this system is the timber
frame which bears on concrete foundations. (fig. 10) The ground
floor walls are built in mud brick and the first floor is a mixture of
wattle and daub with a earth-pumice plaster finish.
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Figure 10
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Construction System

The construction system does
not require any sophisticated
machinery for prefabrication
and its components could well
be manufactured in small
community workshops or even
directly on site.

The construction elements are
so lightweight that they can
easily be transported and as-
sembled without a crane.

The Foundations

The basic structural axes must
be set out with great precision
as this is critical for the process
of assembling the compo-
nents.

The foundations consist of a
series of 500x500x400 mm foot-
ings, linked by 400x400 mm
concrete strip foundations with
a high proportion of stone in
the mixture. These foundations
can be prefabricated.

Upper Foundations

The upper foundations consist
of 100x200 mm prefabricated
concrete beams. The upper
foundations protect the walls
from erosion and damp.

Columns and Beams

The columns and beams com-
prise two 150x75 mm timber
sections, bolted together to
give a total cross-section of
150x150 mm. (photo 01)

The structural axes make up a
tartan grid with dimensions
2,400- 2,400 mm x 3,200 - 1,600
- 3,200 mm and their respec-
tive modules.

Joints

The joints between columns

Metalworks

Figure 11

Photo 01
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and beams are formed by bolt-
ing through metal plates,
which are protected with anti-
corrosion paint to prevent rust-

ing. (Fig. 11)
Floors

The floors comprise a 50 mm
concrete slab with steel rein-
forcement set on a permanent
formwork of contfinuous split
bamboo beams bearing on
timber joists.

Ground Floor Walls

At ground level the walls com-
prise 140x280x80 mm com-
pacted mud bricks, laid in a
1:16 earth-concrete mortar.
(Photos 02 and 03)

First Floor Walls

Structurally, the walls are made
of prefabricated timber panels
based on standard modules of
80x700x2200 mm:; 80x700x1,800
mm and 80x700x1,000 mm,

Photo 02

Figure 12

Photo 03

<~ Timber sbructure: Two pieces

{147 om.) in columne and
bearms

= Frgm.s {70x220cm.)

Bamboo boarding fiked with

nails (1 1/2") and steel wire
(7 18)

— Flaoter 124

White cement, lime, sand

Domestic paitt 1:4:8:8
Wood glue, resin, lime and water.

Trade-off Methodology for Low-Cost Housing Construction Technologies




80x700x1,000 mm, which are
fixed to the floor joists and roof
beams.

Split bamboo boarding is
wired to the timber frames and
plastered with a 1:2:4 white ce-
ment-lime-sand mixture. Any
defects can be corrected with
a 1:10 water : common wood
glue mixture, which forms
when mixed with earth, a type
of polyfilla. The interior and ex-
terior walls are treated with a
diluted mixture of this solution
(1:20 glue : water), sprayed on
to harden the wall finish. Finally
a 1:4:8:8 wood glue : resin :
lime: water paint should be
applied. (Fig. 12)

The Staircase

This is a compressed staircase
i.e. it rises 2.5 m in only 1.6 m
on plan. This is achieved by
using 2 compensating tread
plans, efficiently reducing ver-
tical circulation space to a
minimum floor area.

The treads, 730x320x40 mm,
are made of hardwood sup-
ported by two 40x400x1500
mm bearers running along the
base of each balustrade.

Roof

The roof comprises two types
of prefabricated truss made
up of 20x160 mm timbers glued
and nailed together. The ga-
bles are closed off with verti-
cal lengths of 20 mm g bam-
boo. As the structure must be
lightweight, micro concrete
roof tiles are recommended.
(Fig. 13, Photo 04)

Finishes

In the use of the wattle and
daub construction system it is
possible to use any type of fin-
ish, even those which are ap-
plied to conventional con-

Truss ype B

Figure 13

Photo 04
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Timber - Mud Brick
Proposal

Construction System

Like the previous construction system, this system does not re-
quire sophisticated machinery for pre-fabrication and its com-
ponents could well be manufactured in small community work-
shops or even directly on site.

The construction elements are so lightweight that they can eas-
ily be transported and assembled without a crane.

Frames

s / BOXEODRR200 e
:
§ / L Beams

: /— 1O0KIB0 A

- Hgwer foundations
T2 00 mim

E
= ceeen ke planks
f 2B
)/.
:

Eeinforced
wanerete Htip

Figure 14
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Foundations

The basic structural axes must
be set out with great precision
as the whole process of assem-
bling the components de-
pends on this.

The foundations consist of a
series of pre-fabricated
500x500x500 mm footings,
linked by a continuous 400x400
mm concrete strip foundation
with a high proportion of stone
in the mixture. (photo 05)

Metalwork

Set in the footings at 400 mm
centres there are four 3/4" @
galvanized iron tfubes which re-
inforce the joint between the
columns and the footings.
(Fig. 15)

Upper Foundations.

The upper foundations consist
of 100X200 mm pre-fabricated
concrete beams, set with short
lengths of iron on to which the
wooden wadllplate is secured.
The upper foundations protect
the walls from erosion and
damp. (Fig. 14)

Columns

The 100x100 mm columns com-
prise five elements: a 60x60 mm
timber column clad by four
20x80 mm timber planks, glued
and nailed.

The structural axes make up a
tartan grid with dimensions
3,200 - 400 -3,200 mm

and respective modules.

Beams

Beams are made up of two
20x160 mm timbers, joined by
two 40x60 mm studs, glued and
nailed.

Where beams meet columns,

 Foundations Detail A

WHXZO0 e
Congrete Upper
Foundations

internal level
e Mortar

ATV

sxternalievel Af4" g galvanized

iron tubes

Prefabricated
concrete
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e

Frefabricated Truss
EONBOOZ200 mm
timber
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W Flan
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Concrete Upper
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Figure 15

2¥'

Photo 05

Trade-off Methodology for Low-Cost Housing Construction Technologies




the vertical cladding of the
columns is interrupted to allow
the internal 60x60 mm column
to receive the 20x160 mm tim-
ber beams on either side.
(Photo 07)

X Priabricated frames

. Beam OOGOU mm_

Timber Floor

This comprises a prefabricated
structure based on an 800x800
mm module, made up of
20x160 mm timbers with
notched joints, and at the joint
of the four beams the grid is
held rigid with a 60x60x160 tim-
ber wedge, glued and nailed.
The over-lying floor surface can
be timber floor boards or an in-
situ 50 mm concrete floor slab,
lightened with pumice stone.
(Fig. 16)

€. | —

OO LAl (L il

Ground Floor Walls

At ground level the walls com-
prise 140x280x80 mm com-
pacted mud bricks, laid in a
1:16 earth : concrete mortar.
(Photo 08)

Photo 06 Figure 16
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First Floor Walls

Structurally, the walls are made
of pre-fabricated timber pan-
els based on 60x700x2200 mm
and 60x300x2200 mm standard
modoules, which are fixed to the
floor and roof beams. (Photos
06, 09)

60x700x1000 mm and 60x300x
1000 mm frames are used for
the wall below the windows or
the staircases balustrades or
the open-plan areas.

25x25 mm horizontal timbers
are nailed on to each side of
the frames, covered with
chicken wire and the hollow
stud wall is unfilled with a 2:1
earth-pumice mixture. Finally
the wallis rendered with a 1:12
cement-earth mortar.

Any defects can be corrected
with a 1:10 water-common
wood glue mixture, which
forms a type of polyfilla when
mixed with earth. The interior
and exterior walls are treated
with a diluted mixture of this
solution (1:20 glue-water),
sprayed on to harden the wall
finish.

Roof

The roof comprises 820x1580
mm and 1680x1580 mm pre-
fabricated frames made up of
20x160 mm timbers, glued and
nailed. These frames are clad
in timber, which simultaneously
acts as insulation and bracing.
As the structure must be light-
weight, micro concrete roof
tiles are recommended.

Photo 08 Photo 09

Finishes

Any type of finish available on
the market can be used on
both the ground floor mud
brick walls and the first floor
wattle and daub walls.

Photo 10
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Rammed Earth - Timber
Proposal

This technology is based on a fraditional system of thick rammed
earth walls. The innovations proposed to adapt this technology
for large-scale contemporary use are: reduction of wall width,
standardization of the formwork and analysis of the composition
of locally available earth to maximise its long-term resistance to
external elements.

Rammed earth wall
0% eznd, 25% clay
5% lime {zpproximats

Figure 17
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Rammed Earth
Formwork

The formwork is made up of in-
dividual elements that can be
bolted togetherin three differ-
ent ways:

1) The “I" shape is used for
straight sections of the wall.
(Photo 11)

2) The “L" shape is used for solid,
stable corners. (Photo 12)

3) The “T" shape is used for 'T”
junctions where partition walls
butt external walls, so that the
whole building acts as a single
structural element. (Photo 13)

LI..

Photo 11

Photo 12

Photo 13 Photo 14
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Earth

The composition of the earth to
be rammed should be approxi-
mately 70 % sand, 25 % clay
and 5 % lime. If the local earth
composition varies greatly from
these proportions, the mixture
can be corrected and stabi-
lized by adding more sand,
clay or lime as appropriate.

Foundations

These are 300X500 mm 8%
earth: 92% cement strip foun-
dations, constructed of manu-
ally compacted, alternating
layers of 70 mm earth cement
and 70 mm stones. The wall
formwork can also be used for
the construction of the founda-
tions. (Fig. 17)

Upper Foundations

The upper foundations consist
only of earth cement - there
are no layers of stone. Their
function is to protect the
rammed earth walls from ero-
sion and damp. (Photo 14)

Walls

The walls are built using
rammed earth formwork. These
components have the follow-
ing dimensions: 1100 mm high
by 2000 mm long and 300 mm
wide. They are laid in over-
lapping courses as in any typi-
cal brick wall. (Photo 15)

The earth isrammed in succes-
sive 70 mm layers. The horizon-
tal forces generated by earth-
quakes are counteracted by
reinforcing buttresses located
at intervals where there are no
partition walls to carry out this
function. The walls are con-
structed first, the holes for the
windows and doors are cut out
of the solid wall afterwards.

Photo 17
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Any defects can be corrected
with a 1:10 water -wood glue
mixture, which when mixed
with earth, forms a type of poly-
filla. The interior and exterior
walls are tfreated with a diluted
mixture of this solution, 1:20
glue-water, sprayed on to
harden the wall finish. Finally a
1:4:8:8 wood glueresin:lime:
water paint should be applied.
(Photo 19)

Roof

The walls can support roofs of
any shape, pitch or material:
timber, steel or concrete. The
only requirement is the use of a
continuous timber wall plate to
spread the roof load evenly  photo 18
onto all the walls.

Finishes

Any type of finish can be used
on rammed earth walls.
Rammed earth has the advan-
tage that a variety of details
can be carved, moulded or
sculpted from its walls. Details
such as architraves, shelves,
cupboards and even fire-
places are possible, limited only
by your imagination.

Photo 19 Photo 20
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mum advantage of current computing possibilities to carry
out a rigorous control of costs and returns, particularly for
low-cost houses constructed with local materials.

T he statistical budgeting system is conceived to take maxi-

In this particular example the system has been developed to
evaluate constructive systems in wattle and daub and bam-
boo.

The prices have been taken from the project "Programa de
vivienda para el sur de Machala" developed by the author for
a project of 250 houses in Ecuador in 1993.

The software is based on Microsoft EXCEL ® versions 4.0 and 5.0
for Macintosh or for IBM ® compatible system:s.

The system is based on several linked spreadsheets comprising
one input workbook and three operative workbooks:

Input Spreadsheet

This has the general information valid for the whole
package such as: titles, dollar rate, construction items,
type of building etc. This information is linked with the
entire software.

C | Components Workbook

This gathers the different prefabricated components
spreadsheets including materials, and labour. The in-
formation produced in these sheets is automatically
sent fo the main workbook.

$ Main Workbook
Thisis the spreadsheets’s budgeting system with eleven

interlinked sheets in a standardised format. It receives
information from the Inputs and Components Work-
books.

Statistical Workbook
This is the last component in the software. It analyses

data from the precedent workbooks, producing six sta-
fistical graphs, facilitating evaluation and selection.
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Budgeting System \
pages 25-32

N

[
LU

Statistical System
pages 33-3¢

Tradie-off Soffware

Figure 19
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Budgeting
System

The systems works with two in-
dependent inputs: US Dollars
and the local currency (in this
case, SUCRES, the Ecuadorian
official currency).

This double information in dol-
lars and local currency permits
an effective comparison with
the same or other projects
through time and in different
geographical contexts. This
kind of system is particularly im-
portant for countries with high
inflation rates.

Input
Spreadsheet

This receives the general infor-
mation, available for the rest
of the system: Project title; Con-
struction Technology; Date;
Building; Budgeting Items; and
the US Dollar rate.

Main
Workbook

General ltems

The first difficulty is elaborating
a construction budget. The
confusion lies in the variety of
different building items.

In this budgeting system, this
difficulty is addressed by a ra-
tional ordering of the different
parts of the construction. This
gives a perfectly clear and
valid budgeting structure that
can be utilized in any type of
construction and/or construc-
tion system.

In this particular case we have
eleven general interdepend-
ent but distinct items.

‘Input Spreadsheet

Main e
Workbook

i Components

Workbook

Statistics System

Figure 20
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Main Workbook
Walls Sheet

Trade-off Methodolology for Low-Cost Housing Construction Technologies Technology: |Wattle and Daub-Timbe/Project: Prototype

CENDEP Date: October. 1994 UsDollar: |1.950,00

03 Walls

Code Items Dimensions Unit Quantityl Price Site
| UnitSuc. [ UnitUS$| Sucres | US$ [ Subtotal Sucres

Mud Brick level + - 0.00:

Mud brick walls 6x15x30 (brick) | m2 54,64 8.000,00 4,10 437.120,00 224,16 Shell

Plaster m2 54,64 4.400,00 2,26 240.416,00 123,29 Finish

Wall Tiles m2 6,50 17.000,00 8,72 110.500,00 56,67 Finish

Paint m2 92,67 1.200,00 0,62 111.204,00 57,03 Finish
Sub-total:| 899.240,00

Timber and Bamboo Frame level + 2.50:

Mud brick walls 6x15x30 (brick) | m2 16,61 8.000,00 4,10 132.880,00 68,14 Shell

Frame A 8x70x220 u 25 14.136,00 7,25 353.400,00 181,23 Shell

Frame B 8x70x180 u 2 13.315,00 6,83 26.630,00 13,66 Shell

Frame C. level +- 0.00 8x70x100 u 6 9.710,00 4,98 58.260,00 29,88 Shell

bamboo m2 87,06 1.800,00 0,92 156.708,00 80,36 Shell

Assembling (30 % of bamboo price) m2 87,06 540,00 0,28 47.012,40 24,11 Shell

Plaster m2 87,06 3.500,00 1,79 304.710,00 156,26 Finish

Paint m2 103,67 1.100,00 0,56 114.037,00 58,48 Finish
Sub-total:| 1.193.637,40

Shell Sucres: 1.212.010,40 Total US. Dollars: 1.073,27

Finishes Sucres: 880.867,00 Total Sucres: 2.092.877,40

Figure 21

01 Foundations

02 Structure

03 Walls

04 Floors

05 Roofs

06 Doors & Windows

07 Basin & Accessories
08 Fixed Units

09 Sanitary Installations
10 Plumbing Installations
11 Electrical Installations
Total

Display

Each item can be presented separately on paper as well as in
an electronic Spreadsheet, giving partial totals for each item.
This constitutes a very important cost evaluation tool for the con-

struction.
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Main Workbook

Total Sheet
Trade-off Methodolology for Low-Cost Housing Construction Technologies Technology|Wattle and Daub-Timber Project: Prototype
CENDEP Date: October. 1994 UsDollar: 1.950,00
Total
Items | Shell | Finishes Totals
I Sucres I uss$ I Sucres I uss$ I Sucres I uss$
01 Foundations 507.053,52 260,03 0,00 0,00 507.053,52 260,03
02 Structure 2.421.640,00 1.241,87 0,00 0,00 242164000 1.241,87
03 Walls 1.212.01040[ 621,54 880.867,00|  451,73|  2.092.877,40| 1.07327
04 Floors 1.233596,29| 632,61 250.775,64 128,60 1.484.371,93 761,22
05 Roofs 1.276.140,00] 654,43 0,00 0,00 1.276.140,00 654,43
06 Doors & Windows 0,00 0,00|  1.132.000,00 580,51 1.132.000,00 580,51
07 Basins & Accesories 0,00 0,00 458.500,00 235,13 458.500,00 235,13
08 Fixed Units 0,00 0,00 404.200,00 207,28 404.200,00 207,28
09 Sanitary Installations 402.981,70| 206,66 29.079,00 14,91 432.060,70 221,57
10 Plumbing Installations 170.598,00 87,49 235.601,00 120,82 406.199,00 208,31
11 Bectrical Installations 156.006,00 80,00 699.391,00 358,66 855.397,00| 438,67
Totals 7.380.025,91| 3.784,63' 4.090.413,64| 2.097,65| 11.470.439,55] 5.882,28
Transport Costs %
Extras %
TOTAL 11.470.439,55 5.882,28
Figure 22
.
Site

It is very important to separate the shell costs from the finishes
costs when working with appropriate construction technologies.
The system separates each particular item giving a sub-total
within each sheet and general totals at the end of the system.

1 Shell

This section comprises the principal parts of the construction:
foundations, structure, floors, roofs and walls. The most impor-
tant economies can be achieved on these construction com-
ponents, specially when local materials are used.

2 Finishes

In this section all the final finishes only contribute to a minimal
cost-saving using appropriate technologies. Nevertheless sepa-
rate analysis of these items an evaluation determining maximum
cost-saving possibilifies.
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Components Workbook
Truss Sheet

Trade-off Methodolology for Low-Cost Housing Construction Technologies Technology: |Wattle and Daub-Timbej|Project: Prototype
CENDEP Date: October. 1994 USDollar: |1.950,00
Truss A (160x580 cm.)
Code Items Dimensions Unit | Quantity | Price Site
[ Unitsuc. [Uunit. US$| Sucres | US$ [ Subtotal Sucres
Timber:
Plank 2x12x600 u 2,00 4.800,00 2,46 9.600,00 4,92
Plank 2x12x550 u 2,00 4.400,00 2,26 8.800,00 4,51
Plank 2x12x220 u 1,00 1.760,00 0,90 1.760,00 0,90
Plank 2x12x160 u 1,00 1.280,00 0,66 1.280,00 0,66
Plank 2x12x150 u 1,00 1.200,00 0,62 1.200,00 0,62
Plank 2x12x120 u 1,00 960,00 0,49 960,00 0,49
Plank 2x12x80 u 1,00 640,00 0,33 640,00 0,33
Plank 2x12x50 u 1,00 400,00 0,21 400,00 0,21
Plank 2x12x40 u 1,00 320,00 0,16 320,00 0,16
Plank 2x12x30 u 1,00 240,00 0,12 240,00 0,12
Sub-total;| 25.200,00
Others:
Nails 11/2" Kg 1,60 1.600,00 0,82 2.560,00 1,31
Wood glue It 1,00 3.000,00 1,54 3.000,00 1,54
Sub-total: 5.560,00
Assembling:
Man Hours hr 9,00 1.750,00 0,90 15.750,00 8,08
Sub-total:| 15.750,00
Shell Sucres: Total US. Dollars: 23,85
Finishes Sucres: Total Sucres: 46.510,00
Figure 23

Workbook

As well as the previous workbook, there is also a components
workbook linked to the Entrance Spreadsheet allowing the crea-
fion of titles, dollar exchange rate and basic general data
changes on the pre-fabricated components spreadsheets of
the construction.

Truss Spreadsheets

We have three types of truss inputs:
1 timber members

2 fixing elements (glue and nails)

3 assembly in man hours

This information facilitates the quick evaluation and quality con-
frol of components.
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Components Workbook
Frame Sheet

Trade-off Methodolology for Low-Cost Housing Construction Technologies Technology: |Wattle and Daub-Timbe|Project: Prototype
CENDEP Date: October. 1994 USsDollar: |1.950,00
Frame C (70x100 cm.)
Code Items Dimensions Unit | Quantity | Price Site
| UnitSuc. [Unit US§| Sucres | US$ [ Subtotal Sucres

Timber:
Hements 4x8x100 u 2,00 650,00 0,33 1.300,00 0,67
Hements 4x8x120 u 2,00 780,00 0,40 1.560,00 0,80
Plank 4x8x70 u 2,00 455,00 0,23 910,00 0,47

Sub-total:, 3.770,00
Others:
Nails 11/2" Kg 0,15 1.600,00 0,82 240,00 0,12
Wood glue It 0,15 3.000,00 1,54 450,00 0,23

Sub-total:, 690,00
Assembling
Man Hours hs 3,00 1.750,00 0,90 5.250,00 2,69

Sub-total:, 5.250,00
Shell Sucres: Total US. Dollars: 4,98
Finishes Sucres: Total Sucres: 9.710,00

Figure 24

Frames Spreadsheet
As well as the truss, we have three types of frame inputs:
1 timber members
2 fixing elements (glue and nails)
3 assembly in man hours

As well as the previous components the spreadsheet totals are
directly linked to the Main Workbook and therefore to the statis-

fical graphs.

Electronically-linked Totals Spreadsheet
The total spreadsheet receive the information from the entire
system automatically and send it to the Statistics Workbook to
create the final comparative statistical graphs.
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Statistical
System

Conventional budgeting sys-
tems normally output a total || :
cost saving, but the disadvan- Totals

tage is that it is very labour in- ' Data from Budgefing Wotkbook
tensive to then identify which s
areas or components most sig-
nificantly affect the total costs.
The unique innovation of this S
system is that it illustrates the ' =
proportional values of all the
components in figures, pie
charts and bar graphs. The use
of graphical representation
accelerates the comparison
and evaluation processes.

T R R R SRR e

All the output information from
the Main Workbook and the
Components Workbook is sum-
marised in the totals spread-
sheet,

Statistics Workbook

The totals information is linked
and assembled to produce six
simple statistical graphs in Sta-
tistics Workbook which facili-
tates a quick understanding of
the information.

This process facilitates a quick
evaluation of the situation and,
what is more important, it will
allow us to apply corrective
measures to the whole system.

|
és!

R0,

Hillogedl b
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DUBRRORER ¥

Hi. b
rhit

= TR

The information is provided
through six spreadsheets-charts
with the enfire information in
local currency (Sucres, Ecua-
dorian Currency in this particu-
lar example) and US Dollars,
also in pay and column charts.

The output cells has

a single outline

The input cells has a
double outline

Figure 25
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Shell Sheet

01 Foundations

02 Sructure

03 Walls

04 FAoors

05 Roofs

06 Doors & Windows

07 Basins & Accesories
08 Fixed Units

09 Sanitary Installations
10 Plumbing Installations
11 Bectrical Installations

Total

[ 26003] [  s507.05352|
[ 124187 [ 2421.640,00]
[ 62154 [ 1212.01040|
[ 63261 [ 123350629
[ esa43| | 1.276.14000|
| 0,00 | 0,00]
| 000| | 0,00|
| 0,00[ | 0,00]
[ 20666] [ 402.981,70|
[ s7a0] [ 170.508,00]
[ so0o| [ 156.006,00|
[ 378403 [ 738002591

17%

17%

Trade-off Methodolology for Low-Cost Housing Construction Technologies Technology: |Wattle and Daub-Timber Project: Prototype
CENDEP Date: October. 1994 USDollar: |1.950,00
Outputs S‘e " ©C. Guerrero
USdollars Sucres
Dollar Rate | 1,00I | 1.950,00I
Budgeting Items 0% 2% 2% 7% W01 Foundations

02 Structure
W03 Walls

004 Roors

05 Roofs

06 Doors & Windows
W07 Basins & Accesories
08 Fixed Units

W09 Sanitary Installations
B 10 Plumbing Intallations
| 11 Bectrical Installations

USdollars

1.400,00

1.200,00 1

1.000,00

800,00

600,00
400,00

200,00 l
0,00

01 02 03 Walls 04 Floors05 Roofs 06 Doors07 Basins 08 Fixed 09 10 "

FoundatiStucture

& & Units ~ Sanitary Plum bingBlectrical

Figure 26

Graph illustrating Shell

It is possible to obtain a variety of total cost-savings with appro-
priate construction technologies using different local materials.
Therefore, in order to maximise the cost saving, this graphical
information illustrates the respective costs for each technology,
enabling the most valid solution in terms of materials and labour

to be identified.
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Finishes Sheet

Trade-off Methodolology for Low-Cost Housing Construction Technologies Technology: |Wattle and Daub-Timber Project: Prototype
CENDEP Date: October. 1994 USDollar: |1.950,00
Outputs FInISheS ©C. Guerrero
USdollars Sucres
Dollar Rate | 1,00| | 1.950,00I
Budgeting Items 17% 0% 220 W01 Foundations
° {02 Sructure
01 Foundations | 0,00| | 0,00I W03 Walls
004 Aoors
02 Structure | 0,00l | 0,00I 05 Roofs
[ 06 Doors & Windows
o3wals | 4s173] | s80.867,00] |07 Basins& Accesores
W 08 Fixed Units
W 09 Sanitary Installations
04 Foors | 128,60| | 250-77554] B 10 Plumbing Installations
| I | I W 11 Bectrical Installations
05 Roofs 0,00 0,00
06 Doors & Windows | 580,51| | 1.132.000,00I
07 Basins & Accesories | 235,13| | 458.500,00I 600,00 —
500,00
08 Fixed Units | 207,28' | 404.200,00I E 400,00
09 Sanitary Installations | 14,91| | 29.079,00] g 300,00
8 200,00
10 Plumbing Installations | 120,82| | 235.601,00I 100,001
0,00
T 504 ; 7 o T 1
11 Bectrical Installations | 358,66| | 699.391,00I Foundatmor e e Sambary Pum bingBec il
o e one  ns
Total | 200765 | 4.090.413,64|

Figure 27

Graph illustrating Finishes

This graph illustrates the proportional costs of each of the finishes.
The type and standard of finishes is strongly affects the self-es-
teem of the inhabitants. This importance implies that an analysis
of achieving maximum "image" for minimum cost will significantly
improve cost efficiency and user satisfaction. Although the main
savings are achieved with respect to the shell, for large scale
projects, maximum cost control on the finishes can provide fur-
ther economies.
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Total Sheet

Trade-off Methodolology for Low-Cost Housing Construction Technologies Technology: |Wattle and Daub-Timber Project: Prototype
CENDEP Date: October. 1994 USDollar: [1.950,00
Outputs TOta I ©C. Guerrero
USdollars Sucres
Dollar Rate | 1,00| | 1.950,00|
Budgeting Items s 1% 4% mO1 Foundations
b
o @02 Structure
01 Foundations | 260,03| | 507.053,52' W03 Walls
004 Aoors
02sructure | 1241,87] | 2.421.640,00] 05 Roofs
[ 06 Doors& Windows
oswalis | 107327] | 2.092.877,40] |07 Basns Accesories
W08 Fixed Units
W 09 Sanitary Installations
04 Foors | 761,22' | 1.484.371,93| 13% B 10 Plumbing Installations
W 11 Bectrical Installations
05 Roofs | 654,43| | 1.276.140,00|
06 Doors & Windows | 580,51| | 1.132.000,00|
07 Basins & Accesories | 235,13' | 458.500,00| 1.400,00
1.200,00 ]
08 Fixed Units | 207,28| | 404.200,00| p 1.000,00
% 800,00 —
09 Sanitary Installations | 221,57| | 432.060,70| T 600,00
g 400,00
10 Plumbing Installations | 208,31| | 406.199,00| 200,00 I
0,00
1 Is 04 7 P 1
11 Bectrical Installations | 438,67| | 855.397,00| Foundatitmonre B e amiary Fumbingsctical
os ns  ns ons
Total | 588228| |  11.47043955|

Figure 28

Graph illustrating Totals

The totals graph illustrates the different construction item ena-
bles a comparison between them. This sectionis particularly useful
allowing a global costs approach by construction stage and
comparing the viability of other constructive systems for the same
architectural design.
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Shell & Finishes Sheet

Trade-off Methodolology for Low-Cost Housing Construction Technologies Technology: |Wattle and Daub-Timber Project: Prototype
CENDEP Date: October. 1994 I USDollar: |1.950,00
Outputs Shell & Finishes oc. cusrers
USdollars Sucres
Dollar Rate | 1,00| | 1.950,00|

Budgeting Items

sell | 3784e3| | 7.380.02501] ESel

.
Finishes | 2.007,65| |  4.000.413,64]

Total | 588228 [ 1147043056

6.000,00

5.000,00

4.000,00

3.000,00

USdollars

2.000,00

1.000,00

0,00

Shell Finishes Total

Figure 29

Graph lllustrating Relationship of Shell to Finishes

Using this graph we can compare the relationship between Shell
and Finishes and identify the respective investments in each.

As arule of thumb, for a construction cost of 1.5 minimum monthly
salaries per m2 (see Graph illustrating Relationship of Construc-
fion Cost per m2 to Minimum Monthly Income, p. 35), the propor-
fional costs Shell:Finishes are approximately 60:40.
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Construction per M2 Sheet

Trade-off Methodolology for Low-Cost Housing Construction Technologies Technology: |Wattle and Daub-Timber Project: Prototype
CENDEP Date: October. 1994 I USDollar: |1.950,00
Construction per M2 o0 cuenero
Inputs
House in M2 71,00
USdollars Sucres
Residential Systems | 180,51I | 352.000,00| s
3
Low Cost Systems | 100,00] | 195.000,00' ]
OUtPUts i
Dollar Rate | 1,00I | 1.950,00' Residential Low Cost SystemsProposed System
Systems
Proposed System | 82,85] | 161.555,49'

Figure 30

Graph illustrating Cost per M2 of Construction

Using this graph we can evaluate the system's validity in relation
to other residential construction systems which use conventional
materials such as concrete, block and brick and compare them
to alternative low-cost construction systems used in the region.
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Monthly Salary / M2 Construction Sheet

Trade-off Methodolology for Low-Cost Housing Construction Technologies Technology: |Wattle and Daub-Timber Project: Prototype
CENDEP Date: October. 1994 I USDollar: |1.950,00
Inputs Monthly Salary/ M2 construction
USdollars Sucres ©C. Guerrero
Minimum Monthly Salary | 60,00] || 117.000,00"
S
Outputs 3
USdollars  Sucres  N° Salaries Z
H
Dollar Rate | 1,00] | 1.950,00] =
£
E |
Residential Systems | 180,51I| 352.ooo,oo|| 3,01 I ;§ %:.E
=
Low Cost systems | 10000| | 19500000 | 167 | Resdential  Low Cost SysemsProposed System
Systems
Proposed System | 82,85|| 161,555,49]' 1,38 I

Figure 31

Graph illustrating Relationship of the Cost per m2 of
Construction to Minimum Monthly Income Graph

This graph illustrates the ultimate evaluation criteria for any con-
struction system. Conventionally low-income housing cost has
beenrelated to parameters such as the cost of a bag of cement
or the cost in US$. These parameters do not take into considera-
fion the cost of living in the respective country, which is why this
system refers cost to the parameter of minimum monthly salary.
If a square metre of construction can be built for less than two
minimum monthly salaries, then the system is suitable for popula-
tion with between 1.5 - 3 mmis, if it is less, so much the better.
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budgeting System is summarised in cost per metre square

pertechnology.

In this chapter we show its application in financial terms
fo the income levels of the community, interest rate on loan,
years of payments and monthly payments.

T he information provided from the last chapter statistical-

The reference data used in this chapter has been taken from the
project "Programa de vivienda para el sur de Machala, Ecuador

1993"

Sucres US Dollar
Dollar rate at June 1993 1,950.00 1.00
Minimum monthly income salary 117,000.00 60.00
Total cost of house 11,470,439.00 5,882.28
House floor area: 71.00 m2
Total families involved in the project 250

Two applications are proposed:

1 Graphical Variable Correlations

2 Trade-off Technologies for affordability and cost recovery
Software

Graphical Variable Correlations

Correlations between technological alternatives, afford-
ability, cost recovery and income categories provide a
graphical method.

This graph provides the flexibility of starting from any
entry or variable.

The entries are represented on "X" and "y" axes, the
variables are represented on converging axes.

For the graphicalrepresentation (charts) the software is
based on Claris Cad® version 2.02 and for the anima-
tion on Microsoft Power Point 3.0.

Trade-off Software
e This is a software with five spreadsheets-Charts. They are

interlinked with two input spreadsheets. This software
uses the same information as the graphical variable cor-
relations but provides the exact output figures for each
input.
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Figure 32

Budgeting Svstem

A

Trade-off Graph
pages 42-45

\ B Trade-off Software

N
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Graphical
Variable
Correlations

Technological
alternatives

This graph enables the user to
determine the maximum area
of construction available total
for a set house cost in accord-
ance with the different techno-
logical possibilities available.
The graph as well as the com-
puterized system can be read
by both entries.

Entries
Y axis: M2 of construction
X axis: Dwelling cost

Variables

- Low-cost systems using local
materials (timber, earth, bam-
boo)
We have two opftions: pure
self-help (costs without la-
bour) and costs including la-
bour.

- Low cost systems (brick, con-
crete)
Low cost systems using con-
ventional materials and mini-
mal finishes

- Residential systems
Systems using conventional
materials/processes and me-
dium to high quality finishes.

Affordability

This graph helps determine the
total dwelling cost/monthly
payments in relafionship with
time and tale of interest on the
loan.

The graph as well as the com-
puterized system can be read
by both sides.

Entries

100 T

a0 I

80

House Surface in M2

10 4+

70 NN TR TR AR TR R TR TR R

Technological alternatives graph

Fesidential sylems

—

1060 2000 3000 4000 5000 6000 7000 8000
Total price in US. Dollars

Figure 33

1001

o0 1

80 +—

70 1

Affordability graph

Monthly payments in US Dollars

s TR T e P e EEE P e 1
1000 2000 3000 4000 5000 6000 7000 8000
Total price in US. Dollars

Figure 34
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X axis: Total Dwelling cost
Y axis: Monthly payments

Variables

- Subsidy
50%, 100%, 200%

- Affordability
10% interest over 10 years
10% interest over 15 years
15% interest over 10 years
15% interest over 10 years

Costrecovery

Using this graph, the monthly
income per family in relation to
the different monthly payment
percentages can be deter-
mined. The graph as well as
the computerized system can
be read by both sides.

Entries

Y axis: Monthly payments

X axis: Monthly income per
family

Variables

20% of the income
30% of the income
40% of the income
50% of the income

Income categories

This graph illustrates the per-
centage of the population in
relation to the minimum
monthly income.

Total graphical
representation

The four components are as-
sembled on one graph. This
graph shows the correlation
between the technological al-
ternatives, affordability, cost
recovery and income catego-
ries.

The example used in this graph
is faken from the Ecuadorian
context. The dotted line along
the graph corresponds to pro-

Monthly payments in US Dollars
3

Costrecovery araph

| . | 2 ] . 1 . 1 . L . 1

n |
I . I % 1 % 1 % 1 g k i 1 ' i
50 100 150 200 250 300 350 400

Monthly income per family in US Dollars

Figure 35

.

Income categories graph

Percentage of families who can afford

L L L i L i | n 1 . 1 . ] 5 1

i Lk I y j 5 1 ! 1 ) 1 5 I i 1
50 100 150 200 250 300 350 400

Manthlv Income ner familv in LIS, Dollars

Figure 36
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posal Reference Low-Cost
Housing Design. (pages 5-9)

The dwelling analysed has a to-
tal constructed floor area of 71
m2. With the A constructive sys-
tem proposed. (pages 10-15)

The total price is 5,882 US dol-
lars. (pages 24-31)

We have chosen a credit sys-
tem at 10% interest over a 20
year period, this category of

affordability can be obtained
at a monthly payment of 56 US
dollars.

At $56 per month payment, for
arequirement of 30% of the to-
tal monthly income per family
a minimum income of $185
dollars per month is required.
Equivalent to 4 minimum
monthly salaries as demon-
strated in the graph.

Following the dofted line fur-

ther it shows that the popula-
fion that can afford this pro-
posal is 72 percent.

This system can be adapted to
any geographical and eco-
nomical context by altering the
inputs and variables.

Monthly Income per family
in US. Dollars

400+
350
300 |-
250

200

150 +

Percentage of families who can affokd

3% 8% . 12%
i i 1 | I

729 5
I

Monthly payments
in US. Dollars

E

R P

100 80 8O
House

Surface in M2

WU 11 1
&
(=1

5000

R e ) Een e T |
60 70 80 g0 100

Residential sylems

Total price'in US. Dollars

i) 7
: £ %4 7s
—+7000 %, s, oy,
% 5 % e Q)*%
o
18000 & % B

Figure 37

NOTE

1 In this example the variables used for affordabil-
ity, cost recovery and income categories are to
demonstrate how the model works. In the next part
of this dissertation | will obtain more precise figures

Trade-off Methodology for Low-Cost Housing Construction Technologies

and will test the system with real information.

2 To create part of this graph, the structure has been
taken from "Monographie de projet D'Addis Abeba

& Nazareth, Un programme d'habitat a co0t
modéré, Septembre 1987" GRET Groupe des
Recherches et d'Echanges Technologiques."
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Trade-off
Software

The software is based on
Microsoft EXCEL versions 4.0
and 5.0 for Macintosh and IBM
compatible systems .

The main structure is com-
posed of seven interlinked
spreadsheet charts. The first
two sheefts receive inputs and
the other five produce outputs.

Inputs
Spreadsheet Charts

01 Inputs
02 Inputs

Outputs
Spreadsheet Charts

03 House floor area

04 House floor area with sub-
sidy

05 House total price

06 Monthly payments

07 Family income

In this particular example the
information is provided in US
Dollars, but it is possible to use
any type of currency.

Each Spreadsheet chart has
the project title and date at the
top, and has a graphical rep-
resentation of the most impor-
tant information.

43 The output cellshave
a single outline

The input cells have
a double outline

Trade-off Methodology for Low-Cost Housing Construction Technologies
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Affordability Cost Recovery System DEMO VERSION Project: Demo

Cendep

Date: October 1994

01 Inputs Sheet

Minimum income per worker

Monthly 60,00

Financial Inputs

Years of payments

= N
o o

Interest rate %

Construction technologies Inputs

Proposals Cost per M2

©C. Guerrero

Cost per M2 of construction

300,00

W Wattle and daub-Tmber A
ETmber-Mud brick B

250,00

Wattle and daub-Timber A 82,85 200,00 ERemmed earth-Tmber C
. ) 150,00 Olow-cost technologies
Timber-Mud brick B 88,00 E Residential technologies
100,00
Rammed earth-Timber C 74,00
50,00
Low-cost technologies 130,00
0,00
Residential technologies | 280,00
Figure 39

01 Inputs

This Spreadsheet-chart is the key to the system. The text can be
changed, for example to translate the terms or to use different
consfruction technology proposals. The changes are altered
automatically on all the other sheets, as are the figures in the
cells.

Minimum Monthly Income per worker

In the first cell we input the minimum monthly income per worker
as given by the respective government. If this is not available
we assume a value.

Financial Inputs

The criteria for the years of payments and interest per year is pro-
vided by the financial institution involved in the programme or
project.

Construction Technology Inputs

In this particular example the first three cells use the information
provided from Statistical -Budgeting chapter. The Low Cost Tech-
nologies and Residential Technologies figures are provided from
local construction institutions.

Trade-off Methodology for Low-Cost Housing Construction Technologies Ai



Cendep

Affordability Cost Recovery System DEMO VERSION

Project: Demo
Date: October 1994

02 Inputs Sheet

Min. monthly income salary
Upto1

Between 1 and 2
Between 2 and 3
Between 3 and 4
Between 4 and 5
Between 5 and 6
Greater than 6

Total families
involved in the project

Family income inputs

N° Families $ Range

[ 10 || -60,00 |
[ 13 ||| 610012000 |
[ 46 || [___121.00-18000 |
[ 150 ]| [___181.00-24000 |
|10 || |__241.00-30000 |
[ 13 ]| | 3010036000 |
[ s ][ 36100+ |
250

©C. Guerrero

Income per family

49, 5% 3% 4% 5%

61%

18%

mUp to 1

O Between 1and 2
MBetween 2and 3
OBetween 3and 4
MEBetween4and 5
OBetween 5and 6
B Greaterthan 6

Figure 40

02 Input

This information is required to evaluate (in the following sheefts)
the affordability of the construction technologies for different in-

come levels.

A survey should be taken to determine the number of families in

each income range.

Family Income Inputs
We input the number of families according to income ranges.
The income ranges (right-hand cells) change automatically if the
minimum monthly income per worker input is changed on the 01

Inputs sheet.

Trade-off Methodology for Low-Cost Housing Construction Technologies
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Affordability Cost Recovery System DEMO VERSION Project: Demo
Cendep Date: October 1994

03 House Floor Area Sheet

Inputs ©C. Guerero

House floor area M2 Affordable for % of inhabitants

% of monthly income | 30

forrepayments

100%

W Wattle and daub-Timber A
O Tmber-Mud brick B

B Rammed earth-Timber C
Olow-costtechnologies

80%

60%

40%

H Residential systems

20%

0%

Outputs
Construction House Monthly Total cost of Minimum Affordable for %
Technologies Total price payments house income of inhabitants

Wattle and daub-Timber A | 5.882,35 I—| 56,77 |—| 13.623,83 |—| 189,22 I—| 72% I
Timber-Mud brick B | 6.248,00 I—| 60,29 |—| 14.470,69 |—| 200,98 I—| 72% I
Rammed earth-Timber C | 5.254,00 I—| 50,70 |—| 12.168,54 |—| 169,01 I—| 91% I
Low-cost technologies | 9.230,00 I—| 89,07 |—| 21.377,16 |—| 296,90 I—| 12% I
Residential systems | 19.880,00 I—| 191,85 |—| 46.043,11 |—| 639,49 I—| 3% I

Figure 41

03 House Floor Area Sheet

Inputs

The floor area input in M2 directly affects all the output variables,
facilitating the selection of the most convenient technology.
The input, percentage of income for monthly repayments is re-
lated to total family income per month.

Outputs

This sheet gives the net house costs, monthly payments, the gross
house cost (including interest), the minimum income per family
required to afford each technology, and the percentage of fami-
lies from the surveyed group who can afford it.

Trade-off Methodology for Low-Cost Housing Construction Technologies %8



Affordability Cost Recovery System DEMO VERSION Project: Demo
Cendep Date: October 1994

04 House Floor Area With Subsidy Sheet

In pUtS ©C. Guerrero

House foorareat || 71| Affordable for % of inhabitants
Subsidy %
% of monthly income | 20 100%

forrepayments
pay 80%

B Wattle and daub-Timber A
O Timber-Mud brick B

B Rammed earth-Timber C
Olow-costtechnologies

60%

40%

H Residential systems

20%

0%

Outputs
Construction House Monthly Total cost of Minimum Affordable for %
Technologies Total price payments house income of inhabitants

Wattle and daub-Timber A | 5.882,35 I—| 23,28 I—| 5.588,23 |—| 116,42 |—| 96% |
Timber-Mud brick B | 6.248,00 I—| 24,73 I—| 5.935,60 |—| 123,66 |—| 91% |
Rammed earth-Timber C | 5.254,00 I—| 20,80 I—| 4.991,30 |—| 103,99 |—| 96% |
Low-cost technologies | 9.230,00 I—| 36,54 I—| 8.768,50 |—| 182,68 |—| 72% |
Residential systems | 19.880,00 I—| 78,69 I—| 18.886,00 |—| 393,46 |—| 3% |

Figure 42

04 House Floor Area With Subsidy Sheet

This sheet has the same functions as the House Floor Area Sheet
except that it uses a subsidy rate in lieu of an interest rate (from
01 Input sheet).

Trade-off Methodology for Low-Cost Housing Construction Technologies A)



Affordability Cost Recovery System DEMO VERSION Project: Demo

Cendep

Date: October 1994

05 House Total Price Sheet

Inputs

House total price

Outputs

Construction
Technologies

Wattle and daub-Timber A
Timber-Mud brick B
Rammed earth-Timber C
Low-cost technologies

Residential technologies

©C. Guerrero

5.500,00 House surface
80,00
- 70,00 B Wattle and daub-Timber A
£ 60.00 ETmber-Mud brick B
g 50’00 B Rammed earth-Tmber C
’é 40,00 Olow-costtechnologies
§ 30,00 B Residential technologies
~ 20,00
= 10,00
0,00
House % of menth. inc. Minimum income  Affordable for %
Surface M2 forrepayments per family of inhabitants
ZO%H 265,38 l—l 12% I
Monthly Total cost of house
navments after navments 25% 212,30 I | 72% I
53,08 l—l 12.738,29 30% { 176,92 l—l 91% I
35%% 151,65 l—l 91% I
40%H 132,69 l—l 91% I

Figure 43

05 House Cost Sheet

The information provided on the first two sheets (01 Input and 02
Input), together with the new input on this sheet (total house
cost) produces further detailed outputs and a chart.

Inputs
The input of the total house cost directly affects all the output
variables, facilitating the selection of the most convenient tech-
nology.

Outputs

This sheet gives, for a specified total house cost, the variable floor
areas achievable for each technology, together with the respec-
tive monthly payments, and the gross cost of the house (includ-
ing interest) for each. This sheet also outputs, the minimum monthly
income per family required to pay off this cost and the percent-
age of families from the surveyed group who can afford this cost.
These values vary according to the percentage of family income
dedicated to repayments .

Trade-off Methodology for Low-Cost Housing Construction Technologies A)



Affordability Cost Recovery System DEMO VERSION Project: Demo

Cendep

Date: October 1994

06 Monthly Payments Sheet

Inputs

Monthly payments

Outputs

Construction
Technologies

Wattle and daub-Timber A
Timber-Mud brick B
Rammed earth-Timber C
Low-cost technologies

Residential technologies

55,00

House
Surface M2

©C. Guerrero

House surface

20,00
10,00
0,00

80,00
< 70,00 W Wattle and dafjb-'limber A
£ 60,00 ETmber-Mud brick B
8 5000 mRammed earth-Tmber C
g 40,00 Olow-costtechnologies
O 30,00 EResidentialtechnologies
o
=

% of menth. inc. Minimum Affordable for
for repayments income %

12%

72%

20,00H 275,00
Total cost Total cost of
of house hminn % 25,00% 220,00

72%

91%

INNNN

569935 — 13.200,00 30,00 {18333
xss,ooﬂ 157,14

137,50 91%

Figure 44

06 Monthly Payments Sheet

The information provided on the first two sheets (01 Input and 02
Input), fogether with the new input on this sheet (Monthly Pay-
ments Sheet) produces further detailed outputs and a chart.

Inputs
The input, Monthly Payments affects directly all the output vari-
ables, facilitating the selection of the most convenient techno-

logy.

Outputs

This sheet gives, for a specific monthly payment, the variable floor
areas achievable for each technology, the net house cost, the
gross house cost (including interest), the minimum monthly income
per family required to pay off this cost and the percentage of
families from the surveyed group who can afford this cost. These
values vary according to the percentage of family income dedi-
cated to repayments .

Trade-off Methodology for Low-Cost Housing Construction Technologies A



Affordability Cost Recovery System DEMO VERSION Project: Demo

Cendep

Date: October 1994

07 Income Per Family Sheet

Inputs

Income per family

Outputs

Construction
Technologies

Wattle and daub-Timber A
Timber-Mud brick B
Rammed earth-Timber C
Low-cost technologies

Residential technologies

© C. Guerrero

200,00 House surface
100,00
W Wattle and daub-Tmber A
§ 80,00 ETmber-Mud brick B
é 60,00 EWRammed earth-'ﬁmb.er c
c Olow-costtechnologies
E 40,00 B Residential technologies
é 20,00
0,00
House % of menth. inc. Monthly
Surface M2 for repayments payments
20 40,00
House House total price Affordable for
total nrice aftar navmante o/ 25 50,00
6.217,48 I_| 14.400,00 I_| 72% 30 60,00

35 70,00

40 80,00

i

Figure 45

07 Income per Family

The information provided on the first two sheets (01 Input and 02
Input), together with the new input on this sheet (Income per
Family) produces further detailed outputs and a chart.

Inputs

The input, Income per family affects directly all the output vari-
ables, facilitating the selection of the most convenient techno-
logy.

Outputs

This sheet gives, for a specific income per family, the variable
floor areas achievable for each technology, the net house cost,
the gross house cost (including interest), the percentage of fami-
lies from the surveyed group who can afford this cost and the
respective monthly payments. These values vary according to
the percentage of family income dedicated to repayments.

Trade-off Methodology for Low-Cost Housing Construction Technologies %2



Conclusions

Most developing countries have not yet reached the level of
specialisation that is found in the industrialised countries of the
North, for example Architects usually do their own quantity sur-
veying. Although software quantity-surveying programmes are
available for conventional concrete construction in develop-
ing countries, computer technology has not been applied to
the area of low-cost housing. Ironically, it is precisely the area of
low-cost housing that would most benefit from a rigorous cost-
benefit analysis.

Although housing institutions in developing countries are begin-
ning to use computers for administrative tasks, nevertheless the
whole design process is still carried out manually due to the ab-
sence of user-friendly, easily obtainable and affordable software.
The methodology proposed in this thesis addresses the deficit of
information technology, and the advantages of the proposal
are compared with the weakness of the few existing systems.

Disadvantages of the existing systems

¢ Interminable lists of materials and prices with no clear separa-
fions between the constituent parts of low-cost buildings (e.g..
foundations, walls, roofs etc.)

¢ None of the existing systems incorporate graphical statistical
information.

 Little flexibility to incorporate pre-costed self-build prefabricated
components

¢ No flexibility to take account of rapid inflation which affects
prices from month to month in some developing countries

¢ Does not distinguish between shell and finishes

e Systems are only available for conventional concrete or simi-
lar "modern" construction methods.

¢ Usually the systems are based on data base applications which
are neither user-friendly nor readily available.

* Great volume of information on Hard Disk

e Very expensive

Advantages of the proposed information technology
systems

Integrated Statistical-Budgeting System

e Classification of the building elements with interlinked spread-
sheets.

¢ Theincorporation of statistical graphics such as bar charts and
pie charts which are easily understood even by people with
little training in construction and computer technology.

e Thesystemis structured to incorporate prefabricated elements
(in the Components Workbook).

¢ The system automatically adjusts with respect to interest and
exchange rates.

e Developed principally for construction with appropriate tech-
nologies.

Trade-off Methodology for Low-Cost Housing Construction Technologies A&



e This system is based on Excel, one of the most popular com-
puter applications with versions available in IBM-compatible
and Macintosh systems with immediate compatibility between
the two operative systems.

¢ Can easily be tailored to the specific requirements of every
project and organisation which uses this product.

¢ Uses minimal space in the Hard Disk (300 K)

e Will be distributed at cost price

Trade-off Software

¢ Possesses the same advantages as the Integrated Statistical-
Budgeting System.

e |tis the first software of its type to be developed.

e Enables a real trade-off between different construction sys-
tems, incorporating financial and economic information of
the sector or country of application.

e Extreme flexibility - can also be applied for high cost projects,
be they housing or public buildings.

¢ Vadalid for any geographic and economic context.

The three software packages are currently being tested and re-
fined by organisations and technicians who work with low-cost
housing, and will thereafter be distributed worldwide.

The next steps will be the incorporation of land and infrastructure
costs in the computerised evaluation process, the creation of a
more sustainable financial options like a International Guaran-
tee Fund to facilitate the discussion of housing and sustainable
economic policies.

Habitat Guides as a next Step

In order to establish a source of information that promotes
awareness and understanding of the habitat issues on the
world-wide level we recommend the creation of a Internet
guide that provides current information on housing, water and
sanitation, and low-cost construction technologies throughout
the world.

HOME, The Housing guide may offer information about the
aspects of housing on five continents.

TECHNO, Techno may offers information about low-cost hous-
ing technologies for the construction of habitat throughout
the world.

INFO, The world water guide may offers information about the
aspects of water throughout the world.

Carlos Guerrero
Oxford, September 1994
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Reference Low-Cost Housing Design

Plot and grid plan

Foundations plan

LLayout ground floor plan
Technical ground floor plan
Layout first floor plan

Technical first floor plan

Layout cross section

Technical cross section

Roof structure roof plan

Roof plan

Main elevation plan

Main elevation semidetached plan
Back elevation plan

Back elevation semidetached plan
Right elevation plan

Sanitary installations

Plumbing installations

Electrical installations GF
Electrical Installations FF
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Reinforced above ground

foundations (15x15 cm.)
Concrete Footing
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Frame B
1.60 m
Elements
Elements Quantity Dimention
Element 2  4x8x1.76
Element 1 AxEx113
Element 1 AxBr.ON
s Element 1 4x8x0.70
Element 2 2x&x0.70
Y R
A =
Frame C
Elements
1.00 m Element Quantity Dimention
Element 2 4x5x0.96
Element 2 4x&x113
Element 2 2x&x0.70
Y o

- D70m ™=
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Timber structure: Two pieces
(14x7 cm.) in columns ad beams

Frame (70x220c¢m.)

Bamboo boarding fixed with
nails (11/2") and steel wire (n°
18)

Frame with infill Detail

Horizontal bamboo boarding

Plaster 1:2:4
White cement, lime, sand

Domestic paint 1:4:6:6
Wood glue, resin, lime and water.
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Element A

Element C

Element E

Element G

Element |

Element
Element Tiype Quantity
Element A 12

Element B
Element
Element
Element
Element
Element
Element
Element |

T Q) Mo B O

2

6
2
2
2
2
6
2
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Element B

Element D

Element F

Element H



20 m

M | |1 [
t““J{'— 142m —pop—— 134 m —psb— 106 m —bsk 078 m &

524m
Element
Tru 55 A Element Guantity Dimention
) L. ] = o 1000
o - — WA & ey

Planks 2 2. 24
Flanks 1 26220
Plarks 1 24161 54
Planks 1 2416w1 40
Panks 1 21610
Planks 1 2306080
Planks 2 260,60
Planks 1 216x0.45
Flanks 1 2416x0.40

118m

Ilm%-— 126 m —sd—— 127m ——— 093 m -

37&m
Truss B
LI = 0 103
| [l [l 5
Element
Flements Quantity Dimention
Pianks 2 2x1Gwit 2T
Planks 2 2316378

216070
206118
2xVeD B0
246:0.60
2x1Ex0 45
26040
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15 77 72
15
— 28 —|8[— 28 —|
LT — e
]4— 25 &— 28 -3
175 145 8
69
e
®
Plan
\.
*
e
| —
50
. &
Cross section » L
| FPank 4cm
o Thickness
I .
| =]
Tread Flan

Stairs Detail
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