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CHAPTER I 

INTRODUCTION 

Background for the Study 

The housing problem in developing countries is 

colossal. Solutions to the problem have been plaguing the 

governments of these countries for decades, and it appears 

that there are no easy answers. The causes of the problem 

are basically twofold: explosive demand for housing, 

fueled by fast growing populations and migration into major 

cities of the Third World; and an economically and 

politically restricted supply of affordable buildings and 

materials in the housing sector. 

Today approximately one-fifth of the world's 

population has inadequate shelter and approximately 100 

million have no shelter (United Nations, 1986). The 

problem of housing is of great importance if people 

throughout the world are to have a better cjuality of life. 

Many of the homeless or inadequately housed live in 

developing countries in slums and shantytowns. In Panama, 

Abrams (1964) reported twenty people living in a 15-foot 

scjuare room, as well as people living in doorways or on the 

street, with little prospect of achieving reasonable 

housing. 
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The problems are increasing daily. Demographers 

estimate that by the year 2000 half the world's population 

will be urban even though throughout history over 90% of 

the world's population has consisted of rural dwellers. 

The consequent strain on governments to supply adequate 

physical infrastructure (sanitation, transportation, and 

housing) and social infrastructure (education and medical 

services) is increasing significantly. During the past 20 

years, Latin America has seen a tremendous expansion in the 

size and number of its cities as people migrate to the 

cities in search of a better life. Unforutnately, most of 

the in-migrants to these cities do not realize their income 

aspirations. Their low-income households make up a large 

percentage of the total population. A majority of present-

day Latin Americans, in fact, do not have the economic 

means to afford an adequate dwelling. 

Few workable solutions to Latin America's housing 

problems have emerged in the past few years. Most 

developing-world governments realize the importance of a 

good home environment as a base for nurturing individuals 

and providing for a stable society as a whole. However, 

they also realize that many other needs of their citizens 

must be met—employment, food, clothing, security, health, 

education, transportation, and communication. Thus, when 



prioritizing spending of limited monetary resources, other 

needs sometimes take precedence over housing. 

Housing is important to the social practice and 

institutional framework of a particular culture (Quadeer, 

1980), and as such, governments must support its provision 

in a cultural context. As one of the basic necessities of 

life, shelter provides for sociological, psychological, 

cultural, physical, and economic needs and in different 

societies provides for these needs in vastly differing 

ways. "The conditions in which people live determine to a 

great extent their health, well-being and ability to engage 

in gainful occupation, to pursue self-improvement through 

education and recreation and, in consequence, to attain a 

better standard of living" (United Nations, 1986, p. 47). 

Statement of the Problem 

Present-day Latin American governments are hard 

pressed to provide solutions to their housing problems. 

Early attempts at providing the poor with traditional 

housing units constructed from modern Western materials 

failed, partly because of the facts of basic arithmetic: 

often a country's resources could not equal the tremendous 

need for housing units. Failure has also been rooted in 

the disinclination of governments to recognize that their 

supposedly "improved" environments were not meeting the 



social, psychological, economic, or cultural needs of the 

people. Many Third World governments are still trying to 

plan and build cities which only exist in the minds of 

politicians, scientists, and engineers (Rodwin, 1987). 

Overdesigned public housing units are promoted under the 

mistaken notion that solid houses are the definitive answer 

to housing the masses. It might be argued that governments 

do not seem to realize that giving people access to 

employment and services, and elevating their self-esteem by 

giving them some voice in their own housing development, 

are worth far more in the long run in terms of housing 

satisfaction. 

Late in the 1970's, a shift in housing policy occurred 

in many developing countries which allowed families to be 

responsible for the construction of their own housing. 

Governments realized that personal participation in low-

income shelter was more desirable than spending scarce 

resources on housing settlements. Though quick-built 

housing techniques continue to be a pressing need, 

governments are arriving at the conclusion that it is not 

merely basic construction and materials which make 

successful housing; insteadi success derives from a whole 

scheme of social, political, psychological, and economic 

phenomena. The productive possibilities of a country—its 

resources in materials and skills and transportation 



systems—are being increasingly probed in order to identify 

innovative and economical materials for housing. 

One answer to improved housing may lie in the 

resurrection of indigenous architecture—buildings which 

rely on available materials and on the traditional building 

skills of the people of the area; buildings which do not 

require costly imported materials, extensive transpor

tation, and consequent overspending of the national 

budget; buildings in which meeting climatic requirements 

has been a consideration; and, more importantly, buildings 

which do not sacrifice human freedom and dignity by their 

very being. Bridging the gap between traditional archi

tectural methods and materials and the "international 

ugly" (Farrelly, 1984, p. 116) which has replaced them is 

the concern of many development experts. Fry (1964, p. 23) 

illustrates this dilemma with South Nigerians thusly: 

[They] built mud-and-thatch huts that suited their 
village needs; they wove grass mats of astonishingly 
dignified design; and used decorated calabash vessels 
in great variety. These skills were an integral 
part of their tribal or village life, and the loss 
of personal identity in turning from thatch to 
corrugated iron, from earthen pot to mass-produced 
pan, and handwoven or printed cloth to machine-made 
leaves them, as it were, with their hands empty, 
unable to express themselves and release their 
personalities in creative occupations. 

When alien materials and methods are introduced, local 

traditions "wither away, customs are displaced by trends, 

and the vernacular perishes" (Rudofsky, 1977, p. 13). 



According to Rudofsky, life is impoverished for indigenous 

people as traditional customs disappear. 

Throughout history vernacular, or indigenous, housing 

has permitted the use of natural and renewable resources. 

This type of housing has provided for the distribution of 

work in all parts of the economically active population, 

maximized architectural design which has been verified 

through the centuries, and provided that the informal 

sector would be dynamic actors in the development of their 

own housing (Agency for International Development, 1985). 

With these characteristics, interior and exterior archi

tecture then becomes a "visible and permanent expression 

of the character of a community" (Fathy, 1973, p. 45). 

One of the indigenous materials which may be utilized 

in modern-day housing is bamboo. According to Colombian 

architect Oscar Hidalgo (1978, p. 27), bamboo is the "wood 

of the poor" and has the most diverse uses of any con

struction material. It has been a popular material for 

several reasons: it is plentiful and inexpensive in 

certain areas; people are able to construct their own 

housing using only simple tools; traditional skills and 

methods can be used for bamboo house construction; it is 

easily harvested and needs no finishing before use; housing 

of bamboo is easily built, well-ventilated, sturdy, and 

earthquake resistant; and it can be used in all aspects of 



building (except fireplace and chimney) from foundation 

posts, framing and walls, to roof tiles, doors and windows, 

and furniture (United Nations Centre for Human Settlements, 

n.d.) . 

Recently the use of bamboo in low-income housing 

construction has gained momentum. In six Latin American 

countries, projects are underway to select varieties of 

bamboo and to determine how they can be used in housing 

(McClure, 1981). One of these projects is being developed 

in Costa Rica and is outlined in the 1987 United Nations 

Centre for Human Settlements (HABITAT) Project Information 

Report. HABITAT and the Ministry of Housing of Costa Rica 

are collaborating on a three-year, three-phase project 

which is being funded by the government of the Netherlands. 

Phase One, begun in late 1988, involves the culti

vation of Bambusa quadua which is not native to Costa Rica 

but does grow in Colombia and Ecuador. By 1992, a total 

of 700 hectares (1,729 acres) will have been cultivated in 

test plots in different areas of the country: 150 hectares 

(371 acres) in Guapiles, 400 hectares (988 acres) in 

Arenal, and 150 hectares (371 acres) in Golfito. Two 

hundred hectares (494 acres) will be cultivated as part of 

the United Nations Project, and 500 hectares (1,235 acres) 

funded through a loan from the Central American Bank. 

Estimates are that bamboo will be ready for use in housing 



construction seven years from initial planting (Gutierrez, 

1989). 

Phase Two, which began in May of 1988, involves the 

construction of 500 new low-income dwellings and the repair 

of 50 dilapidated and inadequate dwellings using both the 

native cana brava and Bambusa vulgaris. Families chosen 

for the project are residents of all six regions of Costa 

Rica: South Pacific, Central Pacific, Guanacaste, Central, 

Atlantic Coast, and North Atlantic Coast. The first 93 

houses were built in southern Costa Rica in the Indian 

communities of Terraba, Curre, and Boruca. The remaining 

houses are being constructed in Coyolar, San Francisco, 

Paso Agres, Lagunillas, Salinas, and R^o Banano (Gutierrez, 

1989). Figure 1.1 illustrates locations of construction 

and cultivation for the project. 

Phase Three involves the training of the 550 families 

in the use of cana brava and Bambusa vulgaris, in the 

cultivation of bamboo, and in house construction methods. 

Self-help construction methods are being promoted for this 

project. The training is planned to occur simultaneously 

with construction of the houses. Technicians working for 

the Costa Rican National Bamboo Project assigned to and 

living in each of the communities are available to work 

with families at each stage of the construction and to 

oversee the total project. It is hoped that use of bamboo, 
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combined with modern-day technology, will improve the lives 

of poor families by providing them with more substantial 

and adequate housing. 

Statement of Need 

Winston Churchill's statement that "never in urban 

history did so many of the poor do so much with so little; 

and never before did so few of the rich do so little with 

so much" would apply in the context of today's worldwide 

housing problem. Appropriate economic housing policies can 

assist the poor in solving their own shelter problems, 

while preventing the bureaucracy from insisting on 

socially, culturally, and technologically inappropriate 

solutions. Stated succinctly, "A country must choose 

between building for the few and demonstrating little, 

building for the many and exhausting its resources, or 

providing for the many with a minimum outlay" (Abrams, 

1964, p. 180). The first of these options is the easiest 

for the bureaucracy and the most quickly implemented, but 

the third appears to hold more promise for the future of 

Third World housing. Since government housing projects 

never satisfy the demand for housing and usually are beyond 

the means of the very poor segments of a population, there 

could be worldwide implications for the well-being of 

millions of poor families if governments can be convinced 
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that bamboo is a viable and acceptable construction 

material. 

As housing costs and needs escalate, governments will 

increasingly appreciate and promote indigenous materials 

and methods to provide shelter for their people. Oppor

tunities for reviving indigenous methods of developing 

shelter are being lost in many countries today as imported 

construction technologies and materials replace indigenous 

ones. More knowledge of and exposure to these methods and 

materials, particularly bamboo, will assist housing devel

opment professionals in understanding how these altered 

construction methods can improve housing in various ways. 

Objectives 

This research study proposes to identify and evaluate 

the physical design elements and social/cultural conditions 

which contribute to and impact the use of bamboo as an 

indigenous construction material for housing in three 

Indian communities within Costa Rica: Terraba, Curre, and 

Boruca. The following objectives were established to 

address the research problem: 

(1) Identify characteristics of bamboo housing in a 

special developmental project sponsored by the Costa Rican 

Ministry of Housing and the United Nations Centre for Human 

Settlements (HABITAT). 
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(2) Analyze and evaluate interior and exterior design 

aspects of the housing project based on cultural/social 

parameters. 

(3) Analyze and evaluate interior and exterior 

design aspects of the housing project based on physical 

parameters. 

(4) Analyze and evaluate interior and exterior 

design aspects of the housing project based on economic 

parameters. 

Research Questions 

To assist in defining the specific objectives of this 

investigation, the following research questions will be 

addressed: 

(1) What are the physical characteristics of bamboo 

housing in the special developmental project sponsored by 

the Costa Rican Ministry of Housing? 

(2) Has the design of bamboo houses been culturally/ 

socially acceptable to the families who are the benefici

aries of these houses? 

(3) Has the design of bamboo houses been physically 

acceptable to the families who are the beneficiaries of 

these houses? 

(4) Have bamboo houses been economically acceptable 

to the families who are the beneficiaries of these houses? 

12 



Limitations 

The study was limited to the examination of 45 of the 

first 93 houses built as part of the Costa Rican National 

Bamboo Project. These houses were constructed between May, 

1988 and December, 1989 in the Indian communities of 

Terraba, Curre, and Boruca in the southern part of Costa 

Rica. Additionally, the investigation was limited to 

interviews with National Bamboo Project officials and 

occupants of the 45 houses and to observation and analysis 

of the houses themselves. 

Because all of the houses studied were constructed in 

Indian communities, the validity of the results as applied 

to bamboo housing constructed in non-Indian communities may 

be limited. 

Although the process of self-construction had been 

underway for nine months, each of the 45 houses studied had 

been occupied for between one week and 16 weeks when the 

study was conducted. Families may not have had time to 

comprehensively assess feelings concerning the new dwelling 

in that length of time. 

Additional limitations to this study involved the 

problems of doing research in another language. 

Difficulties with translation may at times have caused 

inaccuracies. There may also have been some cultural 
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reservation on the part of the project beneficiaries in 

working with an outsider. 

Definition of Terms 

The following definitions are used to clarify terms, 

concepts, and principles of this study. 

Baharecme—Wattle and daub construction in which a 

bamboo frame (wattle) is coated with a mud or mud/straw 

(daub) mixture. 

CONAI—Comision Nacional de Asuntos Indigenas 

(National Committee for Indigenous Affairs). Costa Rican 

organization responsible for overseeing Indian affairs. 

Cottage industry—A relatively small-scale business 

operation conducted from the home. 

Cuadrilla—Term used by the Costa Rican Bamboo 

National Project for a house construction work group 

composed of four to five families whose new bamboo houses 

would be in close proximity to each other. 

Culm—The stem of the bamboo plant that emerges from 

the underground rhizome and bears branches. 

Embutido—A type of wattle and daub construction in 

which three-inch wide bamboo strips are nailed on both 

sides of a bamboo frame (wattle) and the cavity filled with 

mud or a mud/straw mixture (daub). 
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Esterilla—Method of opening culms of bamboo into 

flat boards by splitting the culms open lengthwise. 

HABITAT—United Nations Centre for Human Settlements. 

Organization within the United Nations system charged with 

responsibility for promoting, through projects of technical 

cooperation, the development of human settlements on a 

worldwide basis. 

Hectares—A metric unit of surface measure; one 

hectare = 2.47 acres. 

High architecture—Characterized by buildings 

designed by professional architects and built by teams 

of specialists. 

Indigenous—Existing, growing, or produced naturally 

in a region or country; native to a country. 

Informal sector—That sector of the economy in 

developing countries which is not part of the organized 

modern economy; usually associated with the poor segments 

of a population. 

Lamina—Corrugated galvanized steel roofing used in 

many low-income houses throughout the world. 

National Bamboo Proj ect—A comprehensive five-year 

project in Costa Rica involving cultivation of bamboo, 

construction of bamboo houses, training in methods of 

bamboo construction for low-income families, and research 

and development of bamboo technologies related to housing. 
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The project is endorsed by the Costa Rican government 

through the Ministry of Housing and Human Settlements, 

Ministry of Planning and Economic Policies, and Ministry 

of Foreign Relations and is funded by donations from the 

Government of the Netherlands (administered through the 

United Nations Centre for Human Settlements-HABITAT) 

and the Central American Bank for Economic Development. 

Node—The joint between hollow segments of a bamboo 

culm, branch, or rhizome. 

Popular architecture—Characterized by buildings 

designed and built by householders with the assistance of 

relatives and friends. 

Rural restoration—Improvement of economic, social, 

cultural, and physical aspects of rural life as a means 

of stemming out-migration to urban areas. 

Self-help construction—The use of a family's skills, 

labor, or organizational abilities in the construction 

and/or improvement of its own shelter. 

Traditional architecture—Buildings produced by 

tribal societies studied by anthropologists. 

Vernacular architecture—Native to a country; built 

using traditional designs and materials by local tradesmen 

with the input of the homeowner. 

Wattle and daub—Supporting members of a building 

composed of woven sticks or branches, the interstices of 
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which are filled with mud or a mud/straw mixture. 

Zocalo—Type of construction in Costa Rica where the 

lower three feet of a wall are constructed of concrete 

blocks and the upper wall of wood strips. 

Summary 

The research problem of this study was to identify 

and evaluate the physical, social/cultural, and economic 

aspects of bamboo as an indigenous housing construction 

material in Costa Rica. Physical design aspects of bamboo 

housing were analyzed, the success of the housing project 

evaluated, and recommendations for improvement of bamboo 

housing design proposed. 

The background of the problem, statement of need, 

research questions and limitations of the study were 

discussed in this chapter. In addition, terms to be used 

throughout the study were defined. 

Chapter II presents the framework for studying the 

research problem in the context of related literature. 

Chapter III describes the procedures utilized in the study. 

Chapter IV presents research findings. Chapter V provides 

interpretations of results, conclusions drawn from these 

results, recommendations for the utilization of bamboo in 

low-income housing in the Third World countries of Latin 

America, and recommendations for further study. 
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CHAPTER II 

REVIEW OF LITERATURE 

History of the Latin American Settlement 

System 

The housing problems of today's Latin American 

countries can be understood better in the context of the 

settlement system imported to the New World by the Spanish 

and Portuguese conquerors during the sixteenth and 

seventeenth centuries. Modern day rapidly growing 

metropolitan areas and diminishing rural areas are a direct 

outgrowth of that system. Almost without exception, these 

metropolitan centers were also leading urban areas during 

the colonial period. The cities of the New World were 

settled in an effort to concentrate the political and 

economic activities of the area. The first colonial cities 

provided the framework for further settlement and served as 

a visual reminder of the conguest (Lerup, 1977). 

In 1573, Philip II of Spain proclaimed Las Bulas y 

Cedulas Para el Gobierno de las Indias (Laws of the 

Indies), a blueprint for city planning in Spanish America 

directly based on the Roman architect Vitruvius' 

regulations for Roman colonization and building programs in 

Spain (Violich, 1987). The Laws were an excellent example 
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of behaviorist theory in architectural planning inasmuch as 

they reinforced the belief that "the physical is a mold of 

the social" (Lerup, 1977, p. 48). The "behavioralist" 

goal of the Spanish crown was to develop a perfect fit 

between people and their physical setting (Lerup, 1977, 

p. 18). Thus architecture became a tool, serving people's 

utilitarian needs—"architecture as equipment," according 

to Lerup (1977, p. 19)—as well as the Crown's ideological 

purposes. 

The Laws of the Indies provided first for the 

establishment of a central plaza as the hub of the 

settlement from which a gridiron arrangement was to spread. 

The grid was, and is, a symbol of a well-planned, well-

organized, functional city. Today, increasing population 

density is one of its problems. Four streets were to come 

to the middle of the sides of the plaza and two streets to 

meet at each of its corners. "The four corners of the 

plaza are to face the four points of the compass, because 

thus the streets diverging from the plaza will not be 

directly exposed to the four principal winds, which would 

cause much inconvenience" (Lerup, 1977, p. 50). 

From the very beginning, the main plaza was important 

commercially, politically, socially, and religiously. 

Surrounding the plaza were to be a church (taking an entire 

block), houses of government, and a hospital for the poor. 
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No lots surrounding the main plaza were to be used for 

private individual housing. Remaining lots, further 

removed from the plaza, were distributed by lottery to 

settlers (Spanish, not Indian) entitled to build close to 

the main plaza, allowing for the development of social 

hierarchies and a fusion of power between the Spanish 

royalty, religious authorities, and the military. Social 

and political status was granted to the colonists since the 

farther one's residence from the central plaza, the lower 

one's status. Similarly, the roots of today's system of 

primal cities have emerged from this aspect of the colonial 

system, inasmuch as the farther the village from the 

viceroyal capital, the lower was its administrative and 

economic status. Perhaps even the modern-day preference by 

Latin Americans for urban life can be traced to these 

colonial beginnings. 

Private housing, according to the Laws of the Indies, 

was to be built to enjoy north-south breezes and be sturdy 

enough to resist attack. Dwellers had little freedom of 

design; discipline and order were total. "Settlers are to 

endeavor, as far as possible, to make all structures 

uniform, for the sake of the beauty of the town" (Lerup, 

1977, p. 53). An elite, Mediterranean architecture was 

preferred, even though it made little allowance for ingenu

ity or creativity in housing design. "Architecturally, 

20 



[the colonial city] is...sophisticated, with its web of 

streets and plazas, monuments, buildings and houses, but 

it remains lifeless" (Lerup, 1977, p. 72). Emphasis was 

placed on private housing—the "casa-patio" (courtyard 

house)—which limited social life beyond the private home— 

an emphasis which is still retained today (Segre, 1981; 

Rapoport, 1969). Some writers question whether this is a 

true manifestation of the Indo-American culture or whether 

it was a condition imposed centuries ago by the colonial 

masters (Segre, 1981). 

During the colonial period in Latin America, local 

materials were often used for construction by the settlers. 

In Guatemala, for example, during the sixteenth century, 

wattle and daub was the most commonly employed construction 

method. The fact that there were no churches in the curate 

of Jutiapa, Guatemala, built of permanent materials 

illustrates this fact. All were baharegue construction. 

Because the Spaniards realized that it made durable 

roofing, thatched roofs were common (Markman, 1966). Thus 

began a new type of architecture, neither Spanish or Indo-

American, as indigenous building methods and materials were 

combined with those of the European conquerors. 

During the Industrial Revolution, many materials were 

exported to the colonies, among them building materials 

such as cast iron, since European manufacturers needed new 
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markets. Imported materials became integral parts of the 

accepted architectural tradition. Sheet metal roofing was 

one of these materials which gained status in the minds of 

indigenous peoples and is widely employed today in house 

construction. In Peru, in the Altiplano, galvanized iron 

is replacing thatch and tile roofs, even though it is less 

comfortable, due to interior heat buildup, and less 

pleasing in appearance (Rapoport, 1969). These and other 

new materials produced a new type of architecture which was 

deemed suitable for government buildings and governors' 

dwellings which "met the special needs of pioneer 

colonialism so successfully" (Atkinson, 1969, p. 548). 

During the seventeenth century, more durable materials 

such as brick and tile began to be introduced for house 

construction. It was a "mark of progress to install tile 

roofs for thatch roofs were associated, as they still are, 

with the 'inferior' Indian culture" (Markman, 1966, p. 23). 

During the early years after independence, the use of wood 

in construction diminished, brick and tile industries 

boomed, and cement replaced lime in mortar for foundations. 

Houses of the elites were constructed from these 

materials, while those of the masses were still built from 

adobe or reeds and mud with thatched roofs. Housing built 

from the materials of this latter group predominates in 

parts of modern-day Latin America although it has the 

22 



stigma of being "lower class." Segre (1981, p. 161) 

states: "huts of adobe plastered with mud and reeds and 

shacks of boards and palm leaves testify to the Quechua, 

Mayan, Amazon or Taino background of their inhabitants." 

Rigid social structures were also imported from 

colonial Europe. They formed the basis for an architec

tural dualism between high and popular architectures which 

continues today and hinders progress toward solutions to 

urban housing problems. The demands of the elites for 

Western standards in housing come from this colonial 

legacy. Colonial elites, at least by the 17th century, had 

housing far better than that of the masses in terms of size 

and materials. This trend toward use of imported materials 

continued after independence, as Latin America's new 

leaders diverted their country's resources to build a style 

of housing which would distinguish between their class and 

that of the masses. The construction materials and housing 

forms chosen, in their minds, all indicated prestige: tile, 

brick, and concrete, versus adobe, thatch, and wattle and 

daub. More substantial painted dwellings of concrete or 

stone with balconies or grilles indicated higher status or 

higher income even though they were less comfortable—being 

hot in summer and cold in winter (Rapoport, 1969). Today, 

in Latin America, double story and painted dwellings of 

concrete or brick continue to indicate status. It does not 
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matter that underdeveloped countries cannot supply all of 

these materials locally. They are often used with the idea 

that they are automatically better. Until recently, even 

if the raw products existed from which to manufacture 

construction materials, no means of processing them were 

available within Latin America. Nor did indigenous 

building skills play a part in 19th and 20th century 

housing construction. These skills were lost during the 

colonial period as the skills of industrialized countries 

were substituted (Murison, 1979). The new construction 

techniques, however, were alien and only an educated, 

skilled class (largely non-existent in Latin America) could 

handle the technical aspects. No attempt was made to 

modify these techniques to the new Latin American 

environment, to a new cultural setting, or to the existing 

economic situation (Mabogunje, Hardoy, and Misra, 1978). 

Money to pay for the new methods and materials of 

construction was controlled by the elites, and funds 

desperately needed for low-income housing were used to pay 

for imported items. Today the monetary deficit of most of 

the Latin American countries is staggering and imported 

materials are an economic luxury. It must be stated, 

however, that Latin American countries are industrializing 

to the extent that most building materials are now 

available within a country. In providing and promoting 
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these materials, governments, sporting vestiges of colonial 

values, have tended to disturb the environment, to break 

cultural traditions, and to cause a feeling of social 

inferiority among those who still cannot afford such 

materials for their housing. 

The Costa Rican government. United Nations Centre for 

Human Settlements (HABITAT), and the government of the 

Netherlands are undertaking a project which may change the 

dependence of Latin American governments on imported 

construction materials. The project involves the 

construction of low-income housing using bamboo, indigenous 

to many Latin American countries, as a principal building 

material. It also promotes self-help construction using 

traditional skills, resurrecting a tradition of family 

involvement in housing which has been neglected in recent 

years. 

Indigenous Housing 

Indigenous building systems account for much of the 

housing in developing countries, but it appears that in 

Latin America the potential of indigenous systems has been 

neglected. Indigenous techniques were first replaced by 

the Spanish conquerors and later by Western methods which 

were often inappropriate to local conditions and needs 
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(Mabogunje, et al., 1978; Murison, 1979; Rapoport, 1969; 

Segre, 1981). 

According to Rapoport (1969), indigenous, or folk, 

building is the direct and unself-conscious translation 

into physical form of a culture's needs and values. 

Included within the indigenous tradition in housing are 

traditional and vernacular buildings which have been built 

for centuries with little monetary cost, without imported 

materials, using existing skills, and with renewable 

resources. In contrast to this indigenous architecture, 

buildings of the "grand design tradition are built to 

impress either the populace with the power of the patron, 

or the peer group of designers...with the cleverness of the 

designer and good taste of the patron" (Rapoport, 1969, 

p. 2). They represent the culture of the elite few in a 

country, those promulgating the designs and traditions of 

the Spanish colonial rulers. 

Modern Western cultures build less well, compar

atively, than their primitive counterparts because they 

ignore or underestimate environmental forces with which 

they must contend (Rudofsky, 1964). On the other hand, 

even compared with the modern technology available, 

indigenous architecture shows a high level of environmental 

adaptation. It illustrates the fact that the builders had 

an excellent knowledge of climatic conditions as well as 
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knowledge of the characteristics of local building 

materials (Fitch and Branch, 1960). Vernacular buildings 

are built by people using their intelligence, abilities, 

and resources to the fullest. They lack aesthetic 

pretension, work well with the climate and the site, 

respect the environment, and are the result of generations 

of cultural experience (Rapoport, 1969). 

Traditional solutions to architectural problems were 

being employed before modernday technology "invented" 

them. According to Rudofsky (1964), prefabrication, 

standardized building components, movable structures, floor 

heating, air conditioning, and control of light and other 

elements were already in use previous to the emergence of 

architecture as a discipline. Thus "there is much to learn 

from architecture before it became an expert's art" 

(Rudofsky, 1964, p. 4). 

The advisability of utilizing indigenous materials and 

skills as part of a system of cottage industries in the 

hinterlands of developing countries is outlined by Murison 

(1979) . He states that the process of development and 

modernization would be aided because: 

(1) The existence of employment outside urban 

areas would tend to limit urbanization. 

(2) Building industries could be supplied with 

much needed building materials. 
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(3) Transportation systems necessary for movement 

of these materials would tend to link rural and 

urban areas with cities, bringing more people 

within reach of the city, but at the same time 

making the city less desirable as a place to live 

since its advantages would be more accessible. 

(4) Separation from urban friends and relatives would 

be less for those wishing to remain in rural 

areas working the land. 

(5) The contrast in standards and level of living 

between urban and rural areas would be less 

extreme. 

Resurrection of the use of several indigenous 

materials, one of which is bamboo, could re-establish a 

more suitable popular architecture (Farrelly, 1984). 

Bamboo: An Indigenous Construction 

MateriaT 

Bamboo Housing Through the Centuries 

Bamboo has been, and is, a traditional building 

material in rural areas and villages throughout the world. 

"More people live in bamboo buildings than in houses of any 

other material," says the United Nations Centre for Human 

Settlements (n.d.). Many of the structural forms and 

elements that are employed today in architecture have their 

origin in traditional houses of bamboo construction found 
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in India, China, and other countries. For example, bamboo-

framed cupolas were built centuries ago in India and that 

housing form was repeated later in the construction of the 

domes of the Taj Mahal (Hidalgo, 1978). Traditional houses 

have a relatively short life span, as a rule, but their 

styles persist and many of them are still being constructed 

(Van Dine, 1977). 

Some of the houses show "great daring and elegance" 

(Rudofsky, 1964, p. 126), particularly in the Far East and 

Pacific regions of the world. Beach houses (constructed on 

the ground) and bush houses (raised off the ground) in the 

Solomon Islands of the Pacific have used such indigenous 

materials as ivory nut leaf, bamboo, bush poles, betel nut, 

and vines for centuries. These climatically designed 

houses were planned to collapse under cyclonic conditions. 

Much needed ventilation in this wet tropical region was 

achieved through the use of split-bamboo-low-ventilating 

walls sheltered by eaves and by drawing air from the 

outside through slatted walls and expelling it through a 

bamboo-ribbed ridge (Kahn, 1978). 

In Latin America, particularly in Peru, Ecuador, and 

Colombia, where some rural construction has remained the 

same since before the Spanish conquest, bamboo has been 

used for centuries in walls, light-weight ceilings, tiles, 

and matting (Hartkopf, 1985). Guadua bamboo (Guadua 
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angustifolia) has long been the most common material for 

low-cost housing in Colombia and Ecuador. Its cost is 

approximately one-third that of wood. Centuries ago bamboo 

kiosks were used for housing in rural Colombia. They were 

constructed with a conical roof and were 20 feet in 

diameter. The walls were made of esterilla. Later these 

kiosk structures were used for community buildings and 

recreation (Farrelly, 1984). Spanish settlers also used 

guadua for many things—house construction, furniture, 

utensils, containers, piping, hooks for hanging items, and 

fences. Unfortunately, this very useful guadua bamboo is 

disappearing in several Latin American countries because of 

the clearing of land to establish pasture and cultivated 

fields. 

Arundo donax is a plant similar to bamboo that was 

native to Europe and introduced into the New World by the 

Spanish in the 16th century. Baharegue walls constructed 

with this species remain sound for many years. Some can 

be seen in ceilings 40 to 50 years old, outlasting wooden 

rafters (Farrelly, 1984). 

Geographical Distribution of Bamboo 

Bamboo is well distributed in tropical, subtropical, 

and mild temperate regions of the world with most species 

found in southeast Asia and the islands of the Pacific and 

Indian Ocean. It grows from sea level to altitudes of 
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about 13,000 feet if conditions allow (McClure, 1981). In 

the Western Hemisphere some 200 species of bamboo are found 

from the southern United States to Chile and Argentina. In 

this area of the world, bamboos of greatest use in housing 

form the genera Guadua and Chusquea (McClure, 1981) . Some 

of the best known species are Bambusa vulgaris, Chusguea 

spp., Guadua aculeata, Guadua aroplexifolia, Guadua 

ancrustifolia (best known and most versatile species of the 

genus), Guadua superba, and two woody grasses: Arundo 

donax and Gynerium saqittatum (McClure, 1981). 

Housing Components of Bamboo 

Bamboo has several characteristics which make it 

useful for construction purposes: 

(1) The culms are of a size and shape to make 

handling, storing, and processing convenient. 

(2) Bamboo has a high strength to weight ratio 

because of its hollow culms with rigid cross walls (See 

Figure 2.1). "Fibers of greatest strength occur in 

increasing concentration toward the periphery of the plant 

[while] the center is hollow" (Farrelly, 1984, p. 142). 

In Puerto Rico, experimenters testing Bambusa tulda found 

that 52,000 pounds per sguare inch were reguired to break 

it (Farrelly, 1984). 

(3) Bamboo can be used in whole culms, split 

lengthwise, pressed flat (esterilla), or woven. 
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Figure 2.1. Lower culm, Arundinaria fastuosa. 

Source: Farrelly, 1984, p. 141. 
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(4) Its grain makes it easy to cut into short lengths 

or to split into strips; and only simple tools are required 

to work the culms. 

(5) The surface of bamboo is naturally hard, clean, 

and smooth, and there is no bark to remove (McClure, 1981). 

(6) Bamboo has great elasticity and, in comparison to 

wood, does not contract and expand with changing humidity 

(Engel, 1964). 

In construction, bamboo can be employed in various 

elements of the house: 

Foundation. Because of the possibility of rot and insect 

infestation, it is not recommended that bamboo be used in 

foundations where it will come into direct contact with the 

ground. Other more durable materials such as stone, brick, 

or concrete should be used for this purpose (United 

Nations, 1972). Where untreated bamboo has been used, the 

life expectancy has been two to three years. However, 

McClure (1981) found that the life of bamboo could be 

extended by applying the preservative pentachlorophenol to 

the bamboo frame. If it can be afforded, house frames are 

more often made of materials other than bamboo. Heavy 

timber with a compact texture (hardwoods) is desirable 

because it allows a more rigid construction than does 

bamboo. Some woods are also more resistant to rot, fungi, 

and insects (McClure, 1981). Where bamboo posts are used, 
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culms should have a large diameter and thick walls with 

closely spaced nodes in order to prevent bending. 

In earthquake-prone areas of the world, bamboo framing 

has advantages since it seems to absorb the effects of 

guakes and may last longer than other types of housing. 

This feature of bamboo is being exploited in Guatemala 

where a housing project emphasizing guakeproof construction 

is underway with use of indigenous materials and 

traditional skills (Farrelly, 1984). Since bamboo is 

lightweight, it is less likely to be damaged, and it yields 

to vibrations without collapsing. A closed frame 

construction with "horizontal connecting members for the 

columns at foundation level" is used, along with diagonally 

braced walls and partitions anchored to vertical and 

horizontal struts (Farrelly, 1984, p. 104). 

Hidalgo (1978) proposed a prototype of an A-frame 

coffee storage and drying house for Colombia using a 

bamboo framework. This prototype was also the basis for 

design of an A-frame rural dwelling, again using bamboo. 

Since stiffness and strength are important features of 

a house frame, only the lower parts of bamboo culms should 

be used in construction. The nature of bamboo dictates 

that nailing cannot be used because it splits and weakens 

the structure; however Guadua and Chuscfuea species are 

exceptions to this rule. Bamboo is usually joined by 
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lashing with soft iron wire, vines, split bamboo, or rattan 

(McClure, 1981). 

Walls. Many methods of using bamboo in the construction of 

walls are employed by the indigenous builders of Latin 

America. Three of the most popular methods are: 

(1) Baharegue, a type of wattle and daub construction 

in which a bamboo frame is coated with a mud/straw mixture 

applied to the surface of a structure. The walls are then 

whitewashed. Embutido is a variation of bahareque in which 

bamboo strips are fixed horizontally to both sides of 

hardwood or bamboo posts. This frame is filled with stones 

or earth or a mixture of the two (Rubbo, 1977). 

(2) Quincha, a sprung strip construction in which 

flexible strips of bamboo are woven together to provide a 

base for the mud/straw plaster which is applied over it 

(McClure, 1981). 

(3) Unfinished bamboo poles are used in the lowest 

cost constructions. Whole culms or flattened culms 

(esterilla) may be used. 

Interior walls can be made of woven bamboo matting in 

order to allow for maximum ventilation. Ceilings may also 

be covered with such matting, although it inhibits 

ventilation and dispersal of smoke from cooking fires. 

Doors/windows. Frames may be made of hardwood or bamboo. 

Door panels themselves may be of woven bamboo matting or a 
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panel of bamboo culms set into a frame. 

Roof. Roofing is the most important and expensive element 

in housing. The cost of the roof may be as much as 50% of 

the total construction expense. It provides critical 

protection from the environment and thus must last a 

reasonable time under adverse conditions. The roof is 

critical to the shelter, thermal comfort, privacy, and 

sometimes even status of the occupants (National Academy of 

Sciences, 1974). 

Tile roofs were introduced during the colonial period 

in the New World and have become a status symbol in many 

areas. These tile roofs were adeguate in Spain where there 

are no earthquakes, but in Latin America where many quakes 

occur, this type of roofing, because of its weight and 

tendency to fall, is dangerous (Hartkopf, 1985). Many 

developing countries import galvanized iron and other metal 

covering materials for roofing, but they are often too 

costly for low-income housing and do not really solve the 

roofing problem of tropical climates. "In hot climates... 

the heat absorbed by metal roofs converts homes into ovens" 

(National Academy of Sciences, 1974, p. 2). In addition, 

metal roofs are inadequate acoustically. 

A three-dimensional guadua bamboo roof prototype was 

developed by Hidalgo (1978) which allows coverage of 

relatively large areas. It can be constructed by 

36 



relatively unskilled carpenters; it is low cost because of 

the use of local materials which are not imported or 

transported long distances; it is dismountable, anti-

seismic, and flexible; and it gives good illumination 

and ventilation of interior spaces. Building cement covers 

the guadua for a finished surface. 

In the Andes, Gynerium saggitatum, a grass, is used as 

lath in the framework of dwellings, and in wall coverings. 

In ceilings, it is tied in small bunches and the stems 

serve as rafters under tile roofs (Swallen, 1969). Swallen 

also notes that even though there is considerable air 

passage through a thatched roof, smoke vents need to be 

included to allow the escape of smoke from a cooking fire 

within a dwelling. 

A common method of using bamboo in completely 

watertight roofing is to use halved bamboo culms laid 

running from eaves to ridge, the first row with the concave 

face up and the second row overlapping the first and with 

the convex face up (United Nations Centre for Human 

Settlements, n.d. p. 2). 

Bamboos have been used for roofing and other elements 

of construction for centuries because of their strength, 

light weight, availability in certain areas, inexpensive 

cost, and good looks. They also have characteristics which 

may be disadvantageous in their use for roofing. They 
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cause some fire hazard, deteriorate through rot and fungal 

attack, and harbor insects and vermin. Some of these 

disadvantages can be overcome with certain preservation 

treatments. 

Overcoming the Weaknesses of Bamboo 

There are several serious drawbacks to the use of 

bamboo in construction. One is that the grooves in the 

canes harbor the insect which is the carrier of Chagas' 

Disease (Agency for International Development, 1985). This 

chronic disease is caused by the protozoan parasite 

Trypanosoma cruzi, causing, among other conditions, 

infection of the heart and inflammation of the brain 

(Wyngaarden and Smith, 1988) . T. cruzi and its arthropod 

carriers are widely distributed from the southern United 

States through Mexico and Central America and into South 

America as far south as Argentina and Chile. The carrier 

insects may invade houses to seek a blood meal if suitable 

microenvironments are available. Thatched roofs, as well 

as holes in adobe bricks, are common hiding places for 

these insects. "Thus, human trypanosomiasis in Latin 

America is primarily an infection of poor people living in 

substandard housing in rural areas" (Wyngaarden and Smith, 

1988, p. 1866). Brazil, Argentina, Chile, Bolivia, and 

Venezuela have the highest incidence of Chagas' Disease. 

However, in Central America and Mexico, the frequency of 
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the disease is low. Wyngaarden and Smith (1988) suggest 

that adequate housing and education could be the means of 

eliminating Chagas' Disease in the Western Hemisphere, 

although this is probably not a realistic solution. 

Control of the disease could, however, be achieved by the 

use of the insecticide benzene hexachloride (BHC) used 

systematically once or twice a year. In many parts of 

Latin America, especially in poor rural areas, the use of 

insecticides is not feasible. Before the use of bamboo on 

a large scale can be proposed, a solution to the drawback 

of Chagas' Disease is needed. 

Less serious than harboring of insects which carry 

Chagas' Disease is the tendency for the grooves in bamboo 

canes to accumulate dust and harbor a light-colored fungus 

which forms over the years, causing the finish of the 

bamboo to look uncared for and unaesthetic (Agency for 

International Development, 1985). A third serious 

drawback is bamboo's low durability due to susceptibility 

to rot fungi and invasion by wood-eating insects. Several 

researchers have studied means of insect-proofing and 

improving durability with various treatments. These 

attempts have met with differing levels of success 

(Farrelly, 1984; McClure, 1981). 

According to experiments carried out at the Federal 

Experiment Station at Mayaguez, Puerto Rico, there appears 
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to be a correlation between the starch and moisture content 

of bamboo culms and their attack by wood-eating insects 

(McClure, 1981). Some bamboos such as Bambusa tuldoides, 

Bambusa tulda, Bambusa testilis, Bambusa lonqipiculata, and 

Dendrocalamus qiganteus are naturally more resistant to the 

wood-eating beetle, Dinoderus minutus. Also, Guadua 

angustifolia is more resistant than other species. For 

those species attractive to insects, different methods of 

curing have been used to diminish susceptibility to insect 

damage. 

In one method, "clump curing," the starch content 

which the beetle Dinoderus minutus seeks can be reduced. 

Culms are harvested during the dry season and left standing 

in the grove for four to eight weeks propped up on stakes 

or rocks with branches and leaves uncut to discourage 

insects. "Bambusa vulgaris cured in this way was 91.6 % 

less attacked by beetles than untreated culms" (Farrelly, 

1984, p. 219). Originally, part of the treatment for this 

"clump curing" also involved dusting the fresh-cut lower 

ends of the culms with a five percent mixture of DDT and 

talc (McClure, 1981, p. 41)—a procedure which could not 

be widely used today since DDT has been banned in some 

countries as a dangerous chemical. 

Another method of reducing starch content is by 

leaching, an inexpensive and simple treatment. Since still 
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water discolors bamboo, bamboo culms are kept submerged in 

moving water for several weeks before use (United Nations 

Centre for Human Settlements, n.d.). By this method, 

starch, sugar, and water-soluble minerals are removed. In 

a variation of this method, the bamboo is first soaked five 

days in water and the shiny gelatinous substance which is 

exuded is wiped off. This increases oil absorption in the 

next step, which is to soak the bamboo in Rangoon oil for 

48 hours. "Though stored in a beetle-infested area, 

15,000 bamboos so treated were reported perfectly sound 

five years later" (Farrelly, 1984, p. 223). 

A third method of removing starch is by "shed curing." 

Culms are placed in a covered shed so that air can 

circulate around them freely for a period of eight weeks. 

According to Farrelly (1984), the most effective treatment 

is a combination of clump-shed-water curing. 

Exposure to heat and smoke can also afford effective 

protection. Farrelly (1984) reported that baskets and 

other small bamboo items are often stored in rural China in 

lofts above the kitchen where they can be exposed to the 

heat and smoke of the cooking fire. 

Various other treatments have been experimented with 

in attempts to reduce bamboo's attractiveness to insects. 

Coatings such as whitewash and tar mixed with sand did not 

prove reliable, especially if there were splits in the 
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culms. Chemical preservatives are too expensive for use in 

low-income housing and tend to contaminate the environment. 

Simple methods seem to work best: a bamboo organ built in 

1821, cured for six months buried in sand, is still sound 

today (Farrelly, 1984). 

In addition to low durability due to rot and insect 

attack, the following physical characteristics which affect 

the use of bamboo in construction need to be considered 

(Hartkopf, 1985, p. 125): 

(1) Dimension of the middle of the stem. 
(2) Dimensional variation in diameter of stem 

between extreme ends. 
(3) Straightness of stem. 
(4) Size and distribution of branches. 
(5) Length of stem between joints. 
(6) Form and proportion of area between joints. 
(7) Thickness of stem walls. 
(8) Relative proportion and distribution of 

different fibers and chemical and vascular 
structure of the wood. 

(9) Density and resistance of the wood. 
(10) Resistance to longitudinal separation 

(cracking) of the wood. 

These characteristics vary by type of bamboo (McClure, 

1981) . 

Bamboo Reinforced Concrete 

Since bamboo is lower in cost than steel and more 

readily available in many developing countries, much 

research has been done to determine the feasibility of 

using bamboo as reinforcement for concrete. Studies began 

in 1914 at Massachusetts Institute of Technology in the 

United States. These were followed by studies in China 
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during the 1920's, Germany in 1935, and additional research 

in the United States in 1943 and 1968. A major application 

of bamboo-reinforced concrete was at military installations 

in the Pacific during World War II (Hidalgo, 1978). One of 

the problems with the use of bamboo, in this application, 

is the swelling and contraction caused by changes in the 

moisture content of the concrete, and the subsequent low 

adherence of the bamboo to the concrete surrounding it 

(Hartkopf, 1985). 

In India at the Timber Engineering Branch in Dehra 

Dun, a method of preventing water absorption by bamboo 

being used in reinforcement of concrete was developed 

(Farrelly, 1984). Researchers at Dehra Dun dipped strips 

of bamboo in "white lead and 10% varnish to inhibit 

absorption of water from the green concrete" (United 

Nations Centre for Human Settlements, n.d., p. 2). 

Bamboo-reinforced concrete experiments were also done 

in South America by Hidalgo in 1974 and 1978. He and his 

research team found that intertwining several guadua or 

other bamboo culms into the "ropes" used as reinforcement 

in concrete overcame many of the difficulties occurring 

when single bamboo canes were used. Hidalgo learned that 

rope reinforcing had great resistance to breaking, great 

adherence to the concrete, minor dimensional change, 

and a great capacity for reinforcement (Hidalgo, 1978). 
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Probably the most extensive experimentation with 

bamboo-reinforced concrete was performed in the United 

States in 1950 by H. E. Glenn at Clemson College of 

Engineering in South Carolina. Glenn's researchers found 

that beams reinforced with bamboo had four to five times 

greater strength than non-reinforced beams. The optimum 

percentage of bamboo reinforcement was between three and 

four percent and this produced the capability of tensile 

stress in the bamboo of 8,000 to 10,000 pounds per square 

inch. The ultimate failure of bamboo-reinforced concrete 

members usually was caused by diagonal tension failures. 

When untreated, unseasoned bamboo was used, the dry bamboo 

swelled due to the absorption of moisture from the wet 

concrete and this swelling often caused longitudinal cracks 

in the concrete. If split sections of bamboo were used as 

reinforcement, longitudinal cracks appeared in the concrete 

due to the swelling of the bamboo. These cracks were 

enough to destroy the load capacity of the beam. If bamboo 

was treated beforehand with a brush coat of asphalt 

emulsion, the concrete developed greater load capacities 

than if untreated or unseasoned bamboo was used; however 

the concrete still developed swell cracks. Too much 

asphalt used on culms could cause a lubricating effect and 

the bond between bamboo and concrete would be lessened. 

Glenn also made some recommendations for the use of bamboo 
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as reinforcement of concrete: whole, green, unseasoned 

culms were not recommended for use in important concrete 

members, although they can be used in concrete slabs and 

secondary members. When possible, culms should be allowed 

to dry and season from three to four weeks, and should be 

at least three years old. Some type of waterproofing 

should be used. Proper spacing of the bamboo reinforcement 

is important because if culms are too closely placed the 

flexural strength is adversely affected. In placing the 

bamboo reinforcement, the basal and distal ends should be 

alternated (Glen, 1950). 

Other treatments for impermeability include painting 

the culms (causing lubrication and lack of adherence), 

immersion of bamboo in a solution of two percent chloride 

of zinc, covering with neoprene (high cost and not easy to 

find in stores), and dividing culms lengthwise and dipping 

in a mixture of linseed oil and turpentine for four days 

after treating with an epoxy resin. These treatments tend 

to be too costly and sophisticated for low-income housing 

(Hidalgo, 1978). 

Summary 

Until recently, there has been little impetus among 

development experts and government officials to promote the 

use of indigenous materials in housing construction. There 

45 



are several reasons for this occurrence. Elites, who 

control Latin American governments and who work closely 

with development personnel, have tended to build housing 

projects which use imported materials—a legacy of the 

colonial system in which European countries attempted to 

provide markets for their manufactured goods. Indigenous 

peoples grew to view housing built with these materials as 

indicators of high status and high income, and they grew to 

disdain their indigenous construction materials and methods 

in favor of imported ones. In light of the monetary 

deficits most Latin American countries are experiencing 

today, a few governments are realizing that their housing 

problems may be alleviated by at least a partial return to 

indigenous building methods and materials. Bamboo is one 

of these materials. Among its advantages are low cost, 

flexibility, good looks, general local availability, 

versatility, and high strength to weight ratio. Bamboo can 

be used in reinforcement of concrete if careful attention 

is given to the details of its use. Even though bamboo, in 

its unprotected state, exhibits low durability to insect 

attack and rot, simple wood preservation treatments can 

extend its two and one-half year life span by approximately 

four times (Dunkelberg, 1985). 

Indigenous dwellings have been constructed for 

centuries by traditional builders who exhibited a concern 

46 



for environmental conditions and limitations, as well as 

for cultural traditions. In addition, they used renewable 

resources (such as bamboo), existing skills, and 

no imported materials. Today, the skills needed for 

construction of such dwellings have largely disappeared as 

modern materials and technologies have superceded them. 
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CHAPTER III 

METHODOLOGY 

The purposes of the study were to 1) identify 

characteristics of bamboo housing in a low-income bamboo 

housing project sponsored by the Costa Rican Bamboo 

National Project, the United Nations Centre for Human 

Settlements (HABITAT), and the government of the 

Netherlands; and 2) analyze and evaluate the interior and 

exterior design aspects of the housing project based on 

cultural/social, physical, and economic parameters. 

The study addressed four research questions for which data 

were collected by multiple methods. These methods included 

a questionnaire, interviews, visual documentation, and 

participant-observation. 

Research Design 

The research design for this descriptive study was 

a postoccupancy, participant-observer evaluation of 45 

bamboo dwellings constructed during Phase Two of the Costa 

Rican national Bamboo Project. The purpose of a 

postoccupancy evaluation is "to assess the functioning, 

performance, or quality of a building...in terms of its 

conformance to original design goals and specifications, 
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user satisfaction, and the requirements of others" (Wehrli, 

1968, p. 197). Wehrli notes that postoccupancy evaluations 

include various research methods including survey research 

and walk-through observations of a building. In differen

tiating between this type of research and survey research 

he further states that "postoccupancy evaluation research 

always requires some physical inspection" (1968, p. 198), 

and that interviews and questionnaires may be used to 

obtain additional data. According to Wehrli, the value 

of postoccupancy evaluation is that it can be applied to 

modifications in the design of existing buildings as well 

as to plans for new buildings and is especially useful 

"when new types of buildings...are constructed" (Wehrli, 

1968, p. 198). 

Participant-observation evaluation, according to 

McCall and Simmons (1969, p. 1) "involves some amount of 

genuinely social intervention in the field with the 

subjects of the study, some direct observation of relevant 

events, some formal and a great deal of informal 

interviewing." The primary purposes of this type of 

evaluation are to provide project managers with information 

which will direct future activity and improve project 

outcome, and to allow beneficiaries to play a part in the 

formation of policies which will affect them directly. 

Participant-observer evaluation relies on the 
evaluator's ability to listen and to recognize 
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the utility of issues arising in a particular 
context rather than on preformulated question
naires or sophisticated statistical analysis. 
(Salmen, 1987, p. 106) 

As a member of the group being studied participant 

observers "gain some understanding of what it means to 

think and feel as a member of that social group" (Salmen, 

1987, p. 115). To this end, during the period of data 

collection, the researcher lived in one of the Indian 

communities in a newly constructed bamboo house with one of 

the beneficiary families. 

Participant-observation evaluations, in order to 

present reliable information, should be triangulated, or 

cross-checked, using both quantitative and qualitative 

techniques (Whyte, 1984). In accordance with Wehrli's 

recommendations for the use of multiple research methods in 

postoccupancy evaluations and Whyte's suggestion concerning 

triangulation, varied types of data were collected using 

the following methods: 

(1) Interviews with Bamboo Project personnel 

involved in the design and implementation of the bamboo 

housing project and with residents of the newly constructed 

bamboo houses. For interviews with Bamboo Project 

personnel, an Informal Interview Instrument was developed. 

Interviews with residents took the form of informal 

conversations. 
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(2) A verbally administered Homeowner Satisfaction 

Questionnaire containing both open and closed-ended 

questions. 

(3) On-site visual documentation which included 

photographs and annotated floor-plan sketches. 

(4) Participant observations of physical traces and 

use patterns. 

Sample 

This study was confined to the examination of the 

houses of 45 families built as part of the Costa Rican 

National Bamboo Project. These were among the first 93 

houses completed in a pilot project which was planned to 

provide low-income bamboo housing for a total of 550 

families. A total of 45 families, approximately 15 from 

each of the southern Costa Rican Indian communities of 

Terraba (N = 14), Curre (N = 14), and Boruca (N = 17) were 

randomly selected from National Bamboo Project lists. 

These lists contained names of beneficiary families 

organized into project work groups (cuadrillas) of four to 

five families per work group. Working with one group at 

a time, the names of families in the group were written 

on separate slips of paper, placed in a jar, stirred, and 

one name drawn. This procedure continued until the 

number of respondents needed from each community was 
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reached. Of these 45 families, 10 (22.2%) were female-

headed households (Table 4.1). 

Data Collection 

Preliminary contacts were made with personnel in the 

National Bamboo Project under the aegis of the Ministry of 

Housing (Ministerio de Vivienda y Asentamientos Humanos) in 

September, 1988. Discussions were held concerning the 

nature of the project, scope, objectives, and research 

possibilities. In late January, 1989, preliminary visits 

were made to two of the three sites where the bamboo 

housing projects were just getting underway, to the San 

Jose site where prototype bamboo houses had been 

constructed, and to one of the bamboo cultivation plots. 

In December, 1989 and January, 1990, questionnaire, 

interview, photographic, and observational data were 

collected during a five week period. At this time, the 

researcher met with all key personnel of the Bamboo 

Project on an informal basis and formally interviewed four 

of them. The names of these key personnel, with positions 

and educational backgrounds, are included in Appendix B. 

Instruments 

Homeowner Satisfaction Questionnaire 

A six-page questionnaire was developed by the 

researcher (Appendix A). This instrument contained both 
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closed-ended questions, which could be evaluated 

objectively by the investigator, and open-ended questions, 

which allowed interviewees to state less structured, 

subjective information concerning attitudes and responses. 

The questionnaire was administered to 45 beneficiaries. 

Dichotomous questions, checklists, and tables were included 

in the instrument. In addition, unsolicited comments which 

had a bearing on the study were noted on the questionnaire. 

Although the researcher both speaks and understands 

Spanish, an assistant interviewer, familiar with all 

aspects of the three Indian communities and fluent in 

Spanish, assisted in the administration of the 

questionnaire in an effort to minimize translation 

inaccuracies as well as cultural reserve on the part of the 

subjects. Prior to the researcher's arrival in the Indian 

communities. Bamboo Project personnel translated the 

Homeowner Satisfaction Questionnaire into Spanish, and the 

instrument was carefully checked for proper word trans

lation. The questionnaire was administered orally even 

though it had been determined from information supplied 

by the Bamboo Project that residents of the three Indian 

communities were literate. Questions were posed, in 

Spanish, to homeowners by the assistant interviewer. 

Answers were translated and restated by her in English, 

after which they were written on the questionnaire form by 

the researcher. 
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To ensure greater cultural reliability and validity, 

two procedures were incorporated into the study: 

(1) Latin American residents of Costa Rica who were 

familiar with the Indian culture were consulted as to 

whether clear, relevant guestions had been incorporated 

into the Homeowner Satisfaction Questionnaire. Several 

questions were reworded or deleted from the instrument 

based on suggestions received from this group. 

(2) A pretest of the Homeowner Satisfaction 

Questionnaire was performed with several families in the 

Indian community of Boruca in order to determine which 

guestions were unclear or irrelevant to members of the 

Indian society. It was theorized that results of this 

pretest could be extrapolated to all three Indian 

communities. Findings from the pretest guided the 

refinement of the instrument finally given to the sample 

population. 

Informal Interview Instrument: 
Responses From National 
Bamboo Proiect Personnel 

An interview instrument (Appendix B), using a specific 

set of questions, was utilized for obtaining data from 

National Bamboo Project personnel. The instrument was 

composed of unstructured questions and a checklist. It was 

administered to Project personnel prior to the researcher's 

arrival in the Indian communities in order to understand 
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the various project components in relation to the total 

project. This information was particularly useful in 

determining the background, objectives, and importance of 

the project as perceived by project directors. 

Residence Interview Data 

The interview technique was also utilized, in 

conjunction with the Homeowner Satisfaction Questionnaire, 

to collect additional data from the residents of the bamboo 

houses. Interviews can be used to determine "how people 

define a concrete situation, what they consider important 

about it, ...and how they feel about it" (Zeisel, 1981, p. 

137). It is important in environmental-behavioral 

research, particularly in development work, that project 

directors and designers understand how people view envi

ronments which have been designed for them. The interview 

was an additional means of ascertaining the perceptions and 

attitudes of the beneficiaries. Interviews were not 

conducted at any scheduled time of the day, nor were they 

held at consistent times of the day. They were held at the 

convenience of homeowners. 

Visual Documentation 

Photography 

Photography is an important technique for document

ation of the characteristics of housing. Mitchelson (1975) 

notes that photographic representation serves as a means of 
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recording important information. Photographs are 

especially valuable when, as in this study, the research 

site is inaccessible. 

Since the same floor plan was utilized for each of the 

93 houses in the three Indian communities, the photographs 

taken were representative of all the houses. The following 

elements were photographed on site: exterior front, rear, 

and side elevations; any design details specifically 

applicable to bamboo construction within interior rooms; 

exterior rear and/or side lot. Not necessarily all of the 

preceding were photographed at each house. In addition, 

photographs were taken of any special features or changes 

in the original design in each of the houses studied, and 

of the technological processes involved in the construction 

of bamboo houses. In order to maintain organized photo

graphic records, the first frame of each set of photographs 

illustrated the homeowner's name and community. 

Floor Plan Sketches 

In order to ensure collection of complete information 

concerning each house, floor plan sketches using annotated 

notes and traditional architectural symbols were made of 

each house from rough sketches provided by the Bamboo 

Project. These sketches showed the original plan as well 

as the type and placement of any additions made either 

during construction or after completion of the basic house. 
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Participant Observation Data 

The physical surroundings of a site can be observed in 

order to find remains of activity (traces) unconsciously 

left by inhabitants such as pathways, or consciously per

formed, such as the building of a privacy wall. From 

observation of physical traces, the environmental-

behavioral researcher can infer physical use patterns, 

feelings toward that particular environment on the part of 

inhabitants, and functionality of the environment (Zeisel, 

1981). It is also an unobtrusive method of gathering data. 

From a trace investigators ask guestions about 
what caused it [the activity], what the person 
who created the trace intended, and what sequence 
of events led up to the trace....From the trace 
alone researchers cannot tell how tenable their 
hypotheses are; to do this they need other methods 
(Zeisel, 1981, p. 91). 

Because of the artificiality of questionnaires and 

interviews, and to increase the relevance and reliability 

of this study, physical traces were recorded by the 

researcher. These indicated the results of actions of 

inhabitants in their home settings and adaptations made in 

the use of the environment, as well as displays of self. 

Changes made to increase cultural/social acceptance of the 

built environ-ment were observed and noted on an informal 

basis during the period of the researcher's residence in 

one of the Indian communities. 
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In amassing supporting evidence for the research 

questions, and in accordance with Zeisel's comment above, 

participant-observation was combined with other methods for 

data collection (interviews, questionnaires, and 

photographic documentation). 

Data Analysis 

Development professionals, according to Salmen (1987) 

are not looking for statistical proof to 
help them make good decisions. Indeed, 
they realize that many factors about which 
they need knowledge do not lend themselves 
to scientific tests of validity. Rather, 
project managers seek reasonable explanations 
of behavioral and natural phenomena that... 
may guide their decisions (p. 121). 

In accordance with Salmen's philosophy, it was felt that 

simple techniques of analysis were more appropriate if 

this study were to be of value to the success of this and 

other future development projects. 

Both quantitative and qualitative analyses were 

used in assessing data. Frequency counts and percentages 

were tabulated for all demographic characteristics and 

design aspects. Demographic characteristics (Table 4.1) 

included gender, number of persons living in the household, 

age, number of persons present in the house during daytime 

and evening hours, number of weeks of residence in the new 

bamboo house, method of supplying labor for building the 

house, type of fuel used for cooking and primary source of 
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water. Design aspects (Table 4.3) included information 

on the adequacy of house and room size; placement of rooms; 

desirability of glass windows, porch, paint color, roof 

material, and ceiling material; placement of windows and 

doors; and changes to the original floor plan. These data, 

in addition to the interview and photographic information, 

were analyzed in environmental-behavioral terms to answer 

the research guestions. Visual assessment of interior and 

exterior design was facilitated by photographs and floor 

plan sketches. Participant observations recorded by the 

researcher were used to augment guestionnaire and interview 

data. 

Summary 

Data were collected from Bamboo Project personnel and 

from 45 families who constructed and are living in low-

income bamboo houses in three Indian communities of Costa 

Rica. Multiple sources of information (i.e., a question

naire, interviews, visual documentation, and participant-

observation) were utilized in the analysis of the success 

of this housing project. 
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CHAPTER IV 

RESULTS 

Introduction 

This study of bamboo housing in a low-income housing 

project in Costa Rica, was conducted to address the 

following four research objectives and questions: 

Objective One 

Identify characteristics of bamboo housing in a 

special developmental project sponsored by the Costa Rican 

Ministry of Housing and the United Nations Centre for Human 

Settlements (HABITAT). Research Question One; What are 

the physical characteristics of bamboo housing in the 

special developmental project sponsored by the Costa Rican 

Ministry of Housing? 

Objective Two 

Analyze and evaluate interior and exterior design 

aspects of the housing project based on cultural/social 

parameters. Research Question Two: Has the design of 

bamboo houses been culturally/ socially acceptable to the 

families who are the beneficiaries of these houses? 

Objective Three 

Analyze and evaluate interior and exterior design 

aspects of the housing project based on physical 
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parameters. Research Question Three: Has the design of 

bamboo houses been physically acceptable to the families 

who are the beneficiaries of these houses? 

Objective Four 

Analyze and evaluate interior and exterior design 

aspects of the housing project based on economic 

parameters. Research Question Four: Have bamboo houses 

been economically acceptable to the families who are the 

beneficiaries of these houses? 

Findings relating to Question One came from 

interviews with personnel of the Costa Rican National 

Bamboo Project, as well as from observation of the 

prototype houses which serve as headquarters for the 

Project. Informal Interview Instrument data can be found 

in Appendix B. 

Findings relating to Questions Two, Three, and Four 

came from the Homeowner Satisfaction Questionnaire, 

interviews with homeowners and Bamboo Project personnel, 

and observation of bamboo housing in the Indian communities 

of Boruca, Terraba, and Curre. Participant obseirvations 

made by the researcher have also been integrated into the 

discussion where appropriate. Data are presented in Tables 

4.1, 4.2, and 4.3. 
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Discussion 

Research Question One 

What are the physical characteristics of bamboo 

housing in the special developmental project sponsored by 

the Costa Rican Ministry of Housing? 

Background Information. The economic crisis which struck 

Costa Rica in the early 1980's resulted in a housing 

deficit, especially for the lowest-income groups. Improv

ing and providing 80,000 new housing units for the low-

income families of Costa Rica was one of the goals of 

former President Oscar Arias during the years 1986-1990. 

To this end, the Costa Rican Ministry of Housing, HABITAT, 

and the government of the Netherlands began collaboration 

on a three-year, three-phase project to begin the 

cultivation of bamboo, to construct low-income dwellings 

using bamboo, and to train 500 families in techniques of 

bamboo house construction. 

Housing in the Indian communities of Costa Rica 

was considered to be some of the poorest in the country, 

and their families in greatest need of improved housing 

(Gutierrez, 1989). Therefore, the three Indian communities 

of Boruca, Terraba, and Curre were chosen to be the first 

to receive a housing project. Families in these 

communities had legal documents proving land ownership 

which facilitated preliminary paperwork, since one of the 
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requirements of the project was that families own the land 

on which the new bamboo house was to be built. The 

National Committee for Indigenous Affairs (Comisio'n 

Nacional de Asuntos Indigenas—CONAI) provided the Bamboo 

Project with a list of names of families needing new 

housing. The goal was to reach as many of the poorest 

families in these communities as possible. 

Location. Boruca, Terraba, and Curre are located within 

the Boruca-Terraba Indian Reserve in the province of 

Puntarenas, 27 kilometers (16.9 miles) from the nearest 

town, Buenos Aires. The towns lie in the Southern Pacific 

zone of Costa Rica, in a mountainous area approximately 600 

meters (1,969 feet) above sea level in what is designated 

as the hot lands (tierra caliente) (Nuhn, 1978) (Figure 

4.1). Annual precipitation in this area of Costa Rica is 

approximately 158 inches (Hall, 1985, p. 17) and annual 

average temperature 24 degrees centigrade (75 degrees 

Fahrenheit) (Hall, 1985, p. 20). 

Design. In 1986, the National Bamboo Project, in cooper

ation with Colombian architects Jorge Arcila and Oscar 

Hidalgo, developed four different house plans suitable for 

use with bamboo. Two of these were planned for flat and 

two for hilly sites. The floor plans of these four 

houses are presented in Figures 4.2 through 4.5. and views 

of completed prototypes in Photographs 4.1 through 4.4. 
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Figure 4.1. Costa Rica, showing area^of Indian 
communities of Boruca, Terraba, and 
Curre. 
Source: Elbow, 1989. 
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Figure 4.2. Prototype Floor Plan #1. 
Source: National Bamboo Project, 

1989 
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Figure 4.3. Prototype Floor Plan #2. 
(Second story) 
Source: National Bamboo Project, 

1989 
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Figure 4.4. Prototype Floor Plan #3. 
Source: National Bamboo Project, 

1989. 
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Figure 4.5. Prototype Floor Plan #4. 
Source: National Bamboo Project, 

1989. 
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Photograph 4.1. Prototype House #1. 
Source: Ministerio de Vivienda y 

Asentamientos Humanos, PNUD, 
Gobierno de Holanda, Habitat, 
OIT, & BCIE, 1988. 
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Photograph 4.2. Prototype House #2. 
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Photograph 4.3. Prototype House #3 
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Photograph 4.4. Prototype House #4. 
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The four houses were constructed in a poor sector of 

San Jose by 15 technicians trained in bamboo construction 

methods by the Project. In 1988, leaders of the three 

Indian communities were brought to San Jose to view the 

model houses and discuss whether their communities would be 

interested in having such houses built. As soon as 

approval was given by community leaders for all phases of 

the program, the Bamboo Project contacted CONAI to ask for 

their cooperation. CONAI had already developed their own 

house plan for Indian families which was subsequently also 

constructed at the site of the other prototype houses in 

San Jose. Since time was short before construction had to 

begin in the first three communities, the CONAI plan was 

utilized with no preliminary study of the needs of these 

particular villages, and with no modifications or input by 

the homeowners-to-be of Boruca, Terraba, or Curre. The 

one CONAI floor plan was used for all houses in these three 

communities, regardless of family size. This plan is 

presented in Figure 4.6 and a view typical of the completed 

houses presented in Photograph 4.5. 

Costa Rican law requires house plans to include a 

kitchen and bathroom. Thus, even though traditional 

cooking methods of the Indians include use of an open wood 

fire (Photograph 4.6), the CONAI plan made provision for an 

inside kitchen. This design made cooking inside impossible 
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Figure 4.6. Floor Plan, Indian communities. 
Source: National Bamboo Project, 1989 
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Photograph 4.5. Completed bamboo house, 
Indian communities. 
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Photograph 4.6. Traditional cooking method, 
Indian communities. 
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because of the blackening of the walls and ceiling by soot. 

Photograph 4.7 illustrates the problem. Personnel at the 

Bamboo Project realized from the onset that a plan 

containing an inside kitchen would not be acceptable to the 

Indian families. Plans were made to give the families 

extra construction materials at the termination of the 

project so that an outside kitchen could be added later. 

The room that was to originally have been a kitchen became 

a bedroom or living area, depending on the family's needs. 

Size. The floor plans of all houses in the three Indian 

communities were the same size. Rooms included a bathroom 

measuring 3.24 square meters (34.7 square feet), porch of 

12.15 square meters (130.62 square feet), two bedrooms—one 

9.72 square meters (105 square feet) and the other 7.29 

square meters (78.3 square feet), and another multi-purpose 

room measuring 6.48 square meters (70 square feet). The 

total size of the house measured 38.88 square meters (419 

square feet). 

Construction. Self-construction and self-management were 

chosen by the Bamboo Project as the preferred methods of 

construction, even though these were more difficult to 

manage within a rigid time period. The reasoning behind 

this plan was to promote self-sustainable development in 

rural areas of Costa Rica. 
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Photograph 4.7. Lamina roofing showing 
smoke discoloration, 
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Construction school graduate technicians were 

recruited for the project and given additional training in 

bamboo construction. This training phase was led by Roger 

Chaves, a man with several years experience in bamboo 

construction. Field practice and experience was gained by 

technicians in building the four prototype bamboo houses, 

which later became Project headguarters. Technicians were 

also given lessons on working effectively with rural 

families. 

In each of the communities chosen to be a part of the 

Bamboo Project, families judged to be most needy were 

identified by CONAI. The program was explained to them, 

after which 20 to 30 families chose to participate. These 

families were then trained in simple but appropriate con

struction technologies which were introduced and monitored 

by the technicians. The families were divided into con

struction teams (cuadrillas) comprised of one member from 

each of four to five families. Work was completed on one 

construction phase for all the houses in the group before 

the next phase began. Before each new phase in construc

tion, Chaves traveled to each community to explain the 

work to be done. Technicians lived in their assigned 

communities for two-week periods and then returned for 

additional one-day training sessions at Project head

quarters. In Curre, 71% of the respondents and in 
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Terraba, 65% of respondents were satisfied with the help 

given to them by the technicians; but in Boruca only 47% of 

the families believed the technicians had given them enough 

assistance. Many Borucans commented that the technicians 

had not been present when they needed technical advice and 

assistance (Table 4.3). 

Materials. Materials, as well as technologies appropriate 

for self-construction methods, and for the economic level 

of the beneficiaries, were chosen for use in the project. 

Foundation/Floor. Concrete was mixed at the house 

construction site, poured into forms, and leveled. A 

finish coat of concrete was placed on top of the rougher 

under-floor. The floor was then painted with a red 

concrete sealer. For those houses in Boruca which were 

located across a creek, and those in Curre located across a 

river from an access point, concrete piers formed the house 

foundation and wood planks the floor (see Photograph 4.8). 

Roof. Corrugated galvanized steel roofing (lamina) 

was used on all houses since, at this time, no other low-

cost suitable roofing material was available (Photograph 

4.9). Research is underway in the use of vegetable fibers 

for corrugated roof panels, which would be a better 

material for roofing bamboo houses. Timber trusses, 

extending above the eight-foot walls to the roof, supported 

the sheets of lamina (Photograph 4.10). When the Bambusa 
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Photograph 4.8. Concrete pier foundation used in 
houses not easily accessible. 
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Photograph 4.9. Lamina roofing. 
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Photograph 4.10. Wooden truss system as roof support, 
left uncovered to allow air 
movement for cooling. 
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quadua being cultivated as part of this project matures, 

trusses will be fashioned from Bambusa guadua rather than 

from timber. The trusses were left uncovered and open so 

that air movement could cool the house, as hot air rose to 

the high roof and was expelled through open gable ends. No 

ceiling was installed, partly to allow free air movement 

and partly for economic reasons. 

Walls. As Bambusa guadua is still scarce in Costa 

Rica, the structural frameworks for the houses in this 

project were of timber. Bambusa vulgaris was used for wall 

sheathing in the form of esterilla. Gynerium saqittatum 

(cafik brava), a bamboo-like weed which grows prolifically 

throughout Costa Rica, was also employed for wall sheathing 

in certain communities. As Bambusa quadua matures, it 

will be used in place of the Bambusa vulqaris and Gynerium 

saqittatum. Cana brava is twice as expensive as Bambusa 

vulqaris and is only being used to a limited extent. 

The esterilla was prepared by splitting the bamboo 

culms lengthwise, removing the soft inner coating by 

scraping, and flattening the culms. This process is 

illustrated in Photographs 4.11 and 4.12. The flat sheets 

of esterilla were soaked for 15 minutes in a plastic-lined 

pit in the ground filled with Xilobor, a water-soluble 

boron salt solution (Photograph 4.13). Lastly, the 

esterilla sheets were drained, stacked, and sealed in 
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Photograph 4.11. Whole bamboo culm being split open, 
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Photograph 4.12. Scraping soft inner coating 
from split culm. 
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Photograph 4.13. Bamboo esterilla 
undergoing Xilobor 
treatment. 
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plastic and left for 15 days (Photograph 4.14). This step 

allowed the solution to fully diffuse through the bamboo 

and confer anti-fungal and anti-insect protection. 

In the construction of the walls, the timber studs 

were covered by the Bambusa vulgaris esterilla or the ca'na 

brava culms. Next, a cement/sand mixture was applied on 

the surface of the wall sheathing and in the cracks between 

the bamboo material. The cement/sand mixture was allowed 

to seep through the cracks in order to form a more perma

nent bond as it touched more of the mixture (Photographs 

4.15 and 4.16). Finally, an outer coating of the same 

cement/sand mixture was smoothed over the walls, completely 

covering the esterilla, and the walls were painted white. 

This wall treatment was used on both the exterior cement/ 

sand mixture and on the interior of the house. 

Windows/Doors. Three wooden doors, one door lock, and 

four sliding two-paned windows were provided for each 

dwelling (Photographs 4.17 and 4.18). The family could 

choose the placement of its windows and doors. Other 

windows and doors could be purchased by the family if they 

wished to include additional ones. 

Plumbing. A septic tank and the necessary plastic 

pipes to connect the septic system with the kitchen sink, 

bathroom sink, and toilet was provided, as well as pipes to 

connect the house to a community water supply originating 
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Photograph 4.14 Esterilla undergoing 
15-day diffusion 
treatment after soak 
in Xilobor. 
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Photograph 4.15. Wall studs covered 
with esterilla. 
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Photograph 4.16. Esterilla being coated with 
cement/sand mixture. 
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Photograph 4.17. Window type provided by Bamboo 
Project for all houses 
in Indian communities. 
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Photograph 4.18. Wooden doors 
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at a distant well. All fixtures were also provided. At 

the time of the survey, all houses except two had an 

operating water system. Two others, located in a remote 

area of Curre, piped their water from a nearby river. 

Electricity. Electricity exists in Boruca and Terraba 

and each house in these communities had an operating 

electrical system. The system included five wall switches 

and five to six ceiling receptacles for incandescent bulbs. 

An electrical layout is shown in Figure 4.7 and a typical 

ceiling fixture in Photograph 4.19. Although the village 

of Curre had no electricity, the bamboo houses were wired 

in anticipation of having electricity in the future. 

Cost. The total cost of materials for each dwelling was 

approximately $2500. The monthly cost to each family for 

the new bamboo house, not beginning until one year after 

the family moves into the house, is 300 colones ($3.90) for 

the first year, and thereafter 400 colones ($4.70). 

Families headed by both a male and female will be required 

to pay back their loan, with no interest, in approximately 

15 years. Single women who are heads of families may 

take 18 years to complete payment. The monies repaid by 

the beneficiaries will be placed in a fund to be used by 

their communities to finance community improvements, or 

to fund the construction of new bamboo houses or the 

expansion of already existing units. 
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Figure 4.7. Electrical plan, Indian communities. 
Source: National Bamboo Project, 1989 
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Photograph 4.19. Electric fixture typically 
found in each room of all 
houses. 
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Research Question Two 

Has the design of bamboo houses been culturally/ 

socially acceptable to the families who are the benefic

iaries of these houses? 

The Bamboo Project chose as beneficiaries for the 

bamboo houses of Boruca, Terraba, and Curre both male and 

single female-headed households since, in these Indian 

communities, marriage is optional and many households are 

led by single women with children (Ryan, 1987). To have 

eliminated such households from the group of recipients 

would have been to eliminate families who most needed 

improved housing. In this study, 22% of respondents 

were single females with children. Some of these women 

were actually the working members of their cuadrillas) 

(each family was required to provide a designated worker 

to work in the cuadrilla eight hours a day during the 

construction period) but most relied on male family members 

to do the construction. In three of the ten female-

headed households the women hired laborers to do the work 

for them, while in the 35 male-headed households only 

four had relied on hired labor. In each of these four 

households, the men had paid jobs outside of the community. 

According to Gutierrez (1989), the use of the self-

construction concept enhances the social and economic 

fabric of the Indian communities. Kinship ties are close 
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and traditional reciprocity patterns of assistance, and a 

sense of community and group work, are thus promulgated. 

In two cases in the sample, community members built houses 

for women who for one reason or another could not parti

cipate in the cuadrilla themselves and whose housing was 

extremely poor and needed to be replaced. The men who 

worked on these houses did so in addition to the work on 

the houses of their own cuadrilla. 

Although a sense of pride in their own accomplishment 

marked each and every household interviewed, self-

construction was not always easy or desirable for subsist-

ence agriculture economies such as in Boruca, Terraba, 

and Curre. Respondents in informal conversations said 

that because of their work in the cuadrillas they were 

not able to work their fields and bring in a harvest. No 

harvest meant no income and no way of purchasing food for 

the family. The Bamboo Project attempted to solve this 

problem in two ways: 

(1) Donations of food, provided by the U.N. World Food 

Program, were given to each family involved in construction 

of a bamboo house. The Bamboo Project, however, had no 

input into the choice of foods donated by WFP and many of 

the foods were culturally unacceptable to the people 

receiving them. The chicken curry, for example, was not a 

dish known to the Indians and was much too spicy for their 
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tastes. Only two kilograms of beans were provided per 

family per month, even though family size was as many as 12 

people, and beans and rice are the mainstays of the Indian 

diet. The donations were provided from December, 1988, to 

May, 1989 (the original date for termination of the house 

construction) and then halted, although construction was 

not actually completed for another five to seven months. 

(2) Loans of 1000 colones ($11.75) per month were 

provided to each family during the construction of their 

new house. This money came from the construction budget of 

the Bamboo Project and was intended to help replace loss of 

income from agriculture during the months of construction. 

The money could be used as the family wished in purchasing 

food or other necessary items. The families are required 

to repay this money as part of their house note. 

An additional advantage of the self-construction 

method is that workers were trained in the particular 

construction technology needed for bamboo. In the future, 

they can be called upon to assist with the construction of 

other dwellings utilizing this material since they now have 

expertise. This could become a source of family income. 

Additionally, because the technology needed for bamboo 

construction is relatively simple compared to that of 

masonry construction, unskilled labor can be used to create 

a perfectly acceptable dwelling. In general informal 
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conversation with residents of the Indian communities, 

comments were made that bamboo construction was slow and 

that it was difficult to work with the material. 

Another cultural/social aspect relates to kitchen 

placement. Traditionally, in Indian communities, food has 

been cooked over an open fire placed within the dwelling, 

and most families still prepare food in this manner today. 

For most, cooking with electricity is much too expensive 

and is not part of the cultural tradition. With a wood 

fire, the walls and ceiling of the house quickly blacken 

with soot, making it undesirable to place a kitchen within 

the new house with its white walls. In addition, the small 

size of the room planned for a kitchen and the heat that 

would be generated from the fire were unacceptable in all 

three of the Indian communities. Of the households 

surveyed, 98% cooked with wood, and 95.6% did not want the 

kitchen included within the house itself. They had already 

begun to build either an addition onto one side of the 

house or a separate building which would contain the kit

chen. The Bamboo Project forsaw this problem with the 

floor plan and provided extra construction materials so 

that outside kitchens could be built after termination of 

the project. Photograph 4.20 and Figures 4.8 and 4.9 

illustrate several such kitchens. In some cases, the 

family's old house was not demolished but was instead used 
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Photograph 4.20. 
Kitchen addition, Boruca 
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Jorge Araya Rojas house, Curre 

102 



fUTuiZ^ MUUflpU|3Lp05^ \i\< 

T 

I I 
i-__T bfOB Î̂ M 
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for the kitchen. Figure 4.10 illustrates this variation 

in kitchen placement. 

The concept of privacy is different for Costa Rican 

Indians than for United States society. Privacy within the 

house is not considered important. Thus the fact that the 

houses are open to the roof above the eight-foot high 

walls, and have no ceiling, is not a problem. Some privacy 

from the road and neighbors' eyes is desired, however, but 

the three doors and three windows provided with the house 

was felt by 100% of the respondents to be adequate for this 

purpose. In this closely knit society, being able to see 

who is traveling on the road and paths is important. This 

feature of a house was felt by 75.6% of the respondents to 

be an important consideration. In informal conversation, 

several respondents mentioned that they missed not being 

able to look through the cracks in the walls of their old 

house for this purpose. 

One of the reasons that the walls of the bamboo house 

were covered with a cement/sand mixture and painted was 

that houses with walls constructed only of bamboo have been 

considered very low status and therefore undesirable. In 

order to make the housing more socially acceptable to the 

people who were to be part of this project, the plan was to 

cover the bamboo esterilla with the cement/sand mixture. 

The overall look (Photograph 4.21) of the house was 
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Photograph 4.21. Completed bamboo house 
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pleasing to all but three of the families surveyed. Two 

of those were more concerned with the high roof than with 

the appearance of the walls themselves. The fact that the 

wall material cracked was of concern to four respondents. 

One house in particular had extensive cracking on both the 

exterior and interior walls, as can be seen in Photograph 

4.22, and the owner was very unhappy with the look of her 

house. 

White water-based paint was chosen by the Bamboo 

Project to cover the exterior and interior walls. Water-

base was chosen over oil-base paint for economy reasons. 

To counteract the dirtying effects of the red dirt of the 

area on the white walls (Photograph 4.23), a two-foot high 

band of brown oil-based paint was designed to be placed on 

the exterior base of the dwelling. A total of 62.2% of the 

respondents did not like the white color because it dirtied 

so easily and, due to its water base, could not be washed. 

The brown paint allotment was used in different ways by the 

families. One family used the entire amount to paint just 

the bathroom walls. Others painted a narrower band around 

the base of the dwelling and used the remainder to decorate 

the house walls with diamond or sguare shapes, or to paint 

the window frames and/or doors. Some of these variations 

are illustrated in Photographs 4.24 and 4.25. A few 
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Photograph 4.22. Badly cracked walls, Terraba 
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Photograph 4.23. Exterior walls showing effects of 
red dirt of Indian communities. 
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Photograph 4.24 Wall decoration, 
Boruca. 
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Photograph 4.25. Wall decoration, Curre 
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families who could afford to do so purchased their own 

paint in a color other than brown (Photograph 4.26). 

In all but four instances, the inclusion of a porch 

was deemed to be important by the respondents. When asked 

which room was their favorite, 20 of the 45 specifically 

named the porch because they believed it to be cooler and 

more airy than other rooms in the house. Two of the four 

dissenting respondents stated that they needed living space 

more than a porch and had totally enclosed their porches 

for this purpose. One respondent stated that a large porch 

was wasted space and that if it were turned instead into a 

living room it could be used for sleeping as well. 

Photograph 4.27 illustrates the look of such houses in 

their completed state and Figure 4.11 shows how the floor 

plan of one of these houses has been modified to allow for 

a greater amount of interior living area. The floor plan 

depicted in Figure 4.12 shows how an eleven-member family 

closed in most of their porch so that the space could be 

utilized as a living area. An outside sitting area was, 

however, important to the family. They had created, 

between the two parts of their house, a breezeway con

taining benches, which, according to the head of the 

household, were often used. The small porch which remained 

was seldom used because of its placement at the far end of 

the house, away from the most-used entrance. Figure 4.13 
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Photograph 4.26. Borucan house showing owner-
purchased blue paint. 
Pedro Fernandez Rojas house. 
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Photograph 4.27. Porch (left) totally enclosed 
allowing additional interior 
living space. 
Dionisia Lescano Valdez house, 
Terraba. 
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depicts a variation of the plan whereby part of the porch 

was enclosed for use as a living room. This plan was 

rotated 45 degrees and the remaining porch became the front 

entry. 

Demographic data gathered from the Homeowner 

Satisfaction Questionnaire indicate that Indian families 

average six members per household. As part of their 

cultural tradition, extended families live together in 

the same dwelling. The size of the bamboo house in this 

project (419 square feet) is simply not adequate for this 

nuinber of individuals, even though the tropical climate 

allows much living to be done outside the house itself. 

In Boruca, Terraba, and Curre, the mean number of persons 

living in each 419 square-foot bamboo house on a regular 

basis was 6.1; the mean number of persons in the house 

during the day 4.4; and the mean number of persons in the 

house at night 6.0 (Figures 4.14, 4.15, and 4.16). Other 

family members, not included in this study because they 

were not living in the house on a regular basis, but who 

visit from time to time, would periodically swell the 

number of persons in each house. Almost one-half (46.6%) 

of the respondents stated that the size of the bamboo 

house was not adequate and 51% thought that there were not 

enough rooms. Subsequent housing being built in other 
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communities is addressing this problem by inclusion of an 

additional bedroom. 

One of the problems brought out by respondents was 

that due to their inexperience with house construction, 

merely looking at a floor plan on paper was insufficient to 

allow them to visualize the actual finished structure. 

Residents indicated, in informal discussions, that they had 

never seen floor plans before. They had no idea how to go 

about changing room sizes, for example, by redrawing lines 

on paper. The ideas of the Bamboo Project personnel, who 

were seen as educated and knowledgeable in this area, were 

accepted by all families included in this study. According 

to Gutierrez (1989), there was no provision made for 

consultation with each family concerning the design of 

their home in the first Project communities. In other 

communities, however, scale models of the house, with 

movable walls and various door and window arrangements, are 

being used with each family in an effort to explain to them 

more fully how their completed house will actually look. 

Photograph 4.28 shows one of the scale models being used 

for this purpose. 

As the project got underway, recipients of bamboo 

houses in Boruca, Terraba, and Curre were asked whether 

they would prefer to have glass-paned or traditional wooden 

windows in their new houses. All of them chose glass 
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Photograph 4.28. Scale model with movable walls and 
various door/window arrangements 
developed and used by Bamboo Project 
personnel. 
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windows, apparently because they are considered to be 

higher status than wooden windows (Gutierrez, 1989). 

None of the families had previous experience with glass 

and the technicians did not inform them of the problems 

they might experience later. Sixteen of the 45 respondents 

(35.5%) did not like the glass windows. The complaints 

were that they cut down air circulation, since only one-

half of the window can be opened; they pose a danger for 

children; they are not as secure as wooden windows; they 

pose problems for birds and chickens, who fly through and 

break the glass; and they cause economic problems for the 

families who must now buy curtains to cover the glass. In 

addition, most families cannot afford to replace the glass 

once it is broken. Observations in the three communities 

showed several panes that already had been broken and not 

replaced, even though the houses had only been occupied for 

an average of two months. Seven respondents reported that 

they would replace broken panes with wood for security and 

economic reasons. Notwithstanding the negative aspects of 

glass windows, 64% of respondents approved of glass and 

thought the windows elegant and wonderful. 

Research Question Three 

Has the design of bamboo houses been physically 

acceptable to the families who are the beneficiaries of 

these houses? 
124 



The actual size of rooms in the bamboo houses was of 

concern to residents. Of the 45 families studied, 17 

(37.8%) believed that some of the spaces within the house 

were difficult to use because of size. Unsolicited 

comments were that the rooms were too small, especially 

the bathroom and smaller bedroom, and the porch too large. 

Additionally, several families felt that after enclosing 

their porches, access to the bathroom would be difficult. 

The families in this study counteracted the effects of 

the small size of the bamboo house in several ways. One 

method was to utilize their old house for extra rooms or as 

a place in which to locate their kitchens. Photograph 4.29 

illustrates the use of a family's old dwelling as a kit

chen. The floor plan shown in Figure 4.17 depicts the use 

of another family's old house for both bedrooms and kit

chen. A second method, used by 16 out of the 45 families, 

was to partially or entirely enclose the porch. Another 

method, one which was used in 42 out of the 45 cases, was 

to construct an addition, either under the same roof or in 

a separate structure. Kitchens and bedrooms were the rooms 

most often appearing in the additions. Figure 4.17 also 

llustrates, in addition to the use of the old house for 

bedrooms and kitchen, a two-bedroom addition constructed 

at one end of the original house plan. The reason given 

by 3 6 out of the 45 respondents for constructing an 
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Photograph 4.29. Old house being used as a kitchen, 
Boruca. 
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addition was the need for more space. Since each family 

decided on the size, shape and placement of its own kit

chen, most (35 of 45 respondents) were satisfied with the 

size of their kitchen additions. Photograph 4.30 

illustrates one such kitchen addition, constructed to one 

side of the porch. In at least three instances, the 

location chosen for the kitchen was poor because it was 

placed upwind to the rest of the dwelling and smoke from 

the kitchen fire enveloped the house. As a reason for 

constructing an addition, 32 respondents mentioned the 

sooty walls and ceilings that would be caused by the 

cooking fire if the kitchen were located inside the house. 

Observations indicated that the additions were constructed 

of various materials. Some were of cement-covered bamboo 

similar to the main house. Others were of cana brava and 

were not to be covered with the cement/sand coating. A few 

were constructed of wood planks, and one was being built 

from concrete block. 

Only four families deleted a room from the original 

plan. In all cases this was the bathroom. The reason 

given by respondents was that they did not want bathrooms 

inside their houses. In the floor plan shown in Figure 

4.18 the bathroom was placed in the kitchen addition to 

the back of the house. 
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Photograph 4.30. Newly constructed kitchen at one 
side of bamboo house. 
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House features most often noted by respondents which 

required additional work were the kitchen, porch, and 

bathroom, with 29, 21, and 14 responses respectively. 

Observations indicated that work was continuing on houses, 

even though official construction had been completed. 

Most families (80%) were satisfied with the general 

layout of rooms. Of those who expressed concerns, the 

major problem was the positioning of the bathroom so that 

it opened onto the porch where people would be sitting. 

Several families built their houses so that the door to the 

bathroom opened instead onto the back of the house or into 

a bedroom or other room of the house. Figure 4.19 shows a 

plan in which the bathroom opens to the back of the house, 

and Figures 4.8 and 4.13 depict the bathroom opening into a 

bedroom and living room respectively. Seven families 

preferred to build their bathrooms outside the main plan 

entirely (Figures 4.11 and 4.18) and five had not yet 

finished construction of their bathrooms. Most respondents 

with functioning bathrooms stated that the fixtures worked 

satisfactorily. 

The bamboo houses were designed with very high roofs 

in order to allow heat to rise and thus be removed from the 

living spaces. Only six respondents believed that the 

houses were hot. In addition, 95.6% of the families 

thought that the placement of doors and windows allowed 
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enough air movement through the house and 80% thought that 

there was sufficient light within the dwelling. Respond

ents who complained about a room being too dark had either 

added their kitchen addition onto that side of the house 

or added a long porch roof which reduced the amount of 

light entering the house. The corrugated metal roof was 

judged acceptable by all but two respondents. Four 

respondents said that they would have preferred a thatched 

roof such as they had in their old house (Photograph 4.31), 

but that thatching was not a possibility with this type of 

house. The reason stated for this preference was that 

thatched roofs made houses cooler. 

When asked whether they would like to have a ceiling 

71.1% of the respondents said yes. Of these, 44.4% stated 

that they would like that ceiling to be constructed of wood 

because of the additional security it would provide to the 

house and because it would help insulate the interior from 

the heat close to the roof. Only 28.9% thought bamboo 

esterilla or cana brava would be a good choice for ceiling 

material. Fourteen respondents were concerned that were a 

ceiling to be installed, insects of various types, animals, 

and/or rodents would live there. None of the families 

planned to add a ceiling in the forseeable future because 

of the expense. 
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The flooring material—concrete—was a subject of much 

interest to residents. Only a very few had ever had this 

type of floor previously; most had had dirt floors. 

Although only eight respondents definitely disliked the 

concrete floors, others commented that while they liked 

concrete floors, they were much colder than dirt on 

customarily bare feet, they had to be cleaned more often, 

and they were an economic drain because wax and brooms and 

mops were now required in order to maintain the floor. 

Eleven respondents made comments to the effect that 

concrete was easier to clean than dirt, while seven said 

that it was harder to clean because it took more effort. 

Research Question Four 

Have bamboo houses been economically acceptable to the 

families who are the beneficiaries of these houses? 

Although self-construction of a bamboo house was very 

time consuming in the eyes of most of the respondents of 

this study, three-guarters of them said that their advice 

to a neighbor planning to build a similar house would 

definitely be to do it. There are many advantages to the 

self-construction method, as mentioned earlier in this 

work, but there are also disadvantages. The most prominent 

of these is the loss of family income from agriculture, 

upon which most Indians rely for their livelihoods. 
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The basic premise of the Bamboo Project was that the 

neediest families who owned land in the Indian communities 

would be the beneficiaries of the new houses. In actuality 

this idea did not always work. For example, in Boruca, 

five of the poorest families had to withdraw from the 

project—and were replaced by not-so-needy families— 

because they could not afford to give up income for approx

imately one year. Informal comments made by respondents 

suggested that the construction period had been a hardship 

for the family and that they could not afford to finish the 

additions on their houses until they recovered financially. 

In addition, the Indians personally have few tools with 

which to continue construction, since all tools were 

returned at termination of the project. Most do not have 

the money to be able to purchase such tools. 

The ability of these subsistence farmers to pay for 

their bamboo houses was carefully considered by the Bamboo 

Project directors, who believed that repayment was impor

tant to the self-esteem of the family, to the development 

of financial responsibility, and to the family's practice 

of money management. In order to make it easier for the 

families and to allow them to recover financially, no 

down payment or interest was required and no payment is to 

be made during the first year after completion of con

struction. The first year after that, each family is to 
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pay 300 colones ($3.75) per month. For the remaining 

14 years (17 years for single-women-headed households), 

they will pay 400 colones ($4.70) per month. 

A question yet to be answered is whether an Indian 

family bringing in two crops a year will have cash for a 

monthly payment. During informal guestionning, only five 

respondents indicated they would be able to pay monthly 

since they normally earn very little cash. The remainder 

of the homeowners said it would be easier for them to pay 

once a year when they sold their harvest. 

The National Bamboo Project, at the time of this 

writing, is still attempting to work out repayment details 

(Gutierrez, 1990). It would like to have a non-government 

agency handle the entire affair. One possibility would be 

for the Project to sell its mortgages to the Farmers Bank 

(Fundacion Integral Campesina-FINCA) and use the money they 

make to finance other bamboo housing projects. FINCA 

receives money from the Agency for International Develop

ment (A.I.D.) and lends it to local communal banks, who in 

turn lend the money directly to farmers and allow them to 

repay their loans with crops (Gutierrez, 1990). 

During informal conversations, several respondents who 

were somewhat experienced in house construction, including 

the town carpenter of Boruca, voiced guestions concerning 

the economy of bamboo versus other types of construction. 
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One of these constructions, popular in the Indian 

communities, is that of concrete block combined with wood 

(zocalo). This type of construction is illustrated in 

Photograph 4.32. According to Ghibelli (1990), the cost 

for the floor, roof, plumbing, and electricty is the same 

for both of these types of construction. A comparision 

would have to be made only between the two wall types and 

this would amount to no more than 10% of the total house 

cost. Bamboo Project personnel determined that bamboo 

construction is slightly less costly than zocalo 

construction ($1,142 versus $1,690) (Appendix C). Use of 

bamboo is offset by other considerations as well: bamboo 

is, or will be as its cultivation increases, more readily 

available to rural dwellers; the construction method also 

lends itself more readily to unskilled labor and self-

construction, since masonry construction reguires some 

degree of expertise in order to be done well; in addition, 

as forests in Costa Rica continue to disappear, wood will 

become increasingly scarce and expensive and well beyond 

the reach of the poorest families. 

Summary 

In this chapter data collected to answer four research 

questions was presented. Overall characteristics of the 

bamboo housing project, including background information, 

138 



.i 

Photograph 4.32. Zocalo construction, Boruca. 
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location of the project, general design parameters, 

construction methods and materials used, and costs, were 

detailed. Cultural/social, physical, and economic 

assessments, gathered from a Homeowner Satisfaction 

Questionnaire; informal conversations with homeowners; 

participant observation of floor plan sketches, photo

graphs, and bamboo houses themselves; and interviews with 

National Bamboo Project personnel were analyzed in an 

effort to determine whether homeowners were satisfied with 

their new bamboo houses. 
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Table 4.1. Demographic Data and Project Characteristics 
Source: Homeowner Satisfaction Questionnaire 

Head of Household Male 
Female 

35 1 
10 

Number of persons living at home 

Number of 
households 

Number of 
persons 

1 

1 

2 

2 

3 

3 

4 

7 

5 

6 

6 7 

11 4 

8 

4 

9 

2 

10 11 

1 2 

12 

1 

13 

1 

Current ages 

Age range 

Number of 
persons 

0-10 

109 

11-20 

60 

21-30 

41 

31-40 

30 

41-50 

12 

51-60 

12 

61-70 

7 

71+ 

2 

Number of persons in bamboo house—daytime 

Number of 
persons 

Number of 
households 

0 

1 

1 

5 

2 

3 

3 

9 

4 

6 

5 

7 

6 

7 

7 

1 

8 

5 

9 

1 

10 

0 

11 

0 

12 

0 

Number of persons in bamboo house—evening 

Number of 
persons 

Number of 
households 

0 

0 

1 

1 

2 

2 

3 

3 

4 

9 

5 

4 

6 

12 

7 

3 

8 

4 

9 

1 

10 

3 

11 

2 

12 

1 
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Table 4.1. Continued. » 

Number of weeks living in new bamboo house 

Number of 
weeks 

Number of 
families 

1-2 

5 

3-4 

10 

5-6 

6 

7-8 

15 

9-10 

0 

11-12 

5 

13-14 

1 

15-16 

3 

Method of supplying labor for building bamboo house * 

Self & Neighbors 
45 

Self & Family 
21 

Hired 
7 

Other 
2 

Type of fuel used for cooking * 

Wood 
43 

Electricity 
4 

Charcoal 
0 

Gasoline/ 
Kerosene 

0 

Bottled 
Gas 
0 

Other 
0 

Primary source of water 

Pipe from 
mountains 

41 

Pipe from 
river 
2 

Hand-carried 
from river 

1 

Hand-carried 
from spring 

1 

Features of house needing additional work * 

Kitchen 

29 

Porch 

21 

Bath 
room 

14 

Water 
System 

10 

Windows 
& doors 

10 

Bed 
room 

8 

Floor 

6 

Other 

3 

* Respondents listed multiple answers 
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Table 4.2. Responses, Open-ended Questions: 
Homeowner Satisfaction Questionnaire 

What do you like most about your bamboo house? 

bamboo 
(3) 

Everything (14) 
Never had a house so beautiful (6) 
Having own house (5) 
Opportunity to learn about 
Very modern/more civilized 
Self-help idea (2) 
Rooms more secure (2) 
Inside bathroom (2) 
Better than delapidated old house (2) 
Better roof (2) 
Improvement of life 
Cheapness of bamboo 
Comfortable compared to old 
When would family have ever 
Cooler than old wood house 
Glass windows 
Walls much prettier 
Smooth walls 
Inside water supply and electricity 
Form of house 
Likes the way it looks 
Learned to work in groups 
Rain doesn't get into house 
More private 
Great for sleeping 
Individual bedrooms 
Bathroom and bedrooms 
Don't know 

construction (5) 

ranchito 
had a house like this 
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Table 4.2. Continued. 

What do you like least about your bamboo house? 

Nothing (15) 
Cold cement floors (3) 
Cracked floor (3) 
Afraid walls will fall after quake (3) 
Still not finished (3) 
Such an open porch (2) 
Lot too small to have animals close to house (2) 
Cleaning (2) 
Bathroom door opening onto porch (2) 
Kitchen still smokes up house (2) 
Palm house was cooler 
No bathroom 
House would be more usable if porch was on road side 
Afraid it won't last 
Light color (prefers blue) 
A little small 
Ugly electric box on porch wall but no electricity 
available 

Not closed in above walls to keep out mosquitoes 
Roof too high 
Windows break/have to buy curtains (waste of money) 
Having to build separate structure for bathroom 
Because of building house, couldn't farm 
Can't afford to buy materials for addition 
Cement burned skin when working with it 
Length of time it took to build with this technology 
Can't put nails in walls to hang things 
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Figure 4.2. Continued. 

What advice would you give to a neighbor planning 
to build a bamboo house? 

Recommend the neighbor build a bamboo house (34) 
Work is slow and you need patience (9) 
A lot of work (8) 
Recommend the neighbor not build a bamboo house (4) 
It is cheaper construction (3) 
More expensive than wood (3) 
Cost same as a wood house (2) 
Make porch into another room 
New house is much better than old house 
Will last a long time 

What was your impression of the assistance 
provided by the Bamboo Project? 

Curre 
N=14 

Terraba 
N=14 

Boruca 
N=17 

Technicians helped a lot (9) 
(came often enough) 

People convinced her to join (1) 
People did not come around enough (1) 
Only came when asked (1) 
Didn't come for weeks at a time (1) 
No comment (1) 

Technicians helped a lot (8) 
(came often enough) 

Very dependable (1) 
People did not come around enough 
Did not advise them well (2) 
Only came when asked (1) 

(2) 

Technicians helped a lot (8) 
(came often enough) 

People did not come around enough 
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Table 4.3. Analysis of Housing Design Factors. 
Source: Homeowner Satisfaction Questionnaire. 

Key: C = Curre 
T = Terraba 
B = Boruca 

T = Total 
Y = Yes 
N = No 

NA = = Not 
Applicable 

Question 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

Is the size of the 
house adequate? 

Are there enough 
rooms? 

Are there spaces 
which are difficult 
to use because of 
size? 

Are there spaces 
which are difficult 
to use because of 
location? 

Is the bathroom 
space large enough? 

Is placement of 
bath convenient? 

Is the bath inside 
the house? 

Do bath fixtures 
work satisfactorily? 

Is placement of 
kitchen convenient? 

Is kitchen inside 
the house? 

Y 
N 

Y 
N 

Y 
N 

Y 
N 

Y 
N 

NA 

Y 
N 

NA 

Y 
N 

Y 
N 

NA 

Y 
N 

Y 
N 

C 
N=14 

10 
4 

8 
6 

3 
11 

0 
14 

12 
0 
2 

11 
1 
2 

13 
1 

10 
2 
2 

0 
14 

0 
14 

T 
N=14 

11 
3 

12 
2 

2 
12 

2 
12 

12 
2 

12 
2 

14 
0 

12 
2 

1 
13 

0 
14 

B 
N=17 

3 
14 

2 
15 

12 
5 

7 
10 

6 
7 
4 

11 
2 
4 

9 
8 

11 
1 
5 

1 
16 

2 
15 

T 

24 
21 

22 
23 

17 
28 

9 
36 

30 
9 
6 

34 
5 
6 

36 
9 

33 
5 
7 

2 
43 

2 
43 

% 

53.3 
46.6 

48.8 
51.1 

37.7 
62.2 

20.0 
80.0 

66.7 
20.0 
13.3 

75.6 
11.1 
13.3 

80.0 
20.0 

73.3 
11.1 
15.6 

4.4 
95.6 

4.4 
95.6 
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Table 4.3. 

Question 

K. Is kitchen space 
large enough? 

L. Do you like glass 
windows? 

M. Does placement of 
doors/windows allow 
visual privacy from 
road/neighbors? 

N. Is it important to see 
people passing on road 
from inside house? 

0. Do windows/doors 
provide good air move
ment through house? 

P. Are there spaces you 
find too dark? 

Q. Are any spaces too 
hot or too cold? 

R. Do you like the 
roof material? 

S. Do you like the 
floor material? 

T. Would you like to 
have a ceiling? 

U. Do you like the 
general appearance 
of the house? 

V. Do you like the 
wall finish? 

Y 
N 

NA 

Y 
N 

Y 
N 

Y 
N 

Y 
N 

Y 
N 

Y 
N 

Y 
N 

Y 
N 

Y 
N 

Y 
N 

Y 
N 

Continued. 

C 
N=14 

11 
2 
1 

9 
5 

14 
0 

14 
0 

14 
0 

4 
10 

1 
13 

13 
1 

14 
0 

9 
5 

14 
0 

13 
1 

T 
N=14 

10 
4 

10 
4 

14 
0 

10 
4 

13 
1 

1 
13 

1 
13 

14 
0 

12 
2 

9 
5 

13 
1 

11 
3 

B 
N=17 

14 
3 

10 
7 

17 
0 

10 
7 

16 
1 

4 
13 

4 
13 

16 
1 

11 
6 

14 
3 

15 
2 

16 
1 

T 

35 
9 
1 

29 
16 

45 
0 

34 
11 

43 
2 

9 
36 

6 
39 

43 
2 

37 
8 

32 
13 

42 
3 

40 
5 

% 

77.8 
20.0 
2.2 

64.4 
35.5 

100.0 
0.0 

75.6 
24.2 

95.6 
4.4 

20.0 
80.0 

13.3 
86.6 

95.6 
4.4 

82.2 
17.8 

71.1 
28.9 

93.3 
6.7 

88.9 
11.1 
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Table -

Question 

W. Do you like the 
color of the walls? 

X. Is a porch desirable? 

Y. Are there spaces you 
prefer to be in? 

10. Have you changed the 
original construction 
plan? 

11. Have any rooms been 
added to original 
construction plan? 

12. Why did you add 
room (s)? 
-Needed space 

-Wanted kitchen 
outside 

13. Have any rooms been 
deleted from original 
construction plan? 

4.3. 

Y 
N 

Y 
N 

Y 
N 

Y 
N 

Y 
N 

Y 
N 

Y 
N 

Y 
N 

Continued. 

C 
N=14 

7 
7 

13 
1 

10 
4 

7 
7 

11 
3 

8 
6 

10 
4 

13 
1 

T 
N=14 

4 
10 

14 
0 

13 
1 

11 
3 

14 
0 

12 
2 

12 
2 

14 
0 

B 
N=17 

6 
11 

14 
3 

17 
0 

9 
8 

17 
0 

16 
1 

10 
7 

14 
3 

T 

17 
28 

41 
4 

40 
5 

27 
18 

42 
3 

36 
9 

32 
13 

41 
4 

% 

37.8 
62.2 

91.1 
8.9 

88.9 
11.1 

60.0 
40.0 

93.3 
6.7 

80.0 
20.0 

71.1 
28.9 

91.1 
8.9 
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CHAPTER V 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

Summary 

The purpose of this study has been to identify and 

evaluate cultural/social, physical, and economic factors 

related to the use of bamboo as an indigenous construction 

material for housing in three Indian communities within 

Costa Rica. The broad goal was to assess the success of 

this project in providing affordable housing for low-income 

families. 

To achieve the objectives of the study, two instru

ments were developed for data collection: a Homeowner 

Satisfaction Questionnaire, containing both open- and 

closed-ended guestions, which was administered orally 

to 45 Indian families; and a Informal Interview Instrument 

which was administered to selected Costa Rican National 

Bamboo Project personnel. Several procedures were utilized 

to ensure cultural validity in the Homeowner Satisfaction 

Questionnaire. Additionally, site observations, visual 

documentation data, and informal interview data were used 

in the investigation. 
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Conclusions 

The following conclusions are based on the review of 

literature, cjuestionnaire, interviews, visual documen

tation, and personal observations. 

(1) The Costa Rican National Bamboo Project has been 

an effort on the part of one Central American country to 

provide housing for some of its poorest people. Project 

directors, realizing that housing is more than simply 

structures, recruited professionals and specialists from 

the fields of architecture, engineering, agriculture, and 

social work to provide their varied expertise. Working 

with, rather than around, the people appears to have been 

one of their major objectives, insofar as it was possible 

to do so within imposed time and budget constraints. 

(2) Bamboo is a low-cost, locally available, 

renewable material, whose technological aspects lend 

themselves to traditional, self-construction methods. In 

many areas of Latin America, bamboo has played a part in 

the history of housing. Today, that custom has given way 

to the use of more expensive Western materials and 

technologies which are unaffordable and beyond the self-

construction capabilities of the very poorest families. 

Bamboo, in Costa Rica, will be more readily accessible as 

the cultivation phase of the National Bamboo Project 
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provides mature culms for house construction. 

(3) "One gauge of a project's success is the degree 

to which it has encouraged people to be self-sufficient 

beyond what the project did for them," says Salmen 

(1987, p. 55). Photographic documentation and researcher 

observations illustrate that the Bamboo Project has been 

successful in this respect. Beneficiaries continue to add 

onto the new houses, to add separate structures, and to 

improve the houses with paint, new furniture, landscaping, 

extra windows and doors, and other amenities. 

(4) Most families are satisfied with the new bamboo 

houses. Comments such as "it's like a palace to us," or 

"we never would have had such a fine house if it had not 

been for the Project" reinforce this conclusion. 

(5) A sense of community was established through the 

self-help method employed for construction. One negative 

aspect of self-construction, however, was that the time 

necessary for construction took time away from subsistence 

agriculture, thus lowering family income and food supply 

during the construction period. 

(6) Beneficiaries knew that the placement of the 

kitchen within the dwelling itself, as originally 

specified, was impossible. Most families planned to locate 

the kitchen in a separate structure from the outset. Most 

of these kitchens are either completed and in use or 
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nearing completion. 

(7) Although the placement of the bathroom was judged 

to be convenient by three-guarters of the families, who 

perhaps were judging the location in comparison to previous 

"outhouse" locations further from the main house, there was 

concern over the bathroom door opening onto the porch where 

social activities were likely to occur. 

(8) The color of the houses was, in the opinion of 

the majority of householders, unacceptable. White was said 

to be impractical where red dirt and mud were present. 

(9) Porches are highly desired by inhabitants of 

these Indian communities. However, the desire for a porch 

was often outweighed by the need for additional rooms 

within the house to accommodate the many family members. 

(10) Even though glass windows were desired by 

homeowners, a number of disadvantages were inherent in 

their use. It appears that glass is not as practical as 

wood in these rural communities. 

(11) House and room sizes, as well as number of rooms 

were judged by a majority of householders to be inadequate 

given the average size of Indian families. 

(12) Construction materials were acceptable to most 

families. The novelty of concrete floors which were cold 

on bare feet and the subsequent, and unprecedented, need 

for floor care materials led some women to comment 
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negatively. Most families also liked the wall finish, 

although many were not sure if this type of construction, 

utilizing bamboo, would survive an earthguake. 

(13) New homeowners felt that they would have the 

financial ability to make house payments over the 15- to 

18-year repayment period. Thus, one of the objectives of 

the Project—that bamboo houses be affordable to low-income 

recipients—was met. 

(14) Skills in the technology of bamboo construction 

were developed by those involved in the actual building 

process. As knowledge of the desirability of this type of 

housing spreads, and more bamboo houses are constructed, 

people with these income-generating skills will be in 

demand, resulting in increased family incomes. 

Recommendations 

Indigenous or traditional methods and materials of 

building construction have been neglected in most Third 

World countries, as more "modern" (and often less 

appropriate) Western technology and materials have replaced 

the indigenous materials. If use of these materials, 

including bamboo, were encouraged for house construction, 

it is conceivable that dwellings more suitable to the 

cultural/social, economic, and physical needs of their 

inhabitants could be constructed. 
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The economic development of Third World countries may 

also be assisted as promotion of the use of indigenous 

methods and materials is increased, jobs are created, 

resources are conserved, importation of foreign materials 

is decreased, and the poor are assisted in producing more 

human-oriented living environments. Successful low-income 

housing must not only address economic and physical 

structure parameters, but should also address how such 

dwellings will affect the social and cultural organization 

of the inhabitants. 

The governments of Latin America and other Third World 

countries are concerned with slowing urbanization. One 

method of accomplishing this is to encourage rural 

prosperity by support of agrarian reform and encouragement 

of economic opportunities in these areas—not an easy task 

in an era of capital-, and not labor-intensive— 

industrialization. Developing local housing industries, 

based on the use of local resources and skills, would tend 

to expand job possibilities as well as provide more 

adequate housing. Cultural traditions, important to any 

country, but increasingly lost as "modern" methods are 

introduced, could be promoted through official support of 

indigenous housing construction methods and materials. 

Understanding the needs, values, and views of the 

beneficiaries in any housing project is important to ensure 
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the success of that project in its cultural context. 

Similarly, consultations with homeowners-to-be should 

provide them with background and understanding of the 

designs or procedures employed in construction of their 

dwellings. Beneficiaries in the Indian-community segment 

of this project were only minimally consulted in the design 

of their houses and little information was given the 

average family concerning rationale for use of materials 

such as bamboo. As the project continues, and as more time 

is available to meet with families, a greater amount of 

consultation should occur. Bamboo Project personnel, 

already concerned with this matter, have developed a 

guestionnaire which acts as a design guide for discussions 

about the housing needs and wants of each family. 

Future low-income house designs must take into account 

the typical large family size and traditional cooking 

methods which might influence kitchen placement. 

So that continued improvement in housing may be made 

after termination of any project, construction materials 

and tools must be available locally, perhaps at reduced 

cost. Tools might be provided on a rental basis. 

Lastly, if bamboo is to be used more widely in house 

construction, the idea must be sold to homeowners. 

Marketing techniques, viewing of prototype houses, and word 

of mouth will help spread the word. In the words of 
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Project architect Jorge Arcila (1989), "houses are an 

important, eternal product, to be inherited by one's 

children and grandchildren. Even though bamboo is a 

construction material with many possibilities, people fear 

that it is only temporary, not durable and lasting." If, 

indeed, bamboo is to become one of the answers to the 

housing crisis in developing countries, people must not 

only realize its physical capabilities, but its environ

mental and cultural appeal as well. 

Recommendations for Further Study 

(1) A longitudinal study assessing the survival 

capabilities of the bamboo houses in this project over a 

five to ten year period might be performed. Data collected 

would be important in the determination of whether bamboo 

is an appropriate, long-lasting construction material for 

housing in tropical countries. 

(2) An agro-economic study of the annual increase in 

population in Costa Rica, or other Latin American country, 

in relation to the annual production of bamboo for housing 

purposes would provide information useful in predicting 

whether bamboo would be available in sufficient guantities 

over the long term to alleviate the housing problem for 

low-income families. 
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(3) Since it appears that this project has been 

successful in Costa Rica, it would be interesting to 

investigate the possibility of undertaking a similar 

project in another Latin American country. 

(4) Ultimately, the National Bamboo Project will 

be responsible for construction of 500 new bamboo houses 

throughout Costa Rica. However, only data involving 

construction of the first 93 houses in one small area of 

the country were gathered for this study. An investi

gation of the satisfaction of a larger sample of 

families after a longer period of residence would provide 

a broader base for evaluating the potential for bamboo 

housing. 

(5) A post-occupancy evaluation comparing the results 

of this investigation of Indian families with those of 

other, non-Indian families would furnish researchers with 

information on cultural differences in housing satis

faction. 
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HOMEOWNER SATISFACTION QUESTIONNAIRE 

A. GENERAL INFORMATION 

1. Head of household (name): 

Male Female 

2. Household demographics: 

Person 

Head of household 

Spouse 

Living 
At Home 
(A) 

Current 
Age 
(B) 

3. How many people are in the house during 
the daytime? 

4. How many people are in the house during 
the evening? 
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5. How long have you lived in your bamboo house? 

1 week 6 weeks 
2 weeks 7 weeks 
3 weeks 8 weeks 
4 weeks More than 8 weeks 
5 weeks 

6. How was labor supplied for building your new house? 
(Check all that apply) 

Self-help labor, immediate family 
Self-help labor, neighbors 
Hired labor 
Other (specify) - - - - . — — — — 

7. What type of fuel do you use for cooking? 

Wood 
Charcoal 
Gasoline/kerosene 
Bottled gas 
Electricity 
Other (explain) — 

8. What is your primary source of water? 

River 
Rainwater collected in cistern 
Well 
Other (specify) — — — — — — 
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B DESIGN 

After living in your new bamboo house for several 
weeks, how would you evaluate the following factors or 
features? 

Feature 

A. Is the size of the house 
adequate? (sq. meters) 

B. Are there enough rooms? 

C. Are there spaces in the house 
which are difficult to use 
because of size? 

D. Are there spaces in the house 
which are difficult to use 
because of location in plan? 

E. Is the bathroom space 
large enough? 

F. In placement of the bathroom 
in the house convenient? 

G. Is the bathroom inside the house? 

H. Do bathroom fixtures work 
satisfactorily? 

I. Is placement of the kitchen in 
the house convenient? 

J. Is the kitchen inside the house? 

K. Is the kitchen space large 
enough for cooking? 

L. Do you like glass windows? 

M. Does placement of windows and doors 
allow adequate visual privacy from 
road, neighbors? 

Yes/No Explain 
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N. Is It important to be able to see 
people passing on the road from 
inside the house? 

O. Do windows/doors provide for 
good air movement through house? 

P. Are there spaces you find too dark? 

Q. Are any spaces too hot or too cold? 

R. Do you like the roof material? 

S. Do you like the floor material? 

T. Would you like to have a ceiling? 

U. Do you like the general appearance 
of the house? 

V. Do you like the wall finish? 

W. Do you like the color of 
the walls? 

X. Is a porch desirable? 

Y. Are there spaces you prefer 
to be in? 

10. Have you changed the original construction plan? 

Yes No 

11. Have any rooms been added to the original construction 
plan? 

•Yes 'No 
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If yes, how was/were new rooms (s) made? 

-Subdividing an existing room 
•Adding on to original plan 
'Adding a separate structure 
-Partially enclosing porch 
-Entirely enclosing porch 

12. If yes, why did you add the room (s)? 

13. Have any rooms been deleted from the original 
construction plan? 

•Yes •No 

14. Do any features of your house need additional work? 

Yes No 

Bedrooms 

Kitchen 

Water 
System 

Bathroom 

Windows & 
Doors 

Flooring 

Porch 

Other; 

What needs to be done? 
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15. What do you like most about your bamboo house? 

16. What do you like least about your bamboo house? 

17. What advice would you give to a neighbor planning to 
build a bamboo house? 

18. What was your impression of the assistance provided by 
the Bamboo Project? 
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INFORMAL INTERVIEW INSTRUMENT; 
RESPONSES FROM NATIONAL 
BAMBOO PROJECT PERSONNEL 

1. List all persons other than members of Indian 
communities who were involved in the design of the 
bamboo houses for the Indian communities. Include 
their professional backgrounds and job titles. 

Ana Cecilia Chavez; Director General; Architecture; 
University of Costa Rica. 

* Jorge H. Arcila; Director, Design and Training; 
Architecture; National University of Colombia 
and Superior Technical School of Architecture, 
Barcelona, Spain. 

* Jorge A. Gutierrez; Director, Research and Develop
ment; Civil Engineering; University of Costa 
Rica and University of California, Berkeley. 

Francisco Rodriguez; Director, Construction; Civil 
Engineering; University of Costa Rica. 

* Arturo Venegas; Director, Forestry; Forestry; 
University of Poznan, Poland. 

* Natalia Dobles; Director, Planning and Social Work; 
Social Work; National University of Costa Rica. 

* Augusto Ghibelli; Director, Design and Additions; 
Architecture; University of Sapienza, Rome, 
Italy. 

* Key personnel actually interviewed by researcher. 

Were members of the Indian communities involved in the 
planning of the bamboo houses? If yes, list which 
members and describe involvement. 

... No. Only Indian leaders came to San Jose project 
offices to see house models. No real participation. 

Found after guestioning Indian families that they 
wanted a house like urban houses—thus the cement/sand 
wall surfacing. 
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CONAI plans used without modification because 
there was no time to do a study or talk to families 
before project had to be started. Only one plan used 
regardless of family size. 

3. Why was the project initiated in Indian communities? 

Perceived by Project that very poorest housing 
was here. 

4. Were cultural aspects of the Indian communities 
considered in planning the bamboo houses? If yes, 
explain how. 

High roof reminiscent of typical ranches where 
heat and smoke could escape through high roof. 

Large porch planned because families live out-side 
much of the time—part of their culture 
to do so. Also because of climate. 

CONAI (Comision Nacional de Asuntos Indigenas— 
National Committee for Indian Affairs) had 
already developed a house plan for Indian 
communities, but not specifically for these three 
communities. 

Physical aspects: 

House size: 38.88 meters (419 sq. ft.) 

Area of lot: meters (no specific size 
required) 

Number of rooms under main roof: 4-5 (extra material 
given for kitchen to 
be added later) 

Type of sanitary waste disposal system; septic tank 

Kitchen appliances provided; wash sink 

Water system: pipe from common, distant well 
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6. Explain and justify the rationale for the floor plan 
which was selected for the Indian families. 

... CONAI plan used. 

... Even though project realized that kitchens would 
be put outside, plan showed kitchen anyway be
cause this is reguired by Costa Rican law to be 
part of any house plan, along with a bathroom. 

Separate kitchens cost more. 

Extra materials given so families could construct 
a kitchen on their own after project ended. 

7. How does this plan differ from the plan used for bamboo 
housing in other Costa Rican communities? 

House plans differently arranged and have three 
bedrooms rather than two. 

... Houses are larger (48-50 sq. meters vs. 38.88 sq. 
meters). 

8. What other changes have been made in the construction 
and/or design of houses for communities receiving the 
project in other Costa Rican communities? 

Not as much wall cracking because cana brava (used 
for wall sheathing) is not split like bamboo made 
into esterilla and internal stresses are not as 
great; also better cement/sand mix. 

Families can choose color of wall paint desired. 

Models are used with each family in a discussion 
of house layout. 

Foundation has one layer of concrete laid on 
ground first in order to keep humidity away from 
wood studs. A wood frame sits on top of the 
block to which studs are attached. Once walls 
are up, cement floor will be laid. 
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9. Explain the construction training phase of the bamboo 
housing project. 

Technicians who would vjork directly with families were 
graduates of a San Jose construction school. They 
were given extra training in bamboo technology. 12 
technicians trained by one man (Roger Chaves) who was 
experienced in this type construction. Field practice 
and experience gained by technicians (who had never 
done this sort of construction) by building five 
prototypes at Project headguarters. They also 
received lessons on working effectively with people. 
Before each construction step began, Chaves went to 
each communil̂ y to explain th^ step. Technicians lived 
in Boruca, Terraba, and Curre for two-week periods and 
then returned to San Jose for three-day weekends, 
including one day of additional training. 

10. Explain the self-construction aspect of the bamboo 
housing project. 

Groups of five families worked together to build all 
five houses (cuadrillas). One member of each family 
was the designated worker. Other family members and 
friends also worked on house as they had available 
time. 

Why self-construction? Promotion of growth of 
individual and sense of community through practicing 
technical knowledge and development of group 
cooperation habits. 

11. How were Indian beneficiaries compensated during the 
construction period for loss of income from farming? 

Food donations from United Nations World Food 
Program to each beneficiary family. Project had 
no choice as to foods given. 

... A 1,000 colones loan per month to each 
beneficiary family. Came from Project construct
ion budget. To be used for purchase of fooci and 
other necessary items. Money is to be repaid 
along with mortgage. 
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12. Explain the cultivation segment of the bamboo housing 
project. 

... Cultivation of guadua bamboo. By 1992, 700 
hectares will be under cultivation (150 in 
Guapiles, 400 in Arenal, and 150 in Golfito). 

... Bamboo Project is funding cultivation of 200 
hectares, and a Central American Bank Loan is 
funding 500 hectares. 

Takes seven years for bamboo to mature enough 
to be used in construction. 

13. What types of bamboo are being used for building 
houses m this project? 

Cana brava (cana blanca) is being used in Orotina 
for wall sheathing in place of the vulgaris 
bamboo used in Indian communities since it is 
more readily available in that area. Also used 
for decorative purposes. 

Bambusa yulgaris used for esterilla in Indian 
communities since it is already growing in Costa 
Rica. 

Bambusa guadua is not growing in Costa Rica at 
time, except in cultivation plots. It is better 
for construction than the other two types. 

14. Have bamboo wall construction methods been tested for 
earthguake and wind resistance? 

Yes—under research aspect of project headed by Jorge 
Gutierrez. Use of previously-reported research also 
indicates earthquake and wind resistance. 

15. How was the bamboo treated to prevent insect and rot 
damage? 

. .. Esterilla planks placed in a ground pit lined 
with plastic. Pit held Xilobor (a water soluble 
boron salt mixture). Twenty planks at a time 
were soaked for 15 minutes; planks were then 
drained, stacked, sealed in plastic, and allowed 
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to stand for 15 days in order to allow Xilobor to 
diffuse through bamboo. 

... In construction, esterilla is covered completely 
with cement/sand mixture, thus sealing it off 
from atmosphere and insects. 

Financial aspects: 

16. What is the total cost, to each family, for a bamboo 
house? 

$2,000 - $2,500 

17. What is the monthly cost, to each family, for the 
bamboo house? 

First year; 3 00 colones per month 
Subsequent years: 400 colones per month 

Repayment important to development of financial 
responsibility, family self esteem, and learning 
money management. 

18. Was a down payment required? If so, how much? 

No. 

19. Do families pay interest on their loan? If so, how 
much? 

Planned at first that six percent be charged; 
communities decided later not to charge any interest 

20. How will mortgage payments be collected? Will the 
payment be made monthly or at some other interval? 

Not sure yet; communities will collect their own 
monies and apply them to community development 
projects or to help build other bamboo houses. 
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21. What is the pay-back period for the loan? 

15 years for all male-headed households. 
18 years for single-women-headed households. 

22. In comparing bamboo construction, as practiced in this 
project, with other popular types of construction— 
particularly concrete block and wood (zocalo), is 
bamboo a less expensive construction? If not, why 
should it be utilized in construction? 

Wood/bamboo esterilla $1,142 
[Materials 

Zocalo (wood/concrete block) $1,690 only] 

Bamboo is less expensive. Should be used because; 
Wood is becoming scarce/expensive—environmental 
considerations. 

Construction with bamboo is relatively simple and 
highly trained construction workers not 
necessary for an adeguate job. 

23. Describe the selection process for families included 
in the bamboo project in the Indian communities. 

CONAI provided a list of family names of most 
needy in Indian communities. 

Social workers and project planners explained 
project to families and allowed them to sign 
up if they wished. 

Some families took themselves out of project 
after construction had begun because they were 
too poor to not farm for such a long period 
(approximately one year). 

... Project was supposed to reach poorest families; 
however did not always work that way because of 
need for income from farming. 
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24. Construction Materials 

Place the number which best describes the material used for 
each architectural feature in the chart below; 

1. Clay tiles 
2. Wood 
3. Adobe 
4. Metal sheets 
5. Whole bamboo culms 

6 
7 
8 
9 
10 
11 

Bamboo esterilla 
Concrete 
Thatch 
Packed dirt 
Concrete/sand ^ 
Other (name) cana brava 

Room 

Living Room 

Kitchen 

Bedroom 1 

Bedroom 2 

Bathroom 

Porch 

F] 

7 

7 

7 

7 

7 

7 

.oor 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

Wall 
Studs 

2 

2 

2 

2 

2 

2 

Sheath 
ing 

6 

6 

6 

6 

6 

6 

(11) 

(11) 

(11) 

(11) 

(11) 

(11) 

Finish 

10 

10 

10 

10 

10 

10 

Ceiling 

none 

none 

none 

none 

none 

none 

Roof 

4 

4 

4 

4 

4 

4 

* 2 —where difficult to deliver concrete 
* 11—Orotina (second phase of Project) 

25. What do you consider to be the most positive feature 
of bamboo housing? 

Possibility of self-help; technique easy compared to 
masonry construction; cost and availability of 
bamboo (Gutierrez). 

Cost in future will be attractive; use of a natural 
product (hates concrete!); social aspect of project 
where people work together (Ghibelli). 

Bamboo is a construction material with many 
possibilities (Arcila). 
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26. What do you consider to be the most negative feature 
of bamboo housing? 

Reluctance of people to accept a new technology 
is difficult to overcome (Gutierrez). 

Must impose culturally an acceptance of an old 
construction type; must try to convince people 
of somthing they may not feel is good (Ghibelli). 

Difficult to introduce a new technology because houses 
are "an eternal, important product." Children will 
inherit the house. With this new technicjue and 
material, people may fear it is only temporary, 
not durable and lasting as culture demands of housing 
(Arcila). 
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APPENDIX C: COST COMPARISON BETWEEN 
CONSTRUCTION MATERIALS FOR 
A 44 SQUARE METER HOUSE 
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COST COMPARISON BETWEEN CONSTRUCTION 
MATERIALS FOR A 44 SQUARE METER 

HOUSE 

PROYECTO COS 07/001 I'NIJD - HOLANDA 

Proyec to Nacional de Bambu 
Caiilla Postal 4540 1000 Tcl i . : 2G 39 39 - 26 38 70 San Jose, Costa Rica 

ACTIVIDWI'ES 

t i p o S? MADERA Y ESTERILLA 

<^ (^.2 UonsL i . paneled) 

C.R.-Canada BLOQUES Y MADERA 

41' ri2 ( cons t r . i n s i t u ) 

descripcitn 
actividades 

ITQTHL Iprecio Idescripcif'n 
Icolones lun i ta r io lactividades 

!TOTAL 
1colones 

•precio 
luni tar io 

PRELIMimRES 

ciMionos 

INivel y trazado. 

IPlacas corridas y 

!1 hilada de bloques 

PAREDES Y CERCHAS iSeleccitn, corta y 

Itratamiento de bambij 

Ipara esterilla para 

Iforro. Paredes y ta-

Ipicheles estruct. en 

Imadera. Repello fino 

PI SOS 

CUBIERTA 

JColado de contrapiso 

ILujado de piso 
I 
I 

ILaminas de zinc. 

lEstract. y viga en 

Imadera 

1022.52 :, 23.24 IMovimiento de tierra! 

I a! ni2 ISello, contreto de 

t I I Kiij.'ic c a . 

I • 

I I 

9130.22 1 200,22 IPlacas corridas y 

!al m.lin.12 hiladas de bloquesi 
I I I 

I I I 

41428.33 : 547.93 IParedes en bloques y! 

1 al m2 Iparedes en aiadera a 

Ide pared lun forro. Repello 

! Iqijemado. Cere has y 

1 Iclavadores en madera! 

14415.41 

29375.94 

1 .hi JColado de contrapiso! 

al m2 ! 

£67.64 !Laniinas de zinc, 

al Q2 lEstruct. en oiadera 

2881.50 

18503.95 

Q0333.Q0 

68.61 

a l (Ti2 

607.32 

lal m.lin. 

1039.08 

al m2 

ide pared 

87C7.50 

22537.20 

179.34 

al m2 

536.60 

al m2 

TOTALES 95372.48 

Wood/bamboo 
$1,142 

B 
Wood/concrete 
block (zocalo) 

$1,690 

Source: National Bamboo Project, 1990. 
Conversion Rate: October, 1989: $1 = 83.51 colones 
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