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Foreword
The Vth INBAR International Bamboo Workshop was jointly held with
the IV International Bamboo Congress from 19 to 22 June 1995 in Ubud,
Bali. The Workshop was organized under the auspices of the International
Network for Bamboo and Rattan (INBAR) and the Congress under the
banner of the International Bamboo Association (IBA).
Over 600 people from different walks of life - scientists, engineers,
architects, designers, crafts people, environmentalists, rural development
experts, government officials and plain bamboo enthusiasts - congregated
at Ubud to partake in the five-day event of the year. Several representatives of the Indonesian government, international organizations, diplomatic
community, and local and foreign media attended the Bali Congress. A large
number of scientists participated in the intensive and keen scientific discussions at the 15 scientific sessions.
That the event was such a huge success was largely due to the painstaking efforts put in by a number of people from the organizations involved,
particularly by Dr Elizabeth Widjaja, MS Linda Garland and their team at
the Environmental Bamboo Foundation, which was the local host. It also
made a great difference that the International Plant Genetic Resources
Institute (IPGRI) and the Government of the Netherlands actively supported
some of the scientific sessions. It would only be appropriate here to thank
all of them.
The Bali Congress was held at a time when bamboo and other forest
resources were being increasingly subjected to overexploitation and
unsustainable use. This aspect was integral to the theme of the event Bamboo, People and the Environment. Several papers and posters were
presented at the Congress on subjects ranging from bamboo propagation
techniques to anatomical studies on pachymorph bamboos, from the role
of bamboo in rural development to use of bamboo in religious rituals, from
bamboo conservation strategies to use of molecular markers, and from
design input into bamboo crafts to bamboo building codes.
vii
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In compiling the proceedings, we decided to make a departure from
the previous practice of gathering all the papers in one large volume. We
felt that segregating the papers presented at the sessions into different subject
areas would providea sharper focus, and presenting them as handy volumes would serve the readers better. Consequently, the proceedings are
being published in four volumes: Propagation and Management, Biodiversity and Genetic Conservation, Engineering and Utilization, and Socioeconomics and Culture. The last volume, Socio-economics and Culture,
also contains the list of participants.
We have taken care to ensure that this publication imbibe the essence
of the Bali Congress. Dr Elizabeth Widjaja, Dr P.M. Ganapathy, Dr Jules
Janssen, Dr V. Ramanatha Rao, Mr. Brian Belcher and Prof. Trevor Williams
have very kindly assisted with the technical editing of the papers, and we
thank them for their time. We hope that you, as reader, would derive as
much satisfaction as we did in bringing Bamboo, People and the Environment to you.
IV. Ramanuja Rao
Cherla B. Sastry

General Editors

viii

Preface
This volume is the third of the four-volume series Bamboo, People and
the Environment, which cover the proceedings of the Vth INBAR International Bamboo Workshop and the IVth International Bamboo Congress,
jointly held in Indonesia from 19 to 22 June 1995. It contains papers covering physical and chemical properties, engineering, and utilization aspects
of bamboo.
When a call for papers went out for the workshop and congress, more
were offered in these subject areas than in any other. This marks a segment
of bamboo interest which has expanded tremendously in the past decade
and a half since the first international workshop in 1980 was sponsored by
the International Development Research Centre of Canada. Then only four
papers presented the utilization of bamboo, and they largely dealt with
structure, properties and preservation.
The current volume spans interests in: traditional art material, handicrafts and furniture; use of bamboo in reinforcing concrete; as a raw material
in paper industry; as well as use of bamboo either as a raw material or in
processed form for construction and other uses. A substantial number of
papers deal with the use of bamboo in construction.
Reading the presentations leads to several important observations. More
important of these are that first, there still exist constraints to be overcome.
Economical and eco-friendly preservation of bamboo, integrity of bonding in reinforcement, and stability of jointing are just a few such constraints.
Second, building codes and other standards need to be developed and
implemented speedily.
ix
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These observations provide a strategic agenda for the research community as well as for INBAR. The tremendous interest in low-cost housing
-even in typhoon and earthquake areas - has led INBAR to refocus part of
its research program to address this area.
P.M. Ganapathy
Jules A. Janssen
Cherla B. Sastry
Editors
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Traditional Bamboo Housing in Asia:
Present Status and Future Prospects
MA. Sattar
Bangladesh Forest Research Institute,
Chittagong, Bangladesh.

Abstract
During the last three decades, several studies have been conducted
on different aspects related to the structural use of bamboo. Some of
these resulted in the development of various preservation methods
to protect bamboo from biodeterioration and thereby improve its use,
particularly in housing. Subsequently, several bamboo products have
been developed for use in house construction.
Yet, many gaps in research still exist in areas such as strength properties and their interaction with other properties, standard testing
methodology, and engineering designs with stronger jointing techniques. The need for a simple building code has also been felt for a
long time. These issues need to be resolved before the full potential
of bamboo as a building material can be realized.

Introduction
An archaeological discovery in Ecuador has traced back the use of
bamboo for housing to the pre-ceramic period 9 500 years ago (Hidalgo
1992). Although no such hard evidence is available in Asia, it is known that
bamboo has been employed since several centuries for several purposes,
including housing, in South, East and Southeast Asia. It is the single most
important organic building material in these regions. It is used in over 70%
of rural houses and extensively employed as informal shelter for the urban
poor.
At present, there is an acute shortage of housing because of the scarcity of conventional materials coupled with rapid population growth. Some
researchers have attempted to find new low-cost construction materials to
substitute expensive steel (Ghavami and Fang 1984; Ghavami 1986).
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Bamboo has great economic potential, especially in the developing countries, because it can be replenished within a very short time. A critical
assessment of the present status and future prospects of bamboo housing
would be helpful in exploiting that potential.

Present Status
Species
About 75 genera and 1 250 species of bamboo grow in differentparts
of the world, especially in Asia. These range from small grasses to giant
plants of over 40 m in height and 30 cm in diameter(Tewari 1992). With
regard to economic importance, 19 taxa of bamboo have been accorded
high priority and 18 taxa have been marked as important (Williams and
Rae 1994), and most of these species are used for building construction,
especially in Asia.

Traditional

houses

Because of its easy availability, workability and low cost, bamboo is
employed for columns, purlins, rafters, trusses, as well as walling and roofing. In Asia, traditional bamboo houses in villages are more or less similar
in construction. Most rural houses of the low income group use bamboo
for supporting the structure. Even when other materials are used, bamboo
forms a major part of the unit. More than 50% of the roofs are a combination of bamboo and some form of thatch. Comparatively richer rural people
and urban dwellers employ corrugated galvanized iron sheets for roofs.
Some rural houses have walls of mud reinforced with bamboo.
Round bamboo is used for posts, beams, trusses and rafters for supporting and transmitting the roof load. Long, straight and thick-walled culms
are selected for these purposes. The roof and wall are generally made of
split and flattened culms from the thin-walled varieties. In hilly and coastal
areas, the floor is often raised on stilts made of bamboo.
Till a few decades ago, traditional rural bamboo houses in the Indian
sub-continent were constructed with emphasis on comfort and space.
However, for most of the rural population, the once-cozy bamboo houses
have now been reduced to small, flimsy structures, the maintenance of which
is a constant drain from the meagre family income (Dunham 1994).
The importance of bamboo as a construction material, particularly for
housing, has received renewed attention in recent years. A number of
2
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manuals have been prepared to provide guidance to the traditional methods of construction (Munandar 1985; Siopongco 1986). However, these
manuals do not provide the requisite technical information for a practising
engineer to design with confidence (Boughton 1990).

Physical and mechanical properties
The physical and mechanical properties have been evaluated for some
priority/important bamboo species. The density of bamboo is found to vary
from 500 to 800 kg/m3, depending on the anatomical structure such as the
quantity and distribution of fibres around the vascular bundles. Density
increases from the centre to the periphery of the culm (Sekhar and Bhartari
1960; Sharma and Mehra 1970). It also increases from the base to the top of
the culm. The maximum density is obtained in about three-year-old culms
(Liese 1986; Sattar et al. 1990; Kabir et al. 1993; Espiloy 1994).
Bamboo possesses high moisture content which is influenced by age,
season of felling and species (Kumar et al. 1994). Moisture is at its lowest in
the dry season and reaches maximum during the monsoon. A higher content of parenchyma cells increases the water holding capacity (Liese and
Grover 1961). Unlike wood, bamboo starts shrinking above the fibre saturation point (Rehman and Ishaq 1947). The shrinkage is in diameter as well
as in wall thickness and appreciably higher than in wood. Because of the
differences in anatomical structure and density, there is a large variation in
tangential shrinkage from the interior to the outer-most portion of the wall
(Sharma and Mehra 1970). This leads to drying defects, such as collapsing
and splitting, and affects the behaviour of bamboo during pressure
treatment.
Bamboo possesses excellent strength properties, especially tensile
strength. Most of the properties depend on the species, and the climatic
conditions under which they grow (Sekhar and Gulati 1973). Strength varies along the culm height. Compressive strength increases with height, while
bending strength has the inverse trend (Sekhar and Bhartari 1960; Liese
1986; Espiloy 1987; Janssen 1987; Sattar et al. 1990; Kabir et al. 1991,1993).
An increase in strength is reported to occur at 3-4 years, and thereafter it
decreases (Liese 1986; Sattar et al. 1990; Kabir et al. 1993; Espiloy 1994).
Thus, the maturity period of bamboo may be considered as 3-4 years with
respect to density and strength. Maturity of culm is a prerequisite for the
optimum utilization of bamboo in construction and other structural uses.
3
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Strength data of some of the priority/important species along with two
timber species are given in Table 1. It is evident from the table that bamboo is as strong as wood, and some species even exceed the strength of
timber species like Tectomgrandis(teak) and Shorea robusta(sa1). Janssen
(1988) has reported that the ratio between the ultimate compression and
the mass per unit volume for dry bamboo is higher than that of dry wood.
The reason is attributed to the higher cellulose content of about 55% in
bamboo compared with about 50% in wood.
Some studies have been conducted on the relationship between anatomical structure and physical and mechanical properties on the one hand,
and the technological characteristics, behaviour in processing and product quality on the other (Janssen 1981; Espiloy 1987,1992; Widjaja and Risyad
1987; Abd. Latif and Mohd. Zin 1992; Liese 1992). Density of bamboo is
closely related to the relative proportion of vascular bundle and ground
tissue, and plays an important role in influencing the mechanical properties. This explains the variation of strength along the culm height.
Permeability, which is affected by the anatomical characteristics, influences moisture movement and thereby treatability. In wood, the chemical
by-products polyphenol, resin and wax influence properties such as shrinkage, durability and gluability. Nothing in this regard is known for bamboo
(Liese 1992).
The earliest tests on strength were conducted on Dendrocalamus
strictus in India (Limaye 1952). Since then a need was felt for standardizing the testing methodology (Sekhar and Rawat 1956), and an Indian
standard was later formulated for testing bamboos (Anonymous 1973). Since
then, different countries have adopted different testing methods with widely
varying conditions, leading to the present situation wherein most of the
strength data reported from different countries cannot be compared.

Natural durability
The chemical constituents present in bamboo do not have enough toxicity to impart any natural resistance to fungal or insect attack. Furthermore, the
presence of a large amount of starch makes it highly susceptible-to attack by
staining fungi and powder post beetles (Gardener 1945; Mathew and Nair 1990;
Gnanaharan et al. 1993). Thus, the natural durability of bamboos is very low
and dependent on climatic conditions and nature of use.
Observations based on the performance of full-sized structures have
indicated that untreated bamboos may last up to five years under covered
4
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conditions (Tewari 1981). Data on natural durability under ground contact
and exposed conditions are very limited. The grave-yard test on some Indian bamboos shows that the average life of untreated bamboos is less than
two years (Purushotham et al 1954; Kumar et al 1994). Thus, bamboo falls
in non-durable category.

Drying property
Green bamboo may contain l00-150% moisture. Because of the presence of hygroscopic
materials in the parenchyma, bamboo takes a longer
time to dry when compared with wood of similar density (Sekhar and Rawat
1964;Laxamana 1985). Kiln drying at high temperatures causes crack and collapse in round bamboos (Rehman and Ishaq 1947; Sattarand Bhattacharjee
1993). Air drying method is, however, suitable for drying round bamboos
and may take 6-12 weeks, depending on the initial moisture, drying season and wall thickness. Defects such as collapse because of excessive and
non-uniform culm shrinkage is a major problem in some species, especially
in immature culms. It is thus recommended that only mature bamboos be
used (Sharrna 1988). Split bamboos can be dried both by air and kiln drying methods without any difficulty.

Preservative

treatment

Low durability is the major drawback of bamboo in structural use, and
several methods have been developed to remedy this. Soaking bamboo in
water is a traditional method widely practised in Indonesia, Vietnam,
Bangladesh and other countries (Sulthoni 1987). Soaking leaches most of
the starchy materials and makes bamboo resistant to borer, though not to
termite and fungi. Chemical preservatives offer the best protection against
termite and fungi. A comprehensive study on steeping, sap-displacement,
diffusion, hot-cold bath and pressure processes has been conducted in India
(Kurnar et al. 1994). The diffusion process and the Boucheri process are
suitable for the treatment of green bamboos ( Narayanmurti and Bist 1947;
Singh and Tewari 1981; Abd. Latif et al. 1987). Dry bamboos can be treated
using both non-pressure and pressure methods. A wide range of preservatives are available to suit different conditions.
The performance of treated bamboos depends mainly on the location
of use and the preservative employed. Bamboo treated with copper-chromearsenic (CCA) shows some decay after 15 years in exposed conditions. The
performance in partially exposed or covered conditions is much better.
6
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A CCA-treated, low-cost bamboo house in India was found intact without
any damage even after 40 years of service (Kumar et al. 1994). In Colombia, a bamboo house with ceiling and walls plastered with cement mortar
is reported to have lasted more than 90 years (Hidalgo 1992). Preservatives
can thus impart longevity to bamboo and thereby improve its performance
in housing.

New products
Apart from the traditional uses in round and split forms, bamboo continues to find new uses in more exacting applications through high-quality
products. Ply-bamboo is one such product which was first developed in
China during the Second World War. Following further research, various
types of panel/composite boards, laminated boards, particle boards, fibre
boards, etc. have been produced in China (Zhu Huanming 1994). Bamboo
mat board is being manufactured in China, India, Thailand and Vietnam.
These products can be utilized in building construction. Woven bamboo
mat, bamboo parquet, bamboo fibre reinforced plastic, etc. are also being
studied for use in constructing houses. The manufacturing processes of
such improved products, however, require expensive machinery and skilled
labour. The socio-economic aspects of these products need further studies for their wide acceptance.

Future Prospects
The global shortage of housing materials, especially in the developing
countries, is such that it warrants serious consideration. To keep pace with
the population growth and to replace old houses, about 75 million units
need to be constructed each year in Asia alone. The short supply of timber
and other conventional construction materials accompanied by rising costs
make it imperative to increasingly use bamboo for housing. In this regard,
bamboo has the following advantages and disadvantages (Mathur 1981;
Janssen 1987,1988,1990; Mishra 1990).

.

Advantages

!

.

As bamboo grows very rapidly, it can be cultivated for quick and continuous return on capital.
It can be planted easily in homesteads and harvested at the time of
need without any additional expenditure.
It possesses good mechanical properties and a high strength-to-weight
7
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ratio. It can thus make lighter but stronger structural components for
houses at comparatively low cost.
Its surface is smooth, clean and hard, enabling easy use for specific purposes without much processing and consequently avoiding wastage.
It can be dried with a simple method of air drying and treated with
preservatives to enhance service life.
Culms can easily be split into strips with simple tools even by workers
with a low level of skill.
Because of its lightness, bamboo house suffers very little damage from
earthquake.
Temporary and quick construction in disaster-prone areas is possible
in cases of emergency.

.

Disadvantages

!
!

!

Bamboo is not cylindrical throughout, but tapered.
The hollow form makes jointing difficult.
It is easily perishable and thus needs preservative treatment to obtain
a reasonable life-span.
When compared with wood, it has low parallel to shear strength and
low resistance to splitting.
In spite of many favourable qualities, bamboo is still considered by
many housing experts as a short-life material suitable only for temporary shelters. In recent times, however, bamboo is beginning to receive
international attention consistent with its centuries old heritage and
widespread use. Although significant breakthroughs have been
achieved in some respects, there are many gaps in research, especially
regarding the structural use of bamboo.

Gaps in knowledge
!

!

!

Lack of information on the strength properties of several species.
Inadequate knowledge on the effects of anatomical structure, physical and chemical properties, growth factors, seasoning, and preservation
on strength properties.
Lack of a standard testing methodology for evaluating physical and
mechanical properties.
Dearth of engineering designs with stronger fastening devices for different types of construction.
Absence of a code of practice that would enable engineers to design safe
8
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!

and cost-effective structures with the same confidence as they would with
recognized engineering materials such as steel and timber.
Inadequate information on the economics of various aspects of processing,
particularly
preservation.
Insufficient data on the economics of construction of different types
of bamboo housing.

Conclusion
The gaps in knowledge mentioned above need to be filled before a
fuller exploitation of bamboo for housing can be realized. To this end,
regional projects, which allow sharing of facilities and knowledge, need
to be formulated. An effective mechanism may be developed for the quick
dissemination of research results to those who need them. To avoid duplication, this can be done through an international network. Rural-based
housing entrepreneurship should be developed to take care of the technical aspects, particularly of preservation and engineering design, The cost
of processing, including machinery and tools, may be subsidized to encourage the potential users as well as entrepreneurs. The question whether
bamboo can play its deserved role in housing will be answered by the level of success achieved in these areas.
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Abstract
This paper traces the intimate association of the Japanese with bamboo from time immemorial. Being easily available and requiring little
processing, bamboo was the most widely used natural resource for a
variety of uses-household and sporting articles, objects for religious
purposes, housing, furniture, etc.
In Kyoto, bamboo was used in the wall foundation of the Horyuji
temple, built about 1200 years ago. Old paintings in this town show
that bamboo was used for walls, roofs and doors in the l6th-18th
centuries. In the years just before World War II, use of bamboo diversified and it emerged as an important building material. Cultivation
of bamboo and training the culms to various shapes became very
popular. Bamboo reinforced concrete and bamboo boards also were
developed during this period.
The paper notes the revival of interest in bamboo, mainly for houses
and furniture, owing to the recognition of its environment friendliness. To sustain this interest, it is necessary to develop efficient
preservative treatment methods and innovative designs.

Introduction
Bamboo is a plant that everyone in Japan is familiar with. There are
several varieties of bamboo found throughout Japan-from Hokkaido, the
northern-most prefecture, to Okinawa, the southern-most one.
Bamboo is easy to split vertically and is very elastic. Because of these
characteristics, it is used for making household articles, toys and religious
objects. It is not only used as an everyday material, but also worshipped as
a religious object based on animism. The Japanese feel a strong bond with
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bamboo, as can be found in Japanese mythology. For example, according
to myths, a goddess used a piece of bamboo when she cut the umbilical
cord; this custom is still in practice in some parts of Japan. In the folklore of
Kaguyahime, a princess was born from a bamboo culm. This story says
something about the power of bamboo. The Japanese believed that a power
existed inside the bamboo culm.
The Japanese still use bamboo on special occasions. For instance, on
the night of 7 July when the Star Festival of Tanabata is held, bamboos are
decorated with colourful paper, on which wishes are written down. During the New Year season, a bamboo flower vase (kadomatsu) is put in front
of the house entrance to celebrate the New Year, Kadomatsu, made of a
couple of pieces of bamboo that are cut into sharp angles, is supposed to
be where God descends.
Since the Japanese have a close relationship with bamboo, both physically and spiritually, it is natural for them to use it as building material.
This paper reports on the evolution of bamboo as a building material and
its contemporary use in Japan.

Bamboo in Towns and Houses
Bamboo was originally used in local architecture mainly because it was
readily available and did not require advanced tools and skills. Bamboo
came to be used in various types of houses and various parts of houses.
The traditional use of bamboo in Kyoto, Japan, is briefly described below.

Bamboo in towns
Old paintings of Kyoto town in the 16th-18th centuries show how bamboo was used in those days: for doors, walls and roofings, sometimes directly
and sometimes mixed with other natural materials such as grass and wood.
The paintings clearly indicate that bamboo was utilized with greater variety then than it is today.
Some parts of Kyoto still look as they did in the old days, but bamboo
is not seen as frequently as before, although bamboo fences, walls and
small windows in town are still well-managed by the residents.

Bamboo inside houses
Inside houses, one can see bamboo used for ceilings, floors, pillars,
walls, windows and sliding doors. The climate in the country does not
allow houses to be made of bamboo alone. Japanese houses have tradi15

tionally been made from a mixture of wood, mud, bamboo, grass and paper. Wood has softness and warmth, while bamboo is straight, cool and
sensitive. Materials with such qualities were often preferred over manufactured materials such as steel and glass. Combinations of wood and
bamboo bring forth remarkable spatial qualities: the room or house for tea
ceremony being a good example.
In old Japan, natural beauty was more appreciated than the beauty
created by human beings. People tried to enhance the natural beauty of
bamboo by using it in various ways. In the 14th-15th centuries, some people such as Kamono Chomei and Jogakuu Syonin made elaborate bamboo
houses that came to be looked upon as an expression of a new culture.
These are the beginnings of tea houses and Sukiya style houses. The use
of natural materials with elaborate skills and design had been popular until
the 17th century, when the Western culture entered in Japan. Since then,
most Japanese have not looked at natural resources as they did before.
At the time of World War II, there was a general resource crunch. Therefore, many studies were conducted to seek alternative natural resources,
including bamboo. Bamboo-reinforced concrete was one result of these
studies. After the war, however, utilization of bamboo and indigenous
materials were neglected, and they were eventually replaced by industrial
materials.
Today, majority of Japanese houses are in the so-called modern style,
and the needs of people have changed. To meet people’s preferences, bamboo companies have developed various articles, such as bamboo veneer
boards. Bamboo itself is cheap; but the processing is so expensive that the
cost of the final products are quite high.

History of Bamboo as a Building Material in Kyoto
Bamboo laths were used in the foundation of wall at Horyuji temple in
Nara which was built 1 200 years ago. When the ruins at Nagaoka were
investigated, bamboo used as drainpipes were discovered. The history of
bamboo in Kyoto dates far back to the Heian period (8th-12th centuries)
when bamboo came into use for several purposes. Bamboo’s use as a
building material came later. Below is a brief history of bamboo as a building material in Kyoto since the Meiji Era.
The Meiji Era to the Taishoo Era (19th-20th centuries)
!
The bamboo mostly used as material was Phyllostuchys bambusoides Shieb. et Zucc. (Madake).
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The bamboo Phyllostachys pubescens Mazel ex Houzeae de Lehaie
(Mousou-chiku), was grown mostly for its shoots.
!
Bamboos with square culms were produced.
Pre-World War days
!
High demand for P. bambusoides to make liquor barrels.
!
Production of P.pubescens, mainly for fishing materials, increased.
!
Design of building materials and manufacture for trial; production
of bamboo with different culm shapes using templates, and establishment of a shop for bamboo building materials.
!
Bamboo-reinforced concrete studies were conducted because steel
became expensive.
!
Bamboo board was developed.
Post-World War days (1950s)
!
Most P. bambusoides stands came into bloom all at the same time
and died.
!
Liquor barrels made of bamboo were replaced by glass containers.
!
Bamboo as a fishing material was replaced by fibreglass and plastic.
!
Increase in the production of bamboos with different culm shapes.
After the 1950s
!
Increased demand for bamboo designed for traditional Japanese
style houses, because of renewed interest of traditional culture.
!
Attempt to design new, modern Japanese style houses.
!
Several new bamboo boards developed.
!

!

!

Demand for bamboo as a building material saw an increase after the
1950s. The reason is that the development of new bamboo boards and the
renewed interest in Japanese lifestyle took place simultaneously. The introduction of bamboo lamination technique and bamboo plywood also
proved helpful. Nevertheless, the use of bamboo as a building material
remained, and still remains, limited. One major reason for this is that bamboo materials are often damaged by insects, while another is the increase
of western style houses and prefabricated houses.

Future Prospects for Bamboo as a Building Material
Although bamboo used to be a material that was indispensable for the
Japanese, it has gradually disappeared from Japanese lifestyle asthe way
of living changed. Nowadays, as far as ordinary houses are concerned, bamboo is not used any more. Even in everyday articles, plastic has replaced
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bamboo. It seems that prospects for bamboo are becoming less and less
promising. According to the bamboo shop owners in Kyoto, however, although the demand for bamboo is not high, it is steady because bamboo is
still used often in commercial buildings or high-class houses including tea
houses, traditional style hotels, and restaurants where people prefer to feel
a Japanese atmosphere.
Recently, environmental problems have become the concern of the
world. This gives an opportunity to consider, or rather reconsider, housing based on environment-friendly systems. Traditional housing systems
should again be revived, albeit in a way that suits modern needs. Bamboo
is easy to raise and fast in growth. By considering uses that require “less
processing”, as still seen in other Asian countries, bamboo can be utilized
as an ecologically safe material.
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Abstract
This paper discusses various techniques of using bamboo in traditional wall construction - as whole culms, half round, split and
interwoven into mats, and flattened and interwoven. They are used
either directly or as a base for plaster. Their structural efficiency depends on how they are integrated and braced to the basic skeleton or
frame of the structure. The jointing systems in bamboo walling as a
whole must be improved to increase their resistance to strong winds
and earthquakes. User and environment-friendly preservative techniques must be standardized and propagated in order to improve
the durability of traditional bamboo walls against decay and insects.
Bamboo-based composites could be potential walling material, with
scope to develop various walling systems as sheathing or skin. This
requires development of economical, weather-resistant adhesives
suitable for making composites.
Although bamboo is not as widely used for flooring as for walling, it
has the potential for being used in the form of floor boards, decking
and underlayment. Research is needed for developing bamboo board
flooring
materials.
Bamboo can also be used in urban/semi-urban construction as structural reinforcement in place of steel. Strategic research is required to
find ways and means of improving the bonding of bamboo as reinforcement with cement concrete, cement mortar and soil cement.
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Introduction
Shelter for the homeless continues to be a serious problem throughout the developing world. In India alone, it is estimated that there will be
a shortage of 39 million dwelling units (Mathur 1987) by the end of this
century. Tremendous growth in population has increased pressure on
availability of conventional building materials. This has made the task of
meeting housing shortage an uphill task. The depletion of forest resources
and checks imposed on their harvesting have led to severe shortage of wood
raw material and, in some countries, wood has gone beyond the reach of
the poor for building construction. The rural housing sector in tropical developing countries still depends to a great extent on the availability of
materials like unprocessed wood, mud, bamboo, thatch, etc. Using these
materials, construction techniques have been developed over the years
without depending upon high-energy materials like burnt bricks, cement,
steel, quarried stone and processed wood. Among these, bamboo is an
important material for low-rise rural and semi-urban housing in parts of
India, Indonesia, China, Peru, Chile, Ecuador, Colombia and a few other
countries.
Because of its inherent properties like renewability, easy workability
and flexibility, bamboo is accepted as a versatile construction material. Unfortunately, however, it has not received the wider attention it deserves as
a construction material and therefore, engineers tend to use high-cost materials like steel, cement, etc. to meet housing requirements. With the
potential to increase bamboo resources brightening by improved propagation techniques, there is hope that the future demand for housing can
be largely met by bamboo. Many researchers have, in addition, demonstrated the possibility to conserve bamboo resources through better
utilization techniques. Against this background, the traditional methods
of using bamboo in wailing and, to a limited extent, flooring are discussed
here and suggestions made for future research.
Bamboo, either in round or split form, has been popular for traditional
housing in several developing countries. It is normally used as a basic skeleton or as framing and walling along with materials like wood, brick and
mud. It is particularly popular as a walling material, and used either directly or as base for plaster in low-rise buildings. As compared to brick or stone
masonry wall, bamboo wall has the advantage of being lighter and therefore requiring nominal foundation. Further, it is eminently suited to resist
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forces of nature like earthquake and high winds. Bamboo houses are, therefore, particularly suitable for disaster areas and rehabilitation initiatives.
Techniques for rational utilization of bamboo in housing have been developed over the years, depending upon the species of bamboo available,
specific needs and the level of sophistication of local craft. There is, however, scope for further improvement in these techniques.
Bamboo is used in walls either directly or indirectly in almost all rural
houses supporting light roof of thatch, or tiles as sheet roofing, In some
types of houses, bamboo is also used for flooring, especially in stilt or raised
type construction.

Traditional Bamboo Wall Construction Techniques
A wide variety of techniques is in existence for using bamboo in wall
construction in different countries, developed mostly by rural craftspersons
and tribal people. Such techniques in Latin American countries and India
reflect a high class craftsmanship and understanding of the intrinsic properties of the material. These are discussed briefly here.
For bamboo wall construction, a basic skeleton is provided which
consists of wood poles or sawn wood framework, or round bamboo posts
which serve as support for wall in the form of infill or cladding. Very rarely,
bamboo walls bear direct roof loads.
Bamboo is used extensively as walls, partitions, screens which may be
broadly classified as permeable, semi-permeable and wattle walls. In permeable wall systems, bamboo is used directly in round, split or flattened
form, or as a mat, or as combinations of these. In semi-permeable wall
system, mesh work of split or matted bamboo serve as base for mud-stabilized lime plaster. It has also been used as reinforcement in rammed earth
walls.
Most direct method of constructing a bamboo wall is by employing
bamboo mat, plaited bamboo splits, flattened bamboo mats, etc. fixed to
round bamboo culms or wooden frame work (Anonymous 1972): This is a
dry type of construction, and the skill of craftspersons comes into play since
various mat weave patterns and designs are possible. Thin or thick bamboo mats are used for this purpose. It is possible to prefabricate the wall
cladding by weaving mat into split bamboo framework. Thin bamboo mats
may be further stiffened with strip and bamboo beading. As the structure
is light, the wall does not require any foundation, except for a raised basement to protect against moisture and insects. In Indonesia, bamboo boards
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(pelpuh

or flattened bamboo) are used directly in vertical fashion, pinned
to the wooden framework. Many tribal houses are built in India using different bamboo mat weave, sometimes interwoven or with split bamboos
(Ranjan et al. 1986).
Other dry types of bamboo wall construction consist of whole bamboo culms placed side by side vertically, as in Thailand and Indonesia. Half
round culms are also used by nailing the same either vertically or at 45o to
the frames.
Unless protected by roof overhangings, bamboo mat or board walls
deteriorate rapidly because of direct sunlight, weathering, and biological
degradation caused by fungi and insects. Since bamboo mat or board walls
serve only as cladding, there is the likelihood of its being blown by strong
winds. On the other hand; dry bamboo construction being light, may be
suitable for disaster areas and regions susceptible to earthquakes. They are
also admirably suited as transit shelters.-It should be possible to increase
their structural efficiency and life by suitable architectural/engineering
design and preservative treatment.
An improved version of bamboo walling system, which can be considered semi-permeable, is the plastered bamboo mat or board wall.
Plastering provides better insulation and protection against fire and weathering. Many variations have been attempted. Plaited bamboo splint can serve
as base for mud plaster or stabilized mud, as practised in India. In Indonesia, thin bamboo mats are nailed on both sides of wooden posts or round
bamboo poles driven into the soil. The mats are then finished with stabilized mud plaster, leaving an air space in between. Sometimes, instead of
bamboo mats, bamboo boards (pelpuh) are pinned to horizontally placed
round bamboo members at regular intervals which, in turn, are morticed
into bamboo posts. They are made weatherproof by closely plaited matting, and the outer side plastered with stabilized mud.
In Colombia and Ecuador, split bamboo (estrilla) is widely used to connect to bamboo studs, spaced suitably and finished with plaster. Colombia
has developed excellent techniques for stud wall construction similar to
wood frame houses prevalent in USA (Hidalgo 1992). These houses consist of round bamboo studs, spaced at 45 cm c/c with bamboo or wood
sole plates and bamboo wall plates. The studs are covered with flattened
bamboo board on either side and finished with cement plaster. This is known
as bamboo board wall. Air gaps are provided in between plastered bamboo board skins which serve as insulation. In other wall types, bamboo
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strips of 4 to 5 cm are fixed horizontally, spaced at 5 to 7 cm on both sides,
and the space between the strips filled with mud and straw. Final finishing
is with mud and plaster, This system is known as mud filler wall (bajareque).
In Colombia, since walls are made of fairly durable species like Bambusa
guadula, the life of such houses is known to be long. This wall system,
which is heavier than bamboo board wall, has bamboo boards or strips
serving as sheathing in place of plywood or wooden board as in stud wall
framing. When suitably braced, bamboo stud wall (either bamboo board
or mud filler type) is very strong and capable of resisting high winds and
earthquakes. Countries not endowed with rich bamboo resources cannot
afford bamboo stud wall construction since bamboo requirement for unit
area is rather high in this system. This type of construction also requires
skills not generally available elsewhere.
Another distinct, traditional bamboo wall is the wattle wall, also known
as wattle and daub, lath and plaster, etc. This type of construction is found
in Peru, Chile (Quincha) and some parts of India. Unlike plastered bamboo mat wall, the wall consists of bamboo lath as a base for stabilized mud
plaster with organic fibres, cow dung, etc. Plaster (stucco) is applied outside and finished with lime wash to give a typical stucco appearance.
Bamboo lath consists of bamboo strips and round bamboo fixed to a loadbearing wooden frame work. Normally, the wooden frame is exposed and
the wattle acts as the infill. Various designs of lath are in use: “sprung strip”
and woven construction appear to be most popular type of lath. In India,
whole culms or half culms are used as lattices known as jaffri, with rather
larger interstices filled with mud and straw and finished with mud plaster.
Wattle walls, unlike dry wall construction, provides protection against
weather and insulates the house against fire. They have performed well
against earthquakes.
Sometimes, bamboo has also been used as reinforcement for stabilized,
rammed earth walls. The reinforcement may not be appropriate here as it
is doubtful that adequate bond exists between mud and bamboo for any
composite action.

Some Observations on Traditional Wall Systems
It is evident from the above review that traditional bamboo wall systems by themselves are not load-bearing, and that they do not transmit roof
loads directly but merely serve as cladding or infill. No information is available on their ability to transmit transverse forces caused by earthquake and
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rocking by wind Performance of any bamboo wall - permeable, semipermeable or wattle type - against wind or earthquake depends upon how
they are integrated into the skeleton or frame, which ultimately transmits
loads. In the case of permeable and semi-permeable walls such as mat board
or mat/board plastered walls, forces resulting from wind pressure have to
be transmitted through wall to the framework of posts and columns, or
posts of round bamboo and poles. Similarly, structural performance of wattle
wall depends on how it is attached to the framework. In the case of bamboo stud wall or bamboo board wall (as prevalent in Colombia), they can
be described as fully load-bearing structural walls capable of transmitting
forces from dead loads, wind and quakes. Of course, this depends on the
size and species of bamboo, as well as on corner bracing. Hence, the detailing of traditional wall systems needs to be closely examined with regard
to the cladding used, and how they are detailed and jointed with the basic
skeleton system, in order to suggest improvements. Standardization and
the gathering of feed-back on performance of various wall systems against
wind and earthquake are essential.
Since traditional bamboo wall systems are light and flexible, one should
expect that they perform reasonably well under earthquake conditions.
However, it cannot be said that the same wall systems can resist wind loads
efficiently as lightness and flexibility can be disadvantageous against strong
winds. Hence, the performance depends on joints in the skeleton, method
of securing walls to the skeleton, and how the skeleton itself is secured to
earth/foundation and bracing.
On the whole, while there is a lot of information on wall construction
techniques, very little information is available on their performance and
behaviour under wind and earthquake forces. Architects and engineers,
with a few exceptions, do not appear to have paid sufficient attention on
these aspects. Nevertheless, performance of bamboo housing under high
winds and typhoons has attracted attention of some researchers (Boughton
and Chavez 1988), particularly regarding the efficiency of joints and types
of failure. Information of bamboo jointing techniques, such as lashings
(using rope) and pins, in relation to their load-bearing capacity is scarce.
Janssen (1981) has made systematic survey of various jointing techniques
with reference to bamboo trusses, covering traditional techniques like lashing, pinning, bolting etc. and their relative performance, and examining
new jointing techniques. Some of these techniques should prove useful
while working out improvements in traditional walling systems. Considering
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that bamboo has a tendency to split easily when nailed or pinned, more
efficient ways of jointing bamboo for walling purposes require to be
studied.
Another important aspect that needs attention for improving traditional
bamboo walling system is treatment against decay, insects and other biological agents. With the exception of a few species, bamboo is highly
perishable (Liese 1980). It is easily attacked by termites and insects, decays
fast in humid atmosphere and wet conditions. Frame members, such as
posts which come in direct contact with soil, in particular are highly susceptible to decay and termites. In such conditions, durability of the skeleton
depends not only on natural durability of the material, but also on how
well detailing of various elements has been worked out. If the detailing is
done in such a manner that accumulates moisture and provides no scope
for drying, the deterioration will be faster. In rural housing, especially in
poor constructions, detailing is often neglected resulting in quick deterioration of walls. Wall claddings such as matting and boarding (unplastered
or plastered) are vulnerable to termites and decay. Even wattle walls are
susceptible to decay and termites. Although a wealth of information exists
on the preservative treatment techniques of round or split bamboo (green
or dry), the techniques have not been adopted widely in rural houses. This
may be due to reasons such as high cost and non-availability of preservative chemicals locally, difficulty in treating at site and ignorance. Moreover,
many of the preservative chemicals are too hazardous to be used in rural
houses. Incorporating chemicals in mud plaster and soil could particularly
be risky. Therefore, environment and user-friendly techniques particularly suitable for rural use need to be propagate-d. A uniform code on
preservative chemicals for use in bamboo building construction could
perhaps be developed.
Bamboo walling systems, like brick or stone masonry, can be plastered
to impart fire resistance, while wood or wood-based materials need to be
specially treated against fire. This is a major advantage and plastering techniques can be standardized for use in bamboo matting and boarding. If
preservative-treated bamboo is economically available, there is no reason
why plastered partitions or bamboo infill should not find wide use in urban housing to replace steel.
Different and specific techniques for constructing permeable/semipermeable bamboo walls have been developed to suit particular needs of
a region, based on the species of bamboo available locally. For instance,
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the type of woven or plaited mats for walls depends on such bamboo characteristics as wall thickness and internodal length. Hence, grading of
bamboo should be attempted for wall construction, for matting and laths,
and for wattle construction.
To sum up, the following aspects require attention for improving traditional bamboo walling systems:
Structural behaviour and performance of different walling systems subjected to wind and earthquake forces;
!
Standardization and improvement of jointing techniques;
!
Standardization of preservative treatment techniques, keeping in view
environment and user-friendliness;
!
Developing grading rules for bamboo for their use as mat, board, lath,
etc. in wall construction; and
!
Developing standards on traditional walling systems.

Research Needs in Bamboo Wailing
Improvements and modification to traditional bamboo walling have
attracted the attention of many researchers. In particular, several experimental low-cost houses have been constructed, incorporating improved
bamboo walling systems. Experimental houses have also been designed
and constructed to demonstrate enhanced durability, improved structural
performance and efficient conservation of bamboo raw material. It has
earlier been demonstrated that bamboo mesh-mud plaster walls are not
only durable, but also require less bamboo raw material (Purushotham 1963,
1965). It has also been observed that treated bamboo as a base for mud
plaster can last for more than 15 years (Tewari 1992) in dry conditions.
However, there appears to be no information on the composite action of
mud/bamboo mesh walls as a structural unit. They can best serve as infill
walls. It has also been demonstrated that split bamboo can be combined
with cement mortar or soil cement (Chadda 1956;
Subramanyam 1984) to
obtain a composite material suitable for structural and semi-structural purposes.
Similar to reinforcement, bamboo mesh has been used to reinforce cement mortar under the name ‘Bamboocrete’ (Sundararajan and Kacami 1979;
Mansur and Aziz 1984). Systematic work is however, required in the area
of bamboo reinforcement with cement mortar and soil cement for walling
purpose. Special attention has to be paid on shrinkage/swelling of bamboo and its long-term behaviour as reinforcement. Techniques suggested
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for stabilizing bamboo by various coatings are rather superficial. No fundamental studies have been attempted on the stabilization of bamboo as
reinforcement. There is, however, no doubt that the use of cement in place
of mud for mortar will improve the weathering properties of bamboo
cement mortar composites, which can be further enhanced by suitable surface coating and incorporation of water repellents.
Bamboo as reinforcement for cement concrete has always fascinated
engineers. It has been demonstrated with varied degree of success that bamboo can replace steel in reinforced cement concrete for structural purposes
like beams and slabs (Masani et al. 1977; Bajaj 1981; Ghavami and Hombeek
1981; Krishnamurthy 1990; Hidalgo 1992). Bamboo-reinforced cement
concrete wall will be, however, expensive as compared with other traditional bamboo wall systems. It may find use as precast all-plank infill wall
(Krishnamurthy 1990). Split bamboo appears to be better than whole bamboo culms as reinforcement. Bamboo-reinforced cement concrete wall may
find use in urban housing, but will be beyond the reach of rural poor, as
cement is an expensive material. Bamboo-reinforced concrete is yet to find
extensive use and acceptance. Instability of bamboo owing to shrinkage
and swelling leads to cracks and loss of bond, which in turn reduce the
structural efficiency of the material. Various coatings and other means tried
have not been altogether useful in overcoming this problem. Twisted bamboo strands from outer portions of the culm (Hidalgo 1992) have been
suggested to improve bond between bamboo reinforcement and concrete.
The fundamental aspects of stabilizing bamboo, the nature of bond between bamboo and concrete, and the durability of bamboo in a matrix of
concrete in the long run need to be studied at length.

Bamboo Composites in Walling
As discussed earlier, bamboo finds use in walling either as whole culm
or in split and woven mat form and, to a limited extent, as structural reinforcement. From the point of view of conservation of material, slivers,
particles and chips can be converted into composite panel material similar
to plywood, particle board and fibre board. Studies have shown that certain species of bamboo are suitable for manufacturing particle boards,
including cement-bonded particle board. Particle boards and fibre boards
have limitation as building material since their performance, like wood
particle board, is limited under exposed conditions, especially when it is
bonded with urea-formaldehyde resins (Jagadeesh 1994). It can at best be
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used in interior applications like partitions. Probably cement-bonded particle board may find use in exterior applications such as wall cladding.
Bamboo mat, strip or curtain boards are used in China for making shutters
(Zhang 1992).
Bamboo mat board is now manufactured in India, using woven mat
based on a technology developed at the Indian Plywood Industries
Research and Training Institute (IPIRTI) (Zoolagud 1990). It has been
demonstrated that they can effectively be used for exterior applications like
roofs and silos (Damodaran and Jagadeesh 1994). It can also be used for
walling as cladding, structural sheathing or even stressed a skin panel similar
to structural plywood. Unlike woven mat, mat board can be nailed to wood
frame work or studs as sheathing skin in wooden frame house construction Because of the high shear modulus, mat boards will act as bracing to
resist racking in the same manner as plywood. Further, it is also possible to
use mat boards as skin in stressed skinwall construction, where mat boards
can be glue-nailed to wooden frame work to act as a composite element
which can resist bending and direct load. The high cost of mat board may
be a deterrent in its wide use in housing. Further studies are required to
standardize design of mat board for sheathed stressed skin type walls.
Research is also required in finding low-cost adhesives which, at present,
are based on petroleum resources. Studies are also required to find efficient ways of joining mat board to whole bamboo culms, if used as framing.
In general, a composite material like bamboo mat board has scope as a
structural material. It is particularly suited for prefabricated and dry type
construction.

Bamboo as Flooring Material
Compared to the use of bamboo for walling, it is not widely used in
flooring. However, in raised and stilt type constructions, whole bamboo
culms have been used as principal and secondary floor rafters to support
split bamboo (estrilza), bamboo mat or bamboo board. There is scope for
improvement in this application since bamboo-based panel materials, such
as bamboo mat board and particle board, can serve as floor decking. Such
floor design will also add rigidity to frame construction. Bamboo reinforced
concrete is another possibility for floor slabs.
Bamboo parquet flooring, where strips of bamboo are made into tiles
(Abd. Latif 1988), can be an interesting area of study for developing valueadded bamboo-based products.
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Conclusion
Based on the information collected on traditional bamboo walling systems, it is clear that a bamboo wall acts as non-load bearing infill orcladding
integrated with wood or bamboo skeleton. For durability, bamboo walls
are plastered, with bamboo lath, board or plaited mat serving as the plaster
base. The lightness of such walls makes them suitable for areas susceptible to earthquakes. Further, it appears that not much attention is paid to
the durability of bamboo itself against degradation. It is also true that not
much is known about the structural capacity of bamboo cladding/infill
under
racking forces. Here, there is major need to collect detailed information on
existing detailing of bamboo wall in terms of type of bamboo species used,
type of bamboo mat board, and their structural integrity against wind and
earthquakes. There is also a need to pool together information on the preservative treatment of bamboo, and to bring out a Code of Practice for
treatment of bamboo, entailing economical as well as environment and
use-friendly
systems.
Systematic work is also required in the area of composite wall construction, where bamboo mesh/strips act as reinforcement for cement mortar
and soil cement. Such a composite wall construction should find wide use
in low-cost housing. It is also necessary to find economical ways of stabilizing bamboo, and improve its bonding capacity with cement concrete or
cement mortar.
Bamboo composite materials, particularly particle bamboo mat board
and bamboo plywood, can be potential walling material in either sheathing or stressed skin construction of prefabricated houses. Studies are
required in the development of economical exterior-type composite board
and its structural efficiency in combination with wood or bamboo.
There is need to develop grading rules for bamboo for walling, matting and lath with regard to specific species and their physical characteristics.
It will also be useful to develop standardized and optimum design for bamboo matting and lath suitable for walls as reinforcement or plaster base.
Further, a design manual needs to be developed to indicate the performance of various types of bamboo-based wall systems. Countries interested
in the overall utilization of bamboo for housing should pool their resources to
bring out general guidelines for utilization of various species of bamboo in
housing. Systematic studies are also required on the development of flooring
materials, especially floor board, parquet type tiles and floor-decks.
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Abstract
Flores is one of the largest islands in Nusa Tenggara, Indonesia. It
2
has a land area of 14 200 km and a population of 1.4 million, most of
whom live in rural areas as subsistence farmers. The island is located
on the Eurasian plate along the boundary between the Indonesian
and Australian plates, and potentially destructive earthquakes frequently occur in the area. Its location is in the active seismic zone
classified as “very high risk” by the South East Asian Association of
Seismology and Earthquake Engineering. The latest and the most major
earthquake to hit Flores was on 12 December 1992, with the largest
tremor reaching 7.5 on the Richter scale, causing considerable damage to buildings,
Traditionally bamboo has been used as a cheap and easily available
local housing material by the Florinese communities. Since other construction materials such bricks and cement became available, there
has been a tendency to move away from the use of bamboo. This
tendency is associated with many social factors, which need to be
examined before encouraging the communitiesto reverse this trend.
Communities have recognized the comparative safety of bamboo
houses in an earthquake zone, but for these communities the status
of a bamboo house is not equal to that of a brick one.

Introduction
Flores is an island 33 km long and 14 200 km2 in area, situated to the
east of Bali in Indonesia. The population of 1.4 million has an average
income of US$l50 per family per year which is earned mainly through
33

subsistence farming, and other off-farm activities such as weaving involving
mainly the women. For thousands of years, the Florinese communities have
lived in simple bamboo houses.
There are many small NGOs in Flores which have been working on
community development projects for many years, often through the catholic
church. In 1964, a credit union organization (Badan Koordinasi Koperasi
Kredit Daerah) was established in various parts of Flores. Its main activities encouraged the communities to save their money, and then permitted
to borrow three times as much as they had saved. This organization proved
to be very effective and there are many credit union groups now in the
island still operating on this basis. In order to motivate and encourage full
participation in its activities, the credit union promoted by lending small
amounts the building of brick-and-mortar houses, considered safer and
longer lasting. Gradually, the use of brick and mortar instead of bamboo
became a trend in house construction, especially among the community
members who had accumulated enough capital.
Despite their durability, these houses did not prove to be safer. This
became evident to the communities on 12 December 1992, when an earthquake occurred, with the largest tremor reaching 7.5 on the Richter scale.
The communities who had saved for years through their credit union groups
to build brick-and-mortar houses lost their houses in a matter of seconds.
Some members were still in the course of paying back the credit on a house
that was instantly destroyed. Over 25 000 houses were destroyed during
that earthquake (Table 1).
Table 1:

Houses damaged in the Maumere Region of Flores during the
December 1992 earthquake

Scale of Damage

Number of Houses

Totally Damaged
Partially Damaged
Marginally Damaged
Total Number of Houses Damaged

7 601
3 452
2 953
14 006

Note: The total number of houses in Maumere at the time of
the earthquake was recorded as 44 399. Hence, 31.55% of the
houses were damaged during the earthquake.
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Trend Reversal: Concrete to Bamboo and Back to Concrete?
Following this disaster, the building material preference reversed yet
again towards bamboo (Figure 1). This was, however, not because of the
acceptance of bamboo as an earthquake-proof,
permanent material but
for reasons related to the economical situation of the communities at the
time: bamboo was cheap and easily available. In this period, houses, schools,
churches and offices were built from bamboo over the old foundations of
brick houses, and often with the old tin roofs too.
Almost two years after the earthquake, it has become clear that the shift
towards bamboo buildings was only temporary. Beautiful bamboo churches

Brick & mortar
100%
.

Bamboo

90%
80%
70%
60%
50%
40%
30%
20%

10%
0%
1992

Fig. 1: A comparison of bamboo houses before (1992).

and after the earthquake (1993)
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are now being replaced by stone churches, and brick-and-mortar houses
are slowly but surely springing up by the side of the bamboo houses. It can
be observed that very few community members who constructed bamboo
buildings after the earthquake considered them as permanent structures.

Disadvantages of Bamboo for Housing: a Florinese Perspective
From the point of view of the Florinese communities, bamboo still has
many disadvantages including the following:
!
The vulnerability of bamboo to pests such as beetles and termites which
shortens the life-span of the house. The Florinese people living in bamboo
houses have to replace their houses, on an average, every 10 years because
of pest infestation weakening the structure. Communities living near the
sea often soak the bamboo in sea water before construction in order to
lengthen its life-span. However, this is not possible in most communities
and so concrete houses are still seen as a long-term investment.
The limited durability of the bamboo construction. Within the communities, there is a lack of architectural and construction skills. Consequently,
the life of the building is limited. Examples of weakness in house constructions can often be seen in the villages. Bamboo houses, which were built
just a year or two back, lean to one side because the main support structures were put straight into the ground, and the bamboo below the ground
decayed. Other support structures such as roof support poles were often
made from different lengths of culms joined together and consequently,
the thatch roofs often caved in. These are some common examples of limited life of the construction which reinforces the communities’ view that
bamboo is only a material for temporary buildings.
!
The status of bamboo as “the poor man’s timber” is probably the most
difficult to analyse and tackle as it involves social attitudes of the community.
In general, communities are inclined to see bamboo houses as an indication of
poverty. Concrete houses represent wealth and a higher status, even if poorly
constructed and risky during earthquakes. This factor is extremely important
when suggesting prioritization of bamboo in housing programs for Flores.

Possible Solutions and Recommendations
It is apparent that bamboo is an easily available local material which
could be used as a comparatively safe building material in a “high-risk
seismic zone” such as Flores. It is therefore important to encourage the communities to think about bamboo as a building material of permanent status,
36

Engineering and Utilization

like brick and mortar, and emphasizing the advantages of bamboo in an
earthquake area. Some suggestions to achieve this are presented below.
Continued development and research into simple techniques for bamboo preservation. For example, the development of existing local
preservation practices and comparative studies between techniques, with
reference to effectiveness and cost.
Building of prototype buildings using bamboo which would be considered appropriate and attractive by the communities. This would involve
the target community, particularly the architects, from the beginning to help
transfer the concepts into practice.
Simple training courses at community level in construction technologies.
!
Bamboo housing design and building competitions conducted at
local level in order to promote bamboo and its status as a building material.

Conclusion
The properties of bamboo which make it suitable as a building material have been recognized for thousands of years by the Florinese
communities who, at one time, lived only in bamboo houses. The communities can be encouraged to use bamboo as a material for permanent
buildings through their own involvement in a community development
housing program. There appears to be a large gap between the communities and the people who are involved in bamboo R&D. This gap needs to
be bridged and communication
between them improved. Flores needs field
practitioners, development workers and bamboo construction experts to
work together with the communities to develop and sustain bamboo constructions which will be safer for the people in another earthquake.
However, the social attitudes towards bamboo will not make this task easy.
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Abstract
The paper discusses relevant data needed by the seismic engineer in
order to assess the seismic response capacity of a building system,
analysing the current information available and the testing techniques.
The problem is examined in terms of the properties of bamboo as a
material, and the behaviour of building systems where bamboo plays
an important role is discussed. The research areas where more attention is needed are outlined.

Introduction
Bamboo construction has been a tradition for hundreds of years,
especially in certain parts of Asia. Different cultures have found in this material
a light, easily replaceable and economic way of building construction.

The techniques associated with bamboo construction stem from a
variety of sources, and have been handed down the years from generation
to generation. Traditional bamboo construction is an easy and straight forward combination of activities and tools, handy and available to the majority,
including the young and the unskilled.
The performance of these traditional bamboo houses during earthquakes is neither fully documented in the literature, nor the theoretical basis
for the analysis of such buildings available. This paper attempts to document some factors and criteria which might help to eventually incorporate
some guidelines for the field practitioner.

Bamboo as a Building Material
There are several factors of interest in the response of a material to
earthquake loads. It is important to clearly know the strength, flexibility
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and behaviour of the material under cyclic load. In the following sections,
these factors are examined with regard to bamboo.

Strength
Many authors have measured the strength of bamboo under increasing or static loads, for different test conditions. A summary of some of the
results can be found in Janssen (1991).
The major interest of the research so far has been to find a simple correlation between strength and a physical parameter, namely density, perhaps
following the tradition that started with the study of other materials like
wood and concrete. It is not easy to derive general conclusions about the
properties of bamboo, because the testing procedures follow a wide variety of criteria. Furthermore, the main focus of the researcher has not
necessarily been what a seismic specialist would regard as his or her major
concern.
For the seismic engineer, the test itself plays a significant role, since
he/she wants to know with as much precision as possible, not only what
the strength is, but also what the stress-strain pattern is, because the latter
will affect the response of the building to an earthquake.
In the above sense, the information available in literature is scanty for
a seismic specialist. Furthermore, much of the available information is confusing in terms of what might be the yield point for bamboo, and the relation
between this and the final strength (Arce 1990, 1992, 1993). Some of the
concepts involved can be summarized as follows.

Compression strength
As has been pointed out by Meyer and Ekelund (1923), a great deal of
problems arise because of the reinforcing effect that the testing machine
has over the specimen in compression. This is true to a greater extent with
other testing procedures also. It is possible that the common variance
between bending and compression results can be explained, at least partially, by the negative effect of the testing procedure over the results. Contrary
to what literature suggests, the author found enough indications to reject
the idea of any correlation between density and compression strength, or
between modulus of elasticity (MOE) and density. This calls for a rethinking on the efforts for devising an easy way to compute compression strength
using a simple formula of compression as a function of density.
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The main point to be stressed, perhaps, is that the measurement of
compression strength of the culms is just an academic exercise with very
little practical application. This is because the geometric properties of bamboo culms limit the height of the compression specimen and so, the culm
lengths employed in tests have very little or no relation to the realities of
construction application. Instead, the buckling strength of the culms assumes substantialimportance (Arce 1992). From another point of view, the
testing of short specimens in compression gives no direct data of the compression strength of the material (not the culm), since it is a structure of
limited length that is under test. As a summary, the compression strength
of short specimens has very little application in understanding the seismic
behaviour of bamboo buildings.

Stability of the culms
A study of the stability of the culms is of major importance in the
understanding of the seismic response of bamboo structures. This being
so, it is surprising that very little information is found in the literature on
the buckling properties of bamboo culms.
The determination of the critical load on bamboo culms is difficult
because of the variation along the culm axis of the MOE, thickness and
diameter, and by the presence of nodes and the variations of the said factors in the nodal region. Lastly, the inherent crookedness of the culm induces
early P-delta effects that must be taken into account. This P-delta effect has
a very random nature, since it is mobilized not only by the lateral deformations of the structure under lateral loads, but also governed by the initial
deformations of the culm.
As it can easily be deducted from the above, it is necessary to improve
not only the testing procedures but also, what is perhaps more fundamental, the sampling criteria for the determination of buckling load on the culms.
It will not be possible to experimentally determine the buckling load of
each and every culm. Hence, there is need for establishing a method to
gather the most important parameters for every species, every batch, plantation, period, area and country, so that the results obtained can be included
in a code of practice.
In this sense, laboratory results on clear specimens can give a totally
misleading indication of what is likely to be found in the field. Sampling
criteria should be established regarding the actual or market conditions of
the material. In turn, the market conditions should be controlled by an
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appropriate set of local grading rules for the culms. It is clear that this is
only possible with the correct identification of proper grades. It has been
observed by the author that storing conditions during the drying period
may affect the shape of the culms. Grading of bamboo culms should be an
important subject for future research, specially taking into account the
amount of experience that timber engineers have gathered, even for tropical timber (Anthony et al. 1992; Leicester 1988).

Tensile strength
It is well known that the tensile strength of bamboo triples the compression strength and therefore, it will obviously be much larger than the buckling
load of the culms. This takes tensile strength out of the critical path in relation
to those properties that might be of interest for the structural and seismic engineers. Even then, the designer should bear in mind that in the case of trusses,
some of the elements will have to sustain tensile forces. So, the strength mechanism of the culms under those forces should be analysed and understood. It
is important that results of clear specimens are not directly transferred as those
of full culms because, among other reasons, there will be a tendency of the
culm to fail in the region of the nodes, the weakest link, and to develop high
tensile parallel stresses, both factors being very much random in nature. Initial
deformations of the culms would also lead to low rigidity at the beginning of
the force deformation path.

Other properties
Although bending plays a major and significant role in certain applications, testing has shown that bending by itself is not a problem, since very
rarely bamboo can, in an actual application, develop a condition where it
will fail in bending. It is more likely that the failure would happen because
of local buckling, longitudinal shear, local crushing under the loads, or a
weak condition in the supporting areas. This means that effort by the
designer should be concentrated on avoiding situations where these type
of stresses can be critical. This is particularly important while dealing with
joints (Arce 1990). In fact, joints play an extremely significant role in the
behaviour of bamboo structures, and this is another field where very little
data is available.
From the above discussion, it can be inferred that one of the most
important parameters in the determination of bamboo strength under nonaxial loads is the parallel shear strength of the culms. Besides, as mentioned
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before, it has been found that the weak link in the culm is the node. The
number of nodes and their properties have a negative effect on the strength
and elasticity of the culms, thus significantly influencing the response of a
structure to earthquake loads. The study of nodes is of major interest in
defining bamboo engineering properties. It is expected that nodes will prove
to be a significant factor in any grading system of bamboo culms.

The Response of Bamboo Structures to Earthquake Loads
The material
As can be seen in Figure 1, bamboo is a brittle material. Under tensile
and compressive stresses, it is generally elastic, keeping an almost perfectly linear relationship. It reaches the final load without entering first a receding
or an elastic bhase.
Failure occurs because
COMPRESSION TEST
separation of fibres occurs un60
der high tangential stresses.
Because of the orientation of
the fibres and vessels, and as
there are not radial cells, the
transversal link is far weaker
than the longitudinal observed strength. It is weakest no
in the radial but the tangen10
tial direction, because of the
0
fact that the amount of lig.Ol
.03
.05
.07
a9
0
nin increases towards the
Unit deformation
inner side of the culrn, creatI
ing unbalanced bending
Fig. 1: Compression test on small rings
moments and consequent
shear stresses. This type of failure can occureven during drying periods (Liese
1987). This is probably the source of the non-ductile behaviour of bamboo.

Building

systems

The Seismology Committee of the Structural Engineers Association of
California (SEAOC) defines an acceptable seismic performance as follows:
“Structures designed in conformity with these recommendations should,
in general, be able to: 1) resist minor levels of earthquake ground motion with42

out damage; 2) resist moderate levels of earthquake ground motion without
structural damage, but possibly experience some non-structural damage; 3)
resist a major level of earthquake ground motion having an intensity equal to
the strongest either experienced or forecast for the building site, without collapse, but possibly with some structural as well as non structural damage”
It is interesting to look also at what is proposed as the basis for the
design of wood structures by RILEM Committee 109-TSA (Blass et al. 1994):
" 2.6.2 Specific rules of timber structures
2.6.2.1 Basis of seismic design in timber structures.
As wooden members generally show brittle failure in tension, bending, buckling and shear, it is not expected that the wooden members would
dissipate the seismic energy themselves, but the joints would dissipate the
seismic energy due to plastic behaviour. Either of the following criteria
should be applied according to the seismic property of the structure.
a) The structure should be designed so that the structural members and
joints have adequate strength for the linear lateral force response caused
by the severe earthquake motions. In this design, the damping of joints is
taken into account, but ductility of joints is not expected.
b) The structure should be designed so that the structural members and joints
have adequate strength for the non-linear lateral response caused by severe
earthquake motion. In this design, the structure should have adequate ductility due to the plastic behaviour of joints or other dissipative systems.
The former criterion should be applied to non-dissipative structures
such as arches, frames with glued joints, etc., and the latter criterion to dissipative structures such as frames with. semi-rigid moment resisting joints,
shear walls, etc.”
Actually, the ideal behaviour of a
Force
building system should be as it is
illustrated in Figure 2. It can be observed that the major asset of this
type of response is the building’s
ability to sustain the load without
significantly affecting its stiffness or
strength. A direct result of this is the
strength to deform so that energy is
dissipated in every load cycle.

I

Fig. 2: Ideal seismic response
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As stated before, bamboo culms fail in a brittle manner, thus having
no post peak strength. The ductility of the material is nil. This implies that
bamboo culms should be designed with appropriate factors so that it remain
in the elastic limit. In this sense, the recommendations for wooden structures may equally suit bamboo, and perhaps should be taken as a good
starting point for design recommendations.
This being the case, how should the designer deal with deformation
energy in a bamboo building? Perhaps the answer can be found in two
different approaches, depending upon the structural options.
First, let us examine the use of line type elements. In this type of structural option, deformations would be very large under lateral loads, and the
response to earthquake loads would increase with deformation. Large
bending deformations are developed in the nodal regions of the culms
where a very low MOE exists, and also because of large P-delta effects in
the columns of a frame. Culms rapidly deteriorate, exhibiting very thin load
deformation loops under lateral loads (Figure 3, top). Actually, in some
tested frames (Arce 1993, it was not possible to run a complete loop before failure occurred.
So it looks that a better design option
would be the use of truss type structures,
Structural type
Response
so that bending deformations can be
kept under some degree of control
(Figure 3, middle). In this, the strength
of the structure would depend on the
tensile and the buckling strength of the
Frame
culms, both being brittle modes of failure unless plastic connections are used.
Because of this fact, the proportioning
of the culms should make them remain
Frame truss
in the elastic range to avoid a general
brittle failure.
But, bearing in mind that keeping stresses in the elastic range leads
to zero energy dissipation, it would be
convenient to look for ways of havPanel
II
ing a dissipation mechanism, so that
Fig. 3: Structural systems and
the general behaviour can approach
their response
that in Figure 2. It is possible to produce
44

a joint in which load slip rotation paths are determined and known, and
are able to take plastic deformations, thus consuming energy and decreasing the response of the structure as a whole. From this point of view, joints
can be regarded as the most important component in a bamboo truss, being either the source of a good dissipating mechanism, or the source of
uncontrolled deformations leading to amplifications of the response of the
building. Some steel fittings have been proposed for the fabrication of good
and sound wood structural joints, and they might be a source of inspiration for bamboo designers. We have to bear in mind, however, that the
cost of such fittings is normally high.
In the second place, it is worth looking at certain cladding applications
of bamboo that have proved to be efficient solutions under real situations.
Figure 4 shows a solution long used in Colombia, and introduced in Costa
Rica some years ago by the Bamboo National Project of that country. Actually, this system was a sort of upper class fashion at the beginning of the
century in Costa Rica. A wire mesh was however used instead of the bamboo mat, and a wooden
frame was used instead of
bamboo culm. Several
houses built using this system in Costa Rica have recently survived high earthquake loads. Let us examine the possible causes
Bamboo frame
of this desirable behavior.
First, the system is light
and the centre of mass of
the building is close to the
ground level (only onestorey houses have been
built so far in Costa Rica),
thus making use of a vital
aspect in seismic engineerI
I
ing design. Second, it is
clear that the frame of
Frontal elevation
bamboo has a lateral rigidity far lower than the
Fig. 4: Cladding system
stiffness of the resulting
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cladding system., which becomes an integral part of the lateral load resisting system. This means that the lateral deformation is governed by the
cladding and not by the bending of the culms. The low lateral deformations of the system lead to very low periods of vibration, as compared to
those of the frame, generating a very low seismic response of the system as
a whole. Third, the system overcomes of the problems which would otherwise arise from buckling of the culms, since lateral loads are taken primarily
and mainly by shear in the cladding system, thus decreasing axial loads in
the culms, which then play a low-profile role from the point of view of the
response. Fourthly, the cladding itself might be regarded as a kind of ductile
system because it would not collapse in a brittle way. After the first cracks appear, a friction mechanism would be of importance, as it has been found to be
the case in, for example, some masonry systems. Even though this is not by far
a perfectly ductile system, dissipating strength may prove to be enough, especially because of the low weight of the building (Figure 3, bottom).

Conclusion
The response of bamboo buildingsto earthquakes depend very much
upon the quality of the design’ itself. In this sense, bamboo is not different
from other materials, since in all situations the design aspects of the building play the most significant role. It is the duty of the designer to make the
best of every material. Materials may have advantages and drawbacks which
must be carefully weighed. In the final design option, bamboo must be
considered so that stresses are kept under control and elastic behaviour is
assured.
Building systems can and have been developed where the best properties of bamboo are taken advantage of, and in a rational blend with other
materials, structural systems with desirable behaviour are developed and built.
In dealing with frames and trusses, a bias towards the second must be
encouraged, since open frames show large lateral deformations. In any case,
ductility in this type of structural systems would totally depend on the quality
of the joints.
When the structural system is such that the role of bamboo components in lateral deformations is kept to a low profile, a major advantage

1 The term “design” is employed here as the process of creation o f shapes and systerns, or concepts, as different from crude calculation procedures.
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appears since no major refinement is then needed in the determination of
bamboo culm properties. It was pointed out in the first section of the paper that the determination of mechanical properties is not an easy task,
and that sometimes concentration is not paid to those variables most relevant from the point of view of the seismic response of the material.
Following RILEM’s recommendations, perhaps it should be possible
to include in any bamboo building code the following recommendation,
based on the above mentioned criteria.
“Basis of Seismic Design in Bamboo Structures:
As bamboo members show brittle failure in tension, bending, buckling and shear, it is not expected that these members would dissipate the
seismic energy themselves, but the joints would dissipate the seismic energy if any plastic behaviour is provided for. The following criteria should
be applied according to the seismic property of the structure.
The structure should be designed so that the structural members and
joints have adequate strength for the linear lateral force response caused
by the severe earthquake motions. In this design, the damping of joints is
taken into account accordingly, with available experimental evidence, but
ductility of joints would not be expected, unless shown otherwise by direct testing.
Designs based on frame systems should be avoided. Wall and trusswall type systems should be preferred, so that lateral deformations can be
kept under control, and secondary effects are minimal.”
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Abstract
Current construction practices and some structural defects in low-cost
houses made of lightweight materials, such as bamboo, are described
based on assessments of damages caused by two severe typhoons that
hit the Philippines. The effect of inadequacies in design and construction on the housing backlog is discussed. Wind loads and pressure
coefficients recommended by engineering design manuals and codes
are evaluated with respect to typhoon-resistance of low-rise houses. It
is suggested that, in order to build typhoon-resistant bamboo houses,
wind loads, pressure coefficients and design methodology for low-rise
buildings made of lightweight materials should be reviewed, and findings disseminated by means of a manual of construction for
typhoon-resistant bamboo houses. Current research, as well as the direction of future research, on the use of bamboo for low-cost house
construction at the Philippine Forest Products Research and Development Institute (FPRDI) are briefly outlined.

Introduction
In the 1980s, housing backlog in the Philippines was about 1.8 million
units (Siopongco 1984). The latest projected demand for low-cost housing
from 1993 to 1998 is 3.8 million units (Rebong 1995). The unabated backlog is due to increase in population, lack of financial resources, and damages
to houses caused by natural and man-made disasters such as typhoons,
earthquakes and fires.
Typhoons have contributed substantially to the housing backlog in the
Philippines. Sufficient data have been gathered to show that storm surges are
not rare in the Philippines and should therefore be given due consideration
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when building houses, specially those made of lightweight materials (Arafiles
and Alcances 1977). During 1970-86, an average of 20 typhoons visited the
Philippines annually (Soriano et al. 1987). Out of these, nine typhoons caused
damages to houses, crops and other properties (Foliente 1986).
Figure 1 shows the number of tropical cyclones that caused damages
to houses during 1990-94, as reported by the Weather Branch of the Philippine Atmospheric, Geophysical and Astronomical Services Administration
(PAGASA). From 1993 to 1994, as many as 27 typhoons caused damages to
houses, claiming at least 1 013 lives, and accounting for 448 injured, 1 677
missing and an estimated 20 trillion pesos worth of property loss.
16

1

1992

1

YEAR

Fig. 1: Number of tropical cyclones which caused total/partial damage to
houses during 1990-94

(Source: PAGASA Weather Branch)
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totally damaged by typhoons in the Philippines during 1990-94. In 1990
alone, a total of 223 535 houses were totally damaged and 636 742 houses
partially damaged. Summing up the number of damaged houses in 1993
and 1994, a total of 222 576 houses were totally damaged and 669 954 partially damaged - about 23.5% of the total projected housing backlog from
1993 to 1998. Majority of the damaged houses were those with a projected
lifetime of five ‘years, such as those made of lightweight and indigenous
materials (bamboo, nipa and anahaw), usually located in open and coastal
areas. To prevent a further setback to the housing program, current design
and construction practices using lightweight materials, specially bamboo,
must be investigated and improved in order to make low-cost houses structurally resistant to typhoons.
700
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Fig. 2: Number of houses partially/totally damaged by typhoons during 1990-94
(Source: PAGASA Weather Branch)
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Bamboo and Other Lightweight Indigenous Materials
for Low-cost Rural Housing
Although a higher proportion of the population is concentrated in the
rural areas, the demand for low-cost housing is currently greater in the urban
areas, mainly because of migration from the rural to the urban areas. From
1989 to 1990, for example, urban population growth averaged about 4.56%
annually compared to the rural population growth of about 1.58% (Rebong
1995). Low-income earners in the rural areas are attracted to the relatively
faster pace of development in the urban areas, and their displacement entails
additional housing in the urban areas, thus aggravating the housing backlog. Addressing the needs of the low-income group in the rural areas, one
of the most basic of which is housing, is one way to discourage migration
to the urban areas.
The projected total demand of 3.8 million housing units from 1993 to
1998 includes houses that need replacement because of substandard construction materials, as well as those that require major repair and
rehabilitation. The National Shelter Program, in line with the Urban Development and Housing Act, aims to build 1.2 million homes from 1993 to
1998, reducing the total demand for housing within this period by about
31%. The Comprehensive and Integrated Shelter Finance Act has streamlined the government’s efforts by directing housing projects to the lower
30% income group - the unprivileged and homeless, and the urban poor.
Among the housing units that are usually categorized as substandard
and requiring major repair and rehabilitation are bamboo houses’, most of
which, based on typhoon damage assessments and observed construction
practices, cannot withstand severe wind forces during typhoons. Damages
in bamboo houses, particularly those in the rural areas, have been found
to be initiated by structural failures of connections or joints between structural components (Reyes 1976, Siopongco 1984).
Low-cost housing for families belonging to the lower 30% income bracket in the rural areas is characterized by the use of lightweight and indigenous
materials such as bamboo (or bamboo and wood), coconut timber, sticks,
nipa, cogon, coconut leaves and anahaw. A house made of these materials
has been dubbed as a poor man’s house and may be unacceptable to some
In this report, “bamboo house” refers to a house having any of the structural components - such as posts, walls, roof trusses and floors - made of bamboo.
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who are in need of low-cost housing because it is: (1) constructed using
traditional techniques and thus does not need modern or sophisticated
technology; (2) lightweight and thus likely to be temporary; and (3) not as
safe as wood-and-concrete houses since it can be built without the services of an engineer or architect and is not covered by any building legislation
or code (Pascua 1986).
The misconceptions mentioned above need to be removed in order to
make bamboo houses acceptable to those in need of low-cost houses.
People needs to be educated that in building houses, simple technologies
are not necessarily inferior to complex ones. ‘There is a need to stress that
indigenous materials like bamboo, if properly joined and pre-treated, can
make a house permanent and give it the advantage of relatively easier modification and replacement when compared with heavier and more expensive
materials. Like any construction material, the adequacy of bamboo components and joints must always be assessed from an engineering point of
view to ensure structural safety.

The Demand for Bamboo by the Construction Industry
In the construction industry, bamboo is used either as a non-structural, decorative material in commercial buildings or as a low-cost structural
material.
Commercial buildings which house business establishments specializing in Filipino products and commodities usually prefer finishings utilizing
indigenous materials such as bamboo (concrete hollow block walls and
reinforced concrete posts covered with half bamboo culms, flush doors
covered with bamboo strips, plywood ceiling covered with sawalior bamboo mat, etc.). Expensive finishings such as paints and varnishes are used
to enhance the beauty of bamboo designs and patterns. Thus bamboo is
used here for decorative and non-structural applications.
As a low-cost material, a small proportion of bamboo is used in construction as a scaffolding material for painting works of small buildings and
houses. In the rural areas, although wood-and-concrete houses are increasingly being built, majority of the houses are still made wholly or partly of
bamboo. Bamboo is used in almost all structural parts of a low-cost house,
namely, as posts, girders, joists, trusses, floors, walls, ceilings, doors, windows and stairs. Nails, bolts and other hardware have limited use in bamboo
house construction, specially where whole culms are involved. Traditional methods of fastening using different lashing materials such as rattan, abaca
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twine, nylon and, at times, galvanized iron wire have been observed in
joints between bamboo structural components. The use of bamboo dowels combined with tying has proved to be an effective method of fastening
whole bamboo culms to other components.
Statistics on the number of bamboo houses in the Philippines are not
available; however, an analytical study conducted in Region l2 estimated
that about 15% or 42 065 units are completely or partially made of light
materials, with bamboo as a major component (Uriarte and Maligalig 1992).
Figure 3 shows the annual bamboo requirements by industry in
Region 1 (Uriarte and Maligalig 1992), while Figure 4 shows the annual
national demand by use (Tesoro 1984). In Region 1, the construction industry
has the largest requirement at 210 325 culms annually, which is about 37.2%
of the total requirement in the region. Furniture, handicraft, basket and fishing industries require 128 400,102 950,97 760 and 25 500 culms, respectively
(Uriarte and Maligalig 1992).
250

Furniture

Handicrafts

Basketry
INDUSTRY

Fishery

Construction

Fig. 3: Total bamboo requirements by industry in Region 1

2 The Philippines is composed of 15 political regions. Region 1 covers the Ilocos, which
has a population of 3 551000 or about 5.9% of the national population as of 1990 (National
Statistical Coordination Board 1991).
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Fig. 4: Estimated annual demand for bamboo according to use

Figure 4 shows that the third highest demand, at 12.5 million culms or
about 24.4% of the total demand for bamboo in the country, is for construction and other uses. The demand for bamboo used in fishpens, bamboo
crafts, outriggers and banana props is 15.86 million, 2.7 million, 0.21 million and 20 million culms, respectively.
It is anticipated that the current massive bamboo propagation and production drive of both the government and the private sector (Anonymous
1995) will be matched by a corresponding increase in the demand for
bamboo by the construction industry. This demand is brought about by an
apparent recognition of the use of bamboo in low-cost house construction, as a result of the government’s Shelter Upgrade Program. This program
promotes the use of indigenous materials, and educates prospective house
owners that houses made of lightweight materials can be structurally adequate and can easily be reconstructed in case of damages.
It must be emphasized, however, that low-cost houses employing bamboo and other indigenous materials will always be categorized as temporary
structures if made using construction practices similar to those that resulted in structural failure during typhoons. In order to avoid this, structural
failures in houses made of lightweight materials have been identified and
analyzed by observing damages caused by typhoons.
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Typhoon Damages in Houses Made of Lightweight Materials
Two typhoon damage assessments made in 1987 are presented here
in order to describe the type and extent of damages which are to be expected during a severe typhoon. Assessments were conducted under a
project of a United Nations-funded Regional Network, which was established in Asia in 1983 to facilitate information exchange on the development
of low-cost housing in the area.
Fit, an extensive investigation of dmages in low-cost houses caused by
the typhoon “Henning” was undertaken in August 1987 (Boughton 1987).
Typhoon “Henning”, with a central wind speed of 200 kph, was the seventh
typhoon to be monitored in the Philippines within that year. About 100 damaged structures, most of which were houses and small school buildings made
of lightweight materials, were inspected. Out of the small buildings observed,
about 70% incorporated bamboo or a bamboo derivative in the structure and
about60% had thatch roof materials.Three problems were generally highl ighted:
(1) deterioration of timber; (2) inadequate fastening of lightweight roofing; and
(3) inadequate bracing or poor performance of bracing.
Large-scale damages to buildings were caused by the failure of connections weakened by timber deterioration. Failure of this type was evident
in posts and columns buried in soil. In some instances, borers and termites
had caused total loss of timber below ground level. Timber deterioration
from moisture accumulation was evident in connections between structural members such as at the wall top plate. The lack of ventilation around
connections caused moisture to accumulate, thus allowing timber deterioration to accelerate. Failure of roof anchorage frequently resulted in the
disconnection of the roof from the rest of the building.
It was observed that the most commonly used lightweight roof
sheathings were of nipa and anahaw palms. Nipa palm shingles were fabricated by wrapping the palm leaves over split bamboo or nipa palm stalks.
These were fastened to the roof frame by nailing and/or by tying with a
lashing material such as nylon fishing line, abaca twine, or rattan or plastic
strips. The performance of nipa was dependent on the aerodynamic form
of the house and on the manner of fastening to the roof frame. Damaged
nipa roofing was observed in houses with openings on the windward wall.
The performance of nipa roofing was better where bamboo splits were tied
to the roof structure at every cross-point, whereas failures were observed
on roofs which had only two tied points on each tile.
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Compared with nipa roofing, anahaw palm shingles made by fastening
whole leaves to the roof frame performed better. Nylon or rattan was used to
tie split bamboo on both the inside and the outside of the thatch, resulting in
a consistently better performance than nipa, and also demonstrating the efficiency of tying to fasten split bamboo members in any structure.
Houses constructed from indigenous materials utilized bamboo wall
cladding in the form of (1) bamboo splits tied or nailed to the wall frame,
(2) woven bamboo sawali sandwiched between the wall frame and nailing strips on the outside, or (3) crushed bamboo sandwiched between the
wall frame and the nailing strips. Failure of these walls were often because
of racking caused by the lack of a bracing structure. Walls made of bamboo splits were severely damaged, frequently resulting in catastrophic failure
or total loss. Walls made from sawali and crushed bamboo had small racking deflections, thus performing better and demonstrating superior stiffness
compared with those made from bamboo splits. Whole bamboo culms,
usually too slender to effectively withstand compressive forces, were used
as external braces. These were rarely anchored to the ground, and their
value appeared to be merely psychological in most cases. This also showed
that the house owners were unaware of the fact that such braces can also
be subjected to tensile aside from compressive forces during typhoons. Guy
wires anchoring the house to the ground were also occasionally observed.
This provision counteracts uplift forces or suctions of sufficient intensity
to overcome the dead weight of the house.
The second damage assessment was conducted in November 1987,
by a team composed of FPRDI researchers, after the 15th and most destructive typhoon of the year, “Sisang”, hit the Philippines (Gesmundo et al. 1987).
Packing a maximum wind velocity of 205 kph at the centre, the typhoon
left 32,000 houses either partially or totally damaged. Because of the inaccessibility of most affected rural areas, the assessment team covered only a
limited area along the typhoon track. Nevertheless, detailed observations
of 50 houses, most of which were made of lightweight materials, were
considered adequate for the team to gather general observations about the
structural inadequacies of low-cost houses in the rural areas. It was
observed that the structural failures of the houses were often because of
the poor joining of structural members and not because of the inadequacy
of materials used. Failures of this type were characterized by disintegrated
members and components with no evident failure in materials. In some
instances, however, it cannot be discounted that although the joints might
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have been properly built, the green timber used resulted in joint failure. As
the timber dries, its dimensional changes create internal stresses in the joint,
causing distortion and eventual failure when severe wind loads are imposed
on the structure (Soriano and Espiloy 1987).
About 40% of the houses suffered damages in roof structures owing to the
slopes being too flat (<30o), poor connections between lightweight roof cladding materials and the roof frame or failure in joints between roof and wall, or
a combination of these conditions. House owners who built their houses without
adequate supervision, because of their desire to save on material cost, preferred flatter roof slopes thereby using shorter pieces of wood for trusses and
shorter lengths of roof cladding. About 21% of the observed houses suffered
damages in exterior walls and partitions because of poor connection details
and lack of bracing, about 12% had uprooted posts and exposed foundations,
and about 5% had damaged doors and windows.
Based on the above assessments, it can be generalized that there are
two factors which test the structural resistance of houses during typhoons.
First, the deleterious effect of moisture and rain, and second, the effect of
severe winds. Although the damaging-effect of moisture can be gradual,
catastrophic failure of weakened materials can occur from the combined
effect of wind and water pressures during typhoons. The extent of damage caused by severe winds depends on the roof slope, permeability of
structure, direction of wind, roughness of terrain, geometric shape of structure and the adequacy of joints.

Design Wind Load Considerations for
Typhoon-resistant Bamboo House Construction
While a great deal ofresearch has been done on wind loading of tall
buildings, very little attention has been devoted to buildings having heights
less than 10 metres (Marshall 1975). Investigations of wind damage strongly suggest that coefficients contained in most current codes and standards
do not adequately describe the wind characteristics near the ground and
the pressure distributions on low-rise buildings3.
The Structural Design Data and Specifications Handbook (Carillo 1980)
and the National Structural Code for Buildings (Anonymous 1981), both of
which are used by practising engineers and architects in the Philippines,
3 Low-rise buildings refer to those which have a maximum height of 10
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draw on the recommendations of a committee of the Association of Structural Engineers of the Philippines (ASEP) for the basic wind load values on
structures. The committee derived the values from a study of the paths of
remarkable typhoons in a 43-year period. The study resulted in the division of the country into three wind pressure areas (Figure 5). Table 1 shows
the wind pressures for different height zones and wind pressure areas, with
modifications for buildings higher than 100 metres as recommended by
Carillo (1980).
Table 1: Basic wind pressures for different height zones above ground following
uniform building code height zones and pressure variations (Carillo1980)
Height zone (ft)

Less than 30

30 to 50
50 to 100
100 to 500
500 to 1200
over 1200

Wind pressure (psf)
Area I

Area II

30
40
50
60
70
80

20
30
35
40
45
50

map area
Area III

10
20
25
30
30
40

In 1975, a project titled “Design criteria and methodology for construction
of low-rise buildings to better resist typhoons and hurricanes” was conducted
based on the recommendations by the Agency for International Development
(AID) and the National Bureau of Standards (NBS) of the United States that
additional research on wind effects is needed to reduce property losses,
human suffering, disruptions to productive activities and expenditures for disaster relief. The project involved direct measurements of wind loads on six
low-rise buildings at three separate sites in the Philippines and wind tunnel
studies using scale models of typical dwelling geometries.
The project included an estimation of extreme wind loads4 in Philippine conditions, and conclusions were drawn based on wind speed data
4 Wind loads acting on the surfaces of buildings are expressed in terms of a dynamic
pressure which is a function of basic wind speed and a pressure coefficient which accounts
for terrain roughness, geometry and permeability of structure, wind speed direction and
other design considerations.
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recorded at various locations in the country (Simiu 1975). Significantly, the
project recommended the redefinition of wind zones and improvement of
design criteria in Zones I and II in the wind pressure map areas, and higher
wind speed values in open and coastal areas in these zones. These recommendations, however, have not yet been verified or incorporated in design
wind loads in currently used structural codes.
Damage assessments have shown that failures from strong wind pressures are often initiated at the connections or joints between structural
members along the edges of roofs and walls. Separation of wind flows occur
along-roof ridges and wall edges, thus developing forces that pull joints
apart at these locations. Suction of extreme intensity on localized areas
(Figure 6) and other build ing surfaces is the primary cause of failures in
claddings and joints between structural components. For certain combinations of roof slopes and wind speed direction, a conical vortex can develop
along the windward edges of the roof (Marshall 1975) (Figure 7). These
point out the need to look into currently recommended slopes for particular roofing materials, and pressure coefficients for particular housing
components.

Fig. 6: Areas (shaded) of the house structure where high suctions must be

allowed for cladding materials and joints connecting the
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Fig. 7: “Rolling up” of high-speed wind flow into a helical pattern
creating intense suction on the roof structure

Since walls, floors and roofs of houses made of bamboo and other light-
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traditional and current construction practices and architectural details in
bamboo houses - must be supplemented with information on an acceptable engineering design criteria for bamboo houses, particularly those in
open and coastal areas.

FPRDI Research on Bamboo as a House Construction Material
Current research
Studies on bamboo currently conducted at FPRDI are focused on the
improvement of properties which are relevant in construction, and the design and development of bamboo housing components such as trusses,
roofing and walls for low-cost housing. The studies include the following:
Physical and mechanical properties of bamboos used in construction;
Preservation of bamboo poles using the manually operated multi-cap
HPSD;
Full-scale testing of W-type trusses designed to withstand tropical storms
and cyclones;
Development/improvement of bamboo tied joints using two types of
lashing materials;
Development of corrugated roofing from bamboo sheets by physicomechanical treatment; and
Development of resin-bonded bamboo panels for curtain walls.

Future research
Aside from studies which will address problems encountered in current research, future research on bamboo as a construction material is geared
towards the development and improvement of design criteria for typhoonresistant low-cost bamboo house construction. The studies envisioned
include the following:
!
!

!
!

Standard strength test methods for bamboo and nondimensional timber;
Crushed bamboo formed into timber- and panel-size building materials using a binder from waste plastics;
Development of bamboo and non-dimensional timber joints considering the aerodynamics of low-rise buildings;
Design of bamboo joints subjected to fluctuating wind pressures and
separation of flows (at roof and wall edges);
Wind tunnel studies involving scale models of bamboo structures incorporating new joint designs; and
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Development of a construction manual for a low-cost bamboo house
with emphasis on design criteria for houses in extreme wind conditions.
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The Application of Bamboo for
Earthquake-resistant Houses
Purwito
Research institute for Human Settlements,
Agency for Research and Development,
Bandung,
Indonesia.

Abstract
In this paper, engineering details of earthquake-resistant bamboo
buildings are discussed. The strength properties of bamboo culms
employed and the allowances to be made for stress in the design are
described, and the jointing with ijuk rope is illustrated. The paper
concludes that Ioad bearing capacity is dependent more on lateral
resistance than on compression and tensile strengths of the material.
The importance of efficient jointing to prevent collapse of the building has therefore been stressed.

Introduction
Bamboo is one of the oldest materials used in building construction,
especially in rural areas As a building material, it is a good substitute for
timber. It is also light, easy to work with and readily available in villages
practically at no or very little cost. In regions where earthquakes and tremors occur frequently, bamboo frame houses survives and remain serviceable
longer than other types of houses.
In house construction, bamboo can be used for walls, framework, floors,
doors, window and door frames and roofing. Because it is hollow, jointing
of two or more members is a problem, and different types and methods of
jointing and fastening are required. Furthermore, bamboo has a tendency
to split easily and therefore cannot be nailed without pre-boring. Ijuk rope
is used in Indonesia for jointing the culms in bamboo houses. According
to experience gained, this material is highly suitable for this purpose.
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The mechanical properties of bamboo were studied using the culm of a
bamboo which was more than three years old. The following results were
obtained:
: 1000 - 4 000 kg/cm2
Tensile strength
Compression strength : 250 - 1 000 kg/cm2
: 700 - 3 000 kg/cm2
Bending strength
Modulus of elasticity
: 100 000 - 300 000 kg/cm2
The following observations were made during pressure tests:
At 4 atm, perspiration at nodes occurs;
At 5 atm, severe leaking begins; and
At 10 atm, bursting occurs.
For design purposes, the following stress values can be allowed:
: 300 kg/cm2
Tensile stress
: 80 kg/cm2
Compression stress
: 1 0 0 kg/cm2
Bending stress
Modulus of elasticity
: 100 000 kg/cm2

Structure
Foundation
The building (36 m2) was constructed using mostly bamboo materials
(Table 1). For foundation, 30-mm concrete pipes were used, and for connection between upper and lower structures, l0-mm steel bars were employed.
The concrete foundation was kept 50 cm above soil level (Figures la, b, 2).

Floor
Bamboo matting was used extensively for flooring (Figure 3). A matting was made from split sections of Gigantochloa
apus and placed as the
bottom layer and mortar is applied on top to complete the flooring.

Wall
Traditionally, several types of plastered bamboo mats are used for walls.
The most important ones are:
1. Bilik, kepang or gedek This bamboo mat consists of strips having a
thickness greater than 2 mm and a width of 2-5 cm (mats made from
smaller strips are used for ceilings). The mats are placed on both sides
of a timber or bamboo frame and nailed down.
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Fig. la: Front view of bamboo house

Fig. lb: Side view of bamboo house

Sasak orsesak This mat is made from unsplit sections of G. apus, and
is stronger than bilik.
3 . Bamboo boards: Plaited bamboo boards with stretched vertical steel
wires are plastered over and used for walls in areas that experience
frequent and heavy earthquakes.
A series of laboratory tests conducted on plastered bamboo mats showed
plaster made of Portland cement and sand to be suitable for use in plastered
bamboo mat walls. Walls are best made with bamboo board, and plaster made
of Portland cement and sand in the ratio 1:5 (by volume) (Figure 3).
2.
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Table 1: Building costs
Material

Quantity
(Rp.)

Unit Price
(Rp.)

Total cost
(Rp.)

16.5 pcs
3
1 .20m

200003
125000

30 000
a50 000
480000

35 pcs (6-m)

1500

52500

87 m
2
87 m
2
174 m

1000

87000
174000
174000
487500

12 pcs (6-m)

1500

18000

120 p c s (6-m)

8009

6000

2

2000

72000
186000

12 pcs (6-m)

15001

8000

45 pcs
2
8m

9000
2800

405000
22400
445400

4 pcs
4pcs

25000
17500

100 000
70000
125000

Foundation
- concrete pipe (30 mm dia.)
- mortar + sand
Sub total

Walling
bamboo culm
(l0-12 mm dia.)
- bamboo mats
- plaster (cement + sand)
- finishing (cement paste)
Sub total

2

2000
1000

Flooring
- bamboo culm
(l0-12 mm dia.)
- bamboo split
(10 mm dia.)
- mortar
Sub total

36 m

Roofing
- bamboo
(l0-mm dia. trusses)
- corrugated zinc sheet
- plain zinc sheet
Sub total

Doom and windows
- door + glass
- window + glass
Sub total

Accessories
-

50000
75000

locks, nails, anchor bar, etc.
ijukrope

Finishing
- wall paint
- wood paint
Sub total

Wages
TOTAL BUILDING COST
2
BUILDING COST/M

2

205 m
2
47 m

800

25 workers

20 931.50

2

2 616 437/36 m
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164000
32250
199250
523287
2 616 437
72678.80
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Steel bar

10 mm)

Fig. 2: Structure of the foundation
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Bamboo dia. 10 cm

Fig. 3: Floor plan (using plastered bamboo mat)

Roof trusses
Bamboo roof trusses are usually fabricated on-site, and they are easy
to erect. Several types of bamboo joints with ijuk rope and bamboo pins
are illustrated in Figures 6a-d. Ijuk rope has a maximum tensile strength of
2.
1000 kg/cm
The roof truss tested were of king post type (Figure 5), and the structural elements were connected using ijuk rope and bamboo pins (Figures
6a-d). The diameter of the ijuk rope was 6 mm, and the loading test was
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Steel bars (010 cm)

Fig. 4: Structure of wall

carried out using the “screwed hook” testing method (a screwed hook connected to spring dynometers with a maximum capacity of 1000 kg). The
load was applied at the three upper joints in two stages: first, up to the
nominal load; second, up to failure.

Conclusion
1.

2.

The load bearing capacity of bamboo structural elements depended
mainly on its lateral resistance and less on its compression and tensile
sttengths;
Collapse of the structure occurred mainly because of yielding of the joints
on account of the insufficient radial resistance of the structural members;
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1
Fig. 5: Roof plan

3.

Vertical deflections measured were considerably larger than calculated values;
4 . Location of the joints at the nodes increased the load bearing capacity
of the structure; and
5. Safety factor in relation to the maximum load could not be ascertained
because many defects were observed on the structural members before the maximum load was reached.
As elastic instability of the structure as a whole was always accompanied by failure of the joints, it is recommended that the behaviour of joints
under load be studied.
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Figs. 6a: Jointing of various structural elements

Figs. 6b:

Jointing of various structural elements
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Pin

wail frames

Figs. 6c,

d: Jointing of various structural elements
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Study of Mechanical Properties of Bamboo
and its Use as Concrete Reinforcement:
Problems and Solutions
Oscar Hidalgo
Centro

Interamericana del Bambu (CINBA),
Bogota,
Colombia.

Abstract
When the possibility of using bamboo as reinforcement in concrete
was first demonstrated,
it generated considerable excitement. It was,
however, short-lived as bond integrity between bamboo and concrete was found to be low and unstable, resulting in the collapse of
structures which used such reinforcement. Since then, attempts have
been made to overcome this problem, but with little success.
This paper, after analysing the relation between mechanical properties and position in the culm, proposes that in respect of tensile and
bending strengths, as well as water absorption (which is responsible
for shrinkage, swelling and weakening of the bond), the outer 30%
of the culm is far superior to the inner 70% in its suitability as a reinforcement material. By making “cables” by twisting or braiding strands
from the outer portion of the culm, and utilizing the same for reinforcement, stable bonding is possible. Thus, bamboo can successfully
be used as reinforcement in concrete.

Introduction
The history of bamboo’s use as reinforcement in concrete goes back
to 1914, when H.C. Chow worked out the first experiment in this field at
the Massachusetts Institute of Technology. Since then, many investigations
have been done in this field in several countries. The most outstanding of
these works was in 1950, by H.E. Glen at the Clemson Agricultural College, South Carolina, USA. As part of his research, he built several buildings
using bamboo splints and small-diameter culms as reinforcement in concrete structures, though with very poor results. This experiment and others
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made in Vietnam for military purposes (Figure 1), form the best demonstration of the fact that the traditional use of small-diameter bamboo culms
and splints taken from the culm of giant bamboos (Figure 2) is not recommended for reinforcement in concrete (Figure 3).

Fig. 1: The lack of adherence between bamboo splints/bamboo culms of
small diameter and concrete can have catastrophic results as can be seen
in this building made in Vietnam

The reason for the failure of concrete structures reinforced in this traditional way is that the interior, softer part of the culm (Figure 4) absorbs
water in the concrete and swells. On drying, it shrinks and loses its adherence to the concrete and consequently, its function as reinforcement. In
order to solve this problem, researchers have suggested a number of solutions. Some of these are so impractical and uneconomical that one can clearly
see that they have failed take into account the end-users, who are mostly
peasants living near forests, where it is difficult or impossible to get or transport, forinstance, long steel bars. Some are fairly simple. For example, Glenn
(l944) recommended a coat of asphaltic emulsion on the bamboo
reinforcement as the cheapest remedy. Most are sophisticated, like the
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Fig. 2: (A) Splint of bamboo and(B) small-diameter bamboo culm (or branches)
used traditionally in reinforcing of concrete; (C) Bamboo cable made with
strands of the outer part of the culm wall

Fig. 3: One of rhe

concrete structures
built by Glen in
1950 using as
reinforcement
small-diameter
bamboo culms
that had very poor
results
suggestion of Pama e t al. (1976) to immerse the bamboo material in 2%
zinc chloride, or in a Neoprene adhesive mixed with sand. But products
such as zinc chloride and Neoprene are not easily available in rural
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settings. Kowalski (1974) advised the use of polyester resins or epoxy adhesives and silica powder as part of the treatment; a treatment which is so
expensive that a month’s earnings of a peasant will not be able to cover the
cost of resin necessary for a three-metre
bamboo piece. Probably the most
uneconomical recommendation was by Fang et al. (1976): to apply first a
sandblasting treatment, and then a sulphur and sand treatment

Fig. 4: Cross section of the internode in the culm wall:

the vascular bundles, and the densest zone (a) and the sofrest zone
(b) which is most attacked by insects can be seen

It was this situation that prompted the establishment in 1974 of the
Bamboo Research Centre (CIBAM) at the National University of Colombia,
to look for a new, practical and safe technology for the use of bamboo as
reinforcement in concrete.
The purpose of this paper is to show how, using bamboo cables as the
reinforcing material, the problem of adherence and swelling of bamboo
when it absorbs water was solved. A new testing method for bamboo is
also proposed in order to obtain more accurate information on its physical
and mechanical characteristics.
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Testing Bamboo for Compression and
other Mechanical Properties
The first study at CIBAM was on the physical and mechanical characteristics of the species known by the common name “guadua de castilla”,
one of the most important species in Colombia. The study followed the
recommendations of the research by H.E. Glenn (1350) which, at that time,
was considered the best and most complete done in America on the physical and mechanical properties of bamboo species, and on their use as
reinforcements in cpncrete.
In 1976, while working at the Smithsonian Institution in Washington,
the author came across a publication by Walter Liese on the anatomy of
bamboo which alerted him on the procedural mistakes in the study undertaken at CIBAM on the physical and mechanical properties of bamboo. The
case is similar with most studies carried out up to the present time on the
mechanical properties of bamboo, for the following reasons:
The information developed by researchers of Asia, America and
Europe on the strength characteristics of bamboo is based on inadequate
data obtained using different testing methods, and widely varying dimensions and shapes of test specimens. This’is the result of the erroneous belief
that bamboo and timber have the same anatomical structure and consequently, the same structural behaviour. This is the reason why most
researchers utilize the standard test procedures for wood laid down by the
American Standard for Testing Materials (ASTM) in their experiments on
bamboo. Most researchers ignore the fact that bamboo does not have radial cells which, in the case of wood, increases its shear strength. The absence
of radial cells is one of the reasons why bamboo has a low resistance to
shear strength parallel to the axis, which is an advantage for purposes such
as the basketry but a disadvantage for researchers when trying to make
from bamboo the same type of specimens used for testing timber. Bamboo specimens generally break very easily in the direction parallel to the
axis. Hence, it is necessary to develop a different type of bamboo specimen for laboratory tests. There are some other researchers who are not
familiar with the Standards and invent their own test methodologies,
1.

2 . Most studies on the mechanical properties of bamboo to date have been
theses of students from different engineering faculties, supervised by professors who, in some cases, do not have any experience in bamboo
construction and/or any knowledge of the plant. In the Americas, where
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12 giant species of the genus Guadua are distributed from Mexico to Argentina, the problem is worse since most researchers are not familiar with
Guadua species. Ignorance of their scientific names and the confusion on
their common names, which vary from country to country, add to the problem. For example, there are six different native species of giant bamboos
in Colombia that are used in construction. All the six are erroneously considered to belong to the same species that goes by the common name of
“guadua”, and to have the same scientific name of Guadua angustifolia.
This situation has prompted most studies researched in Colombia to have
titles such as “The mechanical properties of guadua” when meaning a specific bamboo species, or “The mechanical properties of Guadua angustifolia
Kunth” when the species investigated might be a different species altogether.
It is often not possible to know which of the six species was/were used in
the experiments, and there are cases in which several species were used in
the belief that they are all the same species.
3. As propose (and stated by researchers in the introductionoftheirreports),
the final goal of these studies on the mechanical properties of bamboo is to
establish standards concerning the appropriate use of each species in the field
of construction. However, most research up to the present time show only a
list of values of the mechanical properties in Newtons or kg/cm2. These are
practically useless and inapplicable because they do not make it possible to
establish standards for the appropriate use of bamboo in construction. For
example, if a study gives the maximum compression strength of a bamboo as
400 kg/cm2 and we need to use this bamboo in columns 2.5 m high, we can
only calculate the parameters of the column as if it were a straight steel tube. In
practical terms, however, what one needs to know for using the material in
construction is the relation between the strength to compression of the whole
internode, or by linear metre the lower, middle and top sections and its relation to the diameter, the thickness of the wall, length of the internode, and the
area of the vascular bundles in sq. mm.
This is the reason why no one uses in construction any of the studies
that have so far been done on the mechanical properties of bamboo. Those
are consulted only by people who are starting a new research work, while.
we continue using bamboo by trial and error.
To sum up, studies that can only be understood by engineers but not
used by them are of no value. It is necessary to develop simple and practical methods or standards that can be utilized in construction by any bamboo
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builder, even though he/she does not understand values in Newtons or
kg/cm2. This is the basis for this paper.

New Basis for Testing Bamboos
From the anatomical studies on bamboo conducted by Walter Liese,
we know that the nodes play an important role in the physical and mechanical properties of bamboo, and that the fibre length increases from
the nodes to the centre of the internodes and from the periphery to the
centre. This means that any section taken from any part of the internode
will give different values of compression strength. From this, we can conclude that the whole internode has to work as a unit. The first researcher
who tested whole internodes was Bauman in 1912. It is very important to
test internodes with the nodes, and sections of l-2-3 metres composed of
several internodes taken from the bottom, middle and top sections of the
culm. At CIBAM, we tested sections of 1,2 and 3 metres of guadua de castilla.
The following information obtained from the tests can possibly act as the
principles for establishing a new methodology for testing bamboo for construction
purposes.
One-metre-long sections
Maximum compression stress = 23 650 kg; diameter - 133 mm; age - 5
years; wall thickness - 15.5 mm; number of nodes - 4.
Minimum compression stress = 7 350 kg; diameter - 83.9 mm; age - 1 to
3 years; wall thickness - 17.3 mm; number of nodes - 3.
!

Two-metre-long sections
Maximum compression stress = 22 500 kg; diameter - 143.3 mm; age 5 years; wall thickness - 16.2 mm; number of nodes - 7.
Minimum compression stress = 3 830 kg; diameter - 78.6 mm; age 1 to
3 years; wall thickness - 7.1 mm; number of nodes - 6.
!

Three-metre-long sections
Maximum compression stress = 16 600 kg; diameter - 130.9 mm; age 5
years; wall thickness - 19.2 mm; number of nodes - 13.
Minimum compression stress = 2 740 kg; diameter - 94.4 mm; age 1 to
3 years; wall thickness - 9.7 mm; number of nodes - 10.
The above information is related only to the bottom section of the culm.
If similar data can be obtained also from the middle and top parts of the
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culm, it would be the complete information on the mechanical characteristics of the whole culm. It would also give an idea on the different uses
that each part have in the construction of a building, particularly regarding
the members that are structurally under compression.
It is very important to bear in mind that physical and mechanical properties vary from one species to another and even within the same species,
depending on the habitat of the species, and also on whether the species
is cultivated on flat or sloping ground. For example, in Colombia, Guadua
angustifolia grows between 1200 and 1800 metres above sea level, and is
stronger than the same species that grows in Ecuador at less than 500 metres
above sea level. Mechanical characteristics such as tensile and bending
strengths of culms have to be tested according to the dimensions used. For
example, tensile strength has to be tested using strips with the length of
the internode, including the nodes, and also using strips one-two-three
metres long.
Another important point to bear in mind, particularly when the researcher ignores the scientific name of the species, is to take frontal and lateral
photographs of the branch complement or base of the mid-culm branch,
and also of the sheath. These are used in the identification of the species,
and the information can help avoid confusion of species.

Use of Bamboo Cables as Reinforcement in Concrete
In a transverse section of the cuim two zones can be seen (Figure 4):
a) The inner, softer part which accounts for about 70% of the culm wall.
This zone is the one that swells as it absorbs water in concrete. This
part of the culm was tested for tensile strength and gave a maximum
value of only 706 kg/cm2.
b) The outer part of the culm comprises 30% of the culm wall and is the
denser zone. Consequently, it absorbs only a minimum amount of water.
This zone was tested for tensile strength and gave a maximum value
of 2 052 kg/cm2.
This means that the outer part of the culm is almost three times stronger
than the inner part. From the same section of the culm from which strips
for the above experiments were taken, a strip containing both zones was
taken and tested. It gave a maximum value of 1 175 kg/cm2, which is the
combined strength of the two zones. This means that if the inner part is
removed from the strip, the strength of the strip will increase. At the same
time, it would also solve the problem of swelling of bamboo strips used as
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reinforcingconcrete. In order to increase the adherence of strips from the outer
portion to the concrete, bamboo “cables” of small diameter were made from
stnnds by braiding (Figure 5) or twisting (Figures 6-8), in the same way as the
Chinese manufacture bamboo cables of 30 cm diameter which they use in the
construction of suspension bridges of up to 120 metres long. (Figure 11).

Fig. 5: The first experiments were made with cables composed of

three braided strands, with satisfactory results

Fig. 6: Most of the experiments were

made with bamboo cables
made by twisting three or more strands
84

the two ends of the cable
are secured using wire

Fig. 7: Production of cables using bamboo strands
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Fig. 8: Bamboo strands king twisted into cables

A total of 163 bamboostrips-each 500mm long, l00mm wideand 3 mm
thick from different culms of different ages-were tested for tensile strength.
The maximum value was between 3 000 and 3 213 kg/cm2. Some values as
high as 3 018 and 3 206 were obtained from bamboos that were one year old.

Advantages of Bamboo Cables Used as Reinforcement
1.

The strips are made out of the outer part since its dimensional changes
are minimal and it does not require waterproofing.
2 . The strips from the outer portion of bamboo is the strongest part of
the culm wall. If the cross-sectional area of the inner part of the wall
(70% of the wall) is replaced using the outer part, the integrity of reinforcement will increase five to six times.
3 . The adherence of bamboo cables is greater than that of splints and
small-diameter bamboos because of the helical form of the cable
(Figures 6, 7). Tests showed that the adherence of splints and smalldiameter bamboos was about 5.09 kg/cm2 and that for the cable 18.22
kg/cm2.
The method for manufacturing a cable with three or more strands can
be seen in Figures 6-9. The stirrups are made using strips of bamboo culms
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Fig. 9: In the manufacture of the stirrups, strips of nine-month-old bamboo

were used since they are more flexible
that are nine months old since they are more flexible than older bamboos
(Figure 9).
About 24 concrete beams, each 2.45 m long, were tested in groups of
three (Figure 10). In one group, the bamboo strips were used vertically,
while in the second group, they were used horizontally. In the third group,
bamboo cables were employed. Each group had the same area of reinforcement. The tests proved bamboo cables to be the most efficient.
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Fig. 10: About 24 concrete beams were tested, reinforced with cables

Fig. 11: Chinese suspension bridge made with bamboo cables (can be
seen in the lower pan)
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Uses of Bamboo Cables in Foundations
This technology was used in Ecuador to reinforce slab foundations for
a prefabricated housing program in Guayaquil city. The cables were used
as reinforcement in the peripheral beams (Figure 12). The slabs were reinforced with a mesh made of bamboo strips. In one of the slabs the mesh
covered the entire area (Figure 13), and in another slab only 60-cm wide
mesh was used below the base of the central walls (Figure 14). Ten years
after the construction, the houses with slab foundation did not show any
crack (Figures 15, 16).

Fig. 12: Peripheral beams of the slab foundation were reinforced with

bamboo cables, with satisfactory
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results

Fig. 15: The slab foundations, reinforced with bamboo cables and mesh
and built 10 years ago, have no cracks

Fig. 16: Bamboo prefabricated houses built above a slab foundation
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A Study on Dendrocalamus asper as
Concrete Reinforcement
Surjono Surjokusumo and Naresworo Nugroho
Department of Forest Product Technology, Faculty of Forestry,
Bogor Agricultural University, Bogor, Indonesia.

Abstract
A study of Dendrocalams asperas concrete reinforcement has been
conducted. It covered the physical and mechanical properties, the
effects of some chemical treatments and concrete types on the quality of bonding between concrete and bamboo; and the effect of
bamboo profile on the strength of concrete reinforcement.
Based on the superior physical and mechanical properties, D. asper
has a good prospect to be utilized for concrete reinforcement. Among
thechemical treatments, varnish coating on the surface of the culms
was the most successful in increasing the bonding strength (surface
shear between bamboo and concrete). Better quality concrete also
increased strength value of concrete with bamboo reinforcement. The
maximum strength was achieved by increasing the width of the rectangular bamboo profile by 30%.

Introduction
The overexploitation and depletion of the forests in tropical areas, especially in Indonesia, has led to severe timber shortage, which has made
many people realize the great potential of bamboo as a timber substitute.
Dendrocalamusasper(Betung) is a large bamboo with culms reaching 2030 m in height. The internodes are 20-45 cm long with a diameter of 8-20
cm, and the walls are relatively thick (11-35 mm) but thinner towards top
of the plant. D. asper is one of the most useful bamboos for construction in
rural communities, mainly because of the strength and durability of its culms.
Depending on their abundance, cost and favourable strength properties, round bamboo culms are used for houses, bridges, ladders, etc. They
are also used, either round or split, for reinforcing mud walls in rural and
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semi-urban areas. Bamboo-reinforced concrete (BRC) is also used for making small water tanks, grain silos, short-span beams, lintels, slabs and
platforms, with a cost reduction of 30-40% over steel reinforced concrete
structures of the same size and shape (Mishra and Sanyal 1991).
Based on the tensile strength (100-400 N/mm2), bamboo strip is the
best known alternative for steel as concrete reinforcement (Yap 1967). The
possibility of using Indonesian bamboo as concrete reinforcement material was investigated by Surjokusumo and Nugroho (1993,1994), using several
bamboo species such as Gigantochloa apus(Tali), G. vetiicillata(Andong)
and D. asper(Betung).
D. asperwith its straight culms has the highest value in terms of tensile strength and modulus of rupture (MOR).

Materials and Methods
D. asper was collected from a village grove of Leuwiliang, Bogor (West
Java). Twelve mature culms (three years and above in age) from one or
more clumps from two different localities (humid soil and dry soil) were
considered for each investigation. Physical and mechanical properties density, moisture content, shrinkage characteristics, static bending, shear
strength, maximum crushing strength and tension parallel to gain - were
determined for samples with both internodes and nodes. The standard test
procedure of ASTM (1990) for small, clear specimens of timber was followed as far as practicable.
A box of size 100 x 100 x 50 cm was used for dipping the culm strips in
water for three months to reduce the starch content. For dimensional stability, three kinds of chemicals (paraffin, varnish and a water repellent) were
applied. Three types of strip profiles (square, rectangular and trapezoid)
and three sizes of strip width (0.3 mm, 0.6 mm and 0.9 mm) were used as
concrete reinforcement material. Concrete was produced by mixing Portland cement, sand, gravel and water in the ratio of 1 : 3.365 : 4.062 : 0.663,
to obtain the minimum concrete quality (>K-125).

Results and Discussion
It can be observed in Table 1 that the moisture content of D. asper grown
in humid soil was higher than that from dry soil. Bamboo from dry soil had
better dimensional stability because the shrinkage percentage from green
to air-dried was lower than that of the bamboo from humid soil. This may
be related to the lower moisture content. The density of dry soil bamboo
was also found to be higher than the one from humid soil, and this may be
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attributed to the presence of a higher proportion of sclerenchyma tissue/
fibrovascular bundles at in culms from the species grown in dry soil. The
mechanical properties - modulus of rupture (MOR), modulus of elasticity
(MOE), compression, tension and shear - varied significantly between two
locations. Values of all mechanical properties were higher for D. asperfrom
dry soil than for the same from humid soil.
The presence of nodes is a disadvantage for using bamboo as a reinforcement material. It is evident from Table 2 that the internode of D. asper
was the strongest in MOR, MOE, compression and tension than the node
(ratio lower than l), but not in shear. Shrinkage showed a similar trend,
while moisture content and density had a ratio of more than 1.
Lowering the starch content of bamboo is crucial for the prevention of
attack by powder post beetle. One of the traditional, non-chemical methods for bamboo preservation is to steep the bamboo culm in stagnant water
for about three months, whereby the starch content can be decreased from
1.64% to 0.92%. This treatment brings about a change in the mechanical
properties of the culm, in ratios varying from 0.93 to 1.15, which are statistically insignificant (Table 3).
Table 1: Physical and mechanical properties ofD.
from different locations
Properties

asper internode

Location
Humid soil

Moisture content (%)
Density
Shrinkage : green to air-dried(%)
a. Volumetric
b. Width (tan.)
c. Depth (rad.)
Static bending
a. MOR (N/mm2)
b . MOE (x1000 N/mm2)
Compression (N/mm2)
Tension (N/mm2)
Shear (N/mm2)

15.65
0.56

12.36
0.65

12.02

9.27
4.66
3.27

4.83
3.87
134.43
19.18
54.26
213.22
11.20
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Dry soil

149.62
21.21

59.99
227.34
12.52
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Table 2: Physical and mechanical properties of D. asper internode

and node.

Position

Properties

Moisture content (%)

Internode

Node

Ratio

14.00

15.30
0.70

1.09

0.61

Density

1.15

Shrinkage : green to air-dried (%)
a. Volumetric
b. Width (tan.)

10.64
4.74

10.55

c. Depth (rad.)

3.57

3.15

0.99
0.74
0.88

142.03

121.47

0.85

20.20

16.78
52.42

0.83

Static bending
2
a. MOR (N/mm )
b.

2

MOE (x 1000 N/mm )
2

Compression (N/mm )
2
Tension (N/mm )
2

Shear (N/mm )

3.49

57.13
220.28

138.03

0.92
0.63

11.86

12.62

1.06

Table 3: The effects of three-month steeping in water on the
mechanical properties of D. asper
Treatment

Properties

Control
Static bending
2
a. MOR (N/mm )
2
b. MOE (x 1000 N/mm )
2

Compression (N/mm )
2

Tension (N/mm )

Ratio

Water-steeped

177.03
18.93
67.56

167.83
21.21

0.95
1.15

70.19

1.04

307.27

285.94

0.93

The effects of three months of steeping in water on D. asper for bamboo
concrete reinforcement are presented in Table 4. The results indicate no significant differences in mechanical properties as compared to the control.
95

Bamboo, People and the Environment

Table 4: The effect of three-month steeping in water of
D. asp for bamboo concrete reinforcement
Properties

Treatment
Control

Water-steeped

20.80

19.94

Tension (N/mm*)
Surface shear (N/mm*)
of bamboo-concrete

0.446

0.447

Table 5: The effect of chemical treatments on D. asper strip
for bamboo concrete reinforcement
Properties

Static bending
2
a. MOR (N/mm )
2
b. MOE (x 1000 N/mm )
2
Compression (N/mm )
2
Tension (N/mm )

Chemical treatment
Control

Paraffin

1.06
0.89
17.90
0.13

1.84
3.30
11.10

0.08

Water
repellent

Varnish

2.05
12.27
15.87
0.12

7.49
4.86
117.60
0.87

Table 5 shows the effects of chemical treatments on the culm surface of
D. asper for concrete reinforcement. The results indicate that surface coating
with varnish has the highest value of MOR, tension, and surface shear between
bamboo and the concrete. This means that bamboo strip with varnish surface
coating is the best alternative for steel in concrete reinforcement.
Increasing the width of bamboo strips of different shapes resulted in
the values of all mechanical properties getting increased (Table 6). The maximum strength for rectangular bamboo strips was reached by increasing the
width to 0.9 mm. The average values of MOR, MOE, and surface shear
between bamboo and concrete were 8.08 N/mm2, 9.65 N/mm2 and 4.01 N/
mm2, respectively. The trapezoidal profile with 0.9 mm width showed the
highest average tension parallel to grain of 111.40 N/mm2
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Table 6: The effects of shape and width of bamboo profile on
the mechanical properties of concrete reinforcement

Profile shape

2

Width

Mechanical properties (N/mm )

increase (mm) MOR MOE (x103)

Tension

Shear

Square (control)

0.0

5.46

3.54

75.03

2.50

Rectangular

0.3

8.08

9.65

109.87

4.01

0.6

7.11

5.75

94.25

3.14

0.9

5.50

5.95

109.53

3.64

0.3

6.03

9.56

93.73

3.12

0.6

7.02

7.99

93.73

3.12

0.9

6.93

7.86

111.40

Trapezoid

3.71

Conclusions
Because of the high values of physical and mechanical properties,
D. asper has good prospect of being utilized for concrete reinforcement.
It was noticed that better quality of concrete increases the strength value
of concrete with bamboo reinforcement. Varnish coating on the surface
of the bamboo strip increases bonding strength and enhances other mechanical properties as well. The maximum strength for the reinforcing
bamboo can be reached by increasing the width of the rectangular bamboo profile by 30% at the nodes. Long-term, in-service observations and
testing for bond integrity will be necessary before definite conclusions can
be drawn.
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Abstract
This paper deals with the development of bamboo-reinforced sheathing to be used in lightweight construction, employing coconut wood
for frame and pozzolana cement mixed with lime and sand for mortar.
Experiments were carried out by: placing bamboo strips, with or without surface coating, in different directions; nail-jointing coconut wood;
and various alternatives to the expensive cement-based mortar. The
tests conducted for shear resistance’showed that sheathing made of
coconut wood frame, diagonally placed and varnished bamboo strips,
and pozzolana cement-based mortar was suitable for lightweight
construction.

Introduction
Bamboo is an indigenous material used extensively as a building
material in Indonesia, especially in rural areas, because it is relatively cheap,
easy to work with and readily available. It is used for framework, walls,
floors, doors and windows, roofing, ceiling, and as scaffolding material.
Some researchers have reported that bamboo has relatively high tensile
and flexural strengths and that it can be used as concrete reinforcement.
Improved economic conditions have prompted people to prefer
masonry houses. But masonry houses usually suffer damage during most
earthquakes. On the other hand, bamboo houses have demonstrated their
superior ability to resist earthquakes. This makes bamboo the building
material of choice in areas which suffer from frequent earthquakes and
tremors.
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Appropriate technology for supporting housing programs needs to not
only conform to the needs of the target people, but also be technically standardized and use locally available raw materials to the extent possible. Although
wood falls in this category, quality wood has at present become an expensive
material in some areas in Indonesia Coconut wood, available abundantly in
the country, can be used as a substitute material in some wood applications.
Another building material that has become expensive is Portland
cement. Researchers in Indonesia have addressed this issue by developing alternative binding materials, such as pozzolana-lime cement and
Portland-pozzolana cement, which can be effectively used in housing
construction.
In view of the above, this study set two objectives: (1) to provide an
appropriate technology for the production of suitable building materials
for low-income people, especially in the earthquake zones in remote
areas; and (2) to find out a way to utilize local raw materials for panels for
a light-frame construction system.

Materials and Methods
Materials
1.

2.
3.

The frames were made of more than 15 years old, unproductive coconut trees. In view of the inherent properties of coconut wood, especially
the density distribution and hardness of the vascular bundles, the trunks
were cut using special cutting systems.
The reinforcement was made of 2-mm thick Gigantochloa apus strips.
Two types of mortar were prepared for this research: first, pozzolana-lime
binder mixed with fine aggregate; second, soil-Portland cement mixture.

Testing method
Physical properties of coconut wood
Test specimens were 50 x 50 x 50 mm. Each coconut trunk was divided into three parts - the lower, middle and upper. Test specimens were
tested based on ASTM D-143 procedure.
Nail jointing of coconut wood
The sample-for testing was prepared as shown in Figure 1. The diameter of the nails were 3 and 4 mm and their length 76 mm. Test specimens
were in dry condition. Deformation was measured with a dial gauge and
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Load
1

50

I
50

t
50
50

t
50

I
50
40 , 80 , 40 ,
I
I
I

, 80 ,
I
I

Fig, 1: Specimens for testing nail jointing of
coconut wood

the ioad was checked when deflection was 1
and 2 rnm. Load was continuously applied till
failure occurred.
Mortar
In the case of pozzolana-lime-sand (SPK)
mixture, the test specimens used were cubes
of 70 x 70 x 70 mm. The ratios of pozzolanalime to sand tested were 1: 3,1: 5 and 1:7. Mortar
was tested after conditioning for 28 days.
In the case of stabilized soil, the specimens
were cylinders with a length of 200 mm and a
Fig. 2: Sample for testing bonding strength
between bamboo and mortar
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Fig. 3a: Making the panels (top) and cast (bottom, cross-section view)

diameter of 100 mm. The soil to cement proportions tested were lOO:O, 97:3,

95:5, 93:7 and 91:9. Thespecimens were tested after conditioning for
28 days.
Bonding strength between bamboo and mortar
The specimens were prepared as shown in Figure 2. The specimens
were of two types: in one the bamboo strips were coated with varnish, while
in the other the strips had no coating. They were tested after 28 days of
conditioning, and the test involved application of longitudinal tension force.
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The frame was made using 40 x 80 mm coconut timber (Figure 3a).
The size of the panels were 60 x 240 mm. For reinforcement, bamboo mats
were applied horizontally and diagonally (Figures 3b, 3c). The cast was
made of 10 x 50 mm coconut wood, 3 - m m plywood and plastic sheet.
After casting materials were applied, mortar was applied to 10 mm

Fig. 3b: Coconut wood frame with horizontal-vertical bamboo mat reinforcement

Fig. 3c:

Coconut wood frame with diagonal bamboo mat reinforcement
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Cast: wood frame + 3-mm plywood + plastic sheet
Application of IO-mm thick mortar

Application of bamboo mat

Application of 30-mm thick mortar

Fig. 4: Casting (mortar application)
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thickness (Figure 4). The surface was then finished as smooth as possible.
The panels were conditioned for 28 days before testing.
Shear resistance of wood frame component
The specimens were made exactly as the ones used in the field. Each test
had three replications. The procedure employed was as follows (Figure 5):

A: Hydraulic jack
B: Load cell
C: Plate
D: Roller
E: Tie rod
F: Lateral guide
G: Specimen
J: Stopper
H 1, H2: Indicating dial for horizontal shift
V3, V4: Indicating dial for vertical shift

Fig. 5: Shear test for panel
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load was applied to the specimen through a 90 x 90 mm high-strength
timber piece firmly bolted to the upper surface;
indicator dials were provided for measuring the displacement of different parts of the frame;
load was applied and the drifts of the specimen in horizontal and vertical directions were measured.
application of load was continued to the maximum limit.

Results and Discussion
Density of coconut wood
The density of coconut wood for the lower, middle and upper parts
were as in Table 1.
Table 1: Density of coconut wood

Specimen no.
1
2

3

4
5
Mean

Lower
0.75
0.81
0.69
0.77
0.73
0.75

Middle
0.59

Upper
0.29

0.62

0.31

0.52
0.57
0.57
0.57

0.23
0.27
0.26
0.27

Based on the above data, only lower and middle parts of the trunk were
utilized for making the frame of the panels. The lower part was utilized for
sides of the frame and the middle part for the inner part of the frame.

Moisture content
Moisture content of coconut wood is given in Table 2. The tested
materials were in air-dry condition after two months of seasoning. In this
condition, the moisture content of the lower part of coconut wood was
relatively similar to the middle and upper parts. Defects were found to be
more on the upper part.

Nailed coconut wood joint
Joint is the weakest part in construction. Nail-jointed coconut wood
was tested and the results were as shown in Table 3.
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Table 2: Moisture content of coconut wood

Specimen no.

Lower

Middle

1

14.79

14.29

2

13.82

13.69
14.86

3
4

12.69

14.53
14.27

5

14.63

13.98
14.57
14.27

Mean

14.14

14.27

14.33

14.78

Upper
14.31

14.26

Table 3: Test results of nail-jointed coconut wood

Specimen Load value when
number
deformation
is l mm
(kgf)

Load value when
deformation
is 2 mm
(kgf)

Maximum
load
(kgf)

1

812

961

2

725

3
4

750
650

923
975
780

5
6

789
600

890
700

1 324

7
8

655

850

1370

625

816

1 278

Mean

700.7

862.1

1606

1736
1300
1410
1262
1 205

With the safety factor of 2.75 as mentioned in the Indonesian Standard
for wood Construction, the test results showed that the joint system could
be used in frame construction.

Mortar
Pozzolana-lime-sand
The compression strength of pozzolana-lime and sand mortar is given
in Table 4. For making panels, mortar of pozzolana-lime and sand in 1:3
ratio was employed.
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Table 4: Compression strength of pozzolana-lime-sand mortar
Mix no.

Compression strength
2
(kgf/cm )

1 (l:3)
2

61.9
62.2

3

64.4

Mean

62.8

1

II (1:5)
1

40.2

2

41.7

3

39.8

Mean

40.6

III (1:7)
1
2

11.2
10.9

3

13.1

Mean

11.7

Stabilized soil
The test results of thestabilized soil are as shown in Table 5. The data
shows that the compression strength of mortar of stabilized soil was lower
than pozzolana-lime-sand mortar. For the full-scale specimens and bonding test specimens, only pozzolana-lime-sand mortar was used.

Bonding strength of mortar and bamboo
The bonding strength of mortar and bamboo, both treated with varnish and untreated, are shown in Table 6. Varnish treatment increased the
bonding strength. In wet condition, bamboo being a hygroscopic
material, absorbs water from the mortar. When the mortar dries, bamboo releases
water making the bond weak. Varnish, as a water repellent, prevent bamboo from absorbing or releasing water.
108

Table 5: Test results of stabilized soil mortar
Specimen

Shrinkage
(%)

Compression
2
strength (kgf/cm )

l00:0
1

0.701

11.49

2

0.691

12.10

3

0.712

11.21

Mean

0.701

11.60

1

0.520

14.86

2

0.544

14.26

3

0.490

15.10

Mean

0.518

14.74

1

0.270

18.79

2

0.265

17.88

3

0.286

19.24

Mean

0.273

18.63

1

0.020

22.16

2

0.024

21.71

3

0.018

23.12

Mean

0.021

22.33

1

0.100

27.76

2

0.009

28.12

3

0.011

27.45

Mean

0.010

27.77

97:13

95:5

93:7

91:1
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Table 6: Bonding strength between mortar and bamboo
Specimen
number
Al
A2

A3

Load at
failure (kgf)

Shear area
2
(cm )

Bonding strength
2
(kgf/cm )

240
230
228

91.60
92.37
91.20

2.62
2.49
2.50

Mean

2.54

Bl

184

B2
B3

172
196

93.40
93.99
95.14

Mean

1.97
1.83
2.06
1.95

A: Bamboo treated with varnish

B: Untreated bamboo

Shear resistance of wooden frame components
The shear resistance of wooden components used with bamboo reinforcement, in both horizontal-vertical and diagonal directions, are given
in Table 7. The data show that the diagonal bamboo reinforcement gives
higher shear resistance than the horizontal-vertical reinforcement. Fewer
number of mortar cracking on the surface were noticed in panels which
had bamboo treated with varnish. As shown in bonding strength tests,
varnish treatment improved bonding between bamboo and mortar. The
highest shear resistance was obtained with diagonal bamboo reinforcement treated with varnish and the lowest for horizontal-vertical bamboo
reinforcement without varnish treatment.
The allowable load of shear resistance Pa may be calculated using the
formula:
Pa = 3/4 x P1/250 x a, where
P1/250 = mean value of shear loads when the value of shear drift ratio
is l/250 kg/m,
a = ratio reduction factor in relation to the performance and workmanship.
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Table 7: Shear resistance of wood frame components
Specimen
number

Load at shear

Shear drift ratio

at maximum

drift ratio

Maximum
load (kg)

l/250 (kg/m)
Al

72

0.025100

206

A2

60

0.021692

A3

78

0.026948

186
208

Mean

70

0.024580

200

B1

B2
B3

50
54
61

0.019568
0.020115
0.022011

167
173
186

Mean

55

0.020565

175.3

Cl

0.019811

C2
C3

44
39
37

0.016850

158
143
139

Mean

40

0.018314

146.7

Dl

28

0.014312

121

D2

D3

30
20

0.014985
0.011072

132
119

Mean

26

0.013456
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A:
B:
C:
D:

0.03 8282

Diagonal bamboo reinforcement with varnish treatment
Diagonal bamboo reinforcement without varnish treatment
Horizontal-vertical bamboo reinforcement with varnish treatment
Horizontal-vertical bamboo reinforcement without varnish treatment

Conclusion
1.
2.

Coconut wood is a good alternative material for wood frame;
Nailed coconut wood joint conforms to the Indonesian Wood
Construction Standard (PKKI-1961);
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3.

4.
5.

Mortar made of pozzolana-lime and sand in 1:3 ratio can be used for
sheathing;
Varnish treatment increases the bonding between bamboo and
mortar; and
For the wood f rame wall component, diagonal bamboo reinforcement
with varnish treatment gives the highest shear resistance.
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Strength of Filled ‘Bamboo Joint
Wlorisco and Fitri Mardjono
Mechanics of Materials Laboratory,
Inter University Centre for Engineering Science,
Gadjah Mada University, Yogyakarta, Indonesia.

Abstract
Tensile strength of bamboo is quite high, but its benefit has not been
exploited optimally because bamboo structural members are often
connected to each other by conventional methods, making the joints
very weak.
A study was conducted
boo structural members.
bolts, steel gusset plates,
ed. The strength of the
and a hydraulic jack.

to devise a strong joint for assembling bamA method of joining bamboo members with
and cement mortar or wood filling was testjoint was tested using a steel loading frame

The research results showed that the strength of the joint varied from
F40 kN to 90 kN. Although these values are higher than those for
conventional joints, efforts to further increase the strength are required,
to derive in full measure the benefit of bamboo’s strength properties.

Introduction
The pressure of burgeoning human population in the world has posed
the challenge of maintaining and managing natural resources to meet the
present as well the future needs. The growth of human population and its
prosperity are bound to cause even greater demand on timber for housing. In the process, serious problems of over-exploitation and destruction
of tropical forests may occur. In order. to protect forests from degradation
and shrinkage, one needs to search for substitute materials for timber.
Bamboos grow rapidly, can be cultivated easily, have good mechanical properties (Janssen 1990) and can be preserved employing simple
techniques (Liese 1980; Sulthoni 1990). However, bamboo jointing has
posed structural problems. It is often accomplished using conventional
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methods with pins and ropes, resulting in very weak joints. Bamboos are
widely used for light structures, such as rafters, purlins, roof girders, walls,
ceiling and fences. Since the tensile strength of bamboo is very high, we
may conclude that the use of bamboo as substitute material for timber is
limited only because of a lack of knowledge on how to make strong joints.
To derive optimal benefit from bamboo in construction and thus give
it a bigger role in building construction, it is essential to devise strong joints
for structural members.

Strength of Filled Bamboo Joint

Fig. 1: Bolted bamboo joint

Consider a filled bamboo joint as shown in Figure 1, in which the bearing
pressure is assumed to be uniform. There are three failure possibilities which
can be described as follows:
a ) Assuming that the bolts are stiff and the bearing pressure is above the ultimate stress of the materials, the jointing strength may be expressed as:
P = (d1 - 2t1) d2fc + 2t1d2fb where,
(1)
P = joint strength
d1 = diameter of culm
t, = thickness of culm
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d2
fc
fb

=
=
=

b)

Assuming that the bolts are stiff and failure occurs at bolts or gusset
plates, the joint strength can be computed using the following
equation:
P = 2 t 2 d2 fs where,
(2)
gusset plate thickness
=
ultimate bearing strength of steel
=

t2

fs
c)

diameter of bolt
ultimate bearing stress of filling material
ultimate bearing stress of bamboo

Considering that the bolts are not strong and yield stress occurs at
bolts, the elasticity Mp of bolts can be determined using the
equation:
Pd1

Mp =

(3)
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If the yield stress of bolts is fy, the bolts’ elasticity M P can be computed
using the equation:
(4)
M P = Z f y where
z
=
bolts’ modulus of elasticity.
The bolts’ modulus of elasticity Z can be expressed by the equation:
d2

(5)

6
Combining equations 3,4 and 5, the joint strength can be given by the following equation:
8d 23f y

(6)

3d1
The joint strength is the minimum value of P obtained from the equations 1,2 and 6.

Materials and Methods
The study was conducted using Bambusa blumeana Schultz (Ori),
Gigantochloa atter Munro (Wulung) and Bambusa vdgaris Schrad (Tutul).
The jointing method was intended to meet the level of rural technology,
and accordingly no complicated tools were used in assembling the joint.
The method of jointing bamboo members with cement mortar filling
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is described below. Several holes were made on culms for bolts and
cement mortar filling. The bolts were fiied and cement mortar filled into
the internode space where the joint was to be made. Four weeks later, gusset
plates and nuts were assembled.
Bamboo joint with wood filling was done first by scraping the inner
side of the internode, where the joint was to be made, with a steel wire
brush to provide a rough surface. Resin was poured into the internode,
followed by the wood filling. The resin functioned as glue for the filling
and as a filler. One day later, the filling was dry and the joint ready to be
assembled with holes drilled on the culm.
The gusset was made out of 6-mm thick steel plate with 540 MPa yield
strength. This extra thick plate was used to ensure that failure would not
occur because of it, and that it could be used several times. A 3-mm steel
plate, or 25-mm hard wood board with 60 MPa bearing strength could also
be used, as suggested by Mishra (1990).
The joint strength tests were conducted on individual member
connection as shown in
Figure 2. A special bamboo
truss was made to demonstrate the joint strength. It
was loaded with a concrete
block of 40 kN weight as
shown in Figure 3. A 10-m
span bamboo bridge is
shown in Figure 4. The
bridge’s truss is constructed
with bamboo members of
diameter 7-8 cm.

Results and Discussion
Mechanical tests on
bamboo showed that the
compression strengths of
B. blumeana,
G. atter and
B. vulgari were61.440MPa,
47.969 MPa and 42.041 MPa,
respectively. The average
yield stress of bolts obtained

Fig. 3: A bamboo truss with 40 kN load

from material tests was 540 MPa. These results were adopted in determining theoretical joint strength, using equations 1, 2 and 6, with a net bolt
diameter of 13 mm.
The theoretical strength and that obtained in experiments of filled bamboo joints are presented in Table 1. It can be seen that the experimental
joint strength varied between 40 kN and 90 kN. These results were higher
than those obtained with conventional jointing method. The average ratio
between theoretical and experimental results was 100.24%, with a standard deviation of 14.53%. Thus, the theoretical values were in close
agreement with the experimental results. The standard deviation was significant since it pointed to variation in quality of construction resulting from
the method of assembling which used only simple tools. In fact, filling
cement mortar into the bamboo proved difficult.
Tension tests on bamboos showed that the specimens without nodes
were stronger than those with nodes. This meant that bamboo members’
tensile strengths should be determined by taking the ultimate strength of
specimens with nodes. The tests of specimens with nodes gave the ultimate strength of B. blumeana, G. atter and B. vulgaris as 138.506 MPa,
116.006 MPa and 81.456 MPa, respectively. Considering these results, the
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tensile strength of bamboo culms of 80 mm diameter and 7 mm thickness
will vary between 68 kN and 116 kN. Since the experimental joint strength
varies between 40 kN and 90 kN (Table l), it can be concluded that efforts
are still needed to increase the joint strength, so that optimum use can be
made of bamboo’s strength.
Table 1: Strength of filled bamboo joint (Number of bolts used = 2)
Diameter Thickness Bamboo
strength
(mm)
(mm)

(MPa)

78.02
75.28
76.15
73.14
76.21
76.91
67.96
69.92
70.93
91.15
87.29
89.80
87.90
104.24
93.96

113.12
110.17

104.06
99.40
92.74

12.07
8.89
7.70

11.51

9.18
8.27
13.19
10.34
9.14
14.12
11.26
7.30
6.50
13.25
8.71
13.67
11.37
9.30
11.17
9.87

61.440
61.440
61.440
61.440
61.440
61.440
61.440
61.440
61.440
61.440
61.440
47.696
47.696
42.041
42.041
42.041
42.041
42.041
42.041
42.041

Filling
Filling Theoretical Experi- Theoretical
material strength
joint
mental Experimental
ratio (%)
(MPa) strength (kN) (kN)
Mortar
Mortar
Mortar
Mortar
Mortar
Mortar
Mortar
Mortar
Mortar
Timber
Timber
Timber
Timber
Mortar
Mortar
Mortar
Mortar
Mortar
Mortar
Mortar

22.00
22.00
22.00
22.00
22.00
22.00
22.00
22.00
22.00
43.31
43.31
43.31
43.31
17.00
17.00
17.00
17.00
17.00
17.00
17.00

69.379
61.279
59.339
65.431
62.406
60.940
65.921
61.200
59.317
69.417
72.847
70.461
71.984
60.703
52.872
55.937
57.435
58.104
58.473
53.874

77.5
67.5
55.0
62.5
55.0
50.0

80.0
75.0
70.0
62.5
60.0
62.5
87.5
70.0
42.5
57.5
60.0
55.0
52.5
67.5

89.52
90.78
107.89
104.69
113.47
121.88
82.40
81.60
84.74
111.07
120.81
112.74
82.87
86.72
124.40
97.28
95.73
105.64

111.38
79.75

Mean = 100.24%
Standard deviation = 14.53%

Conclusion
The theoretical values were close to the experimental results. The standard deviation was significant because the quality of construction varied
owing to the simple tools used.
Tensile strength of bamboo should be determined with the ultimate
strength of specimens with nodes.
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Although the experimental joint strength values, which varied between
40 kN and 90 kN, were higher than those obtained using conventional
methods, efforts are still required to increase this in order to make optimum use of the inherent strength of bamboo.
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Costa Rican National Bamboo Project
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Abstract
Bamboo is becoming an important raw material in Costa Rica helping to mitigate the increasing demand for materials for building houses,
and making furniture and other articles essential to improve quality
of life. Since the natural durability of cut bamboo culm is generally
low in the tropical environment, it is necessary to protect and preserve it from decay and insect attack. This paper presents the
experience of the Costa Rican National Bamboo Project in preservation methods and quality control measures, and analyses observations
on the perfomlance of treated bamboo as a building material for
houses.

Introduction
Bamboo preservation has been accorded great importance at the Costa
Rican National Bamboo Project (CRNBP) ever since it started to build houses
using Guadua spp. about seven years ago, offering strong (earthquakeresistant), economical good-quality dwellings for low-income people.
Considering that there was no experience in Costa Rica in bamboo preservation and, in general, little experience in wood preservation, it was
decided that an intensive research program on bamboo preservation should
be started. This paper describes the technical and economical aspects of
bamboo preservation at CRNBP, and the results obtained.

Bamboo Preservation Research
At the beginning, the methods and preservatives which couId be employed to treat bamboo in the rural areas of the country were analysed.
It was necessary to treat bamboo culms as well as “esterilla” (bamboo culms
split open with an axe and flattened into a board) and “regillas” (small boards
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or laths obtained by sawed bamboo culms). After various tests, and technical and economical analyses, it was possible to find a good and relatively
low-cost preservative, and adapt and develop a simple and effective preservation system to treat the material.
For treating culms, amodified sap displacement method was preferred,
and for treating esterilla and regilla an immersion/diffusion treatment was
selected. The sap displacement method for culm treatment gives the best
results in terms of penetration, distribution and preservative retention.
Although it is possible to obtain good distribution and preservative retention with other kinds of treatments such as immersion, the treatment time
is very long. Another advantage of modified sap displacement method is
that the equipment used is simple, low-cost and can be built anywhere with
easily available materials. Furthermore, it can be built in different scales,
from a portable equipment to treat a few culms to a large-scale, permanent
plant to treat hundreds of culms per day.

The treatment plant
The sap diffusion plant, which employs modified boucherie process,
is depicted in Figure 1. The preservative liquid contained in the tank (B) is
introduced into one end of the culm through plastic hoses connected to a
centrifugal pump. The liquid pressure is maintained at 80-120 kPa (0.8 to
1.2 kg/cm2). Through diffusion process, bamboo sap is replaced by the
preservative solution. The time taken for the completion of the process will
depend on the size of the culms. In a few days’ time, the culms will be fully
impregnated with the preservative. The liquid emerging from the free ends
of the culm is stored in another tank (C), and later filtered and r-nixed with
fresh preservative for reuse. In this way, it is possible to recycle practically
all the chemicals used in the treatment.
In the experiment, a boron solution (disodium octoborate tetrahydrate)
was used as the preservative. Several tests were performed in order to know
the possible flow paths that the preservative would take while diffusing
through the culm. Since the preservative solution was colourless, 0.1% red
aniline was added to it as a marker. Analysis of different parts of the treated
material revealed that the colourant (marker) was present only in the conducting vessels, and that too mostly in the larger vessels near the inner part
of the culm. This observation confirmed that the flow was mainly through
the vessels. Other elements, even the ones near the vessels, did not show
any trace of the colourant. However, a penetration analysis after the
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Fig. 1:

Modified boucherie process for bamboo culms

treatment, made using curcumine reagent, showed that the boron in the preservative had apparently diffused into other elements - parenchyma and fibres
-also.The distribution was irregular, presentingamore intensive red colouration
in tissues near the internal culm wall. This is a favourable indication since the
inner part is more vulnerable to fungal and insect attack. It was also observed
that all parts of bamboo culms, including the inner epidermis tissue and diaphragms, were totally impregnated with boron.

Permeability

determination

Permeability is a physical property which indicates the rate of flow of
a liquid or gas through a porous material, under the influence of a pressure
gradient.
In order to determine the permeability of Guadua atlanticoculms treated with boron preservative, it was assumed that the flow of liquid through
bamboo culms obeys Darcy’s Law, in the same way liquid flows through
wood (Hudson and shelton 1969; Siau 1971; Gonzalez and Siau 1978). Under
this assumption, the flow of liquid per unit area through bamboo culms is
proportional to the gradient of pressure per longitudinal unit in the direction of the flow.
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In Figure 2, the variation of liquid preservative flow with the treatment
time for two Guadua culms is shown. It was apparent that there was a tendency for increased flow at the beginning of the treatment, followed by a gradual
decrease during the rest of the treatment period. This might have been due to
an obstruction produced by air bubbles blocking the liquid flow through the
small conducting vessels. Nevertheless, since the flow variation was not significant during the first 30 minutes of the treatment, the process was considered
steady for calculating permeability using the equation:
K = V L p/t A (dP), where
K = specific permeability, Darcy
V
= volume of liquid, ml
= time, s
t
A = transverse area perpendicular to the flow direction, cm2
dP = pressure drop through the culm, atm
L
= length of the culm, cm
2
u = viscosity, dyne .s/cm .
In Table 1, the specific permeability, the moisture content before treatment, and some morphological measurements of the three groups of
Guadua culms treated are given. The three tested groups were: (a) culms
treated few hours after harvest (fresh); (b) culms soaked in water for one
day before treatment; and (c) culms stored in air under cover for one or
two days before treatment.

. Culm No.
Culm No. 14

i5
20
TIME (minutes)
Fig. 2: Longitudinal flow of boron preservative through Guadua culms
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As can be seen from Table 1, the permeability calculated for culms that
were stored under water before treatment was about twice the permeability of fresh culms. It is possible that during the immersion period, part of
the air captured by conducting vessels of the culms diffused into the soaking water, thus facilitating the flow of the preservative and sap. On the other
hand, the permeability of the culms that were stored in air was about 4 and
8 times less than the permeability of fresh culms and the culms stored in
water, respectively.
Table 1: Specific permeability of treated Guadua culms
Fresh
culms

Parameters

Length (cm)
Average circumference (cm)
Wall thickness (cm)
Moisture content (%)
Specific permeability (Darcy)

311.0
32.2
0.94
90.0
2.9

Culms stored
in water
301.0
32.3
1.06
84.0
6.5

Culms stored
in air
311.0
34.0
0.87
110.0
0.83

Note: Data given are the’ average values of 5 to 7 treated culms.

Chemical

analysis

In Table 2, the retention and distribution of boron in six of the treated
culms are given. Retention was calculated using atomic absorption spectrophotometry (Liese 1990b). Liese (1990b) determined the percentage of
area of vessels for Guadua atluntico to be between 5.2% and 9.4%, with
an average of 8% for the middle part of the culms. Taking this into consideration, the treatment time was taken as completed at the moment when
the volume of the liquid emerging from the free end of the culm was equal
to 5-10% of the solid volume of the culm. In practice, it was found that such
a quantity of liquid was reached between 5 and 35 minutes since the start
of the treatment, with an average of 23 minutes.
In Table 2, two preservative concentrations are given: inflow concentration is that of the preservative being fed under pressure into the culm, while
outflow concentration is the concentration of preservative in the liquid (sap
and preservative) that emerge out of the culm Three concentrations were used
for the inflow preservative: l%, 2% and 3% w/w of boron salt in water. From
the results of the chemical analyses of the different parts (Table 2) it can be
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seen that retention.was usually above 0.7 mgWg (about 0.35% by weight of
the preservative chemical used), a quantity considered as minimum for protecting bamboo from Dinoderus. The quantity of boron retained in the upper
part of some of the culms tested, however, was below the minimum level
required. It is believed that this was due to the difficulty experienced in ejecting the air from the pressure cap, which led to the accumulation of air in the
upper part of the culm and prevented the liquid flow in that zone.
Table 2: Retention and distribution of boron in Guadua
Parameters

culms

Culm number
8

Preservative concentration
- Inflow (% B)
0.98
- OutfIow (% B)
0.78
Outflow liquid volume
10.70
(% of culm volume)
Retention (mg B/g)
- Inlet part of culm
- upper zone
0.85
- middle zone
0.87
- lower zone
0.91
- Middle part of culm
0.68
- upper zone
- middle zone
0.75
0.98
- lower zone
- Outlet part of culm
- upper zone
0.62
- middle zone
0.72
- lower zone
0.76

9

10

18

11

0.98
0.55

2.03
2.13

2.03
0.90

3.12
3.08

3.26
1.05

6.20

10.50

5.50

10.70

5.00

0.51
0.87
0.91

1.51
1.59
1.72

0.78
1.58
1.19

0.90
0.92
0.96

0.65
1.03
1.09

0.59
0.75
0.98

1.12
1.56
1.62

0.79
1.39
1.28

1.16
1.17
1.27

0.57
0.75
1.09

0.54
0.59
0.72
0.79
0.76 0.96

0.54
1.25
1.14

1.02
1.24
1.02

0.50
1.03
1.41
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Chemical analyses also showed that, in general, the treated culms,
irrespective of the concentration of the preservative solution used, exhibited a top-to-bottom reduction in the quantity of the chemical retained. That
is, the inlet part (top) of the culms had the highest concentration of the
chemical, followed by the middle part, and the outlet part (bottom) had
the lowest concentration. The same behaviour was observed in other bamboo species and with other preservatives: for example, the results presented
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by Purushottam( 1954) on the treatment of Bambusapolymorpha
and B. nutans,
utilizing modified boucherie process and zinc chloride as the preservative. The
tendency was also observed by Slob et al. (1987) when treating Arundinaria
alpha with modified boucherie process and CCA as the preservative.

Durability of treated and untreated Guadua culms
With the purpose of testing the resistance of Guadua bamboos to insect
attacks, mainly by Dinoderus sp., treated and untreated culm samples were
stored outside in a rack under a roof, at the National Bamboo Project facilities
in Cristo Rey, San Jose. The results of this test are shown in Table 3.
Table 3. Results of long-term exposure of Guadua culms

Type
Preserved
Unpreserved

Number of
samples

Exposure
(months)

21

15
15

15

Effects of Dinodems attack
Light
Severe
Destroyed
14
2

7
1

0
12

After 15 months of observation, it was found that most of the untreated
samples were destroyed, while none of the treated ones suffered destruction. Some of the treated samples, however, experienced severe attack in
the upper zone of the transverse section, where low retention of the preservative chemical was observed (Table 2).
It was also observed that even the walls and diaphragms in the zones
that had showed good retention and penetration of the preservative were
perforated by Dinoderus. But when these specimens were split open after
six months of exposure, the insects which managed to perforate the walls
and the diaphragms were all found dead inside the internode since they
were unable to have any biological activity.

Conclusion
From the test results discussed above, it is possible to make the following observations and recommendations:
!
The modified boucherie process used for the tests on’ Guadua culms
ca’n be well-adapted for the preservative treatment of Guadua culms.
!
Mature, healthy, fresh culms are the ones that can be better treated. A system of standardization and selection before treatment is recommended.
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Permeability of Guadua culms can be maintained and even increased
by soaking in water before preservative treatment. Permeability is an important property that helps understand aspects that affect the treatability
of bamboo culms. It is recommended that further research be carried out
to study this property.
!
Boron preservatives are indicated for treating bamboos, mainly for their
effective preservative property against insect attacks, and good diffusion,
retention and migration characteristics. They are also non-toxic to humans,
and have a low pollution potential.
It is necessary to prevent air blockage of the conducting vessels so that
!
high retention and easy migration of the preservative can be ensured, leading
to an improved preservation system.
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Building Codes for Bamboo Housing
Jules J.A. Janssen
Eindhoven University of Technology,
Eindhoven, the Netherlands.

Abstract
This paper deals with the need for an international model for national building codes for bamboo. The pros and cons of building codes
are explained, as well as the role of an international model for such
codes. The contents of the proposed model are described in detail,
followed by a description of the procedures involved in the creation
of an acceptable international code.

What is a Building Code?
The building code is a national regulation for the building industry,
regarding materials, workmanship and structures. A more common name
is “standards”. Kaplinsky (1992) gives a comprehensive overview of the
various aspects of standards.
Unfortunately, in many cases standards or regulations are formulated
specifically for housing for the middle class and consequently, the housing for the lower classes of the society is often substandard and liable for
collapse since it does not meet the “minimum acceptable standards”
required. On the other hand, good standards do not harm the lower
income families, but protect consumers, workers and the environment, and
promote economic growth. So the issue is not whether standards should
be implemented, but how they are formulated.
Standards generally protect the rich; and if they are meant to protect
the poor (for example, ensuring their safety at work), they often go
unimplemented. Though standards are known to be a part of developmental
problems, they can become a part-of developmental solutions.
Good standards should meet the following requirements:
Protection of the consumer - substandard items are a loss of money,
and even a danger to the consumer;
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Protection of the environment - effluent disposal and other forms of
pollution are kept within acceptable limits;
Reduction of production cost - standards can eliminate most of the scrap,
and improve quality without raising production cost;
Minimum standards of work - for instance, health, safety, no child
labour, etc.;
Safety of the inhabitants - for example, in earthquake-prone areas highrise structures built with substandard cement may not be safe, or in
hurricane-prone areas houses built without adequate safety measures
may be dangerous; and
Market requirements - a product made according to standards can more
easily penetrate the markets, especially in the case of export.
We are living in an increasingly regulated world which urges developing countries to cooperate in their efforts for standards that meet their specific
requirements. The central issue is that standards regarding production and
consumption must recognize the envirdnments
in developing countries.
Standards have to be defined in the South, by the South, for the needs of
the South, and using the resources of the South.
Schilderman (1992), looking more specifically at housing, gives a useful summary. To start with, standards define a minimum level of quality of
housing, mainly to prevent disasters or to reduce health risks. In the South,
however, standards apply to urban areas only. Furthermore, standards are,
in many cases, inappropriate because they:
are imposed or imported;
are not in line with local traditions;
do not recognize that building is an incremental process;
do not take into account the needs of the masses; and
cater to the requirements of the upper class only.
The problems are compounded since:
funds are not available to meet the requirements of the standards:
people’s priorities are different;
imported standards do not use local materials;
standards often mean bureaucracy;
standards destroy a lot of housing resources; and
standards increase overcrowding.
In view of the above, it is clear that one needs a different approach.
One has to meet the basic needs of the masses, starting with an absolute
minimum and showing the way for gradual improvement. The absolute
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minimum should ensure, for example, that houses do not collapse over
the inhabitants. Standards should not be prescriptive (“walls should be 50
mm thick”), but indicate a performance, such as being able to withstand a
hurricane or an earthquake. In the case of building with bamboo, the standards should show the way to achieve a desired level ofperformance using
bamboo, and give adequate examples. They should make use of the opportunities provided by bamboo to help people to solve their problems,
starting at a low level and growing to a higher level.
Such a bamboo standard can become a boon instead of a burden. It
can stimulate the use of bamboo, and provide recognition for the material
by wider and better use. A UNIDO report (Anonymous 1991) says about
wood: “In most developing countries, building legislation is inappropriate
and does not recognize wood as a durable construction material. This has
prevented banks and other financial institutions from supporting the use
of wood in construction.” The remark is valid also for bamboo also. In the
future we should think in terms of a system of certification.
A considerable part of a bamboo standard should be based on observations, such as which type of housing did survive the disaster? which houses
are more durable or need less maintenance? etc. A bamboo standard should
teach valuable lessons. The standard currently being developed for mud
(Anonymous 1992) is an example of such an approach.

An International Model
This lengthy introduction gives an overview of the opportunities that
standards provide, and what is wrong with the current practice with standards. Our main problem. however, is that bamboo does’not appear in
national building codes. This hampers recognition and, sometimes, may
even be interpreted that the material is “forbidden”, though this risk is only
in urban areas since bureaucrats rarely visit rural areas. Anyhow, it is a
constraint for the progress of bamboo as an engineering and building
material in developing countries. National standards that rectifies this problem can open the way for engineers and designers to work with bamboo.
If the development of national bamboo standards is left to the national authorities, one can expect a wide diversity among the different national
standards. Take the case of timber, for example. Standards have been prepared and accepted in the USA, Europe and Australia; but they will never
agree on a world standard any more. If, on the contrary, an international
model for national standards is developed, then we will be strengthening
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the position of bamboo considerably. For us, the opportunity for a world
bamboo standard is open, and if we succeed we are half a century ahead
of our colleagues involved with timber.
The International Standards Organization (ISO) defines standards as “technical specifications or rules, based on consensus, and approved by a recognized
standardizing body.” The “consensus” is our task, and we have to submit our
proposal to the IS0 to gain due authority for the product of our labour.
Other arguments in favour of such an international model have been
described by Boughton
(1990a). Many countries are facing a huge shortage of housing. Therefore, governments are willing to consider bamboo
as a contribution to the solution. But bamboo still has the stigma of being
the poor man’s timber, and is not considered a modern material. A building code would be the solution to this problem as it would help formalize
the position of bamboo.
Advantages of codified design with bamboo can be summarized as
follows:
!
Engineering recognition. A code will stimulate engineers to use bamboo. “Engineers and architects prefer to work with the determinacy of a
well-known system or material, supported by solid knowledge of its properties, backed by the existence of a minimum of code specifications on
which they can base their judgement and design decisions” (Arce 1993);
!
Contractual advantages. A code makes contractual arrangements much
easier;
!
Trade advantages. A code facilitates quality control of products; and
!
Increased use of bamboo. Codification leads to better social acceptance, and to innovation found more regularly in designs than in other
aspects.

Are We Willing and Able to Do This?
Given the advantages of an international model for national bamboo
building codes, we should undertake the job to prepare such a model. But
the question is: can we do it? Arce in a letter to Boughton said, “At the time
other codes started their development, there was already a great deal of
documented experience...in the case of bamboo, we do not have that important advantage.”
In the opinion of the author this is an interminable discussion between
scientists and engineers. The scientists among us are right: we do not know
133

enough about bamboo to design such an international model for standards.
But the eternal fate of the engineer is to give an answer, and a reliable at
that, based even on inadequate data. From this point of view, the author’s
opinion and strong advise is that we must start right away.
The topic has already been discussed at the Second International Bamboo Workshop (1988), Cochin, India, in the papers presented by Janssen
(1990) and B oughton (1990a), as well as in the meeting of the Sub-group
on Building and Engineering with Bamboo (Workshop proceedings, p. 383).
In several meetings of the CIB-W18B committee, the issue was raised, for
instance, by Boughton. At the Fourth International Bamboo Workshop
(1991)
in Chiangmai. Thailand, too the subject was discussed, mainly in
the meeting of the same Sub-group, and the minutes distributed to the
participants. Unfortunately, progress has been slow, largely because of the
lack of funds. At present, funding is rather sure for small, short-tenn activities of, for example, three months and a budget of US$l00 000. We must,
hence, look for a group of volunteers who would be able to work at their
institutes and with their know-how at no cost, though for working sessions
we can expect funding.

The Content of an International Model
Evidently this will need thorough discussions, and the following is
meant only as an opener (Boughton 1989a; Ghavami).

Philosophy
A similarity with timber codes will be an advantage for the users to get
accustomed to it, and for us to write it. This applies also to the use of
nomenclature, symbols and terminology. Some parts our bamboo code (for
instance, torsion or lateral buckling) will be simpler than that for timber,
while some other parts (for example, connections) will be more complicated. Items to be included are: scope and relation of bamboo code to other
relevant codes, and organization and use of the code. The model will have
two characteristics: for some chapters it will be a complete code; while for
others it will give only a guideline for the national codes.

Structural safety and sound design
These will be as in timber codes, but taking into account the specific
properties of bamboo (for example, the thin walls as compared with the
massive cross-section of timber). Basis of design will include the
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fundamental requirements and general design concepts. We can rely heavily
on timber standards here; but we have to take into account the differences
between timber and bamboo, such as the elasticity of bamboo till failure
and the way bamboo fails by losing its cross-section only.

Materials testing and properties
Description of the properties of bamboo and how to determine them
in the laboratory; similar to the ASTM standards for wood. The thesis by
Arce provides adequate information on these problems. Description of materials used for connections - rattan, twine, natural fibres, nylon line,
polypropylene, nails, bolts, glue, etc. - maybe given in an annex. Field
information,
such as how the houses perform in practice during an earthquake or during a typhoon, may also be included.
The chapter has to have a full code for both lab and field tests since
evaluation reports from the field guidelines have to be given, We should
keep in mind that only a few properties are relevant for the prediction of
failure loads (Arce in the same letter to Boughton).

From lab tests to data for calculations
We have to decide whether we will use the system of an overall safety
factor or the modem system of partial safety factors. Will we define guidelines, or a full code? Rajput and others (1992) have published a very interesting
article on this subject. The author does not agree with every item in this publication, but as a whole this is exactly the type of studies we need.

Beams and columns
A full calculation code, as well as basic lessons like “do not concentrate forces” and “spread load over a number of elements”, buckling -allow
for movements, tolerances - no two pieces are identical, etc.

Joints and trusses
Only guidelines for national codes. Boughton (1989b) provides a classification:
!
Complete joint alternative. The joint for a given load is fully specified,
including the description of all fastening elements;
Component capacities alternative. The components have been described,
!
and the designer can design the joint based on this information (more
flexibility and more design effort); and
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Design principles alternative. Basic mechanics of joints and materials
are specified.

Topics like hurricanes and earthquakes
Guidelines for national codes, and for evaluation reports from the field.
For example, which houses and which details perform well in practice?

A grading system
Important for market development and export. Only guidelines are
needed See the article by Rajput and others (1992).

Reinforcement in concrete
Lifetime o f b a m b o o in this alkaline environment. Only guidelines are
required.

Durability and preservation
Detailed information on how to improve the life of bamboos, maintenance and design for maintenance. Preservation should include information
on the proper selection of bamboos. Safety of the workers and the inhabitants, and pollution and the environment are the other topics to be covered.
Only guidelines for national codes.

Handbooks on building with bamboo
Guidelines for producing these publications. In general, our model
should give only regulations. However, it is a wise practice to publish also
a series of handbooks with adequate sketches and details. These handbooks should conform to the model or to the standard, which means they
should allow regular upgrading.

Export items from bamboo
Export items made of bamboo can already be seen on the market, and
it would be good for the economic development of the South if bamboo
products are developed specifically for export to the North. For this, product development standards are needed. To quote from the UNIDO report
(1991):. “A number of participants said that standards could act as barriers
to the import of products from developing countries. The interest of developing countries should be protected and their views represented at
international gatherings dealing with standards harmonization in the
European market.” Although the statement does not specifically mention

housing or building standards, its relevance to bamboo standards cannot
be ignored.
Apparently, many aspects of the standards mentioned above have to
be discussed. Still, to take the matter a step ahead, what should be included or excluded? Boughton (1990b) proposes to include buildings like
schools, medical centres, and privately owned buildings such as warehouses, commercial structures and tourist facilities, and to exclude housing.
Again, there is enough here to warrant serious discussion. The most important point, however, is: how do we take the results of our work to an
extent where they work in favour of the people whose problems with standards have been described in the first paragraph of this paper? Will our
idea of taking the standards to the IS0 and from that level to the different
national standard organizations suffice?

Procedure
An international model for national building standards should be
designed with the participation of an international volunteer group of leading experts. This should be done in close cooperation with the CIB-W18B
committee. In the meetings of this committee in Singapore (1988) and
Seattle (1989), some outlines had been presented (Boughton 1989a, b).
Sound project management will be essential.
To make the model official, and acceptable to national authorities, it
should become an IS0 standard. This is in line with the IS0 Development
Program to promote the establishment of international standards needed
by developing. countries. The task involves technical and procedural
aspects.
The technical aspects involve the preparation of documents, based on
the results of tests and research carried out in several countries, and representing the state of the art as proven and accepted by the majority of experts
in the given field. These documents should cover testing of physical and
mechanical properties, strength grading, preservation, and a design code
for bamboo structures. A handbook on the mechanical properties of bamboo is already available (Janssen 1991).
The procedural aspects involve a proposal to the relevant IS0 technical body for a new work item in this area and its follow-up. The appropriate
technical body in this case seems to be ISO Technical Committee (TC) 165
on Timber Structures. According to ISO directives, the proposal for the new
work item can be made by one of the ISO-member bodies or a liaison
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organization, and should be approved by vote by a majority of the participating members (P-members) of the TC, or a subcommittee within that
TC. It should be pointed out that among the bamboo-growing countries,
only China and India are P-members of the TC 165 (out of a total of 19
P-members).
Once the IS0 technical body accepts the proposal to include a project
on bamboo in its program, the next step is the formation of a Working Group
headed by a Convener in order to prepare a Committee Draft which hopefully develops into an International Standard to be voted on by IS0 members.
Experience has shown this to be a lengthy exercise. It is advisable that
a group of technical experts begin preparing some pre-standards at the time
the formal procedure via IS0 members in the interested countries is initiated. In this way, by the time the proposal is accepted, documents will be
ready for discussion and approval.
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Bamboo-based Boards in China:
an Introduction
Zhu Huan-Ming
Research Institute of Wood Industry,
Chinese Academy of Forestry, Beijing, China.

Abstract
This paper gives an introduction to the structure and application of
bamboo mat plywood, bamboo strip plywood, bamboo-laminated
board, bamboo particle board, thin bamboo veneer, bambootimber composite board and bamboo parquet. The paper also briefly
introduces other bamboo-based panels, which have been developed
successfully but not yet put into commercial production - such as
bamboo fibreboard, cement-bonded particle board, bambooplaster particle board, etc. Some examples of research conducted in
recent years on bamboo composite boards, and the socio-economic
benefits involved in their production are examined. The paper also
suggests measures for the development of bamboo resources and
bamboo-based panels, and discusses the steps required for opening
up the market for the same.

Brief account of bamboo resources
The rapid decrease of world forest resources and wood supplies with
the development of industry and the increase of population has made bamboo plantations a crucial part of social forestry in many developing countries.
Research, development and utilization of bamboo are getting greater
attention now on account of dwindling wood supplies.
Bamboo, with its 1250 species under 75 genera, occupies globally about
14 million hectares, distributed mainly in the tropical and subtropical zones.
Asia accounts for the largest share (12 million ha), followed by South and
North Americas, Africa, Oceania and the Pacific Islands. The bamboo
resources are mainly in developing countries: China, India, Burma, Thailand, Bangladesh, Malaysia, Vietnam, Japan, Indonesia in Asia, and Mexico,
Guatemala, Honduras, Colombia, Venezuela and Brazil in South America.
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In Africa, bamboos occur in a relatively small area in the narrow zone of
rainforest and mixed forest of broad-leaf trees, ranging from Senegal on
the west coast to Madagascar off the east coast. Most bamboo forests in the
world are not managed intensively and are characterized by low productivity.
Bamboo is traditionally utilized for houses, rafts, farm implements, food,
and several other goods for daily use and entertainment. The global yield
of bamboo is estimated at 16 million tonnes, and non-industrial uses (such
as farm implements, household articles, handicraft items, construction, etc.)
account for about 70% of this. Only 30% of the yield goes for industrial use,
mainly for pulp making. In most bamboo-producing countries, the techniques for bamboo processing are primitive and the products low in quality.
Although bamboo has many advantages such as fast ‘growth, short rotation, excellent physical and mechanical properties, etc., its utilization is
somewhat limited by its hollow stem and relatively small diameter.

Research on Bamboo-based Panel/Composite Board
In the past 10 years, many countries, particularly China, has attached
great importance to better processing and utilization of bamboo resources.
Apart from universities, government research centres and some enterprises which have been carrying out research and development work, some
specialized institutions have been set up to conduct bamboo research. The
scope of research has been wide-ranging, covering the structure and physical
and mechanical properties, development of new technologies and products, relationship between various properties and product quality, and
development of processing machines and ancillary materials such as adhesives. The underlying aims of these research are further lowering of
production costs, waste reduction, and development of more and better
products.

Properties of bamboo
The research on the structure, physical, mechanical and chemical properties of bamboo is mostly conducted by research institutions and
universities. Such research has laid the foundation for processing, utilization and preservation of bamboo. Some examples are:
!
The relation between the microstructure and physical and mechanical
property of bamboo;
Electron microscopy studies on carbonized bamboo;
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Conductivity;
Chemical properties and calorific values;
Defects and their evaluation;
Surface wettability; and
Effect of nodes on the strength properties.

Development of new board products
Research on bamboo-based panel/composite board has been extensive. The products that have gone into commercial production include mat
plywood, slivers board, bamboo-based particle board, composite board
with wood, paper-overlaid
mat corrugated board and parquet. Other board
products developed, but not yet commercialized, include:
Hardboard and MDF. Technologies for making hardboard (wet process) and MDF (dry and wet process) from Phyllostuchys pubescens have
been developed, though the research has shown that fibre separation from
bamboo is comparatively more difficult than in wood. The production
process is under study for effecting necessary modifications.
!
Cement particle board. The product is made using needle-shaped bamboo particles and common silicate cement, with calcium chloride as the
solidifying agent. Research results indicate the need for pretreatment of
bamboo particles.
Plaster particle board. The board is made with residues obtained from
the processing of P.pubescens and a small, wild bamboo species that grows
in the mountain region. Other materials used are plaster of paris powder
and an additive. All major properties of the board are comparable to those
of wood-based plaster particle board available in the market. The research
has shown that the size of bamboo particles has a significant effect on the
properties of the board, the optimum ratio being 50% coarse particles, 30%
medium particles and 20% fine particles.
!
Arc-shaped board. Used for decoration, the product is made from the
inner part of the culm (with its natural bend) left after the outer parts is stripped
for other boards. Bonding is with a wood or bamboo-based substrate.
Net board. It is a light board, quite similar to honeycomb plywood,
made by hot pressing bamboo slivers (core layer) and bamboo strips or
resin-impregnated paper (facing and backing).
!
Densified bamboo. A macromolecular chemical (intensifier) is used
to saturate the vascular bundles in the culm. The process involves vacuum
impregnation under high temperature, and condensation and heat setting
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of the hydroxyl group chemicals brought about by the glucose of the cellulose molecules. The densified bamboo is already being used to make
weaving shuttles for silk fabrics, and research on the development of shuttles for cotton weaving is now under progress.
Bamboo-wood composite oriented particle board. This product resulted
from the research carried out to overcome the high density of bamboobased particle board. The bamboo-wood composite oriented particle board
has bamboo particles as facing and poplar wood particles as core. The
strength-weight ratio of the board is 60 as compared with 29.9 for bamboo-based particle board.

!

Relation between product cost and quality,
and technological process and parameters
This is the area where research has not only been voluminous but also
more thorough and subject to constant improvement. The main purpose
of most of these efforts is to lower the production costs, improve productivity and product quality, make optimum use of the bamboo resources
available, and to derive maximum socio-economic benefits. For example,
the earlier technology for bamboo sliver laminated board had all the resinimpregnated slivers in the blank oriented in the same direction. This caused
the board to warp and deform when force was applied transversally, thereby
limiting its application. Further research led to the addition of a transverse
layer of slivers, solving the specific problem and greatly improving the
overall strength of the board.

Adhesives, preservation, bleaching and dyeing
Adhesives
Urea-formaldehyde (UF) and phenol-formaldehyde (PF) adhesives are
widely used for bamboo-based panels/composite boards. Since the structure, and the physical and mechanical properties of bamboo are different
from wood, and because the poor wettability of bamboo/makes bonding
difficult, the adhesive used for wood cannot be used for bamboo without
modifying the formulation. Hence, the researchers have developed adhesives that suit the properties of bamboo, the UF adhesive formulation for
bamboo mat concrete being one example. Another study aimed at reducing the cost of adhesive (to offset the high volume of adhesive required)
resulted in the use of tannin extract to substitute 60% of phenol in PF resin
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adhesive. The Indian Plywood Industries Research and Training Institute
has developed a PF resin formulation for impregnating bamboo mat which
has reduced by two-thirds the quantity of resin required for pressing bamboo mat board.
Bamboo is treated by physical and chemical means to protect against degradation and decay caused by fungi (staining and rotting), insects (termite, borer,
beetle) and natural elements (water and fire). Physical treatment methods
developed include water soaking and exposure to high temperature, and infrared andmicrowave radiations. Chemical treatment methods include painting,
cooking, fumigating and pressure injection using a variety of chemicals.
A method developed for defatting of bamboo culms involves boiling
of culms in an aqueous solution of sodium hydroxide for one to two hours.
The fat is then wiped away from the culms.
Bleaching of culms to impart better colour has been the subject of several studies. The procedures developed include: (1) soaking in a 10%
solution of hydrogen peroxide for 5-10 minutes; (2) soaking in an aqueous 1% solution of bleaching powder for one hour, and boiling in 5% acetic
acid solution for 30 minutes; (3) treating with sulphur dioxide in a sealed
container; and treating with sodium hypochlorate solution for 30 minutes.
Some products require dyeing of bamboo for improved aesthetic appeal.
One dyeing process developed involves boiling of bamboo-in a 2% sodium
hydroxide or sodium carbonate solution for 3-5 minutes, and then boiling in a
solution of alkali dye for 30 minutes. Another method is to scrape the culm
surface, paint the surface with a thin solution of sulphuric acid (for black colour)
or nitric acid (for light brown colour), baking it immediately.

Machinery and equipment
As the variety and complexity of board products increased, so did the
need for specialized machinery and equipment. R&D in this field has, among
others led to the development of:
!
Steam/electrically heated softening box : for softening by heat the arcshaped sections of split bamboo;
Stripping machine : used to extract, under high temperature and pressure, strips from softened bamboo sections;
Planing machine : for planing the bamboo strips to a desired, even
thickness;
Drying and setting machine : for drying the strips to the required moisture content, and to ensure smooth and uniform strips;
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Oblique planing machine : employed for bevelling the ends of strips,
so that they can be jointed with one another to make long strips;
Bamboo cutter : a machine for splitting bamboo culms;
Sizing machine : used for obtaining strips of a set width (20,15,10 or
5 mm) and thickness (7 - 14 mm);
Sliver cutter: for cutting slivers (30 mm maximum width, 0.5 mm minimum thickness);
Bamboo curtain weaving machine : weaves per minute 300 mmof bamboo curtain (from strips) of 1.8, 2.1 or 2.4 metres width.

Bamboo-based Board Manufacture
The bamboo-based panel manufacture in China started in the mid1970s, with the productionof bamboo mat plywood. Since then, continuous
research on the physical and mechanical properties of bamboo, as well as
a better understanding of the structure of bamboo wall, have given rise to
a number of bamboo-based panel products with special properties. The
following is a brief introduction to these products, some information on
the industry that makes these products, and an outline of the socioeconomic benefits derived from bamboo composite board industry.

Types of bamboo boards and their end uses
Bamboo mat plywood
The production of bamboo mat plywood involves cutting of bamboo
slivers, mat weaving, drying, coating with adhesive (UF/PF resin) and hot
pressing. The thin bamboo mat plywood is used only for packing and light
building construction. The thick boards find use as structural material in
concrete buildings and for making wagon platforms. The surface of the
plain bamboo mat plywood is sometimes decorated to make a valueadded board, useful in making furniture and wall panels.
China has formulated a National Standard (GB13123-91) for bamboo
mat plywood with effect from April 1992. The Standard stipulates, among
others, the moisture content, modulus of rupture and ageing resistance, as
well as the amount of formaldehyde released into the surroundings.

Bamboo sliver laminated board
This board also is made from bamboo slivers, through drying, gluing,
redrying, laying up, hot pressing and bonding. The board with the slivers
laid up longitudinally is called single-direction structural board, while the
145

one with the slivers running criss-cross is called non-single-direction structural board. Bamboo sliver laminated board exhibits a high longitudinal strength
and hence, can be used as platform for trucks, gangplank at construction sites,
etc. It requires comparatively low capital investment and less mechanization.
Bamboo strip plywood
For making bamboo strip plywood, bamboo culm is cut into sections, split,
nodes removed, and made into strips of desired width and thickness by softening at high temperature, followed by flattening and planing. The strips are
then dried, set, painted with glue, laid up and hot pressed into plywood. The
main difference of bamboo strip plywood with bamboo mat plywood and
bamboo slivers laminated board is that in the former, softening and flattening
are used to get bamboo strips of desired width and thickness.
There are at present over 20 bamboo strip plywood factories in China,
with a total production capacity of 50 000 m3 per year. The plywood is used
extensively in car and train manufacture. Reprocessed bamboo strip plywood (surface overlaid with resin-impregnated paper) is used in place of
wood and steel for form works in concrete building construction, thus
providing immense economic benefits.
Bamboo curtain plywood
In this bamboo-based panel, instead of individual strips, a curtain made
of bamboo slivers is used. The manufacturing process involves drying, adhesive application, pre-drying, laying up and hot pressing. Usually, bamboo
curtain plywood has a three-layer structure, with alternating vertical and
horizontal curtains. PF resin-impregnated Kraft paper, veneer or bamboo
mat are sometimes overlaid on the outside surfaces for use in concrete form
work and wagon panels.
Bamboo-based particle board
Bamboo particle board is made using bamboos wastes, and the process
consists of roll pressing, cutting, milling to form particles, adhesive spraying,
spreading, forming and hot pressing. The surface of bamboo particle board is
flat and smooth, which make it suitable for use in furniture.
Rotary cut veneer
Straight, round and thick-walled culms of Pbyllostuchys pubescens
is
used for manufacturing rotary cut veneer. The production process involves
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cutting, cooking, rotary cutting and drying. The veneers, after bleaching,
dyeing and surface modification, can be used for decorating high-grade
furniture, walls, ceilings, partition screens, etc. It also finds use in handicraft items.
Paper-overlaid bamboo mat corrugated board
The board has four layers of bamboo mat as the substrate, on which
PF-resin impregnated, reprocessed paper is overlaid, and finally hot pressed
with corrugation. It is used as roofing material owing to its resistance to
ageing and corrosion, elasticity and strength. In China, paper-overlaid
bamboo mat corrugated board is cheaper than asbestos or fibreglass corrugated sheets.
Bamboo-based composite boards
Bamboo-based composite board is inade of either bamboo and one
or more other materials (such as wood), or of two or more different bamboo materials (such as bamboo mat and bamboo particles). Generally, the
manufacture of all such composite boards involves application of adhesive, forming of blanks and hot pressing. Currently, there are four types of
bamboo-based composite boards in use in China:
!
Bamboo mat-particle composite board. The surface layer is made of
bamboo mat, while bamboo particles form the core. Mainly used for flooring, panelling and partitioning in railway coaches.
Wood veneer-bamboo strips-particle composite board. Wood veneer
!
is used as the surface layers. Bamboo strips and particles bonded with PF
resin form the core.
Bamboo mat-bamboo curtain composite board. The board has bamboo mat as the surface layers, and bamboo curtain impregnated with PF
resin as the core. In order to improve the surface finish and wear, the face
layers are overlaid with one or two layers of PF resin-impregnated Kraft
paper. This type of composite board is mainly used for concrete form work.
!
Wood veneer-bamboo curtain composite board. This bamboo-wood
board has wood veneer as the facing and backing layers, and resin-impregnated bamboo curtain at the core. The production process is the same as
the one employed for plywood production.
The tensile strength of bamboo fibre is twice that of wood, and its hardness 100 times more. Therefore, bamboo plywood/composite board can
be used for concrete form work in place of wood, steel and other materi147
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als. If the surface is overlaid with resin-impregnated Kraft paper, its physical and mechanical properties can be further improved to make it suitable
for different uses in building construction. Bamboo plywood and composite
board are lighter than steel or wood and hence, require less labour for loading and unloading. Furthermore, they have a high degree of safety, long
service life and the potential to save steel and timber.
A wide range of bamboo-based boards are useful in concrete form work.
These include bamboo mat plywood, bamboo strip plywood, bamboo
curtain plywood, bamboo particle board, bamboo mat-curtain composite
board and bamboo-wood composite board. Surface modifications - with
resin-impregnated Kraft paper and/or wood veneer - can also be made to
suit the requirements of specific applications.
Bamboo-wood composite board
This is a comparatively new product, yet to be commercialized. It is
made with strips from P. pubescens and veneer of Pinus massoniana. PF
resin application, laying up and hot pressing are the main production steps.
The surface of the board can be coated with PF resin to give it resistance to
water and rot. The board may also be subjected to chemical preservative
treatment to prevent insect attack.
Other products
Two important bamboo products, through not belonging to the category of board, are moulded weaving shuttle and parquet. The shuttle is
made from culm wool through drying, resin impregnation, redrying, spreading, and hot pressing in the mould. When compared with wooden shuttle,
the moulded bamboo shuttle has higher wear resistance, smoother surface and better dimensional stability.
Bamboo parquet, which usually has three layers, is made essentially
in the same manner as bamboo strip plywood. At the end of the process,
however, the hot pressed strips are sanded and varnished to make parquet. Bamboo-wood composite parquet has wood veneer at the core.

The industry
On an average, a bamboo board factory in China has 120-200 employees and an annual production capacity of 2 000-4 000 m3. Most of them
have 120-l 50 employees and annual production of 2 000 m3, which seems to
be the ideal size. Production at a smaller scale may increase the production
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costs and correspondingly decrease the profit, while a larger factory may
find local raw material supply to be inadequate and be forced to obtain
bamboo from distant places, thus increasing the production costs and reducing the profit margin.

Economic and social benefits of bamboo board production
Since the mid 1970s when the production of bamboo mat plywood began, production of bamboo-based panel/composite board has steadily gone
up. In the last seven or eight years, the increase in production has been by
leaps and bounds, especially in the bamboo-rich provinces such as Hunan,
Fujian, Zhejiang, Jiangxi and Sichuan. Almost all counties in these provinces
have at least one bamboo-based board factory. According to a 1988 estimation, there were over 100 such factories in China, with a total installed capacity
of about 100 000 m3 per year. More recent, but incomplete, statistics put the
figure at 200, of which 100 make bamboo mat plywood, 25 produce bamboo
strip plywood, 20 manufacture bamboo curtain plywood, and 20 are bamboo
particle board factories. The total annual capacity is estimated at 300 000 m3,
while the annual production is 150 000-200 000 m3. Still, the bamboo-based
panel/board industry in China is considered to be in its infancy when compared with industries that handle other forest products. The general trends
noticed in recent years are:
increase in product variety, with new products emerging in large
numbers;
improvement in product quality;
more intense market competition; and
increase in mechanization and corresponding decrease in manual operations.
The bamboo-based panel/board production has brought in several
direct socio-economic benefits to the producers as well as the users:
Monetary benefit
The normal profit margin of a bamboo-based panel manufacturer is
l0-15%. For a factory that produces 2 000 m3 panels a year, the annual profit
would be about 500 000 yuan RMB. The customers also have accrued monetary benefits from bamboo-based panel production. For instance, the Nanjing
Car Factory made a saving of 220 yuan RMB (1988 price) per truck when it
substituted the pine-based board platform with bamboo-based plywood
platform, and this saving was passed on to the customers. At an annual
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production of 16 000 trucks,
million yuan RMB. Another
bamboo-based concrete form
to the direct benefit of the
43% of the steel-based form

the amount saved adds up to a phenomenal 3.52
example is in the construction industry, where
work has significantly brought down the costs,
customers. Bamboo-based frame work costs only
work and 60% of the wood-based one.

Employment
As mentioned earlier, a bamboo particle board factory with an annual
production of 150 000 m3 employs up to 120 people, while a bamboo plywood factory with an annual production of 200 000 m3 gives employment
to 150 people. This means that the 200 factories in China provides employment to about 26 000 people.

Wood substitution
Wood substitution is a major benefit of all bamboo-based products.
For example, at the Nanjing Car Factory, each truck produced used to consume 0.35 m3 of pine wood. Substitution of pine wood with bamboo for
making truck platforms reduced this to 0.125 m3 of wood; that is, each cubic
metre of bamboo plywood saved 2.8 m3 of wood.
If half of the R.pubescens harvested per year (150 000 culms) is used,
the annual production of bamboo plywood would be 833 000 m3. If this is
used to substitute wood, about 2.33 million m3 of wood would be saved
every year. If the particle boards produced per year (690 000 m3) is added
up, the annual saving in wood would reach 4.26 million m3, or even 5 million m3 if the factory wastes can also be put into use.

Rural economy
Factories manufacturing bamboo-based panels are mostly built in
rural areas or nearby, where bamboo resources are available. Bamboo farmers in rural China, who used to sell raw bamboo earlier, have now started
making bamboo slivers, curtains and mats, and selling them to the factories. Moreover, seeing an opportunity in the factories’ steady requirement
for bamboo, they have also started bamboo planting and management more
enthusiastically. It has been noticed that in rural areas where bamboo forests grow, centres have sprouted with bamboo development and utilization
as the activity. This has proved to have a stimulating effect on the economy
as a whole also. Thus, the development of rural economy has benefited
significantly from bamboo-based panel production.
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Problems and Solutions
Current

problems

Insufficient
development, utilization andprotection of bamboo resources. As mentioned earlier, the world’s bamboo resources are concentrated
mostly in some developing countries in Asia, Africa and Latin America. In
all these countries, reckless harvesting, low productivity and poor management have done immense damage to the bamboo resources. Even in
countries where bamboo is better utilized, more attention is paid to harvesting of bamboo than to its development and protection, resulting in a
general decline of the resources.
Developmental imbalance in bamboo-based board production. The
resource, industrial and technical levels are higher in Asia than in Africa and
Latin America, and this has brought about an imbalance in the global develop
ment of bamboo-based boards. China has achieved, especially in the last two
decades, rapid development in this industry; but even then, pockets of unequal development exist in the country. P.pubescens is the species used mostly,
and the factories are largely confined to the eastern and central provinces.
Technology and equipment require further
improvement. The physical and mechanical properties of bamboo differ from those of wood;
bamboo has a higher density, lower wettability and water permeability,
etc. The production of bamboo-based boards is technically more problematic than the production of wood-based boards: the raw material
consumption and productivity are comparatively lower, and the resin consumption, product density and power consumption are higher. An important
reason for this is that the machinery and equipment used for producing
bamboo-based boards are the ones originally designed for wood processing and hence, cannot fully meet the requirement of bamboo processing.
!
Product useand markets need furtberdevelopment. In comparison with
wood-based boards, the current use and market share of bamboo-based
boards are rather limited. For example, bamboo-based boards find use only
in concrete form work, packaging, and as floor for vehicles and houses.
But there are several firms making these same products and competing for
the same limited market.
Full socio-economicpotential yet to be realized. Because of the prob!
lems mentioned above, the actual production of bamboo-based board is
much less than the installed capacity. This results in its full socio-economic
potential not being realized.
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Solutions
In spite of the differences that exist among the countries in terms of resources, industrial and technological levels, there are some universally
applicable measures to remedy the above-mentioned problems.
!
Bamboo resource development. The first and foremost effort must be
to protect the existing bamboo forests through curtailing unsustainable harvest. Second, the productivity of the bamboo stands must be increased;
sound management can triple the productivity of bamboo stands. Third, it
would be an effective measure to establish bamboo plantations on a commercial scale. Fourth, specialized agencies need to be created for intensifying
bamboo production management.
!
Development of newproducts. The manufacturers and technologists
should not only encourage the development of new quality products that
the market needs, but also provide training and organize activities towards
that end. Emphasis must be placed on the effective use of sympodial bamboos, the main bamboo resource in the world. Research and development
efforts should focus on bettering technology and equipment, raw material
utilization, productivity and product quality, and on lowering power and
resin consumption and overall production costs.

Market exploitation
Since it takes some time before a new product is accepted by the market, an active marketing drive would be required. It is also important that
the product marketed meets the relevant national/international standard.
The quality of products reaching the market can be maintained at. a high
level if there is a mechanism that compels compliance to such standards.

Education and international cooperation
It would be worthwhile to include bamboo science and technology as
part of forestry education. Courses such as “bamboo cultivation”, “bamboo utilization” and “bamboo economy and management” deserve to be
introduced into forestry college curriculum. Similarly, training courses on
bamboo-related topics would be very helpful in mobilizing the technical
personnel required for bamboo research and development.
It is also important that greater efforts be made for furthering international exchanges in bamboo science and technology. Organizations such
as the International Network for Bamboo and Rattan (INBAR) could provide an impetus to this through activities such as symposiums, training
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courses, technical information exchange, regional/international research
and development projects, etc.
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Development of Semi-fibre
Bamboo Board Processing Technology:
Shortening the Press Cyc
Ie
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Abstract
Utilization of bamboos as an alternative raw material in wood panel
industry is being promoted in Indonesia because of their easy availability and the high mechanical strength. This laboratory-scale
experinient was aimed at shortening the press cycle in the processing technology for semi-fibre bamboo board made from Gigautocbloa
apus. Specifications in the Japanese Industrial Standard (JIS) A-5908
was taken as the reference for physical and mechanical properties of
the boards. Results of the experiment showed that semi-fibre plybamboo (zephyr board) conforming to JIS standardusing UF adhesive
can be made employing a pressing cycle of 20 minutes, and PF bonded
board conforming to the same standard can be made employing pressure for less than 6 minutes after pre-drying treatment. Further
experiments are needed on the utilization of bamboo for singlelayer and single-fibre orientation board for building construction
applications.

Introduction
In Indonesia, demand for wood is increasing with the increase in construction activities and export of wood-based products. On the other hand,
the quantity and quality of wood resources from tropical forests have been
steadily declining. This situation has necessitated the utilization of other
renewable and sustainable resources, such as bamboo, for wood substitution. Using bamboo as the main raw material, bamboo panels can be
developed and used to substitute wood-based panels. However, one problem in the production of bamboo panels (such as ply-bamboo, bamboo
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laminated lumber) by bonding is that the epidermal layer of bamboo culm,
with its high wax and silica content, is resistant to bonding. In the experiment carried out, this problem was overcome by crushing the culm to form
strands (zephyr).
This paper discusses the means for shortening the press cycle of the
processing technology for zephyr bamboo boards made from Gigantockloa
apus, using urea formaldehyde (UF) and phenol formaldehyde (PF) resin
adhesives.

Materials and Methods
A fresh Giguntochlou upus bamboo culm was cut to 25-cm lengths,
split and crushed using a bamboo crusher to make zephyr, which was then
dried in an oven to oven-dry moisture content. The zephyr was dipped in
liquid adhesive for 10 minutes, subjected to a spinning cycle to reduce the
adhesive content, and formed into a three-layer mat with fibre orientation
at right angles, similar to plywood. UF and PF resins were the adhesives
used. The mat was then hot-pressed (130°C for UF and 160°C for PF) to
make 250 x 250 mm boards of 10 mm thickness. Pressing time was varied
to 8, 10, 12, 16 and 20 minutes. In the case of PF adhesive, the mat was
formed in single layer with single-fibre orientation. The mat was dipped in
PF adhesive for 10 minutes, and placed in an oven at 80°C for l0,20 and 30
minutes. The pressing time was varied to 6,8 and 10 minutes.
Specimens cut from both types of boards were tested after conditioning for two weeks. Internal bond (IB) strength, thickness swelling (TS) and
bending strength were tested in accordance with the provisions of
Japanese Industrial Standard (JIS). A-5908.

Results and Discussion
Figures 1 and 2 show the modulus of rupture (MOR) and modulus of
elasticity (MOE) of boards using UF and PF adhesives, and pressed for
varying time periods. In the longitudinal direction, MOR and MOE increased
with increase in pressing time. In the lateral direction, MOR and MOE values did not show any significant change with pressing time of more than
10 minutes, but began to decrease at a pressing time of 8 minutes. During
the measurement of MOR and MOE; shear failure was noticed. The results
indicated that type 250-90 overlaid board, as per JIS specifications, can be
obtained for PF and UF bonded boards with a pressing time of more than
10 minutes.
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Fig. 1: Effect of pressing time on MOR of UF/PF-bonded zephyr board
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Fig. 2: Effect of pressing time on MOE of UF/PF-bonded zephyr board
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Fig. 3: Effect of pressing time on MOR and MOE of UF/PF-bonded zephyr board
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