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ABSTRACT

Building with bamboo looks back to ancient tradition in which plants grew in abundance, such as in south-east Asia.
Bamboo offers a considerable number of opportunities which are not yet exploited. There is a long tradition of
bamboo structures being employed to solve the most varied of building tasks. This has resulted in a wide range of
building characteristics, shapes, and structural details. After all, timber as a construction material has experienced an
unexpected comeback in recent years. A social revaluation of bamboo as a building material could act as a stimulus
to reactivate old building traditions and to develop bamboo construction methods. Other advantages would be gained
from bringing bamboo-building techniques up to contemporary standards. In view of the fact that bamboo is a
natural construction material which grows back again at rapid rate, its wide spread use would not result in ecological
problem. In addition, the structural stability of bamboo building erected in regions prone to earthquakes constitutes a
major advantage as a result of the relatively lightweight and elastic structure of this material. Accordingly, re-
adoption and further development of bamboo building techniques and modern bamboo architecture geared to this
could be of considerable economic significance in certain countries.

INTRODUCTION

Accordingly, bamboo can be regarded as a building
material of the future. The decision as to whether it will
become a building material of the poor or the one, which
gains general popularity, is still to be reached. It is
mainly influenced by the success of trails currently
being conducted to employ bamboo structures for
contemporary applications. In view of this perspective,
the reactivation and its further development of bamboo
technology is gaining in importance. This could also
represent a major contribution toward improvement of
the quality of life of million of people.

Environmental aspects

An immediate advantage of bamboo is that it belongs to
the renewable resources. What more, during growth it
has well influence on the climate in the region, and it
helps to control erosion and floods? The crop takes
place in such a way that only ripe culms are cut and the
remaining younger culms are left and this is done each
year. For the microclimate as well as for the economy of
the population this yearly crop is better than that of
wood, where sometimes a whole area is cut once in 20
to 40 years.
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Once more as the energy, a quantitative judgement is a
comparison of the energy needed for the production of
construction materials with their strength. As
construction materials reinforced concrete, steel, wood
and bamboo are taken, all as a mean or a representative
of their groups. Rough data of the energy needed for
production, compared with strength (Janssen, 1981) is
given in table 1.

Table 1. Energy, needed for production, compared with
stress with in use

(1) (2) (3) (4) (5) (4):(5)
Concrete 0.8 2400 1920 8 240

Steel 30. 7800 234000 160 1500
Wood 1.0 600 600 7.5 80

Bamboo 0.5 600 300 10 30
(1) = material
(2) = energy for production (MJ/kg)
(3) = weight per volume (kg/m3)
(4) = energy for production (MJ/m3)
(5) = stress when in use (N/mm2)
(4):(5) = Ratio energy per unit stress

BAMBOO SPECIES AND THEIR
MATERIAL PROPERTIES

McClure (1978) lists the 57 most commonly used
bamboo species. He lists the local names, the type of
usage and, with a number, the properties (straightness,
strength or durability). McClure’s list clearly shows that
the bamboo species differ considerably from one
another as regards their properties. The question now
arises as to how the properties of the individual bamboo
species influence the quality of the structures and
whether these difficulties have led to the development of
various structural forms.

In order to answer these questions, uniform lists of the
material properties of different types of bamboo from
the various regions, as well as worldwide overview
would be necessary. There is no such list as yet, and a
list of this type is unable to be compiled on the basis of
the sparse information on the various bamboo species
available at present. The bamboo species would have to
be tested under uniform condition beforehand. The
following information would be important for this. The
botanical and local name, the dimensions of the bamboo
rods of fully-grown plants, the flexibility and the
‘splitability’ of the bamboo cane, its susceptibility to
tearing as a result of drying out, the natural resistance to
attack by fungus and insects, the durability of treated
and untreated material, tensile, compressive, deflection
and shear strength shortly after harvesting, and possible

changes to its strength in the case of various application
periods.

The possibilities and limits of construction with bamboo
could only be fully recognised with an aid of a list of the
material properties. This information would not only be
important for further development structure systems; but
it would also very probably contribute towards a better
understanding of the building form, which develop in
various regions. It would also provide an indication as to
whether it would be advisable to cultivate particular
bamboo types for specific use as a building material.

Today, it is still not known exactly just how many
different types of bamboo exist. The blossoms and fruit
of the plant are necessary in order to determine and
categorise these exactly. The rare blossoming periods of
a number of species (approx. every 100 years) make the
biologist work more difficult. More recent investigations
have revealed that the bamboo species also differ from
one another as a result of anatomical structure of their
cane. To date, some sixty-bamboo species have been
examined using this method. Experts are now capable of
identifying half of these under a microscope.

Physical properties

For the purpose of structural calculation it is sufficient
to assume the dead weight of bamboo to be g =
25/kg/m2 because the weight of bamboo is reduce
considerably by lost of moisture following felling

Mechanical properties

Some typical mechanical aspects of bamboo will be
compared with those concrete, steel and wood in order
to give bamboo its proper place. It is known that the
mechanical properties of solid timber are affected by
climatic and soil conditions, location, age, time of
felling, moisture contents etc. Furthermore there are
considerable variations over the length of the trunk or its
cross-section; the strength of the timber also depend on
whether the forces are acting parallel or perpendicular to
the direction of the fibres.

The variation of strength values of bamboo as a hollow
cylinder with different material thickness within the cane
wall and the nodal diaphragms perpendicular to this wall
is almost even larger. A precise picture of these values
may only be obtained through data obtained from
bamboo strips (battens taken from the tubular wall) and
bamboo canes. Several sources were compiled and
compared.
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The Strain energy

In bamboo as much strain-energy can be stored as in
wood, booth are between steel and concrete. The more
strain-energy is stored into material, the greater its
toughness and consequently its safety.

Table 2. Strain energy stored
(1) (2) (3) (4) (5) (6)

Concrete 8.0 25000 300 1200 0.5
Steel 160.0 210000 800 64000 8.2
Wood 7.5 11000 700 2600 4.3

Bamboo 10.0 20000 500 2500 4.2

(1) = material
(2) = working stress σ (N/mm2)
(3) = E (N/mm2)
(4) = working strain ε in 10-6

(5) = strain energy stored (Joules/m3)
(6) = strain energy stored (Joules/kg)

The Efficiency of material for strength or for
stiffness

From Table 3 it is clear that bamboo is as efficient as
steel, because in both column the efficiency for bamboo
and steel are rather equal, and better than those for
concrete and wood.

Table 3. Efficiency of material for strength and for
stiffness.

Material Working stress E
Weight/ volume Weight/ volume

Concrete 8/2400   = 3.10-4 2500/ 240     = 10
Steel 160/7800 = 2.10-2 21000/780    = 27
Wood 7.5/600  = 1.3.10-3 11000/600    = 18

Bamboo 10/60     = 1.7.10-2 20000/600    = 33

The efficiency of material to act as column in
euterian buckling

Bamboo and wood seem to act very well in buckling.
However, we should bear in mind the low stresses in
these materials compared with that of steel, and the fact
that bamboo is not straight, and consequently it behaves
worse in buckling than might be concluded from this
table (Gordon, 1978).

Table 4. Efficiency of material acting as column
Material √ E

Weight by volume
Concrete 0.07

Steel 0.06
Wood 0.17

Bamboo 0.24

The same concerning for bending

The beam has been calculated on 750 N plus dead
weight. Bamboo and wood are also efficient in bending,
because only 5 or 6 kg are required compared with 13 or
even 32 kg for steel concrete.

Table 5. Efficiency of material in beam.
Material Stress Cross

section
Deflection Mass of

beam
N/mm2 mm Mm Kg

Concrete 10 40x100 9 32
Steel 160 30x30 31 13
Wood 10 35x100 15 6
Bamboo 10 100/80 7.5 5

The behaviour of bamboo in earthquake or cyclone

In case of an earthquake or cyclone, the stress increases,
and from this figure it can be seen that steel will fail
before concrete does. When steel all has failed, and 80
percent of the concrete, only 10 percent of the wood and
bamboo have failed, and remaining 90 percent is still
present. However, sometimes earthquakes and cyclones
are followed by fire, due to stoves falling on the floor,
and these destroy wood and bamboo as well.

The advantage of bamboo, not taken into account in the
previous text, is the absorption of energy in the joints. In
the static loading on the trusses it will be found that 85
percent of the deformation is due to joints and only 15
percent to the elasticity of the material (Janssen, 1981).

Compressive strength of bamboo

If load is applied parallel to the fibre, the strength values
of cane sections incorporating nodes are only about 8
percent higher than those of sections are without nodes
are. If the load is imposed perpendicularly to the fibre,
the strength at the nodal points is 45 percent higher than
that of the tube sections without nodes.
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Table 6: Compressive strength of bamboo tube and rods

Compressive strength  N/mm2

Parallel to the fibre Cane
∅ 60     ∅ 32 Rod
6.36       8.63 6.21

Perpendicular to the fibre      5.25-9.30

Tensile strength of bamboo

The outer skin of bamboo has a considerably higher
tensile strength than the inner skin, and slender canes are
superior to thicker tubes in relation to their cross-
sectional areas. These facts also explain the greater
flexural strength of thin canes as compared with thick
ones: in thick cane the proportion of the stronger fibres
of the outer skin is lower in relation to the total cross-
sectional area. The tensile strength of bamboo material
taken from the upper third of the cane is approx. 12%
lower than that of material from the base. Under tensile
loading the nodes reduce the strength.

Table 7: Tensile strength of bamboo battens and tubes

Tensile strength N/mm2

Mm From ∅ 60  from ∅ 30
Outer fibre layer Min 30.60       min 35.74

Max 32.73      max 38.43
Inner fibre layer Min 14.84       min 13.53

max 16.33      max 19.47
Compl. Wall thickness min 16.27       min 23.25

max 21.51      max 27.58
Bamboo cane segment Containing nodes  22.77

Without nodes       29.11

Elasticity of bamboo

Slender bamboo canes or battens cut from the cane wall
provides higher strength values in relation to the cross
sectional area than thick materials. The increased
frequency of the very strong fibres in the outer zones of
the tube wall have, with regard to elasticity, the same
strengthening effect, as under tensile, shear and bending
loads. As the case of solid timber, the modulus of
elasticity of bamboo decreases with increasing load (5-
10%). For structural calculation one can use a modulus
elasticity of 20000 N/mm2.

Table 8: Modulus elasticity of bamboo canes under
compressive stress

ED= Modulus of elasticity-compressive stress N/mm2

Mm ∅ 100 ∅ 80 ∅ 70
Min 1510 1890 1650

Table 9: Modulus elasticity of bamboo canes and
battens under tensile stress

EZ=Modulus of elasticity-tensile stress N/mm2

Mm ∅ 90 ∅ 80 - Stab
Min 1700 1790 1400 1700
Max 2200 2410 3160 1800

Table 10: Modulus elasticity of bamboo canes and
battens under bending stress

EB= Modulus of elasticity-bending N/mm2

Mm ∅ 100 ∅ 70 ∅ 30
Outside fibres of batten

tensile side
1690 2270 3250

Inside fibres of batten
tensile side

1360 1890 -

Bamboo canes 1700- 2200 -

Flexural strength of bamboo

Atrops (1969) has examined bamboo materials used for
building construction. These materials have diameters of
70-100 mm and wall thickness of 6-12 mm for free
spans of 3.6 m. The values of elastic deflexion were:
min. =1/25.9; max. = 1/16.1; average =1/20.1 of free
span. Where deflexion is unavoidable and undesirable
the freshly felled bamboo poles may be performed. The
resulting deformation of the cane would later be
straightened out by loading of cane.

Table 11: Bending strength values of bamboo canes and
battens

Bending strength N/mm2, mm

∅ 70 ∅ 30 ∅ 20 Outside fibres of 8.85
Batten tensile side -21.60

7.63 2.176 2.760 Inside fibres of 6.89
Batten tensile side -18.30



171

Shear strength of bamboo cane

The shear strength of bamboo must be taken into
account especially when designing the joints. The data
given under the heading “Battens” apply to the samples
of the cane wall strips loaded two axes, whereas those
under the heading “Canes” apply to the whole cane
sections. The influence of the distance between the shear
surface is unimportant but the shear strength decreases
with increasing length of the shear surface. For a wall
thickness of 10 mm the shear strength is approx. 11
percent lower than for a wall thickness of 6mm; This is
the result of the distribution of the ratio of very strong
fibres in the cross-sectional area (cf. Tension, bending).
The values listed in the table are taken from segmental
material; the values for nodal material are approx. 50
percent higher.

Table 12: Shear strength values of bamboo canes and
battens

Shear strength N/mm2

Batten Min 1.69 max 2.31 Average 1.98
Cane Min 1.47 max 2.22 Average 1.67

Fracture of bamboo cane

Conventional building timber shows a sudden behaviour
in failure, which is different from that bamboo. No
fracture of entire cane occurs when individual fibres of
bamboo fail. The cracks are immediately diverted in the
direction of the fibres thereby impairing the strength of
the critical point to a lesser extent. The flow of energy is
delayed by dispersal. The reinforcement nodes (nodes
and diaphragms) impede the spread of the longitudinal
crack over the entire length of the tube. The nodal
material increases the compressive and shear strengths
particularly, as well as the resistance to splitting. Such
symptoms are called factors increasing the impact
resistance. Modern composite material research
therefore tries to counteract the spreading of tears and
cracks by suitable material construction rather than by
attempting to prevent the formation of such cracks.

Impact fracture of bamboo cane

The work required breaking a bamboo cane, A: f
(mkp/cm2) remains almost equal, irrespective of
whether the impact hits node of the segment. The
appearance of the fracture itself varies, however,
considerably. When the node is hit the cane splits into
axial strips; the fracture across because the strain of the

material across the fibres is exceeded. When the
segment is hit the cane break off, because the
longitudinal tensile strain of the material in exceeded.
The values for energy expended in the impact (D = 20
mm, d = 4 mm) are around 2.6 mkp/cm2. Since a tubular
body is involved this value expresses more the
resistance to deformation and therefor cannot be directly
compared with the values for spruce (0.5 mkg/cm2).

STRUCTURAL DESIGN

The only vertical and horizontal forces acting on the
structure are wind pressures, roof moisture (strongly
water absorbing), live loads and dead weight. Loads
created by soil or water as well as subsidence and
earthquakes are exceptional factors which skeletal
structure generally accommodates more easily than a
solid building. Articulated joints connect the framing.
All the framing bars can slightly move in relation to one
another. Although each part is able to transfer all axial
and transversal force to other members, it is not able to
transfer bending or flexing forces. Rigid connections or
joints are very rarely used (trussed frame).

Above all the structure must be able to withstand
dynamic loads, (e.g. wind gusts). Such forces first create
kinetic energy in the structure (m.v/2, m = mass; v =
velocity) which is reformed as energy. The building
materials as well as the structure have a high elasticity
and Low Mass. Because of its ability to change its
shape, this structure can absorb a high quantity of
energy. Bamboo houses are prime example of energy-
absorbing methods of construction. They could be called
spatial structures with elastic joints and brace.

Bamboo joints

1.  Vertical and horizontal joints:
- bamboo cane joint with continuous post,

horizontal drilled hole with level, rails,
continuous post, horizontal drill holes; bamboo
cane joint for light structures consisting of  thin-
walled bamboo; joining of bamboo canes of
larger and smaller diameters; lashed cane joint
with plug and horizontal hole; bamboo cane joint
for larger diameters using hardwood cotter pins,
using steel draw bolt, using tenon, mortise and
wedge; compression joint between a bamboo
cane and the head of the post; bamboo cane
joint-head of post acts as saddle support,
horizontal hole; bamboo cane joint for thick-
walled bamboo cane using combination of
trough-shaped post head, mortises and tenon;
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bamboo cane joint for members of equal
diameter-head of post with drilled hole; bamboo
cane joint-suspended tie beam; bamboo cane
joint-head of post with strap, two holes, hole and
pin or nail,  double rope tie and pin parallel to
the transverse beam, and pin perpendicular to the
transversal beam; bamboo joint for light
structures with tin-walled bamboo; tied corner
joint with reduction of the cane-section for light
structures; cane joint with continuous corner
post-horizontal, or vertical drilled hole.

2.  Horizontal members joints:
- lashed joint horizontally intersecting bamboo

canes; joint of horizontally cross canes with
dowels; joining of  horizontally intersecting
canes using dowels, joist partially housed in the
bearing plate; connection of horizontally
intersecting canes lashed over a ridge
connection.

3.  Vertical, horizontal and diagonal members joint:
- lashed cane joint at the eaves, rafters of a purlin

roof with simple truss; dowels, drilled hole and
tenon; tie beam and rafter are tied and butted
against and joined to the post; post and tie beam
are in a plane beside that of the rafter; the rafter
pair forms a clamped around the post and is
fixed by a dowel and lashing,

Possibilities for further development of bamboo
structures

The following methods for further development are
available:

1. The traditional bamboo construction methods in
various regions generally develop independent of
another. A variety of prerequisites resulted in
various structural forms (e.g. in the case of bridge
and roof structures), in different life spans of the
bamboo buildings. The exchange of information
possible today could supplement the range of
traditional building techniques using bamboo and
act as an incentive to enhance and to make further
improvements. The summary of all traditional
techniques and their applications would be
necessary for this.

2. An improvement in the general quality of building
erected according to the do-it-yourself principle can
be achieved by developing simpler, more efficient
alternative to the more complex traditional

structural details-possibility also by using modern
materials.

3. Extension of the life-span of bamboo structures by
means of structural measures, such as by preventing
the bamboo from coming into contact with the soil,
by means of measures with respect to materials
technology, such as the use of durable bamboo
species, or by pre-treatment of the material (in case
of chemical pre-treatment of bamboo on the site,
facilities for safe storage and disposal of the toxic
solutions would have to be found).

4. New bamboo structures can be developed for
contemporary application on the basis of traditional,
technical knowledge and modern technical know-
how.

5. Investigation on the use of bamboo in conjunction
with other building materials.

The development of building with bamboo can be
furthered by the introduction of corresponding
instruction as part of courses of study in architecture and
building, and by way of competitions. The questions and
possible means of developing building with bamboo
mentioned here indicate a large number of unused and
unrecognised structural and architectural solutions.
There represent a challenge for building in the future.
They can be no denying the ecological and economic
benefit of this building method. The advantages of old
and new architecture could be realised without the
aggressiveness of a number of modern building
materials in this way.

CONCLUSION

In the tropical area of South East Asia bamboo is more
versatile and economical than timber and can be used
without technical aids. On account of the predominance
of its advantages, bamboo as material for building and
other purposes is of greater importance than timber. All
advantage; however, turn into unconvincing arguments
as soon as traditions are replaced by pseudo-civilisation.
The advantage of bamboo as building materials is not
yet everywhere undermined by cheaper waste products
of civilisation. We should regard its as a challenge to
find and propagate building materials for the third
World, which are economical alternative to sheet iron,
i.e. new material, more humane, aesthetically valuable
and economical made from organic materials perhaps
from bamboo.
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