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In may 197 4 a manual on baml:x::lo was published, in Dutch. 

This manual contained selected articles on the experiences 

of the Dutch engineers in Indonesia during the colonial period, 

with the building of houses, roads and bridges. Since these 

articles have a -wealth of practical infonnation, they -were 

considered to be still useful for fieldworkers. 

After publication, several requests for an English translation 

were received and, instead of translating the Dutch text, 

similar original English material was brought together, 

resulting in a manual for use by field engineers and carrnuni ty 

developnent 'tr.'Orkers in tropical countries. 

In 1~82 this English manual has been enlarged with the results 

of mod.err.. research programs. 

Jules J .A. Janssen 
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Chapter 1. : Intrcduction 

1.1. - Advantages and defects of bantx:x:>, based on 

the p.lblications by MATHUR and McCLURE 

- Preservat-ion of bamboo. 

1. 2. - First, a IIDre fun.da:n'ental article by 

Prof.dr. W. Liese in Gate (1981) no. 1 

1. 3. - Next, a practical manual, pages 20 ••• 24 

and 26 fran "Manual of rural wood 

preservation" 

(Anybody 'Who is interested in preservation, 

is advised to order his copy of this manual 

at the address: 

Forest Prcxlucts Research Centre 

P.O. Box 1358 

OOIDKO 

Papua New' Guinea). 

1.4. - At last, pages 92 + 93 fran the U.N. 

manual 

p. 5 

p. 9 

p. 12 

p. 18 

Note: this book refers to bamboo in building structures. 

Ha-JeVer, any reader 'Who is interested in the cultivation 

of bamboo, is asked to look into the index and the 

references in this book, chapter 9, page 177. 
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In 1953 Mr. F .A. McClure published his lx>ok "Bamboo as a building 

material". (ref. 10) Fran this l:xx>k follow the "Introduction" and 

a description heM" different bamboo species might. be. 

Introduction 

Bamboo is one of the oldest materials used 
by mankind to increase comfort and well
being. In today's world of plastics a.nd steel, 
bambc-o cont:inues to make its a.ge-ol"C.i con
tributions and is even growi.ng i.n importance. 
Programs of technical caoperation among 
nations are giving recognition to the unique 
qualities of bamboo and are bringing about a 
broad sharing of the varieties of bamboo and 
the knowledge pertaining to their use. In six 
Latin American countries, projects are going 
forwa.rd today to test and select outstanding 
varieties of bamboo gathered from over the 
world and to determine their potential place 
in local economies. These projects, now a 
part of the Point Four progran'l of technical 
cooperation, have been under way for a num
ber of }'ears and some of them have devel
op·ed to a point where bamboo's multiform 
usefulness has become obvious and challeng
ing. 

Bamb<'o is a versatile plant material, 
whose potential can he harnessed in the ser
vice of the humble as well as the great. In 
its adaptability to human needs, it has few 
peers in the plant kingdom. In the Occident 
as well as the Orient, the peoples in whose 

envircmment bamboo is a natural feature 
ha.ve amply de.m·oQstrated its cla.im to a spe
da.l pla.ce in their everyday life. 

As technica.l cooperation co·nt.i-nues to 
s.ing.le out spec:.ies with outstand.in.g utility,, 
and to dissem.inate them more widely, along 
with the old skills and the new techniques 
essential to their practical use, the lot of 
many now underprivileged people will defi
nitely be improved. With a few plants of 
supe-rior bambo·os in the backyard, a family 
will have at hand the wherewithal to fence 
the garden, build a pigpen or chicken coop, 
or add a room to the house. They will also 
have the means of augmenting their daily 
income by making baskets or other special
ties in spare time for sale or ex,change at 
the market. 

If techniques of large-scale, mechanized 
utilization can be developed-as, for example, 
in the manufacture of high-quality papers and 
rayon-new industries and increased national 
income may be brought to underdeveloped 
areas. It is with these prospects in view 
that bamboo is being used as one of the ve
hicles for implementing the Point Four pro
gram. 

Differences Among Species 

As with steel, bricks, cement, stone, 
clay, timberwoods, or any other building 
material, it is necessary to think of the 
bamboos in terms of individual and distinct 
kindq., ea1:h characterized by a combination 
of properties peculiar to itself (fig. 2 3). Certain 
combinl'tions of these properties are use-
ful for identification; certain ones must be 
taken into account in evaluating the suita
bility of individual kinds for one purpose or 
anQther. Here are some of the properties 
that determine the best use of 11 given bam
boo and the relative value of available kinds 
for a given purpose: 

1. Average dimensions of culms 
Z. Taper of culms 
3. Straightness of culms 
4:, Size and distribution of branches 
5, Length of culm internodes 
6. Shape and proportions of internodes 
7. Thickness of the wood (culm wall) 
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8. Relative proportions and distribu
tion of different tissues (bundles and paren
chyma) in the wood (which affect the prop
erties listed under 9 and 10) 

9. Density and strength of the wood 
10. Splitting qualities of the wood 
11. Susceptibility to fungi and wood

eating insects. 
Specifications for bamboos are not yet 

standarized on a wide ge('tgraphical scale. 
Within any bamboo-using community, how
ever, the close observer will find that where 
there is a choice of several species, cer
tain ones will be used for certain purPOses 
with great regularity. And where there are 
established bamboo markets, many of the 
bamboos offered are found to be classified 
into more or less well-defined grades with 
distinctive names. Such markets, and the 
local artisans who work ·in bamboo, are 
sources of much useful information not 
to be found anyw·here in print. 
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Bamboo has advaTltages, and disadvantages as \'Jell. Mathur (ref. 8) 

gives a st1ll1IlarY; ~ start with: 

SOME ADVANTAGES OF 
BAMBOO HOUSES 

t. Bamboos are circular in shape and 
sobd or hollow. As such bamboos can be 
easily cut into required size or split up with the 
help of simple tools. This helps in quick 
construction of houses. 

2. At every joint in the bamboo there is a 
cross partition wall on account of which 
bamboos at their joints are very bard and do 
not bend or break easily. Bamboo houses are, 
therefore, strong. 

3. The texture of bamboos is such that 
they possess a high tensile strength ; they are 
elastic and as such seldom break. 

4. The dimensions of bamboo-its length 
and thickness-are such that bamboos can be 
conveniently stored and easily used in construc
tion. ·Oil account of this, construction of 
bamboo houses needs less skilled labour. 

5. The surface of bamboos is hard and clean. The colour of 
bamboos is also pleasant. This gives a good appearance to bamboo 
houses. 

6. Bamboos have neither bark nor any material which goes 
waste. Therefore, bamboo can be used readily as such for house 
construction. Even though treatmef.!r of bamboo is desirable. 

7. Bamboos cost very little and in almost every part of our 
country bamboos of good quality are available at cheap rates. 
Bamboo houses are, therefore, cheap. 

8. When treated bamboos are used for construction of houses 
and when such houses are maintained properly it is found that 
bamboo houses have sufficiently good life. 

9. Bamboo houses are comfortable to live-in in hot and dry 
climates as they provide adequate protection from heat. 

10. Bamboos arc light in weight. As sur.h bamboo houses suffer 
very little loss due to earthquake. If such houses fall down due to 
earthquake, these can be reconstructed very quickly and at little 
cost. 

11. Temporary construction with bamboos can be made very 
quickly at low coat. 

12. A variety of useful articles of every day use like tables 1 

chairs, cots 1 mats 1 etc. and artistic objects for decoration can 
be prepared fran bamboos. These are very useful for darestic use. 
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Next, YJe continue with: 

SOME DEFEX:TS OF BAMBCO 
HOUSES 

The houses constructed with 
bamboos have sane defects whict are 
due to the following: 

1. (a) Due to dampness the barrboo 
starts decaying and rotting very soon. 

(b) Termites and borers attack bamboos and by eating it make 
it hollow. This shortens the life of bamboo structure and renders 
them dangerous sometimes. As such, houses constructed with un
treated bamboos may not be very durable. 

2. When bamboo is buried in the ground, it starts decaying 
very soon and is also eaten away by termites and insects. Therefore, 
bamboo should not be used in the construction of foundations for 
houses. 

3. Bamboo catches fire very quickly and is burnt to ashes in no 
time. Bamboo houses, therefore, need fire protection treatment. 

4. With the passage of time, the strength of bamboo decreases. 
fhis is responsible for short life of bamboo houses, 

5. In case of even a small impact force, l_,amboos are likely to 
break and split up, and the houses are damaged. 

6. Bamboos have joints at diffen~nt places in its length. There
fore. walls made of bamboo do not have even surface. 

7. Bamboos are not of equal length and thickness. This presents 
some difficulty in construction work. 

8. Bamboos on drying shrink and consequently their volume 
changes. This has an ill-effect on construction done with bamboos. 

Some of the defects of bamboos mentioned above can be removed 
to some extent by proper treatment before their use in construction. 
The service life of bamboo when treatf.!d is increased and the use of 
treated bamboos in construction rr.suit;, i.l.l more durable houses. 
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Finally, the disadvantages as described by McClure, and how to 

overcame them. 

Shortcomings of Bamboo and How to Overcome Them 

The culms of some bamboos have cer
tain characteristics (in combinations, and 
in degrees, which vary from species to 
species) that limit or reduce their suita
bility or versatility as building material. 
A careful study of these limitations, how
ever, shows that most of them can be over
come, or minimized appreciably. 

Variable Dimensions 
It is difficult to secure culms very 

closely standardized to any given set of 
dimensions. For this reason, the process
ing or .fabrication of bamboo cannot easily 
be mechanized, and its utilization generally 
falls within the realm of a handicraft. 

With sufficiently large supplies of culms 
available, the disadvantages of this varia:
bility may be overcome to a certain extent 
by exercising special care in the selection 
and grading of the material. Further com
pensation may be achieved by giving special 
attention to the development of skills in the 
cutting and matching of pieces. 

Uneven Surfaces 
The use of certain bamboos is made 

difficult by the crookedness of the culms, 
the prominence of the nodes, the uneveness 
of size and shape of the internodes, and 
the rate of taper. This uneveness and the 
taper, whic:h is more marked toward the 
tip of· the culm, may make it difficult to 
achieve a tight, weatherproof, verminproof 
construction. 

To overcome the effects of uneveness, 
the builder should select bamboos with use 
requirements in mind. The different portions 
of each culm should be classified according 
to their dominant characteristics, and the 
culms should be cut up on this basis. The 
various cuts should be segregated into 
groups according to the purposes for which 
they are best suited. Zigzag or curved 
culms may be used for purposes whe{e shape 
is unimportant, or where they may give an 
artistic effect. Special processing, such as 
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dressing off nodes of whole culms, may 
permit closer fitting. Culms may be split 
t.o make boards or lathlike strips. Finally. 
the design of the structure and its archi
tectural details may be modified to a cer
tain extent to utilize more effectively the 
nature and peculiarities of the building ma
terial. 

Extreme Fissibility 
With the exception of thick-walled bam

boos such as Bambusa tulda and Dendrocal
amus strictus, or those-wiih relatively soft 
wood, such as certain species of Guadua, 
bamboos have a tendency to split easily, a 
tendency that precludes the use of nails. It 
also limits the range of techniques suitable 
for the framing or joining of structural units. 

Suggested remedies are to use the less 
easily split culms of thick-walled species 
for purposes where high fissibility is a dis
advantage; to make end cuts just beyond a 
node where feasible (the nodes have a higher 
sl1ear coefficient than the internodes and 
hence show less tendency to split}; to fasten 
joints by means of thongs or other lashing 
materials; to chif '"l or bore holes to accom
modate nails, screws, or pegs. 

Low Durability 
Som·e bamboos are highly susceptible to 

invasion and partial destruction by wood
eating insects, such as termites and powder 
post beetles. Species with relatively low 
susceptibility may be selected; and the culms 
may be treated to make them less vulnerable. 
Cut surfaces at the ends of the culrns are 
places where ins-ects usually effect an entrance 
and should be treated with special care. 

Most bamboos also show high suscepti
bility to rot fungi, especially under dan1p con
ditions and in contact with moist soil. Here 
again, selection of species will help to over
come the weakness, but some form of preser
vative treatment should be used to prolong 
the usefulness of bamboos exposed to moist 
soil. 
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1.2. 
Walter Liese 

- J a tea:·..-

In all its many fields of utilization bamboo 
Is exposed to attack by microorganisms 
and insects. The service life of the struc· 
lures therefore is mainly determined by the 
rate of attack. 

I. Service life of bamboo 
Bamboo is liable to attack by fungi (brown 
rot, white rC>t, soft rot) and especially by 
Insects (beetles, termites). Its durability 
depends mainly on the climatic conditions 
and the environmenc. In general it has been ' 
found \hat untreated bamboo has an aver· 
age life of less thar. 1-3 years where it is 
exposed to atmosrhere and soil. Under 
cover, however, 4-7 years or more may be 
expected depending on the nature of use 
and the conditions. IJnder favorable circum· 
stances bamboo has been in service as 
rafters or frames for more than 
10-15 years. In sea water it is destroyed 
by marine organisms In less than one year. 

Bamboo 
Methods of Treatment 
and Preservation 

The lack of a preservative treatment for 
bamboo In spite of its widespread utilise· 
lion can be related to the following 
factors: I 
1. Lack of knowledge about possibilities of 

bamboo protection. 
2. Lack of facilities, both regarding treat· 

ment facilities and preservative chemi· 
cals. 

3. Uncertainty about the advantages of 
bamboo preservation. 

4. No marketing of treated bamboo. 

For any consideration of bamboo preserva· 
lion a knowledge of the available methods, 
their advantages and disadvantages is 
necessary. The methods applied in the 
Asian countries with bamboo resources 
have therefore been compiled, and a survey 
is given in the following. Since any 
efficient treatment depends on the penetra· 
bllity of the material, lhe treatability of 
bamboo has to be discussed first. 

GenP:ally speaking, bamboo has a low 
natural resistance compared with wood. 
Most of the observations on its durability 
are based on estimations made on full· 

1 II. Treatability of bamboo 

sized structures. Special service tests have 
hardly been carried out so far. Results from 
graveyard tests are stili rare. 

Split bamboo is more rapidly destroyed 
than round bamboo. As regards the natural 
durability in the culm itself, it was observed 
that the bottom part has, on average, a 
higher durability than the middle and top 
portion. The inner part of the culm is faster 
attacked than the outer one. because of its 
anatomical structure. Laboratory ex peri· 
ments under controlled conditions have 
revealed that bamboo deteriorates more 
rapidly when attacked by white rot and soft 
rot fungi than by brown rollers. 

Deterioration of bamboo by powder post 
beetles starts as soon as the culm is 
felled. This attack can be attributed to the 
presence of starch, and for the species 
Dlnoderus minutus the deterioration was 
found to be proportional to the star<:h· 
content. According to some ir.vesligations 
bambcos harvested during summer are 
more rapidly destroyed than those felled 
after the rain period. Flowered bamboo, 
where starch has been depleted, has a 
higher resistance to beetles, but it appears 
to be brittle. 

The natural durability of bamboo varies 
according to species; for example Dendra· 
calasmus strictus is less resistant to 
termites than Dendrocaiamus longlspathus. 

Because of Its low natural durability a 
preservative treatment is generally regarded ; 
necessary. However, such bamboo treat· 
ment has seldom been carried out. 
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The treatability of bamboo is in general 
rather low. It differs according to species, 
age and moisture content of the culm, 
treatment method and type o! preservative. 
Most of these factors are influenced by the 
anatomical structure. A bamboo culm can 
be differentiated anatomically from wood 
by the following characteristics. which 
are important lor the penetration of pre· 
servatives: 

1. The vessels run strongly axial. Tt.ey are 
isolated from each other by the 
parenchyma in the Internodes and 
connected only in the nodes: they are 
very small at the periphery of the wall 
and become larger near the centre. 

2. A special layer of cells covers the wall 
outside and Inside and retards penetra· 
lion from both.sides. 

3. There are no ray cells in the bamboo 
tissue - these are essential lor an easy t 

movement of liquids in a radial direc· 1
1 

lion. 

The penetration of liquid into a culm takes 
place preferentially in the axial direction , 
from both ends through the vessels. To a 
small extent movement is also possible 
through the intercellular cavity and the 
sieve tubes of the vascular bunales. Some 
penetration occurs at the nodes where the 
branches are cut off. The penetration 
through the cuticula Is slow and needs a 
rather long time. However, from the inner 
side diffusion Is better than from the outer 
side. in ttte living culm the cuticula oro· 
vides protection against water less in the 
culm and It is obvious that tho.:re also h'l a 
low rate of diffusion In cl~ .. ..; lissue. Even 
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urn:ler pressure t~ a lateral penetration Is 
very small. 

It has been recommended that 'by incising 
the Inner part of the wall additional 
openings for penetration may be obtained. 
But the structure of bamboo is such that a 
better treatability by this method could only 
be obtained lor short lengths. In another 
trial, attempts are made to bore axially 
through the normally Impermeable dla· 
phragm of the nodes, so that the culm acts 
like a vessel for the presarvative and the 
liquid can penetrate easier from the Inside 
wall. In this case it must be ensured that 
the preservative is removed from the Inside 
of the culm after treatment, otherwise it will 
be lost, and furthermore wrong absorption 
values will be obtained. 

For a satisfactory treatment of the tissue It 
is necessary that the preservative diffuses 
from the vessels into the surrounding fibres 
and parenchyma cells. The vessels occupy 
only a small portion- about 5-10%- of 
the cross-section. Even when the vessels 
are completely filled the bamboo culm can 
be destroyed by fungi or insects if the 
preservative does not diffuse into the 
tissue enough and the main portion of the 
culm is thus left untreated. Consequently 
for the treatment of bamboo, only preserve· 
lives which have good diffusion properties 
should be used. 

Ill. Methods for the protection 
of bamboo 
There are two kinds of methods which may 
be used to increase the durability of 
bamboo: non-chemical methods, in which 
preservatives are not involved, and chemi· 
cal methods. Whereas non-chemical 
methods have been used for a long time in 
the villages of many co.tnlries, chemical 
treatment on a larger scale is applied 
mainly In India and Taiwan. In Japan, 
prophylactic treatment and surface protec· 
lion during processing is comrron. 

1. Non-chemical methods 

These are generally the so-called "tradl· 
tlonal methods", which are used quite 
often, though not much is known about 
their real effectiveness. However, they cost 
almost nothing and can be carried out by 
the villagers themselves without special 
equip111ent. 

Curing: Culms are cut at the bottom, but 
left for some time with branches and leaves 
on the clump (clump-curing). Transpiration 
of the leaves still continues, and so the 
starch content in the culm Is reduced. As a 
result, the resistance to infestation by 
borers Is said to be Increased, but there is 
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no influence on the resistance to attack by II 

termites or fungi. 

Smoking: The culms are stored above fire
places inside houses for some time, so that 1 
the as:ending smoke causes a blackening 
of the culm. It is possible that toxic agents 
are produced which lead to some re-
sistance. Due to the healing, the starch I 
within the parenchyma cells may be 
destroyed too. In Japan, bamboo material is 1 
kept In heating chambers at 120-150 "C 1 

for 20 min., which is considered to be in I 
some way effective against insect attack. 
Cracks can occur, however. which lead to 1' 

easier attack later. 

Fumigation: Fumigation Is applied in Japan 1 
for insect control by using methyl bromide 1 

or other chemicals. I 
Brushing and spraying: Brushing and spray
ing of bamboo are rarely carried out other 1 
than for prophylactic purposes. These 
methods have only a temporary effect 
because of the very low penetration of the 
preservatives. Both can be applied to 
prevent borer and moulds attacks. 

A prophylactic treatment may be advisable 
In bamboo depots and paper mills. In the 
fight against the bamboo borer Dinoderus 
minutus a 5% solution of DDT, 0,5% 
Gamma-BHC or 0,5% Dieldrin proved to be 
effective, if permissible. 

Bamboo piles, which are placed In the 
ground, are sometimes tarred and after
wards wrapped in palm fibre ropes. 

Whitewashing: Bamboo culms and bamboo 
mats tor housing construction ar~' often 
painted with slaked lime (Ca(OH)2i. This is 
done largely because of the ornamental 
effect of the white colour, although as a 
side effect a prolongation of service life is 
expected. It seems possible that the water Butt treatment: The bottom sections of 
absorption is delayed by this treatment, freshly cut bamboo culms. with branches 
leading to a higher resistance to fungi. but j and leaves are placed in a barrel containing 
special lnvesligations have still to be I the preservative. The transpiration of the 
carried out. The strength of bamboo may be , leaves, wh1ch is still In progress. draws with l1 

affected by such an alkaline treatment. ! It the solut1on Into the vessels of the culm. 1 
1 After cutt1ng and subsequent handling, 

In Indonesia, bamboo mats are tarred and 
later sprinkled with fine sand. As soon as 
the sand clings onto the mat and the tar is 
dry, up to four coats of whitewash are 
applied. Plastering, too, is commonly 
practised by the people, with cow-dung 
mixed either IAith lime or with mortar. 

Soaking: This method is commonly used m 
Asian countries. The freshly cut culms are 
put into stagnant or running Nater or mud 
for a period of several weeks. Since the 
specific gravity of the culms is less than 1, 
stones have to be put on the bamboos to 
keep them under water. Subsequently the 
bamboo is dried for some days in a shady 
place. 

During the soaking period the starch 
content of the parenchyma cells - im
portant for the attack by borers - is 
reduced. The method is therefore said to 
improve the resistance to borers. This 
assumption, however, has yet lo be proved. 
It must also be emphasized that the 
method, on the other hand, does not in
crease the resistance to termites and 
fungi. Submergence in water may also lead 
to a staining effect on the bamboo. 

Constructional methods: Much damage can 
be avoided by placing bamboo posts on 
stones or on cement walls instead of 
putting them directly into the ground. By 
means of such constructional methods the 
bamboo material can be kept dry, so that at 
least deterioration by fungi may be 
prevented. It is strongly recommended that 
in a bamboo house the basement should be 
made of concrete work or stones. Treat
ment with water repellent formulae reduces 
the hygroscopic properties, with the effect 
that moulds are kept off. 

2. Chemical methods 

Methods using chemicals for preservation 
are generally more effective for the protec
tion of bamboo than non-chemical 
methods, but they are not in every case 
economical and applicable. 
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I however, air often gets into the vessels at r the bottom, thus neutralizing the suction 

I effect of transpiration. Moreover, this 
method is possible only with rather short I culms with high moisture content. lt takes 
a long time, and in most cases the vessels 
do not take up enough liquid to preserve 
the surrounding fibres and parenchyma 
cells sufficiently by later diffusion. 

Open-tank method: The open-tank treat
ment is an economical and simple method 
with a good protective effect. Culms cut to 
size are soaked in a solution of a water
soluble preservative for several days. The 
solution gets into the culm by diffusion 
through the ends and partly through the 
sides. Practical investigations carried out 
on the conditions for open-tank treatment 
lead to the following results: Immature 
bamboo shows evidence of much better 
penetration both through !he outer and the 
inner skin than mature bamboo. This effect 
may be correlated with the amount of 
lignification. Both the outer and the inner 
skins are permeable to some extent to 
preservatives during longer soaking; the 
inner skin, however. is a little more 
permeable than the outer one. Conse
quently, split culms can be treated more 
easily than round ones. By using split 
bamboo, the soaking period would be 
reduced by 113-112. Penetration and 
absorption of water-soluble preservatives 
are lower in freshly felled culms than in 
air-dry material. 

In air-dry cuims diffusion in the axial direc
tion was found to be about 20 times greater II 

than in the transverse direction; radial 
diffusion is slightly more than the tan
gential. In the inner part of the wall it is 
faster than in the outer part. The treating j 
solution should be of a higher concentra· ! 
lion when green bamboos are used. Since I 
water absorption in bamboo is generally 
slower than in treatable wood species, the 1 
soaking period has to be considerably i 
longer than that for wood of lhe same I' 

dimensions. 
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Summarizing it can be stated that bamboo 
in round and split condition can be 
satisfactorily preserved .by soaking. The 
duration of treatment depends mainly on 
the kind of preservative chosen, on the 
bamboo species and the condition ~! the 
culm (Liese 1959, Singh et al. 1965). 

By using hot dipping or the hot and cold 
method the time of treatment can be 
considerably reduced. Mechanical scratch· 
ing of the outer skin could speed up the 
penetration, expecially for slow diffusing 
preservatives. 

Boucherie-method: The boucherle method 
is an effective method if the material to be 
preserved is available in the green condi· 
lion. The water-transporting part of the 
culm can be penetrated completely and the 
treatment itself involves little - and 
ine:·pensive - equipment. In its classical 
form the preservative is forced by gravity 
from a container placed higher than the 
stem through pipes into its base end. The 
higher the vessel is fixed, the faster the 
penetration. It is also possible to hang the 
culm vertically, and to scratch the Inner 
wall of the top internode in order to use it 
as reservoir for treatment. The internode 
has to be filled up several times. 

At the beginning of the boucherie treatment 
the solution, dripping from the top end, 
consists mainly of sap and has to be 
removed. Later on the solution can be 
collected and, after the addition of new 
salts, it may be used again. The treatment 
is finished when the solution at the 
dripping end shows a sufficiently high 
concentration of chemicals. 

This method has been improved by applica
tion of pneumatic pressure (air pump) over 
the preservative fluid in a reservoir 
(A. Purushotham et al. 1953). At the bottom 
of a container a small metal tube is fixed 
from which several other tubes leading to 
the ends of bamboo culms are led off. 
The culms are fastened to the tubes by 
rubber sheaths. The preservative is forced 
axially through the culm by the air pressure 
in the container. Compared with the classi
cal boucherie method, the time of treatment 
can be reduced from several days to 
3-8 hours. Such boucherie installations 
are easy to transport and could be U:ied 
directly in the forest. 

The duration of treatment and the effective
ness o~ this method depend mainly on the 
bamboo species. the moisture content of 
the culm and the preservative usQ:i, A low 
initial moisture content results in a 
higher osmotic pressure of the parenchyma 
cells surrounding the vessels. Thus the 
water is withdrawn from the preservative 
solution inside the vessels, so that precipi
tation occurs, blo..:king the vessels. The 
best results of the boucherie method are 
therefore obtained during the rainy season 
or after it; failures may occur during the dry 
season. Young, immature culms with a 
high water content are more suitable for 
treatment than mature ones with low 
moisture content. The kind of preservative, 
and in particular Its precipitation, adhesion 
and swelling influences on the cell wall, Is 
also of great importance for successful 
treatment. Preservatives with a high rate of 
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precipitation ancl adhesion generally stop 
flowing through the culm in a relatively 
short time, so that the vessels and pits 
become blocked. 

Altogether It can be stated that the period 
of treatment Is considerably reduced by 
this method compared with the classical 
bOucherie method, thus leading to a more 
economical preservation. Relatively simple 
handling and reasonable installation costs 
make this method suitable for many 
purposes. The cost of treated culms 
compared wilh the cheap untreated culms 
restricts Its use for certain fields of 
utilization. It Is also not applicable for all 
bamboo species, e. g. Bambusa arundina
cea, which has thin walls, splits easily and 
is thorny. 

Pressure treatment: Pressure treatment of 
bamboo is carried out in some countries, 
both with water based preservatives and 
with creosote. However, it is expensive end 
in most ca\;es not economical for cheap 
materials like bamboo. Neither are there 
enough plants available for lh'! manu
facture of preservatives. 

Fe-r pressure treatment the material should 
be air dry to ensure sufficient penetration. 
During treatment of bamboo in round form, 
cracks and collapse may occur. This 
reduces not only the strength of th€ culm 
but leads also to inaccurate results when 
measuring the amount of absorbed pre
servative. Cracks and collapse arise 
especially in thin-walled bamboos. so that 
only thick-walled spec1es should be treated 
In round condition. Generally, in round 
culms, the preservative solution penetrates 
mainly from the cut surfaces and nodes 
into the culm, ~ut less through the 
cuticula. Split bamboos show a much 
higher absorption and penetration than 
round bamboo. Here the preservative can 
penetrate from the sides too, thus render
Ing the treatment elfe>ctive. In both cases, 
however. it is necessary th&t the preserva
tive has the potential to diffuse into the 
tissue later. 

preservation plants the cost of treatment Is 
additionally Increased through trar.sport of 
the bamboo material from the forest to the 
plant. Instructions to the consumers are 
regMded as necessary, since they have to 
be advised that higher initial expenses will 
pay off by a miJch ;onger servico life of 
treated material. One must also take Into 
consideration the replacement costs, which 
often amount to much more than the cost 
of the material itself. 

Fire-proofing bamboo could reduce the 
great losses due to fire hazards, which 
spread fast over large areas. Howe•;;,r, the 
cost for such treatment would b6 m(JCh 
higher than for protection against in~;ects 
and fungi. Therefore, at the present, lire 
protection is not regarded as of Immediate 
Importance. 

different bamboo species, age classes anu 
moisture content, Is also necessary. 

4. Preservative 

For any chemical protection only a suitable 
preservative in a sufficient concentration 

' must be applied. The use of a wrong type 
of preservative or a low concentration will 
lead to failure and to mistrust of chemical 
preservation of bamboo or limber. For 
bamboo, water soluble preservatives are to 
be recommended. II treated bamboo is to 
be used in the open, non-leachable pre
servatives are called lor. As far as possible 
the preservative should not contain 
components poisonous to human beings 
and animals, since In tropical countries it is 
difficult to observe always the necessary 
hygienic precautions during treatment. 

IV. Conclusions and recommendations ! 
for research on bamboo treatment 

1

. 5. Introduction of bamboo preservation 
The Introduction of bamboo preservation Is 

1. Economical points of view a rather difficult task. The consumer will 
Bamboo Is abundantly available in Asia and ; hesitate to pay more for a raw material 
widely osed as constructional material. In · which has been treated, If he does not 
spite of its many excellent properties, know its advantages. Since the preservation 
bamboo is liable to biological deterioration. 1 of bamboo, especially for houses, would 
Although the culms are reasonably cheap, strengthen the economy of the common 
the repair or the need for re-construction of man, the Government authorities must 
a bamboo house ts a big item for the strongly support the initiation of bamboo 
common man. Therefore the prolongation treatment. 
of the service life of bamboo houses and 
other bamboo-constructions as well as the The following steps are recommended: 
prevention of decay dunng storage are of i a) Placing of treated and untreated bamboo 
great importance for thP people's economy. 1 samples in front of every Forest District·, 
Any preservation of bamboo must be Ranger- and Beat-Office. After a snort time 
cheap, easy to perform and readily ava•l- the villagers will be forced to notice the 
able. great advantages of treated material. The 

samples should be supplied from one 
Institution, where treatment has been pro

2. Constructional methods 
perly conducted. 

b) Installation of open tank bassins at the 
ranger's or beat offices, so that treatment 
Is controlled by the Forest Service. 

. c) Supply of the preservative free of 
; · charge, either through the Forest Service, 

Ill. Economics of bamboo preservation \ 

So far not much Is known regarding the 
service life of treated bamboo; the available • 
results have been obtained from field tests 
and less from lull-sized structura. Reliable 
data depend on numero:.~s factors like the 
method of treatmel'lt, kind of preservative, 
absorption and penetration as well as on 

More attention shot,~ld be given to Improve
ment of house construction techniques. In 
several cases constructional methods can 
reduce the hazard of attack. The fungal 
deterioration of the bottom sections of 
bamboo posts in particular can be pre· 
vented by placing them on stone or cement 
basements instead of putting them directly 
into the ground. 

3. Treatment methods 

The benefit of protection by non-chemical 
methods Is still doub~ful. It Is therefore 
recommended that more information about 
their effectiveness be collected and special 
tests be performed. As regards chemical 
methods, only simple ones are to be 
considered. Most of the villages are far 

i the Agriculture Development Corporation or 
the Forest Industries Development Corpora· 
tlon as a Government contribution to the 
people's welfare. 

d) The consumer should treat his own 
material and should be charged only a 
nominal fee per piece. If real costs were to 
be charged, no bamboo preservation could 
ever be started in the villages; this would 
consequently lead to a vast amount of 
destruction of bamboo houses year alter 
year. Such losses, taking place here and 
there, would weaken the nation's economy 
In the long run. 

the specific condition. In order to make 
a treatment economical the service life of 
treated bamboo compared with untreated 
material should be 10-15 years in the 
open and 15-25 years under cover. 

Similarly there is very little information 
available on the economy of bamboo pre
servation. Inasmuch as bamboo is a cheap 
and easily available raw material, its 
preservation must also be inexpensive. 
In some cases, therefore, physical methods 
like soaking In water are in use - methods 
which can give only temporary protection. 
The open tank treatment is recommended 
as the most economical method. In certain 
special cases one might also practise the 
more expensive methods like pressure 
treatment. Due to the small number of 
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i from Industrial centres, where technical 
installations could be carried out without 
difficulty. For the treatment of bamboo 
posts, mats, and tarjas the open tank 
method is recommended. It does not need 
complicated technical Installations and can 
be used ill all places of demand. For 
bamboo culms the butt treatment is also· 
advisable. Special research on the duration 
of treatment for obtaining sufficient re· 
tention and penetration with the available 
preservatives, taking Into consideration the 
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e) An action group lor the Introduction of 
bamboo preservation should be established 
with the following programme set·up: 
1. Collection of information of service 

life of bamboo structur&s 
2. Installation of untreated and treated 

samples 
3. Elaboration of the treatment procedure 
4. Installation of open tank bassins 

, 5. Inspection of the treatment work 
6. Marketing of treated bamboo. • 
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C. C.C.A. SOAK OF BAMBOO 

1 3 
This method is for preserving woven bamboo that is going to be in Wet Use. 
That is, it will be on the OUl:side of a building. If you a~e preserving 

!!!! • 
........ bamboo for inside a house, you should use the Octabor Diffusion of. Bamboo. 

It is simpler, cheaper method and will do a good job inside a house. 

It is important when treating bamboo, to split it before treating it. 
Bamboo has a waxy coat on the outs~de and the preservative cannot go througn 
this. When you split the bamboo, the preservative can soak into the wood 
from the inside. R~ember this and do not try to treat the whole piece of 
bamboo. 

Materials: Here is a list of the t..l-tings ~·ou will need to get before you 
can treat bamboo. 

C.C.A. Salts - This comes in 9.1 kg (20 lb) packages. One of these should 
make eno~gh preservative to treat the bamboo needed to make a wall 15 
rnetres ·(50ft) long by 3 metres (lOft) wide. You must decide how much to 
buy. 

Soaking Trough - You will need a trough about 4 metres (13ft) long and big 
enough to hold plenty of bamboo. You can make a good trough by cutting 2, 
200 litre (44 gal) drums in half lengthways and welding them together like 
a canoe as shown in the picture. You can cut the drums with a cold chisel 
and hammer, or with an axe. After you have cut the drums, you should 
flatten the edges witl1 a hammer so that they are not so sharp. 

• FIGURE 11 

·?::~!.)if~ 
-·,- ~->. 1:;··:'~;--i~~:;.; >-.. 

Putting Stones on the Bamboo to Hold it Under the Preservative 

After you have welded the drums together, it is a good idea to paint the 
inside with tar or bitumen. If you do not do this, the preservative will 
make the drum rust very quickly. 

-A Mixing Drum - You will need a drum that can hold at least 180 litres (40 
gal) of water. A 200 litre (44 gal) drum will do quite well. Put a mark 
on the side 760 mm (31") up from the bottom. When the drum is filled 
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to there, it will have 180 litres (40 gal) in it. You can also use a 
18 litre (4 gal) drum to measure 180 litres (40 gal) into the drum and mark 
it that way. 

Rubber Gloves - The C.C.A. Salts are very poisonous. Whenever you are 
touching the preservative, or bamboo that is still wet with preservative, 
you must wear these. 

A Plastic Bucket - You will need a bucket to get the preservative f.rom the 
mixirtg drum into the trough. One that holds 6 to 9 litres (1~ gal to 2 gal) 
will do very well. 

INSTRUCTIONS: 

Now you are ready to start. Please follow our instructions carefully. 

Prepare the Chemical Preservativ~- Put about 140 litres (30 gal) of water 
in the mixing drum. Mix in one, 9.1 kg (20 lb) bag of c.c.A. preservat
ive and stir until dissolved, add enough water to fill the drum up to 180 
litre (40 gal),mark. 

This gives you a 5% solution. That is , 10 litres contains ~ kilogram 
(1 gallon contains ~ lb) of preservative. For treatment of the bamboo, 
this concentrated preservative will be diluted with water to give a 2~% 
solution, containing 2~ kilograms of preservative in 100 litres (2~ lb 
in 10 gallons). 

S~lit the Bamboo - As we said before, the bamboo must be split open before 
you treat it. You can do this in whatever way you usually do. After 
it is split, you may find it easier to handle if y0u tie the split bamboo 
into bundles before you treat lt. 

Fill the Trough - Put the bnmboo into the trough. Only put enough in so 
that when you fill the trou·:rh up, all the bamboo will be completely 
covered with preservative. On top of the bamboo, put some big stones so 
that the bamboo does not float up. 

Now you must fill the trough up until the bamboo is all covered. Because 
the preservative you have mixed is concentrated, you must dilute it. So 
put one bucket of preservative into the trough and then add one bucket of 
water. Put another bucket of preservative and another bucket of water. 
Keep doing this until the hawboo is covered. 

Wait 1 Week - The bamboo must soak for at least seven days, so that the 
preservative can soak in. During this time, you should cover the trough 
with plast.ic. This will keep the rain out and stop children or animals 
from poisoning themselves, with the preservative. 

Remove the Bamboo - After 1 week or more, lift the bundles of bamboo up 
onto sticks laid across the trough and let them drain into the trough. By 
doing t~is you do not waste any preservative. After it has drained for 
a few hours, the bamboo should be set out to dry for a week or more. It 
is best to do this on a rack set up off the ground. 

After the bamboo is dry, you can sue it i~ your house. 
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FIGURE 12 

Bamboo Draining OVer Trough After Soaking 

There will always be bits and pieces of bamboo left over when you have 
finished weaving it. Do NOT burn these scraps. Bury them in the ground 
far away from wells and streams. A pit latrine is a good place to bury 
them. 

D. Octabor DIFFUSION OF BAMBOO 

This method is for preserving woven bamboo that is going to be in Dry Use, 
that is, it will not get wet. Bamboo for inside walls or for the inside 
lining of outside walls, can be treated this way. Bamboo that has been 
treated by Octabor Diffusion, can also be used on the outside of buildings, 
IF it is painted. If you want to use bamboo on the outside of buildings 
and are not going to paint it, the walls should be protected from the 
rain by wide eaves. 

This method is almost the same as the C.C.A. soak. The biggest difference 
is that we use a different preservative. Octabor is much less expensive 
and not as poisonous as C.C.A. 

You can put Octabor preservative into the bamboo by one or two ways. 
You can soak the bamboo in a trough of preservative. This is a good 
method, but you need a trough. The trough is the same as the soaking 
trough in C.C.A. Soak of Split Bamboo. 

The other way is to paint the preservative on and let it soak into the 
bamboo. This is more work, but you do not need to make a big trough. The 
end result of both ways is much the same. 

If you are only treating a little bit of bamboo, then painting is easier. 
If you are doing a lot, then it is worthwhile making a trough. 
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Materials: Here is a list of things that you will need before you can 
treat the bamboo. 

Octabor Preservative- This comes in packages of 3.6 kg (8 lb). Each 
package is enough to treat about 500 lengths of 4 metre (12ft) long by 50 
mm (2") diameter pieces of bamboo. If you a:r:·e using a trough, you will 
need some extra, because some will be left in the bottom of the trough. 
You must decide how many packages you will need to buy. 

A Small Drum or Can - You will be mixing up 18 litres (4 gal) of preservative 
at one time. A drum or a can that will hold this much or a little more 
is just right. The drum must not leak and should not be rusty. 

Soaking Trough - If you are going to use a trough, then you will need to 
have one made. Read the instructions about this under c.c.A. Soak of 
Bamboo on Pages 48 and 49. 

If you are going to paint the Octabor on, then you will need:-

Plastic Sheet - This will be used to wrap up the pile of bamboo during 
. treatment. Because of this ·•you will need a big piece, big enough to com
pletely cover the bamboo on top, underneath and on all sides. A piece 
1.5 x 10 m (8ft x 30ft) should be enough. 

Paint Brush - This ,;is for painting the preservative onto the bamboo. You 
wi 11 want a brush about 100 mm ( 4") wide. 

Water - However you put the preservative on, you will need plenty of water, 
for mixing the preservative and for washing afterwards. 

When you have all these things, you will be ready to start. Please follow 
our instructions carefully. 

INSTRUCTIONS: 

Prepare the Chemical Preservative - On the side of your mixing drum, put 
a mark about where you think 14 litres (3 gal) of water comes to and 
another mark for 18 litres (4 gal). Then fill the drum up to the lower 
mark with hot water. You can build a fire under the drum if you like. 
Now put in one package of Octabor, :3.6 kg (8 lb) and stir until it is 
all dissolved. Finally add enough hot water to fill the drum up to the 
18 litres (4 gal) mark. This solution now contains 2 kg per 10 litres 
(2 lb per gallon). This is a 20% solution. 

Prepare the Bamboo - The bamboo should still be green when you treat it. 
Cut the bamboo, bring it to where you are working, split it and prepare 
it as quickly as possible. Do not start cutting the bamboo until you have 
everything eise ready. 

Using the Soaking Trough - This is exactly the same as the c.c.A. soak, 
except usir~ Octabor instead of c.c.A. You should read t~e section on 
c.c.A. soak of bamboo as well. 

Fill the Trough - Put the bund'les of bamboo into the trough. Only put 
enough in so when you fill the trough up, all of the bamboo will be 
completely covered with preservative. On the top of the bamboo, put 
some big stones ~o that the bamboo does not float up. 

Now fill the trough up until the bamboo is all covered. Because the 
preservative you have mixed is concentrated you must dilute it. So put 
one bucket of preservative into the trough and then add three buckets of 
water. -15-



Put another bucket of preservative and another three buckets of water. 
Keep doing this until the bamboo is covered. 

Wait 1 Week - The bamboo must soak for at least seven days, so that the 
preservative can soak in. During this time you should cover the trough 
with plastic, this will keep the rain out and stop children and animals 
from poisoning themselves with the preservative. 

Remove the Bamboo - After one week, lift the bamboo bundles up onto sticks 
laid across the truugh and let them drain into the trough. See how this 
is done by looking at the photo in the section on C.C.A. soak of bamboo. 
By doing this, you do not waste any preservative. After it has drained 
for a few hours, the bamboo can be used straight away. The Octabor treated 
bamboo should be kept in a dry place under cover at all times. 

It is important not to let this bamb1.10 get wet. If it does, the water will 
wash out the preservative and your work and money may be wasted. 

Painting the Octabor onto the Bamboo - Spread out the plastic on the ground 
and put a layer of bamboo onto it. The bamboo must be laid with the inside 
upwards. Paint the bamb·oo with the 20% solution of Octabor yt>u have made. 

Spread another layer of bamboo the same way, inside up. Paint it also 
with Octabor. 

Keep spreading layers of bamboo and painting it with preservative until 
all the bamboo is on the pile. If this takes more than one day, cover the 
pile with plastic overnight. 

Finally, when you have painted them all, and they are all piled up, cover 
the pile with sheets of plastic. 

Put stones or pieces of wood all around the edge so that no air can get 
into the pile. 

Wait 2 Days - After the two days are over, remove the plastic. The bamboo 
is now ready to use. :t does n~t have to be dried, but should be kept 
under cover, out of the rain. 

It is important not to get this bamboo wet. If it does, the water will 
wash out the preservative and all your work and money may be wasted. 

Wasted Bamboo - There will always be bits and pieces of bamboo left over 
when you have finished weaving it. Do NOT burn these scraps. Bury them 
in the ground far away from wells and streams. A pit latrine is a good 
place for the scraps. 

E. THE USE OF WATER REPELLANT PRESERVATIVE (W. R. P. ) 

W.R.P.'s are specially prepared mixtures of a fungicide, resin and wax in 
an organic solvent. When dry timber is dipped in a W.R.P. or the W.R.P. 
is painted on the cut end of a piece of timber, it is sucked into the timber 
for a short distance. The solvent evaporates, leaving the fungicide, wax 
and resin behind. If you can do it, dipping the wood for about three 
minutes. is better than painting the W.R.P. on. 

The wax and resin help to seal the pores in the wood and stop water from 
soaking into the wood. The fungicide will prevent rot starting in the 
cut end where the W.R.P. was applied. 
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"Antidotes" for Wood Preservatives 

c.c.A.: C.C.A. has a very bad taste and will burn the mouth if 
somecne tries to drink some. It is very poisonous and if 
someone drinks some c.c.A. preservative, they will die, 
unless they receive immediate medical attention. 

If someone does drink some c.c.A. or Octabor preservative, 
first make them drink lots of water and then encourage 
them to throw up (vomit) by placing your fingers down 
their throat.. Then lllake them drink more water and throw 
up again. Do this at least three times. If you have 
milk, use this milk instead of water. {If the person does 
not vomit easily, then do not waste time, but start moving 
to the hospital, try to make them vomit some more). 

Take some of the preservative and this booklet with you 
to the hospital so that the doctor will know exactly 
what has happened. 

If someone drinks some preservative and gets immediate 
attention from a doctor, he will probably be all right. 
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1.4. 

Annex III 

RECOMMENDED P.BESERVATIVES FOR DIFFERENT END USES OF BAMBOO 

RecODDend~ Concentra- Loading of 

End use of bamboo J!reservat:l._ tion of dry chemi- Proposed 
J:!ey Green preserve.- cal in treatment 

Damboo bamboo tive bamboo 
(percentage) (k8/&5) 

Use :l.n the open and in contact a So to 128 Open tank or 
v:l.th the ground (e.g., posts, presBUre proceaa 
pale-fencing etc.) 

band c 6 to 8 8 to 12 PPesaure process 

band c 6 to 8 5 to 8 Modified boucherie 
for 6 to 8 hours or 
steeping for 35 to 
4o days 

Use :l.n the open but not in a 48 to 8o Hot dipping or 
contact v:l.th the ground open tank or 
(e.g., bridges, scaffoldings, 
ladders etc.} 

pressure process 

band c 5 5 to 8 Pressure process 

band c 5 to 6 5 to 8 M«i.ified boucherie 
ft:IP 4 to 6 hours 
o-. steeping for 
20 to 25 dii\V'S 

Use under cover: 

(a) House building, walls, a ( 1 ) 32 to 48 Hot dipping or 
trusses, purlins, open tank or 
ratters, tent poles pressure process 
etc. 

band c 4 4 Pressure process 

d, e and f 6 8 " 
band c 4 4 Modified boucherie 

for 4 hours or 
steeping for 15 to 
20 dii\V'S 

d, e and t 6 8 " 
(b) Screens, ceilings, band c 3 3 Pret~sure process 

doors and door d, e, f, g 5 5 " panelllng, furn1 ture andh etc. 
band c 3 3 Modified boucherie 

d, e, f 5 5 
for 2 to 3 hours or 
steeping for 8 to andg 12 da;vs 

Propb;y'lactic treatment: :1. and j Dipping for 
green bamboos including 5 minutes 
splints and round bamboos 
for eventual full-fledged 
treatment after air-dry:l.ng 

!/ !he letters in these columns refer to the entries in the following list of preserv&tives. 

(1) Warning: bad smell! 
(2) This is Boucherie plus air-pump on the drum. 
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Expected 
service 
life 

(years) 

15 

(2) 

15 

20 to 30 

20 to 30 

10 

10 

10 



List of preservatives 

a. Coal tar creosote and fuel oil, 50:50 by weieht. 
In hi~hly terMite-infested areas it is preferable to add 1 per cent dieldrin, 
and in highly decayinp; n,reas 1 per cent pentachlorophenol. 

b. CopDer-chrome-arsenic composition {Ascu). 
A typical composition of this nreservative comprises copper sulphate 
(cuso4, 5H2o), arsenic pentoxide (AS 2o

5 
~ ·· .1d sodium ":)r potassium dichromate 

(Na2cr2o
7

, 2H20 or K~Cr2o7 ) in the proportion of 3:1:4. 

c. Aciti-cupric-chromate composition (Celcure}. 
A typical com:!!osition of this "l;)reservative comprises 1.68 parts of chromiUlil 
sesc_s_ue oxide (cr2o3) (equivalent to 2. 5 parts of sodium dichromate), 50 parts 

of copner sulphate and 47.5 parts of sodimP- dichromate. 

d. Copper-chrome--boric composition. 
This consists of boric acid (H3Bo3 >~ copper sulphate and sodium or potassium 

dichromate in the proportion of 1.5:3:4. 

e. Copper.chrome-zinc-arsenic com9osition. 
A typical conposition of this preservative comprises 28 parts of arsenic 
acid (H2As0 1~, 1/2 H20}, 25 parts of sodium arsenate (Na2HA-so4, 12H20), 

17 parts of sodium dichromate and 30 parts of zinc sulphate (ZnS04, 7H20). 

f. Chromated zinc chloride. 
This consists of zinc chloride (ZnC1

2
} and sodium or potassium dichromate 

in the ratio of 1:1. 

~. Boric acid-borax, 2.5 per cent each. 

h. Copper naphthenate and zinc naphthenate. 
~ese are salts of naphthenic acid and should contain 0.5 per cent of 
copper and 3 per cent of zinc by weight, respectively. 

i. Dieldrin pentachlorophenol emulsion. 
Dieldrin 18 ~er cent emulsifiable concentrate~ 1 part; 
PCP 12 per cent emulsifiable concent~ate, 4 p~rts; water, 75 parts by 
wei~t. To this l'1~Y be added copper naphthenate ( 1 per cent copper) in 
e: •.ulsifiable form, 1 part by ~·Teir;ht. 

j. Water solution containin~ borax 2 per cent, sodium pentachlorophenate 
1 per cent~ and gammexan~ (i-Tater dispersible), 1 per cent by weight. 
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2.1. We start this chapter with a SUI11l'la.rY by McClure titled: 

Parts of a House for Which Bamboos Are Suitable 

Bamboo may be used alone to make all 
parts of a house except the fireplace and the 
chimney. Under most conditions, however, 
bamboo is actually combined with other 
building materials, such as wood, clay, lime, 
cement, galvanized iron, and palm leaves, 
according to their relative suitability, av,n
ability, and cost. 

The use of bamboo either as a primary, 
secondary, or occasional source of building 
material is common only in areas where 
suitable bamboos grow in sufficient abund
ance. Importance of bamboo in any given 
ar.ea usually is determined chiefly by the 
economic level of the common people and 
by the cost of other, more durable, materi
als. Structural soundness adequate to the 
exigencies of local conditions is commonly 
achieved with bamboo, but a general m-onot
ony of design and a mediocre level of exe
cution characterize bamboo houses in many 
areas. In certain cultural areas, however, 
and especially at hisher economic levels, 
as among the well-to-do classes of Japan, 
Java, and Malaysia, bamboo is employed 
architecturally in ways that are distinctive 
and basically artistic. Cohen indirectly 
alludes to this recognition of bamboo's 
special virtues: "The principal post in a 
Japa~ese house characterizes the house 
with regard to quality and construction. 
The roof members are trussed to the post, 
and enable a properly constTucted house to 
stand up to earthquakes and tremors. The 
writer has seen many houses in which the 
principal post is of stout bamboo, or in 
which a stout timber post is given more 
character by being faced with bamboo.' •!/ 

It is my expectation that an architect 
will presently appear who combines a su-

11 . 
.:.J W. E. Cohen. Utilization of Bamboo 

in Japan, p. 1. Commonwealth of Australia, 
Scientific and Industrial Research Organi
zation. South Melbourue, Australia. April 
1947. 
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perior knowledge of, and devotion to, the 
principles of functional design with an 
awareness of the possibilities of bamboo 
as a building material of stre~gth and 
beauty. Being an artist as well as an ar
chitect, he will appreciate the aesthetic 
qualities of bamboo and its versatility as 
they have been demonstrated in each area 
where its use has been lifted to a high plane. 
Given the right inspiration, the opportunity 
to travel and to study the best examples of 
the use of bamboo in building construction, 
and the cooperation of persons who know 
the bamboos and the techniques of usins 
them, he will be able to synthesize the 
best features of bamboo with the technical 
improvements suggested by his Western 
background in functional design-and so 
produce for each cultural area a series of 
designs and plans that will be a credit to 
the architecture of our age. 

Bamboo has several characteristics 
that make it a suitable and economical 
building material for house construction, 
as well as for the scaffolding (fis. 1) that 
facilitates such constructlon: 

· 1. The natural units, or culms, as 
they are called, are of a size and shape 
that make handling, storing, and processing 
both convenient and economical. 

Z. The culms have a characteristic 
physical structure that gives them a high 
strength-weight ratio. They are round or 
nearJy so in cross section, and usually 
hollow, with rigid cross walls 'strategically 
placed to prevent collapse on bending. 
Within the culm walls the strong, hard 
tissues of high tensile strength are most 
highly concentrated near the surface. In 
this position they can function most effi
ciently, both in giving mechanical strength 
and in forming a firm, resistant shell. 

3. The substance and grain of bam
boo culms make them easy to divide by 
hand into shorter pieces (by sawing or 
chopping) or into narrow strips (by split• 
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ting). No costly machines, only simple 
tools, are required. 

4. The na~ural surface of most bam
boos is clean, hard, and smooth, with an 
attractive color when the culms are prop
erly matured and seasoned. 

5. Bamboos have little waste, and no 
bark 'to remove. 

Foundation 
Examples of the use of bamboo posts 

instead of a conventional foundation for 
low-cost houses may be seen in both hem-
ispheres Unless they are treated 
with some effective fungiCidal preservative • 
however, such pests are not exj,ected to 
last more than two or three years on the 
average,· or five years at most under un
us11ally favorable conditions. Although 
no experimental data are available, it 
seems reasonable to expect that the last
ing qualities of bamboo culms set in the 
ground may ultimately be extended appre
iably by applying pentachlorophenol in an 
appropriate form (see section on preser
vation). Until reliable and economical 
treatments have been deve!,ped for pre
serving bamboo that is frequently wetted 
or is constantly in contact with damp earth, 
it is considered better to use some material 
that is more durable than untreated bam
boo for foundations-concrete, for example, 
or stone, brick, or some durable hardwood 

When used as supporting posts in low
cost houses, culms should have a .fairly 
large diameter, thick walls, and nodes 
(points at which transverse diaphragms 
occur) close together to give maximum 
resistance to bending. Where large bam
boos are not available, tomaller bamboos 
with suitable structural characteristics 
may be bound together to make composite 
pillars. 

Frame 
Next to the foundation and the roof 

covering, the basic frame is the part of 
a house most often made partly or wholly 
of materials other than bamboo. In inany 
regions, those who can afford the differ
ence ln cost prefer to use some durable 
hardwood for fca.-oes .1. ney do 
so partly because hardwoods make stiffer 
joints and more rigid construction than 
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bamboo, partly because a greater p!"e:,
tige is generally attached to hardwoc.ds,. 
and partly because certain hardwoods 
are naturally much more resistant to 
rot fungi and wood-eating insects than 
untreated bamboo. 

There are certain circumstances, 
however, under which the superior resil
iency of a bamboo frame confers impor
tant advantages over a rizid construction. 
In regions where sh.arp· earth tremors or 
quakes occur frequently, a bamboo-framed 
house may survive and remain service
able longer than any other type 

In the selection of materials for the 
several types of structural elements, the 
characteristics of the bamboo shoul4 match 
the function to be performed. Only whole 
culms are used for the principal parts of 
~ bamboo frame. The dimensions of the 
various structural elements, and their 
spacing, are governed by the naturf' and 
importance of the function they perform. 
Stiffness and ultimate strength are impor
tant in elements of the frame, To get rel
atively uniform diameters, and maximum 
thickness of wood wall (for stiffness and 
strength), the upper, highly tapered, rela
tively thin-walled portion of the culms is 
removed. These tip cuts may be used in 
wattle-and-daub partitions, or for roof 
sheathing, where close spacing may make 
up for the inferior properties of the indi
vidual units. 

The individual structural elements that 
compose the frame of a conventional all
bamboo house correspond closely to those 
found in an all-timber frame: Corner posts, 
girders or plates, joists, studs, struts or 
br.aces, tie beams, king posts, purlins, 
ridgepoles, rafters, sheathing, and so forth. 
The use of bamboo imposes certain limita
tions, however. Mortice and tenon joints 
cannot be used in framing bamboo: i\ny cut, 
such as notch Ol' mortice, drastically re
duces the ultimate strength of a bamboo 
culm. The only exception is the notch or 
saddlelike cut used at the upper end of posts 
to cradle more securely the horizontal ele
ments that rest upon them (fig. 6, C and D). 

With the exception of those of certain 
species of Guadua (notably G. angustifoliaj 
and of Chusquea, the culmsof most bamboos 
will not take nails without splitting. For 
this reason, the impinging elements are 



11 figs. 6 and 7, see pages 134 and 135 11 

generally lashed to each other at their in
tersections (figs. 6 and 7), In the Far East 
the withes used for lashinMs are commonly 
split from bamboo, more rarely from rattan. 
Where the available bamboos yield brittle 
withes, t.ou.gh vines or the ba.rk of ce.rtain 
trees a.nd s.hr1.1bs may be used for la.s.h:ings. 
In some areas. soft iron wire, most of it 
galvanized, is used. 

Common sense and the empirical knowl
edge of bamboo craf~smen in various coun
tries constitute the most highly recommended 
guidance for the selection and use of avail
able material. However, a resourceful pe!'
son of practical experience in building r.1ay 
often be able to suggest sound and useful mod
ifications of conventional procedures. 

Floo-rs 
Many bamboo houses have no floor other 

than the surface of the earth on which they 
are built. This surface should be, and usu
ally is, raised somewhat by filling with 
earth, to prevent i.nundation by drainage 
water; it may be compacted by pounding. If 
the fill is made with clay, so much the better, 
for clay affords a relatively stable surface. 
The S·urface of f.l dirt floor may be made 
more stable by r•aving it with bamboo boards. 
The soil should first be graded to provide 
natural drainage, but not compar.oted, before 
the bamboo boards are laid in place. These 
may then be pounded with a tamper of suit
able design, to drive them into close contact 
with the surface of the soil, which is com
pacted by the same operation. 

In better houses, the floor is rais~d 
above the ground. This arrangement is more 
hygienic, and provides a sheltered space be
low the floor, which has many potenti-al uses. 
In some areas this space is devoted to the 
.rearing of various domestic animals; else
where it may be used for the storag~ of tools 
and farm equipment, or even farm produce. 
It may provide a welcome sheltered play 
space for children in inclement weather. 

Serviceable and attractive raised floors 
may be made entirely of bamboo, given suit
able species and a sound structural design. 
The principal features in conventional design 
are the supporting beams (part of the basic 
frame) and the floor covering. 

Bamboo eulrns are more resilient than 
conventional timbers, and the space between 
supports should be reduced accordingly. 
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Spacing specifications must be worked out 
locally for the individual species of bamboo 
and the size of culm used. 

The floor covering may be made of small 
wh·ole cu.lrns, S·t:ri.ps, or bamboo boards made 
by opening a.nd fla.ttening out whole culms 

When the Uoor cons.ists 
of bambo·o boa.rds, it is generally fastened 
down by the use of thin strips of bamboo 
secured to the supporting members by 
thongs, wire lashings, or small nails, accord
ing to local preference and the materials 
available (fig. 6, B). 

Walls, Partitions. Ceilings 
The construction of bamboo walls is ::.ub

ject to infinite variation, depending on the 
!"tTength required "(for resistance to natural 
for-::es such as hurricanes and earthquakes), 
the protection desired from rain and ordinary 
winds, and the need for light and ventilation. 
Either whole culms or longitudinal halves 
may be used, and they may be applied in 
either horizontal or vertical array. They 
function more effectively, however, when 
they are vertical, and are more durable; for 
they dry more quickly after rain. 

A form of wall construction widely fa
vored in Latin America is called bajareque 

-at lea.st in Ecuador. It is made by 
nailing or lashing bamboo strips or slender 
culms, horizontally and at close intervals, 
to both sides of hardwood or, more rarely, 
bamboo posts. The space between the strips 
is filled with mud alone or with mud and 
stones. During this operation, the bamboo 
strips are more or less completely covered 
with mud but in time they become exposed 
by weathering. This form of construction 
is relatively massive, though less so than 
walls made of conventional stone, rammed 
~arth, or adobe bricks. 

Another form of wall construction, per
haps more widely used, is known in Peru 
and Chile as quincha. It is a sprung-strip 
construction, known as lath-and-plaster, 
wattle-and-daub, or stud-and-mud 
In this form, the flexible strips are woven 
together to prov~de a base to receive th.e 
plaster, which is applied to one side only 
or to both sides. 

A more attractive but less substantial 
covering may be made cf bamboo boards 

If these boards are expanded 
slightly, i.e., stretched laterally, as they 



are attached, they provide a suitable base 
for plaster or stucco. Sometimes barbed 
wire is nailed to the surface to provide a 
better bon~ for the stucco. When whitened 
with lime or painted with cement, this ex
terior is very attractive 

Partition-s are commonly of the lightest 
construction, such as a thin matting sup
ported by a light framework ca bamboo p~les. 
In the Philippine Islands, and generally in 
the Far East, where suitable b~mboos are 
plentiful, the partitions and even the outer 
walls of houses are commonly covered with 
matting woven from thin strips split from 
the culms For this pur
pose, bamboos with thin-walled culms and 
tough wood, such as many species of the ge
nus Schizostachyum afford, are preferred. 

The width of the splines, or thin bamboo 
strips, and the pattern of weave vary locally 
and according to the desired quality of mat
ting (called sawale in the Philippine Islands). 
Material for matting is sometimes prepared 
from the culms of thin-walled bamboos by 
simply cracking the nodes and opening the 
culms out flat, in much the same way as 
boards are made 

The ceiling may be covered with a close
ly placed series of small unsplit culms, or 
by a latticework composed of lathlike strips 
split from larger culms. Bamboo matting 
is favored as a ceiling finish in many areas. 
In some places the ceiling is omitted alto
gether, permitting the freer circulation of 
air welcome in hot, humid seasons. This 
omission has the added advantage of facil
itating the dispersal of smoke from the 
kitchen fire. In the areas where bamboo is 
used for housing, a chimney would be a cur
iosity. 

Doors and Windows 
For practical reasons, window and out

side door openings are generally kept to a 
minimum. They may be framed with wood 
or bamboo. The doors themselves may be 
wood, or they may be woven bamboo matting 
stretched on a bamboo frame, a panel of 
bamboo boards set in a hardwood frame, or 
a sturdy gatelike barrier constructed of 
bamboo bars. 'coors are side-hinged, and 
fastenings vary from the traditional latch
string to lock-and-chain. 
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If window openings are provided, they 
may be framed with bunboo or wood. Most 
windows a~·e left unglazed and unscreened. 
Closure ma;' be provided in the form of a 
bamboo or W'loden frame covered with 
bamboo matti.,g or palm-leaf thatch. Win
dows are usuaily hinged at the top; when 
open-as they are during most of the clay
light hours-they serve to exclude the sun's 
direct rays or light rainfall. At dark the 
house is closed, to keep out the "night air," 
generally considered unhealthful. Actually, 
the closing of houses at night is justifiable 
on other, more realistic, ground: it prevents 
the entrance of mosquitoes, rats, bats, and 
other unwelcome visitors. Permanent win
dow Lbrs of bamboo, many of them painted 
black to simulate iron bars, are frequently 
••sed to frustrate would-be trespassers. 

Roof 
Because of their high strength-weight 

ratio, bamboos are used to excellent advan
tage for struch•ra 1 elements in roof con
struction (fig. 6, A). In designing the roof, 
account must be taken of the nature and 
weight of the roof covering to be used, 
whether it be grass or palmleaf tl.atch, 
halved bamboo culms , bamboo 
shingles, corrugated sheetmetal, eternite 

or tile The dimensions, ut·i-
entation, and spacing of •he individual struc
tural units that support the roof covering are 
vari~d to conform to the requirements of the 
case 



THE ERECTION OF A BAMBOO BUILDING. 

A series photographs. 

2. Preparation for erec· 
ting roof framework. 

4. Tying walling to bam
boo frame. 

1.Erection of ~amboo pole 
framework. Poles are 
tied with native vines. 

3. Fabricating walling 
from split bamboo. 



2.2. USE OF BAMBOO FOR HUTTING 
] ) 

From: Military Engineer, vol. VII, s. 48, 
1950, p. 45-48 

1. Wherever bamboo is plentiful, serviceable hutting can be 
constructed by using it for the framework and using local 
thatch or banana leaves for roofing and split bamboo for walling. 

2. In Assam ancl Burma the majority af tJ:te native building.s are 
constructed of bamboo, the local inhabitants being expert in its 
use. The framework of the walls and roofs of huts can be made of 
bamboo poles lashed together with local split cane or spun yarn 
or wire. 
For wall covering the bamboos are split and then beaten flat. 
They are used either in straight lengths or woven into panels. 

3. The male bamboo is found up to 3" (7.5 em.) india. and is very 
strong. The female bamboo, of which there are several kinds, 
varies in strength. It grows up to 6" (15 em) in diameter. 
The stronger types of female bamboo are suitable for the 
framework of huts, but the weaker types are more suitable for 
splitting and using for walling. 

4. For roofing, bamboo leaves or palm fronds make a good thatch. 
Banana leaves laid in layers at a good pitch provide a water
proof roofing for temporary work. 

5. The photographs on the pages 28 and 29 show the use of bamboo 
in hut construction. 

I) 
By courtesy of the Minis of Defence, London, U.K. 
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6. Framework complete 
and thatch cover be
ing placed. 

8. View of interior of 
partially completed 
building. 

29 

5. Placing bamboo poles 
to form the roof 
frame. 

7. Placing end gable. 

9. The roof frame is co
vered wi t:h palm fronds. 

_j 



2.3. Experience with roofs and trusses in Tanzania. 
by the late Frank A. Railton (volunteer) 

Faced with the problem of building large quantities of quarters for 
Af~ican labourers, and bedevilled with the usual minimum amount of 
money available, one had experimented with the use of local 
materials. One thing which particularly impressed me, was a 
prefabricated roof, made from the rather small bamboos, which were 
so prevalent all around. 
This roof consisted of a number of roof trusses of about 3.5 to 4 
metre span with a 1.7 to 2.0 metre overhang on one side to cover 
the verandah, constructed entirely of bamboos copying one of the 
well known triangulated roof trusses, which I cannot remember, but 
I think it was the one shown herewith. 

A number of such trusses were assembled at ground level at 3.5 to 
4.0 metre intervals, linked longitudinally by means of bamboo 
purlins at suitable spacings, and braced longitudinally by further 
diagonal bamboos to form the wind bracing. The whole formed a very 
light, but strong, prefabricated roof of any length up to 35 or 40 
metres, which 4 to 8 Africans, with the aid of forke~ poles, could 
easily lift onto the tops of the mud and wattle or mud-brick walls, 
which by this time had been built up to wall plate level: it was 
anchored there by strips of hoop iron, fixed to the walls with 
long nails, and the roof was then covered with thatch. 

Great difficulty was experienced in joining the bamboo components 
of the trusses. Nailing almost inevitably split all the bamboos, 
local creepers, and rough cord made from wild Sansevieria was then 
used as bindings, but these rapidly suffered from attack by the 
almost ubiquitous termite, the so-called White Ant. 
Eventually the best solution was found to be to wrap the joints in 
thin hoop iron, which in turn was nailed to the bamboos. The 
bamboos of course spl.i..t, but the tight binding of the hoop iron 
kept the bamboo splinters together. Owing to the dryness of the 
Ruponda climate, there were no problems from corrosion. 

A triangulated roof truss 
-30-
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2.4. HUT CONSTRUCTION 1) 
From: Royal Engineers Training Memorandum (RETM) 

no. 17, s. 69, p. 125-127 

1. When other accomodation is not available, huts may be rapidly 
improvised in the Far East using local materials. Page 32 shows 
a small hut or "basha" capable of being constructed without the 
use of specialized tools or material. This may be covered with 
a tent fly, building pape~ (such as "Sisalcraft", "Malthoid" or 
"Ormonoid") or by thatching. 

2. Standard building materials are frequently i~ short supply in 
the Far East. In these circumstances all-purpose hutting can 
often be improvised from local timber or bamboo. The small hut 
intended for the temporary accomodation of people may not be 
suitable for other purposes. Page 33 shows the construction 
details of a larger hut adaptable to many purposes such as 
hospital wards, offices, and stores. 

3. Although better if available, sawn timber is not a necessity. 

1 ) 

Satisfactory huts of this design are normally constructed from 
jungle poles or bamboo, the only stores required being nails and 
a small amount of wire. 
It is available to use hoop iron, salvaged from packing cases, 
for reinforcing points. 
Thatching if correctly laid makes a good waterproof covering for 
the roof and is very cool in hot weather. 

Royal Engineers Training Memorandum. 
By courtesy of the Ministry of Defence; London, U.K. 
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Sl~S EL~VATION 

Construction: ~''-?''("'10-5cm) saplings lashed with lawyer vine eg_uivalent. 

Frame 
Thatch 
T·otal 

4 
machettes 1 

2 
3 

Figure 5. Traditional hut construction. 

Normal out put: 
One hut per 9 persons in 4-6 hours. 
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EXPLANATION 

~ Ridge purlin and 

2. S ide pur 1 in 
3.Trough or valley 

4.Cornerconnection 
5. H i p conn e c t ion • 

hip., 
guttero 
architraves. 

6. Lean to roo~_(porch). 
7. E~ves. 

8. Boarding. 
9. Ridge ending. 

10. Bam boo floor on 

top of basement. 

6 ® 
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2.5. In the next pages (33 •••• 61) an English translation is given of a 

study by the fonner Royal Dutch-Indian Medical Services, published 

in 1935, concerning house iroprovenent for the purpose of 

controlling the plague. 

!~£hU!£~1-!U~Q~ID~£!QU_QU_hQ~~~-!IDEEQY~ID~~£_!Q!_£h~-E~fEQ~~ 

Q!_£QU~EQ!!!ug_~h~_E!~g~~ 

When trying to control the plague by improving house 
construction, the aim should be to avoid contact between 
rat and man as much as possible. The aim itself already 
indicates in which way the houses should be improved. 
Particularly it should be made impossible for the rats to 
nest without being noticed. 
In this text it is emphasized that it is hardly possible 
to construct all parts of a house in such a way as to give 
no opportunity for nesting, but if we can make sure that 
the places where nesting is possible are well visible or 
can be inspected easily, we have already achieved the goal. 

Some constructions dealing with simple dwellir,gs constructed 
of temporary materials will be described. Furthermore, 
three constructions, frequently found in stone houses 
or in shops will qlso be dealt with. This technical 
information remains restricted to the improvement of simple 
contemporary dwellings but the: considerations that have 
lead to the chosen improvements can also give us an idea 
of how new buildings of both temporary and permanent materials 
can be kept free of plague-dan9erous constructions. 
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rafters at least 50 mm (2") thick 
width not more than 50 mm 
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The first detail drawing shows a cross section of a ridge 
purlin that can also be used for a hip. It is clear that 
in case of a faulty construction the horizontal top surface 
of the ridge purlin is an ideal place for rats to nest. 
The mortar shown under the rafters is not used over the 
full length of the ridge purlin and has fallen through the 
roof tiles whi.le completing the roof at the top. 
This mortar, covered by ridge tiles, is usually of such 
a bad quality that rats have no problems making holes and 
passage ways in which they can nest and have access to the 
hollow bamboos. 

To solve these problems, the ridge purlin is placed in 
such a way that the edge points upwards and the bamboos 
are sealed by nailing well-fitting wooden plugs into the 
ends and the ridge tiles are placed directly on the top 
tiles • 
.r-1ortar may be put on the ridge tiles to prevent them from 
being blown off. In order to be easily inspected, the 
rafters must be at least 50 mm (2") thick and not more 
than 50 mm (2") wide. The distance between the top side 
of the ridge purlin and the bottom of the ridge tiles must 
measure at least 100 mm (4"). The rafters. meeting at the 
ridge purlin or hip must end against each other and not 
next to each other in order to facilitate inspection. 
Furthermore, whitewashing of the ridge purlin itself and 
the inside roof surface of at least 750 mm (2'6") on both 
sides of the ridge will make it difficult fot the rats 
to nest without being seen. 
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This construction concerns the transition of a given roof 
slope to a slope that is less steep. The open, hollow 
rafters and the ceiling joists, the space between the 
double bamboo walls and the space along the first ceiling 
joist alongside the side purlin, are very dangerous and faulty 
constructions, because there appears to be no suitable solu
tion for the connection. 
Also the end of the binder protruding from the wall 
provides an opportunity for nesting. The horizontal top 
surfaces of the side purlin can be maintained if the ceiling 
can be walked on in order to make inspection of the side 
purlin possible. 
In the process of improvement the ends of the hollow rafters 
should be sealed by well fitting, nailed wooden plugs. 
In case of the double bamboo wall it should be made sure 
that there is no cavity. 
The two bamboo layers should therefore be fitted closely 
together over the whole area. In case of the walls being 
fastened by sticks the distance between the sticks should 
not exceed 250 mm (10 11

). 

When fastened in any other way, the distance should not 
exceed 150 mm (6 11

). 

The first ceiling joist should be placed at least 100 nun (4 11
) 

from the side purlin in order to make nesting impossible. 
The ceiling can be fastened to the side purlin by securely 
fitted laths. The top side of the binder should not protrude 

~~~~r~~= =~~!,f~~e~0~~o~~~nb!0 s::n<~;~·ati;nt~~g~!n~~r:5°. 
If the space above the ceiling cannot be rsached, the side 
purlin should be sawn off to a slant of 35 . 
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TROUG!! GUTTER 

WRONG RIGHT 
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This construction applies to trough as well as valley 
gutters. The gutters concerned occur when two roof surfaces 
meet. The trough gutter is horizontal and the valley gutter 
has a slope. l~en the gutter boards are placed in the wrong 
way, rats have an excellent opportunity for nesting under 
the zinc gutter. 
In addition the hollow bamboos that are usually not 
connected properly to ~he gutter purlin or the valley are 
dangerous. 
Improvement can be achieved in two ways: 
the top figure applies to bamboo as well as wooden 
rafters, the middle figure to wooden rafters only. 
\~hen using bamboo rafters these should be carefully 
sealed by well fitting, nailed wooden plugs. 
It is obvious that the improved ~onstruction provides 
an adequate means of inspection. 
The middle figure applies to wooden rafters only because 
the ends would not be visible anymore. 
The side surfaces of the roof should be whitewashed over 
a width of at least 750 mm (2'6") on both sides of the 
valley, for better rat control as these places are usually 
rather dark. 
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CORNER ASSEMBLING OF ARCHIT~YES 

WRONG RIGHT 

architraves not at same level 

room for rats nests packing lath 
_.maximum 30mm ( 1 "1.. 

jL and slanted to 45v 

not shut off well shut. off 

bilik 

bamboo boarding 

; 

/~ 

..a...-Jll-"'-/ 
//architraves at same level ,e! _____ •. _:___:_ ___ --= ___ ___:::__. 

architravesi not at same level architraves at same level 

p.::.cking lath ceilingtjoints 

bamboo 
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In many houses we find architraves that do not have., the 
same height. The ceiling joists are placed on the lower 
architrave and the difference is mad~ up by a packing 
lath that supports the rafters on the same level as the 
top architrave. 
It is clear that when the bamboo wall goes as far as 
this lath, there is a space between this lath and the 
lower architrave, where rats can stay unnoticed, as even 
the ends of the bamboo ceiling joists can not be 
inspected. In the improved version the bamboo wall ends 
at the lower architrave. 
Now the ends of the ceiling joists, securely sealed off 
by well fitting wooden plugs, are clearly visible. 

If one of the architraves protrudes the other, then the 
requirement counts that the top surface must not project 
more than 30 mm (1") horizont8lly; if more, then this 
should be given a slant of 45 • 

In better houses we see architraves at the same level. 
The ceiling joists are ~hen placed on a separate load
bearing beam. There is no objection to this as long as 
the ceiling joists are wooden ones. If they are of bamboo, 
they should be placed on the architrave themselves in order 
to be able to inspect them. 

(1) Architrave= that lower part of a roof structure which 
rests immediately on the column. 
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WRONG 

RIGHT 

HIPCONNECTION 

RIGHT 

placed on ridge purlin_ ~ip placed ~gainst 
n.dge purl in· 
or notched in it 

ridge purlin 

hips notche~ in ridge purlin 

do not place rafters on 
point of hips 
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on edge 

2 Laths a-
boye the hips on the. r_afters, 
distance between lOOmm (4") 
Tiles and roofing battens. 
must not orotrude these laths 
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Quite often the hips of houses are placed on the ridge. 
It is quite obvious that this situation gives rats a grand 
opportunity to make nests unseen. That is why the hips 
should be placed against the ridge or notched in it. 
There is a special precaution that must be taken into 
account, concerning the rafters. They may not be placed 
in such a way that they meet each other in the same point 
as do the hips and the ridge. This point where hips and 
ridge meet each other must be kept clear in favour of 
visibility. 
Furthermore a few laths should be placed at 100 mm (4") 
interval above the hips on the rafters. The roofing 
battens and the tiles of the adjoining roof surfaces may 
not protrude inside this area between the two laths so as 
not to interfere with visibility. The tiles should be 
shaped so as to follow the angle. 
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WRONG 

RIGHT 

DOUBLE PITCH ROOF 
(porch or veranda) 

room for 
rats nests 

boarding 

RIGHT 

shut off 

wooden plug 

surveyable when 
in the room 

bamboo 

slanted 
topside 

bamboo boarding 
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The annex of a simple dwelling is usually covered by a 
single pitch roof. 
In present constructions open hollow bamboo's are used as 
rafters, supported by a beam, and often against a double 
bamboo-wall with space in between so that the ends of the 
hollow bamboo's are not visible at all. 

The improvement takes place by replacing the double bamboo 
wall by a single one or a double one that is made of two 
layers closely fitted together and by interrupting the wall 
where the ends of the rafters are. The hollowbamboos that 
have been shut off by well fitting nailed plugs, can easily 
be inspected when being in the living room. 

The beam on which the rafters rest should be slanted, 
because a horizontal top surface gives opportunity to making 
nests unnoticed. 
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WRONG 

bamboo 

RIGHT 

room for 
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CEILING 

R1GHT 

bamboo 

bottom of architrave 1s higher than·top of beam 
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Ceilings that cover a whole room are allowed if they can 
not be penetrated by fleas and are also connected to the 
walls for this purpose. Furthermore we are to have a 
manhole size 500 x 500 r.un (20"x 20") that can be shut 
well and the ceiling hanger must be strong enough to bear 
an adult person. 
Ceilings, that do not cover 
be unpenetratably by fleas. 
nests in the room above the 

the whole room, do not have to 
The danger of having rats 

ceiling is much less than. 

Furthermore we must take care to place the first ceiling 
joist at least 100 mm (4") away from the architrave, 
while the ceiling joists are placed at least 100 mm (4") 
from each other on the beam where they meet each other, 
so as to avoid lodges that are very difficult to check. 

It sometimes happens that the bottom of the architrave is 
higher than the top of the beam. 
If this difference in height is rather small, let us say 
less than 100 nun (4") and the ceiling is in this case 
fastened under the ceiling joists then the space between 
the ceiling and the bottom of the architrave is not very 
easy to see. 
\~en improving, the ceiling is placed on top of the 
ceiling joists, so that the space mentioned disappears. 
If the bottom of the architrave is 100 mm (4") or more 
higher than the top of the beam then the ceiling may 
stay '1stened under the ceiling joists without any danger. 
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A roof boarding that covers a whole roof surface should be 
able to withstand penetration of fleas and therefore also 
be properly connected to walls in a clear way. This is 
hardly the case in the present situation. 
Like the wrong construction shows us the space between the 
architrave, the roof boarding and the tiles is not very 
surveyable. 
It is furthermore not preferable to put a board against the 
ends of the hollow bamboo's, because this takes away 
visibili t.y. 
Improvement can be achieved by continuing the roof boarding 
over the archit~ave so that the space, otherwise not 
surveyable disappears, and by leaving out the flashing 
boards, the ends of the rafters that have been shut off by 
well fitting wooden plugs, are clearly visible now. 

The spdce between the roof boarding and the tiles can of 
course only be inspected when the top end of the roof surface 
is solved as shown in the improved construction 2 or 6. 
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WRONG 

RIGHT 

rafters and flashing 
connected together 

RIDGE ENDING 

RIGHT 

rafters and flashing 
leaving room .. -···· 

_placed on _edge 1 

10~~-- (4") 

a~ least lOOmm (4") 
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In case of a double pitch roof roofsurfaces are ended by 
flashing boards that are connected to the end of the ridge 
beam. 

If the rafters are placed directly against these boards, the 
visibility is very difficult; that is why these last rafters 
should be placed at least 100 mm (4") away from the boards 
when improving. 
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BAMBOO FLOOR ON TOP OF BASEMENT 

WRONG 

douh 1 e b;:rrnboo wall 
With space LnDet~een 

room for rats 

concrete 

RIGHT 

RIGHT 

single or double 
bamboo wall, with
out space inbetween, 
fastened together 
by laths-at ·Intervals 
of 250mm(10"), other
w:i.rJLlS.Onull!~~)_. ·- -··· .... ~,____;: 

ends of. . . . 
bamboo JOl.nts 
well shut off 

ends of bearing joists must be shut off welt and be visible 
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The wrong construction shows that it is necessary to 
have plenty of roorn between the floor and groundlevel 
outoide, especially to inspect the floor joists. That 
is why the distance between the joists and groundlevel 
should be at least 500 rnm (20"). 

Lower floors with a minimum of 350 mm (14") are 
acceptable if it is possible to take away the floor 
covering and beams entirely or partly. In any case it 
should be easy to get rid of fleas etc. 

If the bamboo walls continue past the bamboo bearing 
joists then rats will have the opportunity to make 
nests unseen there. That is why the bamboo walls 
should end above the bearing joists so there is no 
hidden space anymore and the ends of the bamboo bearing 
joists that are shut off by well fitting nailed wooden 
plugs, can easily be inspected. 

Also for the sake of surveyability the bamboo bearing 
joists meeting each other on the beam should be kept 
at least 100 mm (4") apart from each other. 
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The following constructions concern better houses built of 
more permanent material. 

If a roof surface protrudes a gable wall then the space 
bebtTeen tiles and wall offers rats enough opportunity to 
make nests unnoticed. That is why this space must be 
entirely filled up with mortar. This also counts for 
inside walls unless they leave 200 mm (8") or more room 
over under the roof. 
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If a roof surface ends against a wall then the last rafters 
and tiles should end in a groove in the wall. This groove 
makes rats nests possible so it must be filled with mortar. 
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When the fault ridge construction (top side ridge horizontal) 
is found in better houses, then it can be improved by making 
it slanted on both sides. But normally it will be easier 
to fill it with masonry or concrete. 
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2.6. 

BUILDING WITH BAMBOO 1 
) 

A solution to the housing problem in Colombia - by D.Castro 
From : Bouw 30 (1959) pag. 850-853. 

Translated from the Dutch by L.M.L.Booth. 

Colombia lies at the very centre of the American continent and this 
favourable geographical situation offers great opportunities for 
future development of the country. 

The start of an air line in 1920 heralded a new era of awakening 
after a long period of sleep lasting for nearly four centuries. Air 
transport enables the population of Colombia to communicate with all 
parts of the country and improves the chances of general development. 

However, the new Colombia flourishes with the exuberance of a tropical 
plant and has to face the risks inherent to such rapid grow~h. 

In this land of contrasts transport uses aircraft and mules, the very 
rich next to the very poor, indian women weave blankets in the 
traditional manner and machines produce consumer goods at mass 
production rate. Cold mountainous regions alternate with wide, very 
hot plains and the gaiety of the negro stands out against the sombre 
outlook of the indian population. 

The problem of living, working, education and relaxation create an 
urgent need for building. Roads are needed too, in order to build more 
rapidly and economically and thus enable the country to develop. 

Very impressive buildings go upe but they do not solve very any of the 
real building problems. Building exclusively for tourist attraction 
may produce some original and colourful construction but it hardly 
helps towards finding a truly valid solution for the situation as a 
whola 

Quite often, town planners make decisions without being aware of the 
existing problems. For instance, no real answer has been found to 
questions such as : where to build, for whom, with which materials ? 
etc. etc. Moreover, not sufficient thought is given to future social 
changes what may effect town planning. 

As a result, so-called solutions have to be abandoned before they have 
been put into practice or changes have to be made while the actual 
building is still in progress. 
Whenever this happens, large amounts of money have already been spent 
and are, therefore, wasted. 

') By courtesy of the Building Research Establishment, U.K. and the 
editor of the Dutch journal "Bouw". 
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1.Foundation detail, the 
bearing poles rest on 
individual stones. 

2.Top view of bamboo con
nection. 

3.Front view of bamboo 
connection. 

4.Horizontal section of 
bamboo wall. 1.pillar; 
2.rendering;3.split 
bamboo;4.air space. 

5.Corner joint between 
wall and floor. 

6.Frame of bamboo house. 
The"balloon frame"con
struction is quite 
clear. 

1 2 

3 
4 

6 5 
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Building methods of the Colombians 

In trying to solve the housing shortage in Colombia, existing 
traditional methods of construction must not be neglected. It is 
necessary to study these methods and try to adapt them to present
day needs. As a relevant point, let us consider the type of 
bamboo construction that is used locally by people without enough 
money to call in professional help but would still wish to live in 
their own house. 

In the country and in the smaller towns of the province of Caldas, 
ordinary middle-class p~ople, quite unskilled, solve their own 
housing problems by building houses of bamboo. These houses are 
very light and need only shallow foundations. In the case of 
bungalows, it may be sufficient to have one single foundation stone 
under each bearing bamboo pole. 

The vertical structure consists of bamboo poles spaced at 30 to 
50 ~m interval and connected diagonally by other bamboo poles, in 
order to take up the horizontal forces, e.g. wind loads. 

The construction is similar to the "balloon-frame" type of construction 
that has been used in the u.s.A. for many years with great success and 
owes its name to the fact that it is extremely light. Because of the 
flexibility of the structure, the house will react elastically to 
changes in shape which prevents damage. 

Floors are made of a wood with less flexibility than bamboo, unless 
the owner finds the cost too high and uses split bamboo. 
The ro0f structure, covered with Spanish roof tiles has a frame of thin 
bamboo. 
The walls are made of split b~boo ; they have an inner and an outer 
layer with an air space in between, providing adequate thermal insulation 
and protection against damp. (note: see page 38 and 39 !) 
This type of construction protects the inside of the house against the 
sudden changes of temperature that are common in Caldas. 

On the outside, the wells are covered with a mixture of earth, dung 
and grass out into small pieces. 

The front door is left open all day, which takes care of ventilation and 
lighting. During the night, the small windows provided in the door remain 
open to ensure sufficient ventilation. 

The roof overhangs the house very considerably and affords good 
protection against sun and rain. It is agreeable to walk through streets 
lined with these houses, because the overhanging roofs provide shade and 
shelter. 

A bamboo house that has been kept dry during the building process will 
last for about 25 years without requiring any structural repairs. The 
local population is convinced that the bamboo must be at a given phase 
of the moon if it is not to rot rapidly. 
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?.Section of bamboo house built on 
sloping ground. 1.street;2.bal
cony. 

8.Part of wall made of split bam
boo. 

9.Roof structure with Spanish ti
les. 

10.Unfinished bamboo house on slo
ping ground. 

11.Door with windows. 
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Ho•.:tses built on piles 

On sloping ground houses are built o~ pjles, far above ground level. 
But even on flat sites the bearing poles always extend a few inches 
above the ground to prevent damage from dampness in case of 
exces$iVe rainfall. 

Building high bas the advantage of giving a good view of the 
surrounding landscape. 

Bamboo construction as applied in Caldas bas many advantages, a few 
of which are listed below. 
The use of one type of material gives unity and continuity in spite of 
differences in design and colour. The inhabitants can give a free rein 
to their imagination and express themselves in the painting of their 
houses without disrupting the unity of the whole. 

Another great advantage is the low cost compared to other kinds of 
builaing. As ~ result, many people are able to o~~ their bouse. Costs 
are low because the bamboo is cheap and the inhabitants can build the 
house by themselves. 
A further advantage is the relatively short life of 30 to 40 years which 
means that the bouse is amortized within the actual time of occupation. 
Brick houses have a life of about 100 years but this is a disadvantage 
from the economic point of view. 
A married couple occupies a house as soon as it is built. Children are 
born and educated there and leave the house after 20 to 25 years to 
found new families. 
After 30 to 40 years, when the parents are dead, the bamboo bouse is worn 
out and finished, which is a good thing because the younger people want 
something new with all modern conveniences and not a house that is 40 
years old o£ more. 
Contrary to what happens in the case of brick houses, th~ owners pay a 
price based on the real life of the house (about 40 years) which 
corresponds to the time of occupation. 
With brick houses there is the risk of having to amortize over 40 years 
a bous~ that will last a hundred years and that will not be very attractive 
to other occupants. 
In other words, care should be taken that a house should not lose its 
value before it is technically worn out. 
This does not lllean that bamboo houses are ideal and that tbeliie is no room 
for improvement. 

Expert advice needed 

Internal lay-out has been sadly neglected. Rooms are put together without 
any previous consideration about the best way of grouping them. In many 
cases, for instance, the children's bedroom is separated from the living 
room by the parent's bedroom. The parent's siesta is inter~upted by the 
children running from the li,ring room into their bedroom and back again. 
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12.Various applications of bamboo and some phases of the construe? 
tion process are illustrated in this view of a row of bamboo 
houses. 

13.The street is a meeting place; overhanging roofs give protection 
against sun and rain. 

12 

13 
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There is much scope for improvement as regards lighting, ventilation 
and hygiene. 

It would certainly not be a luxury to call expert advice on design and 
execution in order to get better and cheaper houses. Caution is needed 
in this respect, however. 
The introduction of new methods and materials without a thorough 
investigation of the possible effects on local population would be quite 
wrong. 
Using glass, for instance, where before there were only openings, may give 
better protection against changes of temperature but will break the direct 
contact with the outside. The house would no longer be part of the whole 
street and the spontaneous and intensive contact with the neighbours would 
stop. 

Changes will have to be gradual. The population must have every opportunity 
to adapt itself, otherwise there is a danger of the innovations being 
wrongly used. Revolutionary changes would only worsen the lot of rural 
population of Colombia. 

With suitable and careful advice from experts, it seems that bamboo 
construction could provide a good solution to the housing problem of large 
parts of Colombia. 

The fact that the population itself would be so actively concerned with the 
solution is, in itself, an encouraging feature. 

This does not mean that a similar solution would be right for every other 
country. Here again, a careful study of themany aspects of the problem is 
required, with strong emphasis on specific local conditions. 
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Doors and windows 

Abstract fran K. van der Maaten ( 1894) 

Fig. 219 Top hung window 

220 Door-frame 

221 WirrlCM-frame 

222 I:loor with a-b-c details 

223 Turning wimow 

224 Sliding window 

225 lock for window 

226 lock for door 

227 ~en and iron pin for padlock 

235} 
236 Opening in roof for fresh air 

237 

23 '3 Opening in top of gable wall for fresh air. 

t-t:>re details on doors and windCMs can be found in the books by 

Dunkelberg and Hidalgo; see the references in chapter 9 in this 

l:xx>k. 
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2.8. Tools 

We close this chapter with a description of the tools, 
needed for bamboo-work. These pages have been taken 
from McClure, i.e. his pages 44, 45, 29 and 30. 
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Tool Requirements 

Bamboo is notorious for its dulling effect 
on edged tools. This effect is due to the 
silica with which the tissues are more or 
less heavily impregnated. The effectiveness 
of edged tools will be maintained at a higher 
level, and the time consumed in sharpening 
will be greatly reduced, if tools made of 
molybdenum steel or an equally hard alloy 
can be secured for working bamboo. 

orated to any extent, additional tools are re
quired. Some of these may have to perform 
work peculiar to the processing of bamboo 
and, for this reason, would not be available 

The tools essential to building with bam
boo are relatively few and simple. In fact, 
many a bamboo house has been built with no 
more tools than a machete. But wherever 
the use of bamboo is to be refined or elab-

at the sources of standard carpentry tools. 
The Chinese tub- and bucket-maker who uses 
bamboo as his raw material requires an ar
ray of some thirty different tools and gadgets, 
all of which are employed at one stage or 
another in the measuring, cutting, fitting, 
and. assembling of the various parts, With 
the following tools, the standard bamboo ele
ments for building purposes may be processed 
and assembled: 

Tool 

Machete ...• 

Hacksaw 

Use 

• Miscellaneous: felling and 
and trimm.ing culms, and cut
ting them to lengths; remov
ing fragments of diaphragms 
from bamboo boards; etc. 

, Felling culms, removing 
branches, c:utting culms to 
length. 

Tripods or trestles , . Elevating culms and holding 
them firm for sawing to 
length, cracking nodes. 

Ax ..••••.• , .•• , • Cracking the nodes of large 
culms to make boards. 

Hatchet or small ax .. Cracking the nodes of small
er culms for making boards. 

Whetstone ....•.•. Sharpening edged tools. 

Spud ..•.•.•.•.•• Removing diaphragm frag
ments and excess soft wood 
at basal end of bamboo 
hoards. 
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Recommended specifications 

Preference of the user de
cides type of blade selected; 
long, fairly heavy blade rec
ommended. 

Large size; ample supply of 
molybdenum steel blades, 
with 18 and Z4 teeth per inch. 

May be made locally, follow
ing the pattern locally pre
ferred. 

Light-weight ax with a nar
row but thick,strongly 
wedge-shaped bit. 

Similar to the ax, but small
er in size and fitted with a 
short handle. 

Carborundum; coarse-grain• 
ed on one side, fine on the 
other. 

Long handle; broad blade set 
at. an angle to operate paral• 
lel with surface of board. 



Adz •••.••...•..• Removing diaphragrr. frag
r.lents and excess soft wood 
at basal end of bamboo 
boards. Spud is more con
venient, but the adz is more 
gener·ally ava.ilable. 

Couse .•• •• Remt)..,ing diaphragms to 
' make troughs and drain pipes 

from split or opened culms. 

Chisel •• , •••••••• Making holes in culms to ac
comodate lashings for end 
ties. 

Drill ....•.•••••• Making holes to accomodate 
bamboo pins or dowels. 

Wood rasps •.•••••. Leveling prom;.nent culm 
nodes. 

Splitting jig •••.•.• Facilitating the splitting of 
whole culms or sections into 
several strips at once. 

Splitting knives .•••. (a) For splitting small culms. 

Rods of reinforcing 
steel. 

(b) For making bamboo 
withes. 

Breaking out the diaphragms 
of unsplit culrns. 

Wire pincers •• , •••• For handling wire used for 
lashings. 
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Standard design; best-qual
ity steel. 

Curved• (:ftont bent.); l-inch 
and 1!-inch bits. 

Best steel (molybdenum 
steel if available); 3/4-inch 
bit. 

Hand- or power-driven drill; 
metal drilling bits, best steel, 
assorted sizes, 1/8-1/Z inch. 

Large size, with one fla.t 
side, one convex; coarse, me
dium, and fine teeth. 

See sketches, fig. Z4. 

(a) Short handle; broad blade 
(fig. 25 A). 

(b) Long handle; blade bevel
ed on one side only; to be 
;specially made (fig. ZS B). 

Suggested minimum: one each 
of 3/4 inch by 10 feet and 1/Z 
inch by 10 feet. Other dimen
sions to meet special needs. 
Hardwood or bamboo pole 
may be substituted •. 

Conventional type with fong, 
narrow jaws and wire-cut
ting feature. 
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Figure 24. ·-Devices for splitting heavy culms. A, cross of iron or hardwood bars 
(about 1 inch thick) supported by posts (about 4-inches thi:k and 3 feet high) finnly 
set in the ground; with an ax, two pairs of splits are opened at right angles to each 
other at the top end of the culm; these are held open with wedges until the culm is 
placed in position on the cross; the cull'l'l is then pushed and pulled, by hand, in the 
direction indicated by the arrow (adapted from Salcedo). B and C, steel wedge for 
splitting quartered culms. D, block with single and paired steeT wedges for mounting 
on a heavy bench; adjacent f";ces of the paired wedges should be slightly closer to
gether at the cutting edge than at the back. 
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Figure 25. --Splitting of moderate-size culma to make withes for weaving 
and lashing. Quartering a culmi A, starting four breaches at upper 81ld; 
B, driving a hardwood cross along-the breaches to CCIIIIplete the splittins. 
'l!, dividing quarters radially, making center splits first. D, splitting 
;adial divisions tangentially; the hard outer (canvex) strip-is beat, and 
the soft, pi thy inner (concave) strip is usually discarded. !, lang
handled knife used for C and D; some workers hold a strip of bamboo an 
the blade to add to its-effective thickness when they wish to speed 
up the work. 
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Chapter 3. : Bridges 

Bridges on piles or supports 

3 .1. - A Bamboo footbridge, 

fran R.E.T.M. no. 17 page 57 

3. 2. - An experircental bamboo br.idge 

fran The Military Engineer (1937) p. 288-289 

3. 3. - The Pylon Bridge 

fran Scout Pioneering (1974) 

3. 4 • - Footbridges of bamboo 

by F. Trojani (1930) 

Floating bridges 

3. 5. - Mat Bridges arrl Exj;edients 

India (1942) 

3.6. Floating Bridge for Vehicles 

R.E.T.M. no. 17 section 21 p. 48-49 

Hanging bridges 

3. 7. - Improvising with jungle vines 

R.E.T.M. no. 17 section 22 pages 49-50-51-57 

p. 79 

p. 80 

p. 82 

p. 84 

p. 90 

p. 94 

p. 96 

All texts fran R.E. T .M. (Royal Engineers Training Menorandum, 

1945) by Courtesy Ministry of Defense, I.Dnd.on, U.K. 
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3.1. 

A BAMBOO FOOTBRIDGE; 

1. A form of foot bridge commonly used in Manipur is shown at fig.27 
It is a good type for rivers with muddy or sandy bottoms, where 
the height of the bridge above the bed need not be more than 5 metres 
(15'). 

2. Tbe bridge is made entirely of bamboo, and bindings are of bamboo 
strips. This binding, which is used very widely in Assam, is much 
quicker than making twisted bamboo lashings. The method of using them 
is to make a round turn with a strip round the two bamboos to be bound 
together. Then pull as tight as possible, twist the two ends together 
and tuck them under the round turn. 
With a little practice this results in a very quick and secure binding. 

3. The time of construction when the bamboo is near the site is about 
four hours for a 20 metres (50') stream with a party of 20 men. 

TOP RAIL 

Figure 27 A bamboo footbridge. 
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An Experimental Bamboo Truss 
GEORGE KUMPE 

First Licutenunl, Corps of Engineers 

T o ewn the must casual Yisitor in the Philippine 
Islands, the universal use of bamboo for many 
varie<l purposes is an outstanding characteris

tic of the eon:1try. 'l'o a visiting enginePr especially, 
bamboo has ll pai·ti,·ulai' faseination as an engineering 
mateJ·ial, foi' its pro]wi·tiPs of great length, durabilit~·. 
wurlwb;iity, st1·aight grain, light weight, and high 
tensiit' stn•ng-th pPrJnit its use in praetieally all types 
of ('Ollstnwtion. Speeifieaii~·. the use of bamboo in 
bridg1•s is pn•ntiPnt throughout the Islands, but only 
in tn•stiP hridg-t>s. 1\s feu· as eonld be learned, there 
is 110 J't'("ord of tlH• eonsti'Uetion of a bamboo truss 
bridge. To ddl't'lllill<' the possibility of erection and 
tht• f1•asihility of sueh a bridg·r, it was decided to te;;t 
a full-sizP stl'lwtun'. 

Tlw task of Pl'Pding- a bamboo truss bridge was as
siglu•d to ( 'mnpan~· C, 1-lth Engineers, Philippine 
SI'OIIts. as a portion of its training. There were avail
ablt~ font· nlot·ning-s of \\'!ll'k for the constnwtion anl] 
t•t·el'1 io11 oft lw ht·idgP. Cutting details, requiring· 112 
uwn-honr:-: of '.\'ork, preYiousiy ohtai1ted tlw neeessary 
batnhoo. ('pJ·tain t'Pstrietiuns regarding eutting bam
boo on 1111' J'l'SPI'\'atioll resulte<l :n impro\·ed quality 
of Jnatl'J'iai and halaJH·t>d the• Joss of time resulting 
fron1 long hanls. ThP sitP of the> bridg-e, a gully on 

Lower Chord and End Posh 

the reservation, was selel·tell without regard to the 
usefulness of the structure,. the actual abutments be
ing far from ideal for any bridge eonstruction. Since 
the strndure was intended for purely experimental 
purposes, no attention was paid to approaches, retain
ing walls. or other problems attending traffic. 

The design of the bridge was like Topsy, it just 
grew. The site chosen fot' the bridge required a 50-
foot span. Sinee the const nwtion was intended for 
training in truss br~.:lge ereetion and terminoloO'Y, a 
king-post truss was eliminated as bein{)' too simp{'~ for . ~ 

mstruetion purposes. Thesr faetors finallv deter-
~~ined the struetme as a 50-foot queen-po~t truss. 
S1~1ee the me11 were highly familiar with trestle 
bridges aad ponton equipment, no speeial attention 
'vas given the flooring- systrnL Bantboo haYing pre-

viously been proven satisfactory, it was decided to use 
bamboo road bearers with a floor system taken from 
the canvas-cove1·ed ponton equipage. The actual de
sign of members was purely arbitrary. A rough 
analysis of the bridge under an assumed load of a 
pick-up truck (3,275 pounds) was used for determin
ing the relative stresses. Since little information is 
available on the physical properties of bamboo, the 
design was empirical, based upon experience ·and 
opinion, and consisted only in assigning the number 
of pieces of bamboo to eaeh member. The actual ar
rangement of pieces in the members was determined 
by the panel point construction, and was deeided upon 
when the trusses were assembled. 

The construction of the trusses was a problem in 
joint design. It had been decided to use four pieces 
of bamboo in the lower chord and end posts, three 
pieces in the upper chord, and two pieces in the sus
penders and diagonals. This resulted in a maximum 
of eleven pieces of bamboo, at the upper chord joints, 
so these points beeame the determining factor in the 
erection, and the other joints were assembled to 
match. In the adual type of joint there was small 
choice. Carefully framed butt joints, and fish plate 
joints we1·r both eonsidered, but variations in the size 

of the members, and their ercen
tJ·ieity. together with a laek of snit
abiP material for fi-;h plates, pre
wnted sueh constrnetion; so pin 
(~OJllleete<l joints were used. At 
first the native type of construc
tion. with bamboo pins, was tried, 
but the pins were too weak for the 
load. Pins of %-inch square rein
forcing rods, IR inches long, were 
next tried. and proved satisfactory. 

The joints were originally de
sig-ned as simple single-pin joints, 
but were impractical, sinee eleven 
pieees of bamboo would have made 
a joint over 4 feet wide. As finally 
(]esigned. the upper chord was ar
rang-ed with two pieces of bamboo 
above the remaining pair. The 

bamboos of the other members enteriug the joint were 
arranged symmetrically about the upper chord mem
bers. Two pins were used, one for each pair of up
per rhol'fl members, the pins also going through as 
many other pieces as was possiblt>. The center bam
boo of the end post was not secured to either pin, but 
was lashed to the outer members and also pinned to 
them by bamboo pins. 

In assembling the joints, each pin hole was first 
drilled. The bamboo on each side of the hole was 
tightly wrapped with baling wire and marline to pre
wnt splitting. The entire joint, after assembly, was 
then tightened and secured by the use of heavy wire 
and rack sticks. Splices on the lower chord were 
made in each end pa11e!. The members overlapped 
about 5 feei, and were pi aced so that butts and tips ai-
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ternated. The artual t•omH•l'tion was accomplished by 
tight lashings cf wire aud marline, with bamboo pins. 

Erection was Yery simple. The indiYidual trusses 
were assembled on lHel gror · ·1 near the bridge sitt:>. 
The flexibility of tht:> bamboo made joint assembly an 
easy proeess. After the trusses Wf:'re Pompleted they 
were <•arriP<l h~· hallll to the propPI' loc·ation. T1w 

(:arryln~ tht• Trul!l"' to tlw !"~he 

:,quads \\'t'l'<' nst>tl for llto\·ing P<ll'h tt·nss <llle llliii'P to 
thPir spring than tht>i1· wPig·ht. Eadt truss weig-hed 
approximate-ly !lOO pon1Hls. 

.. \<·tual erel'fion eonsistetl of sliding a truss O\'Pr 
the bridge site horizoutally while br~11·ing· at pa1wl 
points wit!1 bamboo posts t:>XtPmling- to thP ground. 
\Yht>n thP lower l'hord readtPd its proper position the 
tntss was raised to its \'ertieal position by means of 
I ines ami poles, a simple operation due to t hP I ig-ht 
weig-ht. No speeial seating was provid~>d for the ti'Uss 
on the embankments, the width of the lower t>hords 
pro\·iding suffieiPnt beari11g. The two trusses were 
brat•f.'d laterally by single bamboo poles between up
per J'anel points. 

The tlooring- system was that of the t·an\'aS-POWI'ed 
ponton equipage. Tht:> two abutment sills were plal'Ptl 
OYPr the ends of the truss lowt:>r 
chords and were further supported 
by bearing on earth. The two in
termediate road bearers were origi
nally made np of four· pieces of 
bam boo first lashed toget hrr and 
thrn lashed on top of the lower 
dwrds next to the snspe111lers. 
These ht:>arrrs were later t't:>plat•P(l 
b~· uarrow g-auge raih·oatl rails in 
tlw same position. Six balks WPI'P 
placed in eaeh bay. and ordina1-y 
<"hess used for ftoo1·ing·. Side rails 
were lashetl as in ponton b1·idge 
eonstrurtion. 

Tf.'sts of thr bridge ,,·err madP ln· 
loading the strnetnrP with a cm;
!lemned rscort wagon. The wa"'Oil 
was pulled back ~n<l forth ae1~oss 
the bridg·e with Yarious loading-s 
aJHl at Yarious speeds. Tht:> bridge 
\\·as not loaded to failure. The 
maximum load applied was tht:> escort warl'on wei•~h-. b .. ' ~ 
mg a out 1,500 }10imds, l'arrying approximate!\· 1 
ton of rock. · 

The behavior of the bridge was most intPrestinO' to 
watch. As expected. the entire structure was ,~en
elastic. Aa the load was applied all the member~. 
being eccentric thrmselws, and non-axially loaded 

either in indiYidual members or panel points, all 
bowed in the direction of their distortion. The initial 
loading resulted in crushing the bamboo road bearers 
at their bearing points 011 the trusses; so railroad rails 
were substitnt('d. In all the tests the flooring showed 
thP gTt•att•st tlt>tiPI'Iions. .\s mentionetl, the 11sual side 
1·ail lashin; . .rs W<'l'<' usPtl. but en'n so. the side rails 

... epa1·ated as mueh as 5 inches 
from the flooring dnt·ing maximum 
loadiug-. From obse1·\·ation it 
s(•ellll'tl probable that if the bridge 
\\'Pre JoadP<l to dt:>struetion the 
halks would fail fi1·st. so to prevent 
"""lt'ss brPakagP no t'Xl'Pssi \'e loads 
\\'l'l't• tried. 

Ex;w:inations of the' Yarious de
tails of asst:>mbly wet·e made during 
antl after loading. The nwthod of 
plat·ittg- road beart'rs on the truss 
iustead of snsJWIHling· them resnlt
l'tl ill t·rnshing the upper two bam
boos in the IO\\'el' ehord, but not 
snffit·it>ntly to eausP serious results. 

In SP\'I'I'al t·a~e-; thl' stt'l'l pins had lllOI'Nl slig-htly antl 
tor11 tht' batnhoo llll'mbPI'S, but in no t•ast:>, was the 
tlallulg·e enoug·h to l'<'IH!PI' a lllt:'llthet· inaetiYe. E\·en 
at the panel points. wht'I'P some lllt:>llllwrs were not 
tl i I'PI't ly pilln('tl to t ht> pin t·mmel'tions. 1 here st:>rmed 
to hP a proper distribution of the loatls. 'fhe pills 
thPmseln•s pron•tl atlt>t{Uate. .\t the spliees there was 
no illllit•ation of slipping-. whieh the plal'ing of piecPs 
with altet·nate tips and butts reB<lPI'f.'d unlikely. 

This PXperimf.'nt seems to prow the f .. asibility of 
bamboo truss bridg-e construction. \Yith certain 
ehanges of desig-n, ehiefly the addition of balks to 
stiffen thP flooring- and the fastening- of road bearers 
to thP trusses by slings. it is felt that bridges can be 
l'OHstnH·tNl for a11~· rt>a~·.onable load. A bridge built 
t:>lltire]~- of bamboo. both trusses and floor s~·stem, also 

The Brid~e under a 3,500·potJnd Load 

seems possiblf.'. but the combination of bamboo trusses, 
ponton flooring-. and some mPtal road bearer, sf.'ems 
at present to be the most Pffil'ient use of aYailable 
equipment and material. 

This ust:> of bamboo will probabl~- not often be 
nt:>eessar~·. but it sel'\'t:>s to illustratP one of the many 
ways in whieh it may bf.' emplo~·ed. 
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Figure 30 Pylon bridge, based on ten-minute--tower. 
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The Pylon Bridge 

fran: Scout Pioneen.ng by John Sweet. 

lDndon 1974. 

In practical terms, the .idea behind the building of this bridge was 
to break new ground by using the so-called 'Ten-Minute Tower' 
to provide pylons for an exceptionally long footbridge across the 
widest part of the Bomb Hole. In preparation for this activity (for 
time was strictly limited) a very strong fore-and-aft runway had 
bean set up across the Bomb Hole and the footway had been 
prepared In sections so that they could he dropped in place the 

moment each 11air of pylons war& in position. Luckily we had access 
to a pile of builders' planks which made the job easy. 

The project, I may say, was a howling success, despite-or 
perhaps becauset..-the need for some frantic on-the-spot improvis
ation. One thing we had not realised, for instance, wa!; that the Ten
Minute Tower, though reasonably stable when stand!ng on its 
own four legs, is apt to fold up at the base when liftnd clear of the 
ground. This difficulty was quickly overcome by iashing a few 
extra struts to keep the legs apart until the pylon!! were safely 
embedded in th11 mud. The climax came when the entire course 
lined up across the bridce to have their photographs taken. All would 
have been well had not one of the Gilwell spars turned out to be 
rotten at the heart (something that would have been di~covered in 
time if the spars had ail bee1j submitted to the ringing test, as 
instructed.) But it's an ill w1nd ..• and to this day I treasure the 
spectacle of a cataract of boys diving headlong into the muddy 
waters of the Bomb Hole and !aughing their heads off in the 
proces!l. I doubt if Gilwell has ever seen a finet sight. 
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THICKNESS BREAKING POINT DIAMEI'ER SPANS I~ in em. A IOAD in kg. in an. in mtrs. ,. 
(left); safe 
load in kg 
(right) 
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Note: safety-coefficient = 2 

Figure 32: Narogram to obtain the breaking point load of a given bamboo • 
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FOOTBRIDGES OF BAMBOO By F,Trojani. 
From: Bull.Econ.Indo Chine (april 1930), 

Library Kew museum, London, 

At the request of M. Inspector General of Agriculture, 
Stockfarming, and Forests, the Company du Genie set up 
at the Fair Exhibition of Hanoi in 1928 a series of 
partially built bamboo footbridges. Many visitors asked 
afterwards for fur·ther information about this subject, 
we have condensed this information in the following 
study. 
M a t e r i a 1 u s e d - T h £: on 1 y m a t e r i a 1 u s e d a r e b am b o o s ·
standard usage groups bamboos in two main categories: 
male bamboos, or bamboos with thick walls and female 
bamboos, those with thin walls. 

The first serve to make piles and all the sections of the 
frame. Those of the second category are used for the making 
of cai-phen and of cai-lat (lashings-bindings). It is 
necessary to use fairly young bamboos as after the age 
o~ two years bamboo having reached its maximum height, 
the thickness of the crown diminishes year by year by 
about 1 m/m till seven years; at this time it is only 
5 - 6 mm and the bamboos whose average diameter may reach 
20 em, no longer has the required qualities for making 
piles. 

Compression Resistance of Male Bamboos - Tests carried 
out by Capitan Nicholas of the Company due Genie of Hanoi 
led 'lim to the following conclusions: 
Given a male bamboo pile whose average external diameter 
is of n-centimetres its absolute safety-load is 60xn-kilo
gram~ provided that its free height is at most equal to 

n metres and that the thickness of the crown at least 
equal 10 m/m. 
Resistance to flexion - Given a male bamboo girder whose 
external average diameter is a number n of centimetres 
the load it can.take without breaking is in all cases at 
least equal to l~O.b_. kilograms provided that the span of 
this bamboo is at the most equal to 3 metres. 

On the other hand Lieutenant Vincent of the Company du Genie 
of Hanoi has carried out a series of tests of the flexion
breakage~resistance where he varied the length, the diameter, 
the thickness and the span of bamboos. The results were 
rather variable because of: 

I. The condition of the bamboos: age, degree of humidity 
or of dryness, antecedent use; 

2. The props (stays-supports) - the prop should, as far as 
possible, be near a knot~ 

3 . The f 1 ex i on-res i s t an c e v a r i at ion of the s cllll p 1 e s taken 
from the same bamboo between knots of the same distance 
apart. 
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Nevertheless the averages obtained from bamboos cut six months 
previously are quite well represented by the nomogram attached 
here. 
Adopting a safety-coefficient of 2 one can be sure that no 
bamboo will break provided it is neither too old or split. 
To obtain by means of this nomogram, which shows scales 
of points, the load breaking-point of a given bamboo, all 
one needs to do is to join with a ruler the points corres
ponding to its thickness (scale of thicknesses) and to the 
diameter (scale of diamet~~s). This determines a given 
point of scale A; join this point to the point corresponding 
to the span (scale of spans); this determines the breaking
point-load, from which the permissible load on the scale 
of loads is deduced. 

The sinking (or driving-in) of the piles - in muddy ground -
firm mud - the sinking of a bay (span) of bamboo piles gives 
rise to no danger; if the stake is 1.70mtr. In good ground 
this ~tAke my~reduced to I metre. 

Here, as an example, is the description of the bridge of 
light piles and of the bamboo footbridges built under the 
direction of Captain Piacenins by t1'e Company du Genie at 
the Fair Exhibition of 1928 . 

. 
I-Bridge of ~ight Piles 

Abutment-pier - Each pier is made up of 2 moorings placed 
about 80 em apart. Each mooring is made of 2 bamboo fixed 
longitudinally together and fixed to the ground by stakes 
planted in front and behind. 

Sheet piling - Each section is placed 3 metres apart. Each 
section is made up of 4 vertical piles, of 2 braces (struts), 
of a cap (hood) and of 2 diagonal braces. 

The vertical piles and the braces are made of bamboos 8 to 
12 em diameter at the large end. The small ends are cut 
back to the required length and they are cut slantwise. The 
piles are driven in with a sledge-hammer. 

The Cap (hood) is made of 2 bamboos tied together and fixed 
horizontally to the piles by lashings as indicated on the 
diagram. Two diagonal braces placed on both sides of the 
sheet piling, are also lashed to the piles. 
The spacing of the piles is, in general, 75 em axis to axis. 
In the particular case of the diagram the bamboos at the far 
ends making the vertical piles are kept longer so that their 
prolongation can be used to make a guard-rail. 

On the other hand, the spacing between the middle piles is 
greater than the spacing of these last ones with the piles 
of the far-ends. 

Bays and roadway - Each girder is made of two bamboos lashed 
togetner of average diameter 10 em. Each bay is formed of 
5 girders equi-distant and lashed to the caps of the sheet
piles. 
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The flooring (surface roadway) is made of sheets of male 
bamboo fixed to the girders by cai-lat. These bamboos are 
simply separated by the thickness of the binding (lashing) 
material. Then they covered over with cai-phen. 

In the middle of each bay a bamboo lashed crosswise to the 
girders distributed the stress and acts as a reinforcement 
device. 

The ribband is made of bamboos longitudinally placed on the 
roadway ~nd superimposed over the far-end girders to which 
they are secured by torsion lashing. 

Maximum loads - This bridge can carry 500 Kg per metre length. 
It allows for the crossing of herds, animal-drawn and open 
wagons for 4 people plus loads. 

Footbridges of ymall piles 
Abutment-pier -- It is constructed of a single mooring analogous 
to those of the light-pile bridge. 

Sheet-piling (side) - The sections are spaced 3 metres apart. 
Each section is made of 2 vertical piles, 2 struts (braces) 
and a cap (hood) arranged as on the diagram. The piles and 
the braces are made of bamboos of average diameter 10 em at 
the large end. 

Bays and roadway - The girders are of bamboos of average dia
meter 10 em cut back to the required length. Each bay is made 
of 3 girders equidistant lashed to the caps of the sheet pilings. 
The flooring and the ribband are analagous to those of the 
light-pile bridge. 

Maximum loads - This bridge can carry 200 Kg per metre-length. 
It allows of the passage of people, merchandise tarried on the 
back or on small hand-carts. 

Footbridges with flying-bu~tresses frames 
Abutment-pier - The abutment is analagous to that of the 
precedent bridge. 

Frames - The frames are made'by means of bamboos of diameter 
10 em to 12 em at the large-end, placed and lashed as on 
the diagram. The buttressing is consolidated by means of 
diagonal braces. 

Roadway - A bamboo acting as cap is lashed to the cros
sing of the frames. The girders may be made either of bam
boos having the total length of the bridge, or of bamboos 
cut back to the length which se~arates the cap from the 
moorings. 

Three rows of equidistant girders are positioned. The 
lashings, the ribband and reinforcement device are anala
gous to those used for the proceding bridges. 

Maximum loads - This bridge can be used for the same pur
poses as the footbridge of small piles. 
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Photo 1. Bamboo inserted into the matbridge. 
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3.5. 

MAT BRIDGES AND EXPEDIENTS 

Source : British Army : India 1942. 

l.The main object of the expedients and floating bridges described 
below is to replace equipment which has to be imported and may be 
difficult to obtain in India. 
All the materials used, except in one case, are easily obtainable 
in India, and the bridges and expedients can be made up by an 
engineer field unit or in a bazaar workshop. 

2.The use of tarpaulins to form the mat 

Waterproof canvas tarpaulins are used to form a watertight skin on 
which some form of superstructure L~ :aid which can carry men o::c 
vehicles. 
The skin requires to be stiffened to keep it spread flat on the water. 
This is usually done by means of bamboos but in the Middle East split 
palm braches are quite suitable. 
Figure shows bamboos being inserted into the mat of Indian Mat Bridgee 
In order to prevent the water lapping over the edges of the skin, they 
are rolled up round straw or some other light filling (see photo 1) and 
laced down to a flap sewn at a suitable distance from the edge of the 
tarpaulin. Both the edge and the flap have eyeletholes fixed in them. 

The third requirement of the tarpaulins is that it must be possible to 

join them together by a water-tight joint which can be easily made so 
that the skin for a long bridge or a very large raft can be transported 
in sections. Th~s joint is made up as follows : 

Tarpaulins have flaps stitched on both sides parallel to the edges and 
about 2' distant from them. The flaps are about 3" wide with eyelet holes 
at intervals of one foot. When such flaps are provided the tarpaulins can 
be joined end to end or side to side to form a narrow or wide mat, 
whichever may be required. Say two tarpaulins are required to be joined 
end to end. First of all the bottom flaps are laced together (see fig.31), 
then the spare ends of both tarpaulins are rolled down tightly together and 
finally the two top flaps laced over to pinch the roll into a small a space 
as possible and so to make it water-tight. 
Provided the roll is tightly enough pinched the joint is quite water-tight. 

After the waterproof skin has been prepared, a superstructure to take the 
required load must be placed on it. 

3 .r.1at bridges 

A waterproof mat long enough to stretch across the gap to be bridged is 
made up from a number of tarpaulins joined together. The end and edges 
of this skin are turned up over some light filling, such as straw, or 
round cushions made of waterproof canvas and stuffed with straw (photo 1). 
Bamboos from 2,5-5 em (1-2 inch) thick are used for cross-wise 
stiffening of this mat. 
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Phato 2. First indian m~tbridge. 
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Some form of road1 . .,ay sui table for the required loads is then laid 
on the mat. 
Photo 2 shows chesses placed on three straps fitted with stirrups, 
which project upwards between chesses and through which run rolled 
steel joist ribands. The rolled steel joists are wedged under the 
stirrups or clamped down by some other means. 

It is important, that the rolled steel joist sections be joined 
rigidly together throughout the length of the bridge so as to 
distribute the superimposed load over as great an area of water as 
possible. In light loads straps 5 x 1 em (2" x ~") and 10 x 4 em 
(4" x !\") rollP.d steel joists ribands were found to be adequate. 

4.The Indian Mat Bridge 

Figure shows the first Indian Mat Bridge classified bridge for max. 
loads of 5 metric tonnes, the principle being used in a motor transport 
bridge. The sizes of the various parts used are as follows 

(a) Width of mat 660 em ( 22 I) 

(b) Diameter of cushions 30 em ( 1 I ) 

(c) Thickness of Bamboos 2,5-5 em (1" -2") 
(d) Section of iron under strap 5 x1,25 em (2" X ~") 

(e) Size od deodar chesses 300 x 22,5x7 em (10' X 9" X 2~"} 

(f) Section of ribands 10 X 4,5 em (4" X 1\"}. 

This type can be used either as a bridge or a raft for light motortransport 
and can be built either by boombing out from the b~nk or by swinging 
out complete from along the bank. 

Although so far only a bridge for max. loads of 5 metric tonnes has been 
produced, there is no reason why by increasing the size of parts used 
bridges to take much greater loads should nvt be made. 

5.Foot bridges 

Two types of foot bridges have been made, each has waterproof cushions 
under the turned up sides. The stiffening of one of the bridges consists 
of masonite sheets placed on the ma·t and covered by a canvas flap to 
prevent excessive wear of the sheets. The second has a double layer of 
reed matting with a layer of coir matting above it to form the pathway. 
Photo 3 shows this type of bridge. It is six feet wide and can take two 
way pedestrian traffic. The best way of leunching these bridges is to 
take a rope across the gap to be bridged and to pull the bridge across 
as it is made up. When across, the bridge takes a curve down stream and 
does not need to be kept straight across the cu~rent. 
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3 6 FIDATING BRIDGE FOR VEHICLES. • • • From: R.E.T.M., no. 17, section 21 - pag. 48-49 

1. A jeep mat bridge. -A bridge working on the s~~ principle as 
the Indian mat bridge has been designed and tested for carriage 
of loads up to 3 rntr. tonnes. The origin of the design was the 
desire to produce a bridge which could carry and he carried on 
jeeps . In order to obtain this the stores required have been 
reduced to mats, bGlsters and cordage. All decking must be 
improvised lo~ally. 

· The device as originally tested employed mats with grass-filled 
bolster bags roped into the edges, fanning a longitudinal 
gunwale on both sides of the bridge. No transverse stiffening 
other than the decking itself was used. Decking tested was of 
two types: -

a) bamboo hurdles, and 
b) chesses with lashed barrboo ribands and roadbearers. 

If the superstructure can be obtained from local bamboo or 
timber, the weight of stores to be carried is 22 kgs per meter 
run (15 pounds per foot run) of bridge. If chess decking is 
required, this weight will be increased to 105 kgs per meter 
run { 70 pounds per foot run) . 
The initial test sh<JIN'ed that a bridge of this type is amply 
safe for maximum loads of 2 rnetr. tonnes and will take loaded 
jeeps or unloade:rl 750 kgs. trucks {15 cwt.). The main difficulty 
encountered was that grass filled bolsters becrnE water logged 
in time, and it is thought they would have to be renewed every 
12 hours for a bridge in continuous use. 
To increc..se the capacity of the bridge to max. loads of 3 rn. 
tonne::; and to allow occasional 1 oads to 4 .rn. tonnes to pass 
singly, trials were carried out using kapok bolsters; weight of 
stores p.:rr meter run of bridge, when ma-cs, cordage and kapok 
bolsters are carried is in the region of 30 kgs. The trials 
we:ce completed with 270 em (9-foot) chesses on bamboo road
bearers, secured by snake lashing between alternate chesses to 
baml::xJo ribands; and also T.vitll a superstructure of bamboo 
hurdles lashed longitudinally and tranversely, the longitudinal 
barnbJo hurdles overlap approxiruately 3 feet, and the third 
hurdle is placed centrally to prevent articulation under load. 
The results of both trials were satisfactory and shCM the 
bridge to be stable and capable of supporting max. loads of 
4 rn. tonnes with safety. 
The bridge in ei tl1er fm:m is very easily constructed, and where 
the bamboo hurdles are ready made, speed of erection is 
estimated to be 150 meter of bridge per hour with a party of 
20 mm. 
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2. A floating barrel jeep bridge. - A floating bridge to carry 
jeeps with stores across a 60 mtrs. (200-foot) river has been 
constructed fran pontoons and barrelrafts connected together. 
The barrelraft portion of the bridge was constructed as shown 
l:elow. This proved to be durable since it was in use for 21 
days for continuous jeep traffic, although it was designed to 
last only a few days. 
The barrel type portion of the bridge was not of orthodox 
construction with superstructure on top of the barrels. It was 
found better to construct the frame of jungle timber, lashed 
together with wire, and then lash the barrels on top of the 
superstructure, leaving space for a roadway between. 
The advantage of this rrethod is that the roadway is much nearer 
to the water level, which simplifies loading problems. 

Fig. 22. 
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IMPROVISING WITH JLmLE VINES. 

F~am: RETM., no. 17, section 22. 
pag. 48-49. 

GENERAL. - An aerial ropeway and a suspension bridge have been 
constructed with lawyer vines for cables as she;wn at pages 96 
and 98. 

Scrub bamboo and thin vines were used for binding and marrying 
large vines; and saplings for cross girders, stringers, decking 
and slings. 

Use was made of short trees on either side of the bank and shear 
legs of 22,5 em. (9-inch) diarreter were linked and guyed with 
suitable vines. 

AERIAL ROPEWA.Y. 

a) The rr.ain cable vine was 35 rreters (110-feet) long of 2,5 em 
(l-inch) diameter 

b) Constru8tion took five man-days 
c) It easily supported one man on the sling. 

LAWYER VINE CABLES. - Tests conducted on samples of vines show: -

a) Yellow or brown covered vine gives the best results. 
b) The average breaking load is in 150-uni ts 3. 9 c2 N in which c 

is circtmtference in rrm and the load is in N; in ircperial units 
the average breaking load is 4. 9 c2 cwt in which c = circum
ference in inches and the load is in long hundredweight. 

c) Allowing a factor of safety of 3 to 4 the safe load of the vines 
is in 150-uni ts 1 . 0 c2 N ( c is circumference in nn1) ; in 
i.Itq?erial units 1 , 25 c2 cwt ( c is circtmtference in inches) , i.e . 
the same as cordage. 

d) The wedge method of joining sha,.m at Fig. 23 is as strong as 
the vine and gives 100 per cent efficiency. Nonnal cordage 
knots are not satisfact-ory. 

e) A minimum sharp bend (: :ver a spar should be reckoned as dianeter 
of the vine x 6; otherwise failure occurs under load. 

f) A nonnal type of picket holdfast is satisfactory for anchorages. 
The special type shown is equivalent in strength to the vine. 

g) The construction of suspension foot bridges of 30 meters 
(100-foot) span as shown have proved satisfactory. 

h) A jeep bridge of similar type has also been designed. 
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~ign data to the flat suspension-footbridge with lawyer vines 
on paqe 98. 

Live load 

1 man= 

nen at 3 pace 
interval= 
nonnal duty = 

men at 1 pace 
interval= 
heavy duty= 

Vine load 

Safe tension load 
(c = circumference) 

allowable loads: 

for different diameters 
of vine: 

i.e. the allowable stress 
is: 

Hold Fasts 

size 
in hard ground: load 
in soft ground: load 

imperial units 
(original) 

200 lbs 

27 lbs/ft 

80 lbs/ft 

1.25 c 2 cwt 
c in inches 

3.1 cwt on ~~~ f6 
511 

4.9 cwt on 8 ~ 

6.9 cwt on % f6 

15 cwt/square inch 

1 ton 
0.5 ton 
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ISQ-units 
(calculated) 

90 kg 

400 N/rn 

1200 N/rn 

2 1.0 c N 
c in rrm 

1.6 kN on 

2.5 kN on 

3.5 kN on 

2 . 2 1 N/mn 

150 mn 
10 kN 
5kN 

13 rrm ~ 

16 mn f6 
19 rrm f6 



Chapter 4 • : Roads 

4.1. - Bamb:x> Roadways, 

fran R.E.T.M. no. 17 1 St~tiQil 48 1 pp. 95-96 p. 103 

4.2. - Irrprovised loan for~ Nets, 

fran R.E.T.M. no. 17, section 73, p. 131 p. 105 

4.3. - B:=mbcx:> mats for tatp:::>rary roads, 

frcm R.E.T.M. no. 17, section 49, p. 96-9'7 p. 106 

All texts j:ran R.E.T.M. (Royal Engineers Training Menoran:ium, 

1945) by Courtesy Ministry of Defense, IDndon, U.K. 
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4.1. 
BAMBOO ROADWAYS. 

From: RETM., no 17, section 48. 
pag. 95-96. 

Experienc~ to date in the use of bamboo roadway has 
confirmed that it is a valuable expedient for keeping 
fair weather tracks open to light motor transport 
in wet weather. The following type has been found 
satisfactory. 

1. Panels 
a. 270 em-type (9-foot). The panels are 270 em wide 

and made of 6 metre split bamboos wired together 
with. 6 longitudinal double strands of 14 gauge 
(~ 2,032 mm) galvanized wire. 

b. 90 em-type (3-foot). The panels are 90 em wide by 
6 metre long formed of 90 em split bamboos wired 
together with 2 longitudinal double strands of 
14 gauge (~ 2,032 mm) galvanized wire. These pa
nels are used as wheel tracks. 

c. Bamboos - Bamboos are spaced at 10 em centres. 
Bamboos over 4 em (1~-inch) diameter are split 
and laid with alternate round and flat sides up
wards. Bamboos under 4 em diameter are laid whole, 
and graued so that no major inequality occurs in 
the panel. 

d. Wiring - Longitudinal holding wires are of 2 strands 
of 14 SWG (Standard Wire Gauge = 2,032 mm) laid 
with one strand above and one below each bamboo 
slat and- twisted up tight in between so as to grip 
the bamboo slats firmly. The wires project 45 em 
(18 inches) beyond the "d of the panels to facilitate 
the tying together of -<'=ls when laid. 

e. Particular attention ::.. :: be paid to the following 
points: 
(1) Proper tightening of binding wires 
(11) Proper gradin~ of bamboos in each panel. 

As a general guide the ~70 em panels are for use on tracks 
for 750 kgs vehicle ann on sleep portions of jeep tmcks. 
The 90 em panels are tor jeep tracks. 

2. Pickets 
Pickets are short angle iron with ends flattened out and 
bent over so as to fit over a bamboo slat on the line. 
of the outer binding wire. 

3. Ribands 
Ribands are of 9 mm (3/8") or 6 mm (i") round iron rod 
or 8 gauge (~ 1,1605 mm) or larger galvani?.ed wire. 
The rods are hooked together by cold bending them on 
the site at the time of laying. 
Ribands are laid along the outer line of pickets and held 
down by the pickets. Their function is to hold panels 
firmly down on to the ground and prevent creeping. 
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Assembly. 

270 em, (9 foot)track - This is laid with four pickets per panel on 
flat ground and six pickets per panel on 
slopes, increasing to eight pickets per 
panel on very steep inclines. 
Two ribands are used along each line of 
picket. 

90 em, (3 foot)track - Panels are laid double, providing two wheel 
tracks at 135 em centres. Each panel is 
picketted to the acale given in (a) above 
and has two ri.bands. 

~aying the panel. - Whenever possible the following rules shculd be 
observed in the laying of panels. If these are 
not adhered to che roadway cannot be expected 
to last: -

Maintenance 

a) The formation must be properly drained and 
smoothed out. 

b) Panels must be stretched tight. 
c) Panels must be picketted down as 1n para • 
d) The longitudinal ribands 9mm(3/8") or.6mm 

(1/4 11
) round iron or thick galvanized iron 

wire must be tight and securely fixed down 
by the pickets. 

Bamboo roadway must be constantly maintained, 
and 25 per cent spare panels should be allotted 
for overlaying on bad portions. 
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IMPR~VISED LOOM FOR BAMBOO NETS, 

From:.~ETM., no 17, section 73. 
p ag. I 3 

Fie;.'36 gives details of a bush loom suitable for weaving bamb-oo strips 
and other natural materials into serviceable mats and nets. 
Cross weave is obtained by passing a ball of material between the front 
and rear strips as the bar i.s alternately raised and lowered. 

At completion of looming the ends are tied off. 
The size of the mesh can be varied by altering the spacing between the 
bars and by closer feeding of the material. 

LIGH 1' 

Figure 36. Perspective of loom. 
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BAMBOO MATS FOR TEMPORARY ROADS. 

From: RETM., no 17, section 49. 
page 96. 

I. Description. -For details see Fig. 35 

2. Test:. 

a) On firm gt·ound - After the passage of I ,600 vehicles ir. one month 
the mats slowed little wear and would probably remain serviceable 
for a further three months. 

b) of sand - The passage of 850 vehicles in a fortnight did not affect 
the mats. Performance ou deep sand has not yet been tested. 

c) On mud - 1,200 vehicles p~s~ed over mats laid on made up mud pits. 
The ma+:s broke up when vehicles became axle deep. 

-107-



Chapter 5. : Boats and Rafts 

5 .1. - Inprovised Rafts and Ferries, 

fran R.E.T.M. no. 17, section 16 pp. 40-43 

5. 2. - Barrb:x:> Rafts, 

fran the fOJ:IIer Royal Dutch Irdian ~ 

(1939) 

p. 111 

p. 114 

All texts fran R.E.T.M. (Royal Engineers Training lobtm'andum, 

1945) by Courtesy Ministry of Defense, Iornon, U.K. 
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5.1. U1PROVISED RAFTS AND FERRIES. 

From: RETM., no. 17, section 16, 
pag. 40-43 

1. Improvised boats. 

The figure below shows three types of boats 
improvised from ground sheets and bamboo. Thin 
bamboo strips must be inserted between the 
longitudinal slats and ~round sheets to prevent 
wear of the canvas. 

SIN6lE SI-IEET TYPE 
FOR • 

ONE. MAN C5 FULL E.QPT 

KNOTCI.IING OF RIBS lS. 
N6E.RON5 FOR 

l.Jc /RE LIS~~~~ ,\ 

~ ,o· 

~/4 

FIVE- SEATER BOAT 
~S!NG FIVE 6RpUND 51-lfETS 

FlG. I FIG. 2 FIG.~ 

NOTES. 
ALL BOW & STERN 
MAIN ,JOINTS FOR 
TI-lE TI-IREE MODELS 
ARE CONSTRUCTED 
IN THE 5AME WAY. 

LON6ERONS ARE 
FIXED INSID.E T~E 
BOW TRANSOM. 

DEPTH AT BOW 
, .. 6" 
DEPT~ AT 5TERN 
1'.4" 

z;· _21~~r . 4.::= 
FIG. 4 FIG. s t":.<. e BAMBOO SLAT 

~ ~~z~TER•N 
MEHIOD OF JOINING GROU~D S~lEET 5 

lNOT TO SCALE) 
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2. An improvised raft. 

(a) Fig 38 shows a raft of lashed timber framework with an external skin 
supporting two timber trackways. 

(b) The raft skin comprises an outer layer of tarpaulin and an inner 
layer of bamboo mat giving support to the canvas, and stiffness to 
the gunwales. 

(c) To obtain adequate stability the length and width of the raft should 
not be less than double those of the vehicle or load to be carried. 
Construction should begin with a part of the tarpaulin in the water 
supported by pickets; the mats are then. placed, and the timber frame
work built up inside progressively, booming out the raft as construc
tion proceeds. 
The raft floor bellies under load, enabling it to be floated close 
in-shore. 

3. A large improvised raft. 

Great use has been made of large improvised rafts, constructed from 
boats built into a locally cut bamboo or sappling frame wholly 
wrapped in a 12x12 mtrs (40'x40') tarpaulin and decked down. 
Employing five to nine boats and powered by twu 9.8 or 22 hp Johnson 
outboard motors, these rafts will carry 50 men or 16 mules, the 
carrying capacity being limited only by deck space. This type of 
raft is particularly useful!, since all the stores necessary can 
be dropped from the air, and they take up quite a small space in 
the aircraft. 
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Bamboo rafts 

Fran the fomer Royal Dutch Indian Anny (1939) 
(abstract by the editor) 

Figure 26 shows a bamboo raft, in which the bamboos are joint 
together with lashes. On top of the raft a floor matting of 
woven split bamboo is used. 

Figure 27 shows another bamboo raft, with floats, The pay-load 
on this raft might be about 1100 kg (2400 lbs). The floats are 
strangled together by two people, lYCVing the strangling poles 
as irxlicated by the arrows in fig. 27 III. 
This should be done at distances of 1.50 or 2.00 m. After each 
strangulation the float is tied with rope, or with wire, or with 
palm-tree-fibre (see page 116) . 

The load, which can be ca.tried by floating bamboo, is given in 
old military dOCL"Inellts as 250 kg (550 lbs) per m3 volume of 
bamboo culms. This load consists out of the pay-load plus the 
dead-load of the bamboos (e.g. 2 to 5 kg/m) and the woven split 
bamboo (10 kg/m2). To be safe, increase the calculated length 
and width of the raft with 1 m each. 
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6.3. - Bamboo for water supply 

~ no. 11 section 47 (1944) p. 48 p. 121 

6.4. -New Developnent ·in Bamboo Water Supply, 
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6.1. We start this chapter with an intrcrluction by McClure, his page 6: 

Pipes and Troughs 
The culms of certain bamboos, with 

diaphragms removed, serve admirably 
for the fabTication of pipes and troughs. 

Longit\Klinal halves of bamboo culms 
m-ake very satisfactory eave troughs. Where 
rainfall is light and water must be conserved, 
they are used to collect rainwater from the 
roof and send it into a barrel or cistern for 
storage. Where rainfall is heavy, they are 
used to carry the water from the roof to 
a distant point, in order to avoid excessive 
dampness around the house. 

Under certain circumstances wash water 
from the kitchen may be disposed of through 
bamboo pipes or troughs. For this purpose 
a sloping trough id more practical than a 
pipe since it is more easily prepared and, 
if clogged, may be cleared with greater fa
cility. 

Longitudinal halves of bamboo culms 
with the diaphragms removed make suitable 
conduits for bringing water for ~omeatic use 
from its source to the house by gravity 
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. . ln Japan, closed-pipe water sys
tems are constructed of bamboo but it is 
very difficult to make the joL"lts leakproof. 

Underground drainage may be effected 
by means of bamboo pipes of simple con
str·liCtion. The steps in preparing the bam
boo for such use are ( 1) halving the culms, 
(Z) removing the diaphragms from one ·half 
to make the lower section of the drain pipe, 
( 3) cutting notches in the edge of the other 
half to permit: the free entrance of water, 
(4) treating the two halves with preserva
tive (5- to 10-percent pentachlorophenol 
in light oil), (5) placing them together again 
in thei~ original relation, and (6) binding 
them together with wire. Such drains may 
be extended to any length by placing the 
smaller tip end of one pipe into the larae.r 
basal end of the succeeding one. 

To be suited for the uses just described, 
the bamboo culms should have a diameter 
large enough to give the required carryins 
capacity, and the walls should be thick enoush 
to prevent collapse under use. 



6.2. IMPROVISED WATER SUPPLY 

From: RETM., no. 17, section 68 (1945) 
page 124 

1. Rainwater runoff. 

In tropical areas particularly, prepared catchment 
runoffs can provide a considerable supply of water 
and have the advantag.e of purity. 
Roo:f area.s are a normal sou.rce of water in many parts 
of the world. Imp:rovised catchments constructed of 
tarpaulins and ground sheets can be used while still 
providing cover. 
A handy guide for assessing the yield of a catchment 
or runoff is given by the following: for each 5 em 
(2") of rainfall, 1 sauare meter (foot) of catchment 
will yield approximat~ly 50 liters (1 gaJ.lon) of 
water. 
Water may be collected from the coconut palms by 
attachment to the trunk of palm leaves, twisted 
rattan, or thin collars to collect the runoff during 
periods of rainfall. The amount of water that can be 
collected by this method is considerable if a number 
of trees are used and the flow diverted into suitable 
containers. 

2. The use of bamboo pipes for water supply. 

An alternative method of joining bamboo lengths is 
illustrated by the following report: 

A water pipeline 180 mtr long was constructed in 
China by Americans, and does the work of 18 mm (~ ") 
metal pipe. It was built in a matter of hours and is 
arranged so that it is gravity fed, being supported 
on bamboo tripods where necessary. The joint piths of 
450 em {15') to 600 em (20') sections of bamboo were 
rammed out, and short sections of metal pipe were 
used to make connections. The ends of the bamboo 
sections were reamed to fit and caulked to make the 
connections watertight. A continuous flow of spring 
water prevents cracking, and no leaks appeared 
anywhere in the pipe. 
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.6.3. BM1BOO FOR WATER SUPPLY 

From: RETM., no. 11, section 47 (1944) 
page 48. 

By the use of bamboo as pipes, water can be brought to 
villages from streams or springs, provided it is possible 
to preserve a reasonable constant gradient. Almost 
invariably pipes are supported on sheers, since this 
method enables control to be kept over gradient. The 
method of preparation is to chop the bamboos with a "V" 
cut at each ring and remove the fibre diaphragm. 
Jointing is by means of scarfing the ends of the bamboo 
in opposite directions and setting one end into the 
other. Water can be carried long distances by this 
primitive method. 

.SH£ERS 

Figure 39. Bamboo waterpipe on sheers. 
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6.4. New Development in Bamboo Water Supply 

In 1974 in Tanzania a project on wood and bamboo for 
rural water supply has started. A first important result 
is a good and simple joint for bamboo waterpipes. 
(abstract by the editor) 

1. Sort the bamboos to size, in such a way that ends 
with the same diameter join each other. 

2. CuL the ends at a right angle. 
3. The bamboo is shaped with a knife or with a kind of 

pencil sharpener (see figure) to make the bamboo 
suitable for insertion into the plastic joint. 

4. The joint is made with tubes, long 20 ern, of PVC 
(poly vinyl chloride) or PE (polythene = poly
ethylene) • The many different diameters you have in 
stock, the better the chance that one will fit. 

5. Add a PVC paste, called TANGIT, to make the joint 
water tight. 

Title: Wood and Bamboo for rural water supply. 
Author: Kick van den Heuvel. 
ISBN 90 6275 0583 
Delft University Press, 1981, 76 pp. 
For sale with TOOL, Amsterdam, and ITDG, London 
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Water Pipes from Bamboo in Mezan 
Tefer~ Ethiopia 

John Morgan 

Mezan Teferi is a sparsely settled region some 450 kilo
meters from Addis Ababa, accessible by ..:iry-weather road 
only for about 4 months of the year. The people are 
mostly subsistence farmers using the "shifting cultivation" 
technique of macheteing out the bush growth, letting it 
dry, and then firing it, and finally cultivating with ox-drawn 
plough or a digging hoe. 

With this technique, the people find a piece of land ''worn 
out" in only two or three years. Searching for fresh land 
to cultivate, they have been farming very steep hillsides and 
wastefully clearing the few original forest areas still extant 
on the highest hills, which should be protected to recharge 
the aquifiers. 

Appropriate technologies are needed to stop this environ
mental deterioration, by establishing more intensive and 
permanent agriculture on less total cultivated area. Irrigation 
is clearly needed, as there is a dry season and occasional dry 
years in this area. In the mild climate here, an irrigated field 
can produce three crops annually. 

In response to these environmental concerns, and to reduce 
the hc.;;lan drudgery of carrying water for domestic use, 
we began to test the use of bamboo for water piping. Bam
boo has long been known as a piping material in Asia, and it 
is reported that bamboo water pipes were used in the time 
of the Ethiopian Emperor Menelik in the last century. 

Making the Drill 
Every 30-80 em. along the bamboo stem are inter-nodes 
which interupt the hollow. These must be drilled through if 
the stem is to be useful as piping. Reports from Taiwan, 
where bamboo piping is used, suggested punching out the 
inter-nodes with a sharpened piece of pipe, but we found 
that this technique seemed to split the bamboo culms. Our 
Ethiopian bamboo may have thinner walls than the Taiwan 
species; also, tbe sharpened pipe blade edge was quick to 
turn in and had to be re-sharpened laboriously. 

We hit on another solution: fabricating our own simple 
drilling bit. To make the bit, we first flattened out one end 
of a piece of 12 mm mild steel rod (a bolt would also work) 
to the necessary width. The smallest inside diameter of our 
bamboo was about 3.5 mm at the bases. The rod was flat
tened by simply hammering it against an anvil. A vice or 
heavy axe head would also serve if no anvil were available. 
This "cold working" of the steel probably tends to harden 
it somewhat. 

Next, the flattened rod was ground to the necessary configur
ation. We used a grinding wheel, but a hand file could also 
be used. The trick is to grind the two cutting faces in com
plementary planes so that each is cutting properly when the 
blade is rotated. 

John Morgan is a participant in the Village Technology 
Innovation Experiment, Addis Ababa. 
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The completed drill tip is mounted into a standard 6-meter 
length of w· water pipe. Drilling alternately from both ends 
of the bamboo with this pipe, we can drill out a length of 
bamboo of about 12 meters. If the length of bamboo sec
tions available is less, the W' pipe can be correspondingly 
shortened. 

To fix the drill bit in the pipe, a 4 mm hole was drilled trans
versely through both the pipe and the stem of the drill bit. 
A tight-fitting nail was insertet:l in the hole and cut off with 
a hacksaw, so that about 4 mm of the nail stuck out from 
the pipe. The head of the nail is then pressed against the an
vil and the protruding cut-off section is hammered down 
like a rivet. The drill is then complete (see Figure 1). 

APPRO~'>, 

~~~--- • TOP IVIEW 

~ ~"PIPE 

"' CFLA'l'r.:E~R '!a: " NAIL HIWl 

LOOKING DOWN :..::::;;;;:=---:C:::======~~II!====;;=. 
'"' THE POINT _ _L.L.... __ s....,E ~::c =T =I o=N=~~=~ 

•RIVETED• 
END OF NAIL 

1. Details of drill bit design (not to scale) 

The Drilling Operation 
A minimum of three people are needed for the drilling oper
ation. One holds the bamboo to be drilled, while the second 
turns the pipe drill stem using a standard pipe wrench. The 
third person supports the end of the pipe drill stem, and 
pushes the drill into the bamboo- For pushing, we found 
a cut-off piece of bamboo with the inter-node intact made a 
fine "thrust bearing". 

The operation is fast and easy. As each node is pierced, the 
"thruster" pushes the bit into the bamboo to the next node, 
and the drilling continues. Three workers can easily bore 
out a dozen 7-meter bamboo poles in one hour. We found 
that this work was easy and fun even for young students. 

2. The drilling operation 



Siting the Pipeline 
We took our water for the experimental system from a 
stream, simply tapping the piping into an existing small dam 
of concrete and timber (Figure 3). Much simpler dams 
could of course be made from sod, stones or logs. · 

3. Bamboo piping tapping out of a small dam 

Since the flow of water depends on gravity, L1e greater the 
drop or head through the pipeline, the greater the flow. Such 
a system IS most useful where the natural water course drops 
steeply, as at a waterfall. However, the bamboo costs little 
or nothing in many areas, and this piping can also be useful 
in relatiYely level terrain by simply tapping a stream up-river, 
and piping the water farther to get a good gravity head at 
the point of use. 

Installing the Pipeline 
The pipe sections are either mounted on supports above 
ground or laid in excavated trenches, depending on the · 
terrain that must be crossed. Supports can be made of 
brush, limbs, sod or rocks found at the site. As the pipe is 
installed, a constant slope can be maintained working with 
a line level from the water source. 

B. 

c. b %0:»2 d 
4. Three joints for bamboo piping, from Village Technology 

Handbook (VITA), "Bamboo Water Systems". 

Alternatively, the appropriate slope can be judged by obser
ving the flow through the pipe as it is raised and lowered. 
The pipe is mounted in approximate position, then joined 
to the preceding section. There are several jointing possibili
ties, as shown in Figure 4. If the bamboo sections are long 
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enough and taper enough through their length, each section 
can be inserted into the preceding one (drawing A). Or, 
extra large bamboo sections can be found to use as ''unions" 
around two smaller sections (drawing BJ, or smaller pieces 
used to unite two larger sections (drawing C). 

As our bamboo was not the right size for any of these joining 
methods, we developed a fourth type of joint. The sections 
to be joined are held together and a piece of cow-hide is 
wrappe.~ tightly twice around the joint. The hide is first 
soaked overnight in water to make it pliable, and so that it 
will shrink around the pipe joint when it dries out. 

The wrapped joint is then sealed tig.llt with two pieces of 
l-2 mm wire, preferably galvanized wire. The wire can be 
drawn tight with pliers, or tightened with a stick. The ends 
of the twisted wires are snipped off close to the pipe, to 
discourage pilfering. The joints might also be lashed with 
rope, twine or vine~. 

5. Using a stick to tighten tie-wire on a joint 

In Taiwan, bamboo piping serves for 3 or 4 years, and some
times lasts for 5 or 6 years. It is best preserved when full of 
water, buried in the earth or wrapped with layers of leaves 
and earth. We don't as yet know how long the cow-hide 
joints will serve. Old automobile inner tubes cut in sections 
could provide a strong, long-lasting alternative to the 
leather, but these were not readily available in Mezan Teferi. 

'ihere is a special advantage to the leather (or rubber) joint 
system, in that the line of piping can be curved a bit at each 
joint to follow the contour of the land. We found that with 
the inserted joints, attempts to curve the pipeline resulted 
in cracking the outer bamboo. However, it may be that by 
steaming the bamboo, pipe joints could be easily bent. 

Measuring the Flow 
It is possible to let the flow run into a graduated container, 
such as a bucket, for a measured period of time (e.g. IS 
seconds). Then the flow rate per second or minute cun be 
calculated by multiplying. 

However, when you don't have a graduated container, time
piece, or much confidence with multiplication, a simple 
V-notch gauge is fast and easy to make and use from an emp
ty oil or petrol tin (see Figure 6). We found that a sharp 
knife could cut our tin can accurately. The flow is measured 



oy s1mp1y noung up to wrucn nonzontal line the water level 
reaches as iLspills through the notch. We also included in 
our "gauge" a left-hand scale suggesting what minimum levels 
of constant flow were needed to irrigate 2,500, 5,000 and 
10,000 square meters of land. 

l2 5 

100 

21.2 

75 17.6 

ll. 8 

50 7,5 

4.2 

25 1.7 

0.55 

0 

Hearl of flow: litres 
water (mm) per minute 

Measuring j1ow with V-notcl1 wier; and design of V-notch, 
from Water Treatment and Sanitation (ITDG) 

Potentials of Bamboo Piping 
With the bamboo species common in Ethiopia, Arundinaria 
alpina, a flow of 24 litres per minute can be obtained which 
is enough to supply the water needs of one hectare of land. 

Village people are frugal in their use of water for the house
hold: perhaps only 20 litres per person per day. At this rate 
one 40 mm bamboo pipe to a village tap could serve up to 
500 people! A design for a simple tap using bamboo elements 
is shown in Figure 7. 

7. A rudimentary public fountain of bamboo, modified 
from Village Technology Handbook. 
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A Traditional 
Bamboo Pump 
from the Information/Documentation Center, 
DTC-ITB, P.O. Box 276, Bandung, Indonesia 

In 1977 a bamboo hand pump was discovered in the Ciamis 
area of Western Java, Indonesia. On investigation, it was 
found to be so interesting that it was brought to Bandung 
fo· further testing and dissemination. The pump's history 
v ~ not quite clear; it seemed that the design had been 
passed on from pumpmaker to pumpmaker through the 
generations. One of the pumpmakers interviewed, Mr Yussuf, 
had started making the pump in 1956 and at the last count, 
in 1978, he had supplied 25 families wi!." ~ bamboo pump. 
The average age of pumps in the area was four years, 
although one had survived six. Ught maintenance measures 
were performed by the villagers themselves, but Mr Yussuf 
dealt with more serious repairs. 

Techniral data 

Materials: green or black bamboo, wood, strings, rubber 
Maximal depth: 8 mel res 
Output: 0.4 1/stroke 
Costs: US$4-5 

How it works 

The pump is made entirely from materials readily-available 
all over the Javanese countryside- wood for the frame and 
handie; black or green bamboo for the suction pipes and 
cylinder, tyre rubber for the valves, leather for the piston 
and some nuts and bolts. The tools needed to make the 
pump are also simple: knifes, a scraper, saw and hammer. It 
operates by a suck-press system, which can be understood 
from FigJ. 

Pushing the handle down brings the pi~ton up an1 sucks 
water through rubber valve A in the cylinder house, while 
rubber valve C is closed. lifting the handle up brings the 
piston down and presses water from the cylinder house 
through pipe Band rubber valve C out of the pump. 

Field tem and results 

Further investigation of new bamboo pump installations 
brought to light some important points concerning instal
lation and operation: 

Fig.l The 'mck-press' system. 

Appropriate Technology Vol5 No 4 

RISER PIPE 

Fig.2 Traditional bamboo pump. 

1. Several types of bamboo can be used, but the bamboo 
must be cylindrical, with a diameter of 7-8 em, and it 
must be strong. 

2. If the pump is not in use (for instance during the night) 
the water ~evel in the suction pipe will lower and in the 
morning pri'ming will be necessary. It would be a good 
idea to add a bottom valve, as shown in Fig.2. 

3. The bamboo should be pre-treated by keeping it wet for 
one to two months. This is done in order to remove the 
bad taste and smell from the bamboo. If this is not done 
bad-smelling water should be expected during the first 
pump strikes. 

4. The pmiip should not be exposed to direct sunlight, 
because this will dry out the bamboo and cause cracks. 

5. A weak point of the pump is the piston. The leather 
should be replaced around once a year if it is in constant 
use, and once every two years for less intensive use. 

After three months of monitoring eight new installations in 
private households in the village of Cidadap, it was found 
that five pump owners still maintained their pump with 
good results. They had performed small repairs by them
selves and were quite content. Three pump-owners had 
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Fig.3 The pump in action. 

demolished their pumps because of the bad smell of the 
water. These experiences, combined with those from Ciarnis, 
where the pumps gave good performance for years, indicate 
that the appropriateness of the pump is quite high, but that 
it is important to inform the villagers properly. 

Advantages 

Low cost, thus within the budget of an average villager. 
Local materials like bamboo are used, which are always 
readily available. 

- Generally, the pumps can be maintained by the villagers 
themselves. 

- The simple pumping mechanism is easy to understand. 

0 isadvantages 

Average life-time is five years. 
Maximal depth is eight metres. 
Only specific types and shapes of bamboo are suitable. 
It is not appropriate for heavy duty locations. 
Gives a bad smell during the first month if the bamboo 
has not been properly treated. 

0305- 0920f79f0116 ° 0022 $01.50/0. 
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Well Casings and Screens from Single Stalks 
of Bamboo, and a Manually Operated Slatter 
by Stephen V. Allison, World Bank, Yaron M. Stern
berg and Robert Knight, University of Maryland 

Bamboo has been used in the construction of well screens 
to remove fine sand and silt in India and Bangladesh for 
several years. The most common design involves ~ying strips 
of bamboo onto a frame made of steel reinforcing rods, to 
form a basket-like structure of 100-SOOmm diameter, which 
is then tightly wound with coir rope to minimize sand entry 
to the wells. 

For the construction of domestic water wells, however, and 
for small capacity irrigation wells, diameters as large as 
100-SOOmm are unnecessary. Many thousands of domestic 
wells are in the 40-SOmm siz(;. range, while hundreds of 
thousands of small irrigl.\tion wells have been installed with 
only 75mm casings. BambrJo naturally grows to these 
diameters and it was accordingly suggested in As.<•m, in 
January 1976, that if the slotting problem could be solved, 
single culms of bamboo should make satisfactory well 
screens for use in shallow alluvial aquifers. 

A method for producing slotted bamboo using a single 
radial cutter powered by an electric motor has been des
cribed by Eaton. 1 Electricity is not available in many 
parts of the world where slotted bamboo culms can be used 
as fllters. Thus, our efforts were directed towards develop
ing a manually operated slotter. The unit was developed at 
the University of Maryland, Dept. of Civil Engineering, and 
is further described below. 

Single Bamboo Casings and Screens 
The manufacture of single bamboo well casings is an 
extremely simple process entailing only the removal of 
internodal blockages with either a sharp chisel or an auger 
on the end of a long steel rod. A variety of bamboo has to 
be select~d which does not crack easily and it has to be 
wei! cured in advance of the slotting operation. 

It was anticipated that the slots would close up after immer
sion in water and experiments were accordingly conducted 
to determine the extent of this effect. Culms slotted in 
both vertical and horizontal directions were submerged in 
water. Daily measurements thereafter confirmed that the 
walls swell as they become saturated, causing the slot open
ing to decrease. This effect follows an exponential decay 
curve, most of the ultimate decrease occurring in the first 
24 hours and no measurable change occurring after four 
day~. Slots cut in the horizontal direction decreased in 
width by an average of 40%, while those cut in a vertical 
direction decreased by only 30% of the original width. This 
is useful to the extent that it permits use of a thicker (and 
thus stronger) slot cutter than would be required to obtain 
a slot of given width, if no decrease followed submergence. 

Analysis of typical aquifer materials revealed that with slot 
widths of 0.3mm, about 6% open area can be obtained 
in a culm of 65mm inside diameter (see Fig.l ), so that only 
about lrn of screen is required to admit each lm3 /hr of 
required discharge. 

Appropriate Technology Vo/.5 No.1 

In the zone of water table fluctuation it i:> necessary tu use 
either mild steel or plastic ~ipe to prevent rotting of the 
bamboo thr'1neh successive w~ning and drying cycles. The 
bamboo se~ lOn of the well is thus placed in a permanently 
saturated environment and should last many years. • 

Manually Operated Slatter 
The idea of using bamboo culms for well screens created a 
need for a marwally operated, reliable, simple, yet rugged 
machine for slotting the bamboo to a predetermined slot 
size. 

The first requirement was to determine the best direction 
and speed for slotting. Culms were slotted at various speeds 
in both the vertical (along the fibres) and horizontal (across 
the fibres) axes. Slotting was found to be easier in the 
vertical direction, with an optimum speed of about 200rpm 
(65mm diameter radial blade). 

At higher speeds the culm tended to show burn marks, and 
at slower speeds the cutter snagged the fibres, particularly 
when attempting a horizontal slot. For the same number of 
slots between nodes, a culm with vertical slots appeared 
to be much stronger than the one with horizontal ones. 
Con~quently, ~~-e results of the preliminary phase indicated 
that vertical slot:. nbtained with a O.Smm thick blade would 
be suitable as the final ;;lot width after immersion in water 
would be approximately 0.3mm. 

After detennining the required cutter width, various "slot
ter" configurations were tested prior to the construction of 
the prototype shown. 

The cutters are 65mm diameter and O.Smm thick, mounted 
on a 1" arbor, with spacers measuring 2.0mm between each 

Vertical slots 
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The bam boa clamped on the slotter. 

cutter. Due to the spacing of the cutters and the curvature 
of the bamboo material, a maximum of five cutters was 
found to be most practical. (Such cutters can be purchased 
from, amongst other possible suppliers, the Sheftleld T\ ist 
Drill and Steel Co.Ltd., Summerfield St., Sheffield S II 8HL, 
Yorkshire.) 

As this was to be a manuall) operated machine performing 
a somewhat delicate task, i.e. feeding five 0.5mm thick 
cutters into a tough material such :~s bambno, some rigidity 
had to be built into the frame. 

The crucial points were the cutter arbor and the material 
clamping pivot. To combat poss!ble dust conditions and 
provide easy alignment plus good rigidity, self aligning, 
permanently lubricated, pillow blocks were used for the 
two shafts. The pillow blocks in turn were bolted to a 
channel bar frame. This offered adequate strength and 
accuracy. A rigid frame ct ns~~ucted out of WOLld would 
also be suitable. 

The components from the cutter :;rbor b:~ck to the crank· 
ing handle were less critical with respect to rigidity. ·1.1e 
concern here was to design a mechanism with a compromise 
between mechanical advantage and velocity ratio which 
would 110t only be comfortable for the operator. but would 
also effectively cut the bamboo, i.e. prov1de a speed of 
approximately 200 rpm. 

The gear train was made up on an 80 tooth driver, a thirty 
tooth driver and an idler of no specific number. The main 
reason for the idler was to allow turmng the hand crank in 
the same direction of rotation as the cutters. It also allowed 
some flexibility in positioning component parts. 

lbe handle has a 25cm thmw v.hich provides the operator 
with ample leverage. It is connected to the primary gear 
through a single speed freewheel bicycle chain sprocket. 

The free-wheel has a dual purpose. Under no-load conditions 
the energy stored in the fly wheel tends to rotate the 
cutters at a speed which overrides normal cranking speeds; 
therefore, the operator is not obliged to keep up with the 
cutters. It also provides a worthwhile option. One can 
remove the handle, which is a simple procedure, and power 
the machine directly from the bicycle. 

Slotting bamboo. 

Cutter life is still undetermined. It can, however, be assumed 
favorable, as the original set performed well in many experi
mental test runs and is now being tested under field con
ditions. 

Loadmg and operating the machme is a simple matter. The 
workpiece (bamboo) is placed in the V -blocks of the 
cbmps, then securely t1ghtened at the front (pivot) clamp. 
'fhe rear spring loaded clamp is tightened as the material is 
fed down into the cutters. 

When the workpiece is clamped in position and the cutters 
a>" in motion. slowly feed the spring loaded clamp down
wards until the cutters make contact with the bamboo. 
The operator soon acquires a "feel" for the machine. The 
rate of workpiece feed and cutter rotation rely heavily c;m 
each other for an optimum condition. The operator, without 
drastic results, becomes aware if one of the factors is not 
correct and will adjust instinctively. When the cutters have 
reacht;d full depth (approximately lOmm) the workpiece 
~:hould be raised again tv the starting position. Now the 
damps are slackened and the workpiece moved either 
longitudinally or radially into a position for the next series 
of cuts. This is repeated until the desired amount of slotting 
is completed. 

It should be noted that with a little practice the operator 
could discard the rear clamp and feeding mechanism and 
simply feed the bamboo by hand. This obviously speeds 
up the operation. 

Where electricity is available, the slotter could, of course, 
be dri·;cn by a small electric motor. 

Current Status 
The prototype slotter was taken to Assam in mid-1976, 
since which time several wells using these bamboo screens 
have been installed. These are now being tested and ob
served. Further information is available from: Mt H. Gogoi, 
Add!. Chief Engineer - Irrigation. Government of As:;am, 
Gauhati. 8 
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Chapter 7: Bamboo constructions 

7.1. - Traditional joints of bamboo 

by McClure p. 133 

7. 2 0 - How to calculate bamboo 

by dr. Jules J.A. Janssen p. 136 

7.3, - B.a:;:nboo Trusses 

by dr. Jules J.A. Janssen p. 142 
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I 

This chapter starts with a summary of the traditional 
joints in bamboo, by McClure, his pages 16 and 17. 
The text, belonging to these drawings, is present in 
this book on pages 24 and 25. 
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Figure 6.- -Det~:.i ls of bamboo construe t ion: A, fitting and binding culms at 
joints in roof and frame; B, fitting and se~t·ing bamboo boards of floor; C and 
D, saddle joint; E end F, use of inset block to support hori~oontal loadft -
bearing elements;-G and-H, use of stump of branch at node of post to support 
horil.ontal load·be";ring -; lemen ts. 
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Figure 7.- -Joints used 1n building with bamboo. 
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7.2. How to calculate bamboo 

by dr. Jules J.A. Janssen 

In most cases a bamboo construction is built based on 

traditional methods. However, a recent research programm 

by the author gives some possibility to calculate bamboo in 

a modern way. Some knowledge about mechanics is needed. 

• The resea:r;ch prolJ.ramm, mentd:oned at.l·ead has shown d ratio 

bet.ween~the mass pe.r. volume p in kg/m3 and the allowable 

stresses in N/mm2 , see table 1. 

dry bamboo 
( 12 percent MC) 

wet or green 
bamboo 

compression 
(no buckling!) 

0.013 

0.011 

bending shear 

0.020 0.003 

0.015 

Table 1. The ratio between the mass per volume p in kg/m3 

and the allowable stress in N/rnm2 . 

Note: dry bamboo has a moisture content (MC) of 12 percent 

when in equilibrium with air with a relative humidity 

of 70 percent. 

Example: if green ban~oo has a mass per volume of 600 kg/m3 , 

then the allowable stress in bending is 0.015 600 = 9 N/rnrn2 . 

These allowable stresses can be used in relationship with 

permanent load, e.g. the dead weight of floors, walls and 

roofs. 

For the combination permanent load + live load {e.g. inhabitants 

furniture) 25 percent extra is allowable, and for the above plus 

wind 50 percent extra is allowable. 

Example: the 9 N/rnrn2 mentioned ahead becomes 11.25 or 13.50 N/ 

respectively. 

However, the problem is to determine the mass per volume of the 

bamboo concerned. (On the contrary, this is much simplier then 

the determination of stresses at failure, so this method is 

really an improvement) . 
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The mass per volume of bamboo is between 550 and 700 kg/m3 . 

If the following method really is impossible, then calculate 

with 550 kg/m3 . But this lower value is uneconomic, because 

the allowable stress might be higher. 

The mass per volume can be determined as follows. At first 

the volume. Cut an internode (i.e. a piece of bamboo between 

two nodes) at right angles. Measure the sizes of this piece: 

- the height H, in mm exact.ly, 

- the outer diameter D, in mm exactly, at both ends twice, 

also four times in all, and calculate the mean value, 

the wall thickness w, in 0.1 mm exactly, also with micro

meter, at both ends four timeEo ,-.ach, also eight times in 

all, and calculate the mean. 

Determine the weight G, in gram exactly, (try at a clinic, 

a grocer or at the post office) . 

Example, see sketch page 138. 

H = 292 mm 

D = ~ (82 + 81 + 83 + 82) = 82 mm 

w = 1 I 8 ( 6 • 3 + 6 • 4 + 6 . 5 -!· 6 • 4 + 6 • 6 + 6 . 4 + 6 . 5 + 6 . 5 ) = 6 . 4 5 mm 

The volume is: 

H 3.111 

= 292 3.14 

{D - w) w = 

(82-6.45) 6.45 = 447000 mm3 

The weight approves to be 272 grammes. 

The mass per volume is: 

272 g - 608 kg/m3 

447000 mm3 -

The allowable stress for bending is (if this bamboo is dry) 

0.020 608 = 12.2 N/mm2 

To calculate a bamboo in bending, we need to know the modulus 

of section W (i.e. the modulus of inertia divided by half the 

diameter) , because bending stress cr = bending moment M 

divided by modulus of section w. 
See table 2. 
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w 
D 4 5 6 7 8 9 10 

50 6000 7200 8000 

60 11000 12700 14000 

70 15400 17700 20000 21700 

80 24000 27000 29700 32200 

90 35100 38900 42200 45300 

100 44400 49200 53800 58000 

Table 2. The modulus of section W in rnrn3 as function of rJUter 

diameter D and wallthickness w, both in mm. 

Example: we like to build a foot-bridge of 4 m free span. The 

available bamboos have a mean outside diameter of 90 mm. 

We cannot measure the wallthickness in the middle of the length 

of the bamboo: at one end this thickness is 7.8 mm and at. the 

other end 6.2, and as a result we assume as wall-thickness in 

the middle the mean of these two, i.e. 7.0 nun. 

What is the allowable load on one banilioo culm? 

Allowable stress = 1.25 12.2 = 15.2 N/mm2 

From table 2: W = 35100 mm2 

M = a W = 15.2 35100 = 535000 Nmm = 535 Nm 

8M = q = 
L2 

8 Allowable load 267 N/m' = = 

Let us assume for the load on the bridge 1000 N/m (i.e. people, 

750 N each, and walking at a distance of 0.75 m between them). 

We need 4 bamboos (4 is 1000 N/m divided by 267 N/m, and rounded 

off upwards), tightly joint together. The supports should be 

made ata node or as close to a node as possible. 

In most cases this calculation of the strength is enough. 

Somet.imes the deformation should be calculated as well. 

Well known are the formulas: 

q 
5 qL4 

R' ( ' l I I I I I I l I 'i\ f = 384 EI 

t f FL 3 
~ .,... = 48 EI 
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in which 

q = 
F = 

f = deformation in mid-span, mm 

equally divided load, N/mm 

concentrated load, N 

L 

E 

I 

= 
= 

= 

span, rom 

Young's modulus, N/mm2 

moment of inertia, mm4 

For bamboo E = 20 000 N/mm2 , and the formulas can be simplified: 

»''"' ' ' \ ' ' q\ 

(\ * I\ 

in which 

f = deformation, mm 

L = free span, meters 

a = actual stress, N/mm2 

D = outer diameter, n~ 

f 

f 

10 = 
L2 a 
D 

8 L2 a = -----D 

In the case of our bridg~ the actual stress is: 

M 
a = w = = 1 40002 = 14.25 N/mm2 

8 4 35100 

(Note: the 4 is the number of bamboos) 

and the deformation is: 

f = 10 42 14.25 
90 = 25 nun. 

In practice a good guideline is to limit the deformation to 3 ~ 0 
of the span. To achieve this goal, the stress should be limited to 

A\ \ ' \ S \ \ I) D 
a = 

3L ' :t D 
J\ 7\ a = 2.5L 

in which 

a = actual stress in N/mm 2 

D = outer diameter in mm 

L = span, meters 

This means for our bridge: 

90 2 a = 3 4 = 7.50 N/mm 
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allowable on each bamboo: 

M = a W = 7.50 35100 = 263 000 Nmm = 263 Nm 

8M 
q = 

L2 
= 8 263 

16 
= 132 N/m 

To bear 1000 N/m we need 7 bamboos tightly lashed together. 

dr. Jules J.A. Janssen 

Eindhoven University 

Reference: 

Bamboo in Building Structures, 

thesis by the author, Eindhoven 1981. 

235 pp. Price £ 5.50 plus airmail etc. 
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Figur~ 2. Improved type truss. 

Picture 3. The truss, being tested. 
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7.3. Bamboo Trusses by dr. Jules J.A. Janssen 

Introduction 

Bamboo trusses a~e constructions, being used to support roofs of 

buildings, or bridges. As to the roofs, roofs of houses are supported 

by that many columns or walls, that the support of such a roof is 

hardly a problem, but roofs of buildings like schools,- medica\ centres, 

crop stores, with a free span of 8 m or more, need structural advice. 

With bamboo, such trusses can be built. 

In the tradition of many regions, where bamboo is a familiar buildi1g 

material, s~ch trusses do exist, but they have been built with tc much 

bamboo and with an unknown safety. To improve this, a research programm 

has been carried out at the Eindhoven University of Technology, dealing 

with trusses of a free span of 8 m, to support roofs of galvanised or 

fibre-cement corrugated sheets. 

Figure 1 shows the well known king-post type truss, which has been 

tested in this programm. However, an improved lay-out is shown in 

figure 2 and picture 3. The improvement means: stronger (25 per cent), 

and less deformation (12 per cent); on the ~ontrary, more bamboo (11 per 

cent) is needed, and more joints (63 per cent) have to be made. 

In the following pages some technical solutions how to make the joints 

will be discussed, as well as the mechanical behaviour of a truss as 

a whole, and finally problems dealing with purlins, stability, windload 

and earthquake. 

A very important point, the durability of the bamboo, is not discussed 

in this chapter. The durability is a preliminary condition of first 

order. 

The trusses, shown in figure 2 and picture 3, and properly detailed, 

can be loaded in practice with 4 kN on long te~m, and with 6 kN temporarily 

(e.g. people on top of the roof). (this 6 kN includes the 4 kN mentioned!) 

This means that they might support a roof with a free span of 8 m, and 

a distance of 2 m in the case of fibre-cement roof sheets, and 3 m in 

the case of galvanized roof sheets. Wind will be discussed further 

in this chapter. 

The sizes of the bamboo are: 

upper and lower members: g 100 - BO mm ('outer and inner diameter) 

- verticals and diagonals g 80 - 65 mm. 
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Figure 4. Joint no. 1 · 
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Picture 5. This joint, after failure. 
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For these trusses, four different types of joints have been designed 

and tested. A report on these joints is given now. 

Joint 1 
This joint is built with plywood (1) on both sides of the bamboo, 

and steel bolts (21 through and through. 

This joint is the strongest and stiffest of all four joi~ts described 

here. However, a disadvantage is the need of plywood and the steel 

bolts, which might have to be bought at high price. 

In stead of the plywood, flattened 'oil drums could do as well, but 

this has to bP. tried yet. 

This joint is shown in figure 4 and picture 5. 
The joint is made with 10 mm plywood (1) on both sides, and four 8 mrn 

steel bolts (1). The purlin (3) rests onto the plywood, but to resist 

wind suction the purlin has to be fastened with bolts or lashes, other

wise the roof will be lifted from the truss as soon as the wind velocity 

exceeds about 20 m/s, which is a moderate wind. 

The joint is very strong; in practice in the diagonal (4} an axial 

compression force of 2.4 kN on long term is allowable, and of 3.6 kN 

for short term loading. 

It is important to place the joint in bamboo structures in such a way, 

that a joint is made at a node, or a• near to a node as by any means 

possible. 

Picture 5 shows this joint, being tested with hydraulic jacks. 

The joint is laid down onto the floor to facilitate the test only. 

The failure can be seen as well~ 

An advantage of this joint is, that prefabrication of series is possible. 

In the other joints, described on the next pages, the bamboos have to 

fit precisely. Due to the fact that bamhoo is not straight at all, 

this precise work might become a headache. But in this case a precise 

fitti.ng is not necessary, because the plywood does tha job. 
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Joint 2 

In this joint the diagonal (1) rests against pins (2) through the 

ur~er member (3), see figure 6. 
The pins (2) have two functions: they support the purlin (4) and they 

support the diagonal. A split bamboo as an intermediat~ layer (5) on 

both sides of the upper member prevents this upper member from being 

penetrated by the purlin or the diagonal. This simple detail improves 

the strength considerably. 

The form of.these pins provides a better support for the purlin, and 

prevents the pins from falling down onto tne floor. 

To be kept in place, the intermediate layers fit around the pins. 

In the diagonal anaxial compression force of 1.5 kN can be allowed 

permanently, and 2.25 kN temporarily. 

The lashings (6) can be made e.g. with sisal rope 5 mm; they are drawn 

as a single line, but each 1 ine symbolises three ropes. 

The reason for this rope is wind suction: the compression force in the 

diagonal changes into a tensile force! 

Picture 7 shows this joint after failure in the test. In practice the 

purlins have to be lashed! 
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Picture 9. Joint 3; vertical and lashings left away. 
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Joint 3 

Joint 3 is based on two 11horns 11 (1) at the end of the diagonal (2), 

entering the upper member {3) into two holes (4). The joint is 

lashed with rope. Horns like these are a very traditional method 

to join bamboos, but reports on strength tests were unheard of. 

An allowable compression force in the diagonal is 1.1 kN permanently 

and 1.7 kN temporarily. A disadvantage of this joint is, that the 

diagonal has to fit on both ends exactly between upper and lower 

member of the truss. This requests craftmanship and time, and 
prevents prefabrication. 

A node in the upper and lower member should be as close as possible 
to the joint. 

The ~ertical fits simply in between, and is lashed. Horns arc not 

necessary because the forces in a vertical are smaller than in a 
diagonal. 

Pictire 9 shows this joint as an exploded view, and all lashes and 
the vertical left away. 
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Joint 4 · 

Joint • 4 op_ ened after fa i 1 u re · 
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Joint 4 
Joint 4 is based on the principle of a truss with double upper and 

lower members (1) and single verticals and diagonals (2), fitt.ing in 

between these. 
At each joint a hole is drilled through all three bamboos, and this 

hole is made square with a rasp, to allow the bamboo pins (3) to fit 

into this hol~. Prefabrication is very well po$sible. This joint can 

be made also with a steel bolt instead of a bamboo pin; with a steel 

bolt this joint has a long history in bridges, as long ago as the end 

of the past century. 

The allowable axial compression force in the diagonal is 1.6 kN 

permanently and 2.4 kN temporarily. 

The purlin should be lashed, and the double members should be kept 

together with lashes as well. 

Picture 11 shows this joint, opened after failure. The failure in 

the bamboo pin looks like yielding in steel~ 

This picture shows also a circular rope (4) round the upper members. 

The purpose of this rope was a kind of prestressing, to avoid 

splitting of these bamboos. This increases the strength slightly. 

A node near the joint does the job better. The three pins (3) are 

each 7 x 10 mm. 
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Trusses, short term behaviour 

Trusses, built with joint no. 2, have been tested OP full scale, 

with a free span of 8 m, see figure 2 and picture 3. The ~hort-term 

strength has been determined as about· 29 kN. This load has been 

brought onto.the purl ins by a system of hydraulic jacks. 

Fa i 1 u re occur red in the upper member, due to stresses caused by a 

bending moment of about 1100 Nm and an axial compression force of 

about 11 kN. A bamboo with an outside diameter of 100 mm (as in 

our case) should be considered as insufficient; in practic~ a bigger 

one, e.g. 120 mm, should be taken for the upper members. 

A next improvement is agreater stiffness for all joints. Due to 

the deformation in all joints, the curvature of the truss and conse

quently of the upper member is considerable, and this causes failure. 

Better stiffness has to be studied as yet. 

In our case the immediate deform3tion of the trusses in mi~-span has 

been determined as about 40 mm (i.e. 1/200 of the span of 8 m) under 

a load of 18 kN; in practice, this truss will be loaded with 4 kN, 

and an immediate deformation of 10 mm should be e~pected. 

On the long term, this defonnation 'i'iill increase up to 2.5 times 

this immediate deformation. Consequently, in practice a deformation 

of 25 mm could be expected. This increasing deformation is due to 

the joints, not to the material bamboo. 

Failure means splitting of the bamboo, see picture 12. However, 

when the load has been removed, the bamboo will regain its original 

form. This means in practice, that a bamboo structu .. e will survive 

an earthquake or a storm, and that damage can be repaired temporarily 

by lashing the split L~m~oo with circular lashes around it. 

The building can stay in use, until a definitive repair can be carried 

out by replacing the damaged bamboos. 
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Stability, wind, purlins 

Wind load is a problem, mainly due to the suction: this is an upward 

force, by which the roof can be removed .froan the bu i 1 ding. 

The dead load of the roof might prevent this as long as the dead 

load exceeds the suction. Galvanised corrugated roof sheets are 

light weight sheets, and a wind velocity as low as 20 m/5 is sufficient 

I for an equilibrium between dead load.and wind suction. 

With fibre-cement roof sheets, this break-even point is 27 m/s. 

In practice higher wind speeds will occur, but with proper lashings 

and details ·the bamboo trusses described t:arore can do up to 38 m/s wind 

velocity. (see next page) 

Next, the danger of wind can be minimized as follows. 

- Figure 13 shows a better form for the roof than figure 14. 

-Figure 15 shows a plan of the roof, with stabilising braces: 

-1 =building 

-2 = truss 

-3 = hip 

-4 =brace in roof (between or under the purlins) 

-Figure 16 shows a ridge ventilator, to control both high temperature 

under the roof and wind suction. 

-Figure 17 shows the best \-Jay to blow up any building, by large 

openings towards the wind. On the contrary, figure 18 shows how 

to achieve a suction inside the building by creating an opening 

in an area away from the \'lindward wall. If this is dc,ne carefully 

during a storm, taking into account changing wind directions, 

occupants can del iber·ately control the· internal pressure, and save 

the bu i 1 d i ng . 

As to the purl ins, the;r strength is determined by the load of a man, 

sitting on a purlin during the erection of the building. This means: 

distance of trusses 

2 m 

3 m 

outside diameter 

80 mm 

90 mm 

wall thickness 

7 mm 

8 mm 

All purlins have to be lashed tightly to the trusses; wind suction is 

a tremendous upward force! 
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High wind 

If the wind velocity might be higher then 20 m/s (galvanised 

roofsheets) or ~7 m/s (fibre cement roofsheets) the following 

precautions have to be added. 

See fig. 19 and 20. 

- Fasten diagonal C D with rope similarly as A D 

Give a suppo.rt in horizontal direction to point F, as shown 

in top-view in fig. 19. 

- Fasten A and G with rope similarly as A D, and fasten the 

column G similarly to the foundation. 

With these precautions the next possibili tie.s become available: 

roof sheet distance wind wind 
between trusses pressure velocity 

fibre cement 3 m 825 N/m2 38 m/s 
galvanised 3 m 490 30 
galvanised 2 m 660 35 
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Details 

for a truss with joint no. 2. 

Bamboos upper member ~ 100 - 80 mm 

(i.e. outer and inner diameter resp.), other members~ 80- 65 ~n. 

1 Detail A 

1. Intermediate layer of flattened bamboo, between the two 

ends of the bamboo upper-members. 

2. Sisalrope or equal, 5 mm, shown four lines but each lines 

represents three ropes, total twelve. 

This is due to the high tension force in A D. 

3. Pins to hold the ropes of no. 2, cross section 15 x 15 mm. 

4. Purlin, fastened with two sisalropes 5 ~nat a pin of no. 3, 

to hold down the roof in case of wind suction. 

5. Intermediate layer as shown in detail. 

6. Pins to support the purlin, see detail. 

At the top they are broader, for a better support to the 

purlin, and to prevent them from falling out of the hole. 

Detail B similar as A only: 

7. Intermediate layer, see detail 

8. Sisalrope to keep the truss together during erection, and 

against windsuction. 

N.B. The vertical B D rests against the pins no. 6. 

Detail C as A and B 

Detail D 

Ropes of B D and C D see 8, and ropes of A D see 2. 

Diag9nal C D see above (high wind) 
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Details E and F, nothing new. 

Detail G 

This support is difficult and important. 

9. An intermediate layer between upper member and column, as 

in 1. 

10.Tension joint between lower member and column, a kind of 

hairpin. Detail 10 a shows a top view: between the two crosses 

only the outer half of the bamboo is taken, because the inner 

half is weaker and bending of the full thickness is difficult. 

Detail 10 b gives a ~ross-section. 

11.Fasten the truss very carefully against upward forces due to 

wind suction! This should be done with as many ropes as in 

detail A no. 3, i.e. 12 ropes. 
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Chapter 8: Bamboo reinforced concrete 

8.1. - Introduction 

Jules J.A. Janssen 

8.2. - Bamboo Reinforcement of Concrete 

McClure, pp. 7 ..• 11 

Reference~ 

p. 164 

p. 165 

An article describing paneJ.s (600 nun x 600 mm x 10 mm) 

and planks (1800 mm x 1800 rnm x 40 mm), made of 

concrete with bamboo fibres, is written by P.D. Smith, 

in: Appropriate Technology, vol. 6 no. 2, august 1979, 

pp. 8 - 10; edited by I.T.D.G. London. 
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8.1. 

I 

Introduction by dr. Jules J.A. Janssen 

Bamboo as reinforcement of concrete has the advantage tn 
replace a steel reinforcement; steel is expensive, and 
requires sometimes foreign currency, but bamboo is cheap 
and a local material. 
However, there are also two main disadvantages. The 
first is: the dimensions of the bamboo depend on the 
moisture content. The moisture content varies with that 
of the concrete and with climate, and as a result the 
dimensions of the bamboo change, disturbing the bond 
between the bamboo and the concrete. 
The second disadvantage is the low value of the Young's 
modulus of bamboo. This value is the same, both for 
bamboo and for concrete. Steel reinforcement on the 
contrary has a Young's modulus which is ten to fifteen 
times that of concrete. As a result, steel really 
reinforces the concrete, and bamboo only keeps together 
the concrete. 
Just because many people remain interested in bamboo 
reinforced concrete, a text on this topic is given now. 
It is from 1950 already, but still (in 1982) a very 
good ~ext. (The original report from 1950 is out of 
print :) . 
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Bamboo Reinforcement of Concrete 
Published references to the use of bam

boo in reinfnrcing cement concrete struc
tures or parts thereof indicate that the prac
tice has been followed to some extent locally, 
for some decades at least, in the Far East 
(China, Japan, and the Philippine Islands). 
During t~e 1930's several experi!'!·~>mts werf! 
carried out in Europe, particularly in Ger
many and Italy, to test the performance of 
cement concrete beams reinforced with bam
boo. 

The most recent, comprehensive, and 

readily available information on the subj~ct 
is to be found in the report of a series of 
experiments carried out by and under the 
direction of Professor H. E. Glenn. Two 
important sections of this report are quoted 
here, in entirety:.!/ 

!/ H. E. Glenn. Bamboo Reinforcement 
of PortlaJ'ld Cement Concrete Structures, 
pp. 12.3-127. Clemson College Engineering 
Experiment Station, Bul. 4. Clemson, S. C. 
May 1950. 

Summary of Conclusions 
From Results of Tests on 

Bamboo Reinforced Concrete Beams 

Below is given a summary of the conclusions as indicated h-om the 
results of tests on the various beams included in this study. 

1. Bamboo reinforcement in concrete beams does not prevent the 
failure of the concrete by cracking at loads materially i::1 excess of 
those to be expected from an unreinforced member having the same 
dimensions. 

2.. Bamboo reinforcement in concrete beams does increase the 
load capacity of the member at ultimate failure considerably above that 
to be ~xpected from aro. unreinforced member having the same dimensions. 

3. Th~ load capacity of bamboo reinforced concrete beams increased 
with increasing percentages of the bamboo reinforcement up to an opti
mum value. 

4. This optimum value occurs when the cross-!iectional area of the 
longitudinal bamboo reinforceme.1t was from three to four percent of 
the cross-sectional area of the concrete in the member. 

5. The load required to cause the failure of concrete beams rein
iorced with bamboo was from four to five times greater than that re
quired for concrete members having -equal dimensigns and with no re
inforcement. 

6. Concrete beams with ~oneitudinal bamboo reinforcement may be 
designed to carry safely loads from two to three times greater than 
that expected from concrete-members having the same dimensions and 
no reinforcement. 

7. Concrete beams reinforced .with unseasoned bamboo show 
slightly g.re&ter load ~apaeities than do equal sections reinforced with 
seasoned untreated bamboo. This statement w~s valid so long as the 
unseasoned bamboo had not dried out and seasoned while encased in the 
concrete when the load ~as applied. 

8. When unseasoned untreated bamboo was used as the longit~dinal 
reinforcement in concrete membt!rs, the dry bamboo swelled due to the 
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12) 

13) 

8000 

5000 

10000 psi = 55 to 70 N/mm
2 

6000 psi = 35 to 40 N/mm
2 

absorption of moisture from the wet concrete, and this swelling action 
often caused longitudinal cracks in the concrete, thereby lowering the 
load capacity of the members. These swell cracks were more likely to 
occur in members where the percentage of bamboo reinforcement was 
high. This tendency was lessened by the use of high early strength con
c:-ete. 

9. The load capacities of concrete members reinforced with bam
boo vary with the dimensions of the members. 

10. The unit stress in the longitudinal bamboo reinforcement in 
concrete members decreased with increasing percentages of reinforce
ment. 

11. The ultimate tensile strength of the bamboo in bamboo reinforced 
concrete members was not affected by changes in the cross-sectional 
area of th1~ memb~rs so long as the ratio of breadth to depth was con
stant but was dependent upon the amount of bamboo used for reinforce
ment. 

12. Members having the optimum percentage of bamboo reinforce
ment (between three and four percent) are capable of producing tensile 
stresses in the bamboo of from 8,000 to 10,000 pounds per square inch. 

13. In designing concrete members reinforced with bamboo, a saf!! 
tensile stress for the bamboo of from 5,000 to 6,000 pounds per square 
inch may be used. 

14. Concrete members reinforced with seasoned bamboo treated 
with a brush coat of asphalt emulsion developed greater load capacii:ies 
than did equal sections in which the bamboo reinforcement was seasoned 
untreated or unseasoned bamboo. 

15. When seasoned bamboo treated with a brush coat of asphalt 
emulsion was used as the longitudinal reinforcement in concrete mem
bers, there was some tendency for the concrete to develop swell cracks, 
especially when the percentage of bamboo reinforcement was high. 

16. Care should be exercised when using asphalt emulsion as a 
waterproofing agent on seasoned bamboo as an excess of the emulsion 
on the outer perimeter of the culm might act as a lubricant to materi
ally lessen the bond between the concrete and bamboo. 

17. Concrete members reinforced with unseasoned sections of bam
boo culms, which had been split along their horizontal axes, appeared 
to develop greater load capacities than did equal sections in whicil the 
reinforcement consisted of unseasoned whole culms. 

18. Concrete members reinforced with seasoned sections of bam
boo culms, which had been split along their horizontal axes and treated 
with a brush coat of asphalt emulsion, developed considerably higher 
load capacities than did equal sections in w~ich tht: reinforcement was 
split sections of seasoned untreated bamboo. 

19. When split sections of seasoned untreated large diameter culms 
were used as the reinforcement in a concrete beam, longitudinal cracks 
appeared in the concrete due to the swelling action of the bamboo. This 
cracking of the concrete was of sufficient intensity as to virtually destroy 
the load capacities of the members. 

20. When unseasoned bamboo was used as the reinforcement in & 

concrete member, the bamboo seasoned and shrank over a period of 
time while encased in the concrf"tt>. This seasoning action of the ba,m
boo materially lowered the effective bond between the bamboo and con
crete with a resultant lessening of the load capacities of thr members. 

21. Increasing the strength of the concrete increases the load ca
pacities of concrete members reinforced with bamboo. 

-166-



ZZ. Concr~te members reinforced with seasoned bamboo treated 
with methylolurea did not develop greater load c~.pacities than did equal 
sections in which the bamboo reinforcement was seasoned culms treated 
with a brush coat of asphalt emulsion. 

Z3. The load capacities for concrete members reinforced with un
seasoned, seasoned or seasoned and treated bamboo ..:ulms, were in~ 
creased by using split bamboo dowels as the diagon&.l tension reinforce
ment along the sections of the beams where the vertical shear was high. 

Z4. The load capacities for concrete members reinforced with un
seasoned, seasoned or seasoned and treated split sections of bamboo 
were increased by the use of a combination of split dowels and the bend
ing up of the upper rows of the split bamboo from the bottom of the 
beam into the top and covering the sections of the beams where ~he ver• 
tical shear was high. 

ZS. Ultimate failure of bamboo reinforced concrete members usu
ally was caused by diagonal tension failures even though diagonal ten
sion reinforc.ement was provided. 

Z6. A study of the deflection data for all the beam specimens tested 
indicated: 

(a) That the deflec.tions of the beams •vhen tested followed a fairly 
accurate straight line variation until the appearance of the first crack 
in the concrete. 

(b) Immediately following this fi.~st crack, there was a pronounced 
flattening of the deflection curve (probably due to local bond slippage) 
followed by another period of fairly accurate straight line variation, but 
at a lesser slope, until ultimate failure of the member occurred. This 
flattening of the deflection curve was more pronounced in the members 
where· the amount of longitudinal bamboo reinforcement was small. 

(c) In all cases noted, the deflection curve had a lesser slope after 
the appearance of the first crack in the concrete, even though high per~ 
centages of bamboo reinforcement were used. 

Z7. No pronounced variations were observed when the behavior of 
bamboo reinforced concrete members under flexure and having "tee" 
sections was compared with that of equal members having rectangular 
sections. 

28. Bamboo reinforced concrete members under flexure and con
sisting of "tee" sections were no more effective than were equal rec
tangular sections, provided the bt·eadth of the stem of the "tee" section 
was equal to that of the rectangular section and the effective depth of 
both were the same. 

Design and Construction Principles 
Recommended for Bamboo Reinforced Concrete 

1. In important concrete members, the use of whole culms of green, 
unseasoned, bamboo is not recommended as t:ae reinforcing material. 
In concrete slabs and secondary members, green, unseasoned, whole 
culms may be successfully useq when the diameters of the culms do not 
exceed three-fourths of an inch. When possible, the bamboo u!:ed as 
reinforcement in concrete members, subject to flexure, should be cut 
and allowed to dry and season from three weeks to one month befo:::-e 
using. · 

z. The use of bamboo culms as reinforcement in concrete m'embers 
subject to flexure cut in the spring or early summer seasons of the )'ear 
is not recommended. Only those culms which show a pronounced brown 
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color should be selected for use from a native bamboo grove. This prac
tice will insure that the culm!i selected are at least three years old. 

3. When thoroughly seasoned whole bamboo culms are to be used as 
tte reinforcement in important concrete members subject to flexure, 
some type of waterproofing is recommended. 

4. When seasoned sections of bambo'? split from large diameter 
culms are to be used as the reinforcement in concrete members under 
flexure, some type of waterproofing is recommended for the bamboo in 
all important load carrying members. However, for slabs and second
ary members and where the concrete sections are of a size as to allow 
the placement of the bamboo with a clear distance of from lf to Z in
ches between thf: individual bamboo splints and between succeaalve lay
ers, the use of unseasoned sections of bamboo is recommended pro
vided high early strength cement is used. In no case should the split 
bamboo sections have a w~dth in excess of thre~·fourths of an inch. 

5. The use of vertical split sections of bamboo culms is recom
mended to provide for diagonal tension stresses in members under 
flexure covering the portions of the member where the vertical shear 
is high and where it {3 impractical to bend up the main longitudinal bam
boo reinforcement for this purpose. In continuous members and where 
otherwtse practical, the practice of bending up the main longitudinal 
bamboo reinforcement at points of heavy shear to provide for diasonal 
tension stresses is recommended, Also, in all cases where it is prac
tical, a combination of the above me~hods is recommended. 

6, Proper spaelns of bamboo reinforcement is very important. 
Teats indicate that when the main longitudinal bamboo reinforcement is 
spaced too closely, the flexural strensth of. the member is adversely 
affected. Also, when the main lonsitudinal bamboo reinforcement is used 
in vertical rows and when the top row is near the neutrala:Eia of the 
member, the area of concrete at this section in horizontal shear may 
be sufficiently lessened as to cause failure of the member due to hori
zontal shear. In many of the specimens tested under flexural loads, the 
cause of failure was attributed to horizontal sheari however, in moat 
instances where failure was from this cause, horizontal cracks existed 
ln the concrete due to the swelling action of the bamboo reinforcement, 

7. In placing the bamboo reinforcement, care should be taken to al
ternate the oasal and distal ends of the bamboo culms in all rows. Tnis 
practice will insure a fairly uniform croaa-section of the bamboo rein .. 
forcement throushout the length of the member and the resultant weds· 
ing effect that will be obtained will materially increase the bond between 
the concrete and bamboo. 

8. The design of atruc.tural members of bamboo reinforced concrete 
for flexural loads will be governed by the amount of deflection that can 
be allowed for the member. In all concrete members subject to flexural 
loads, a high degree of deflection is obtained in the member before fail
ure occurs. Due to this high d.eflection, failure of a bamboo reinforced 
concrete member usually occurs due to other causes considerabl)· be
fore the bamboo reinforcement reaches ita ultimate tensile strength. 
Design values, not in excess of from 3000 to 4000 pounds per square 
inch for the allowable tensile stress of the bamboo relnlc.rcement, must 
usually be used U the deflection of the member is to bt: kept under 1/360 
of the span lensth. When this low design value i' used for a bamboo re• 
lnforced concrete member under flexural loads, a hlsh flictor of safety 
against ultimate failure of the member usually results, 

9. The same procedure as that used for the design of structural con-
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crete members reinforced with conver1tional steel is recommended for 
the design of concrete members reinforced with bamboo. Values have 
been recommended for the allowable unit bond stress between concrete 
and bamboo, for the allowable unit tensile stress in the longitudinal bam
boo reinforcement and for the modulus of elasticity for bamboo. These 
recommended values should be used in designing a concrete member 
reinforced with bamboo for flexural loading. It is also recommended 
that "tee" beams be designed as rectangular beams ignoring the flange 
width in the calculations. 

10. Some of the important characteristics of concrete members re
inforced with bamboo on which future research should be done include: 

(a) Use of those species of bamboo in which the modulus of elas
ticity is higher than that of the species used in these experiments. 

(b) More exact data on diagonal tension reinforcement. 
(c) Further tests of the use of green uncured bamboo culms as the 

reinforcement where the conditions ·are such that the bamboo will be 
completely seasoned while encased in concrete. 

(d) More exact data on the bond between concrete and bamboo. 
(e) The use of other waterproofing agents than those used in these 

tests to insure against the swelling action of seasoned bamboo when 
placed in wet concrete. 

It is obvious, from this very comprehen
sive and carefully considered series of state
ments, that the reinforcement of cement con
crete with bamboo cannot be undertaken with 
confidence until .a great many factors have 
been considered. Careful and expert atten
tion to many details in execution is essen
tial to success. Severe limitations must 
be taken into consideration. Apparently, 
the bamboo reinforcement of non-load-bear-

-169-

ing members, such as wall panels and floors 
resting on well-compacted earth, h~s more 
to recommend it, from the practical point 
of view, than the bamboo reinforcement of 
load-bearing members c-f a structure. 
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