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Kwa Ndugu Zangu,

Kitabu hiki ni matokeo ya utendaji wa shughuli zote za kazi za Mgama,
Igoma na Sehemu zinginezo.
Katika kitabu hiki ni mfupisho wa ujasiri na ujuzi wa mabomba ya mianzi na
kutoa ushauri jua ya Utafita zaidi.
Kitabu kimeandikwa kwa kilngereza sababu kiswahili changu siyo kizuri sana,
labda kitabu kingine nitaandika kwa kiswahili. Ninatoa shukurani kwa msaada
kunihifadhi na kushirikiana kwa pamoja kwa wakati wote nilibkaa Tanzania.
Picha zilizochukuliwa mwaka jana za wafanyakazi wa Miradi, mbele ya Hotel ya
Iringa, jalada la kitabu haikutokea vizuri sasa nimeweka picha ingine juu yake.
Nilikuwa na furaha zaidi kwa kufanya kazi nanyi.

On various subjects I was informed and guided by people with more exper-
tise than I had Mr. White and Mr. Nangawe instructed me 1in preservation of
bamboo. Mr. Strik of the Department of Toxicology, of the University of
Wageningen, the Netherlands, guided me in the toxicological part of the
report and we discussed the cost estimates at the department of Economy of
the same Universaity.

I am grateful for all this support.

Also the work of Eero Meskus who has done all the chemical analysis for the
project with very limited facilities, supported me and the project very
much.

The Centre for Appropriate Technology, Delft, has been very cooperative and
the Centre supports the project with enthusiasm enabling the project to
extend the research and to publish this study.

En dan natuurlijk harstikke bedankt voor het snappen van mijn "engels™
Caroline, en michiel voor het typen (he typed half of my report!) en Piet
natuurlijk.

Kick v.d. Heuvel
July 1980, Amersfoort

Forword CAT

This report on bamboo preservation 1is the first of a series of technical re-
parts to be edited by the Center for Appropriate Technology (C.A.T.) in the
near future.

It contains results of a bamboo preservation field experiment done 1n the
.Iringa Wood/Bamboo project in Tanzania. The project i1nvestigates the possi-
biblity to use bamboo pipes for village water supply. A main problem 1s to
obtain a sufficienty effective and safe method for protection of the bamboo
pipes against termites and rot. In the Iringa project pipes made of local
bamboo were treated with preservatives.

In the beginning of 1979 Delft Universaity of Technology, through its Center
for Appropriate Technology was asked to give assistance to the Iringa re-
search project. The research on the Dutch side refers specifically to preser-

‘vatlve concentration and distribution in the material and preservative con-
centration in the drinking water coming through the pipe.

The Iringa project and the Delft research program are still not finished.

We think however, that the results which have been obtained untill now, are
very promising and justify the publication of this book. We hope that it
w1ll be informative and will stimulate our readers to exchange 1deas on the
subject. Furthermore the project as a whole 1s a good example of how activi-
ties of a research group 1in a developing country and in an industrialized
country can be a combined effort for the benefit of a community.

Joop de Schutter






PREFACE

In the period of September 1978-May 1979 I participated in the research
work of the Tanzanian Wood and Bamboo Pipe Project.
The objectives of my research work were:
to determine the technical feasibility of bamboo drinkwater pipes with
special attention on the preservation of the pipes.
. to determine the economical feasibility of bamboo drinkwater pipes.
The Tanzanian National Research Council (UTAFITI) enebled me to carry out
the research into this "appropriate technology" for rural water supply.
I was already familair with the project from a visit to Tanzania in 1975
and was i1mpressed by this Tanzanian initiative for economic and technologi-
cal self reliance, so I contacted the project and offered my support.

Although I reject the general concept of "intermediate technology" (Dickson
1974) I think that in a command economy appropriate technology can be of
importance.

Through the introduction of labour intensive technology (appropriate techno-
logy) 1in rural areas and capital intensive technology in urban areas under
free (world) market conditions, the 1inequality in third world countries will
grow.

A command economy will be a prerequisity to protect the traditional sectors
with a low productivity.

A local price system has to distribute the surplus from the capital inten-
sive 1ndustries to less productive sectors.

In this way the existence of technologies with a different productivaty
within one country will be possible without serious social conflicts

(Amin 1971).

In Tanzania with a partly command economy the government supports the intro-
duction of bamboo water pipes to save foreign currency, drained through the
German owned Plastic Industries.

Whether the bamboo pipe 1s 'appropriate' to the interest of the rural popu-
lation is not only a question of the existence of a 'plan' economy but also
dependent on the cost and the performance of the technology. These two aspects
are evaluated in this report.

The appropriate technology should also contribute to what Rweyemamu (1972)
calls "a strong and healthy (national) technology producing sector". This
contribution 1s unfortunately rather limited in most of the appropriate
technology projects because they are dominated by western initiatives and
support.

In this report we will concentrate on the technical issues of the bamboo pipe
technology and we hope to receive reactions on the technical solutions chosen
by the project.

. Special attention must be paid to the question of the toxic chemical solu-
tions used for the protection of the bamboo drinkwater pipes.

The address of the project is P.0O.Box 570, Wood and Bamboo Project, Iringa,
Tanzania.

Finally I continue this report in the "we" form because I was quided and
assisted by the staff and workers of the project and the people in the
villages during all my activities.






1. THE WOOD AND BAMBOO PROJECT

1.1. Introduction

The bamboo pipe technology is the central subject in this study. The Wood

and Bamboo Project of mr. T.N. Lipangile, developed this technology with very
limited facilities and was not able to finalize the investigations before the
project was granted to construct bamboo pipe water supplies.

The 1mage of the project i1s very positive all over the country, now that some
village water supplies with bamboo pipes are operating satisfactorily.
However the 1mperfections of the bamboo pipe technology, discussed in thas
report, have to be solved before the project will have the National signifi-
cance which it deserves.

Except for the the bamboo pipe technology the project also introduced the use
of wood for water conveyance and storage 1n Tanzania.

The introduction of this already developed technology, i.e. the woodstave
technology, 1s a matter of adjustment, testing and demonstration.

Official support for the woodstave technology was sought at university level
and among officials of the Forest Division of the Ministry of Natural
Resources and Tourism.

In this chapter some aspects of the introduction of wood stave constructions
wlll be discussed next to some general information about the history of the
project and 1ts position in the Tanzanian industrialization strategy.

Before we elucidate all the technical questions around the bamboo water pipe
1n chapter 3.4. an enumeration of the activities for bamboo piping will
give the necessary insight into the technology.

Talking about bamboo water pipes means for the project bamboo drinkwater
pipes, in chapter 6, application of the bamboo water pipe for irrigation

and drainage purposes 1s discussed.

1.2. History of the Project

In december 1974 a regional water engineer mr. T.N. Lipangile started experi-
ments with bamboo and palm trunks as water throughs.

He was assisted by a Dutch volunteer worker, Cees Landman, who contacted
foreign organisations for the technical backing.

The basic idea of the project was according to Lipangile "to use local
materials which are cheaper and available within the reach of villagers for
rural areas water supply and irrigation" (Lipangile '78).

After a year of investigations the experiments were extended to the village
of Kayenze (Mwanza District, Nov. '75).

A 1500 m. bamboo pipeline was constructed for the 1500 inhabitants and the
water for the irrigated rice fields was transported through a 300 m. wooden
pipe of palm trunks (Borassus flabillifer, Muhama).

The experiment with the bamboo pipeline was a failure,

The buried pipe started to crack and the joints leaked after the system was
dried.

The cause of all the trouble was a fuel shortage which brought the pumped
water supple to a halt. Organic decay of the pipes wasa result of fungal growth
on the moist pipes. Also termites destroyed pipe sections. (fig. 1)



figure 1.

Bamboo waterpipes with
bitumen coating attacked
by termites

The palm trunk pipes are naturally durable and are still in good condition.
The strong support of the National Tanzanian Party for the project enabled
the continuation of the experiments in an other part of the country, in
April 1977.

The whole i1nvestigation team was stationed together at Likuyufusi. The crew
was also receiving lectures (Lipangile '78). Instead of a pumped water supply
a gravitywater supply was selected to avoid the drying of the pipeline.

A new problem arose, however when 200 m. of the pipeline was attacked by
termites. The application of chlorinated hydro carbons (aldrin and chlordane)
solved this problem for the time being. Meanwhile foreign funding organisa-
tions has expressed their interest and supported the project with grants.
The opposition to the project, especially from water technicians, was not
yet neutralized and requests to abandon the project were send to the govern-
ment by several senior officials.

The criticism of the technical aspects of the bamboc pipe project is and

was of great importance for the project, i1t had a positive effect on the
quality of the work.

Irrational criticism 1s however useless since i1t does not deepen any
guestions or solve any problem, and the people with the 1rritional criticism
do not support the search for technological innovations based on local mate-
rials.

The questions which 1s i1mportant 1s not "Should the Wood and Bamboo project
be abandoned or not? "but" Is the use of bamboo and wood for rural water
supply both technically and economically feasible?".

This negative attitude towards technological innovations or as Koloko. M.
(1979) calls 1t; "the institutional biases i1n technology 1in favour of modern
western technologies 1s supported by westernized elites".



Koloko continues; "these elites have every reason not to seriously consider
rural development or intermediate technology. Often they have psychologically
rejected their own cultural/rural backgrounds.

Their training and socialization have encouraged acceptance of western concepts
of development and modernization.

Positive reinforcements are available from international business, internatio-
nal and technical assistance programmes and from bilateral assistance program-
mes from major powers".

We do not suggest that all the criticism of i1ntermediate technology or what
ever you wish to call,is should be pushed aside as technologically biased
criticism.

The current rage of intermediate technology in Third World countries involves
quite some 1deological obscurity (Dickson, '74) and technical immaturity,
justification of the chosen technology in National Industrialization perspec-
tive 1s a rare activaity. We will review this issue at a later point.

An example of an negative attitude towards the attemps to develop a cheap

and practical technology 1s the publication of a comment on the wood and
bamboo pipes of somebody who made never any endeavor to investigate the feasi-
bility of the issue.

We cite" . . . . (bamboo) being vegetable matter(it) i1s very susceptible to
decay and once this sets in and 1s accelerated by moisture, the compression
strength 1s rapidly reduced with intermittent flow, bacterial growth develops
and this pollutes the water and gives it an unpleasant taste".

"With material of varying diameter and uneven cross section 1t 1is virtually
impossible to make a lasting and watertight joint especially where pressures
are high".

"It will be found that except in a few cases bamboos will have little advan-
tage 1f any over well proven conventional material”. (WHO, 1977). *

In this article we meet the same tendency i1in comment on wood stave pipes tanks
and flumes.

This technology of woodstave constructions was introduced to the project by
mr. Scorrer, an expatriate, working for TWICO (Tanzanian Wood Industry Corpor.)

His experiences with woodstave culverts in Kenia along the Kitale road moti-
vated him to introduce the woodstave technology to the project.

The culverts in Kenia were removed after eight years in pursuance of governmen-—
tal directives and replaced by concrete culverts, though no failure or decay

of the culverts was noted!

The introduction of the woodstaves in Tanzania seems less problematic at least
the stages of testing and demonstration of the constructions. (fig. 2).

figure 2, Tests

(photo Daily News 28.8.79)
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The project consulted both local contracters and the national wood industry
(TWICO) for priaces and feasibility of woodstave production.

A pipe section and flume section was constructed for tests followed by a recent
research program at the University of Dar es Salaam with a 5000 gallon tank a
61 cm. (24") pipe and flume of both pine and cypress and 15 cm. (6") pipe.
The results of these tests are expected in the early part of 1980. The demon-
stration and testing of the woodstave structures in an irrigation pilot scheme
and the erection of woodstave tanks in villages in the next stage of the aintro-
duction.

In the meantime the bamboo pipe system spread in 1978 four projects were con-
structed at villages in Iringa, Rukwa and Ruvuma Region.

Four projects were completed in 1979, some of the villages are Ujamaa Vijiji.
(fig. 3).

Dar es Salaam

+ ~
Iringa
®
- °
+
-~ °
TANZANTA ) °
a.
9 +

+ : Bamboo pdipe project

in openation P N .
o : Bamboo pipe project

completed in 1980
a * Bamboo forest

figure 3. Bamboo areas and bamboo water pipe villages.

About 14000 people in Tanzanmia tap their water from a bamboo pipe distribu-
tion system, the total lenght of which is now 30 km.

According to Lipangile (Daily news, December 1979) the costs of these nine
water supplies were 3.030.000/-TSH; the costs of conventional material like
PVC or Polythene would have been three times more.
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1.3. The use of bamboo as water pipe elsewhere

The use of bamboo water pipes on a scale comparable with the Tanzanian village
schemes was reported by Robert Lamb (Daily News, February '79). A well known
project 1n "alternative technology circles" 1is the Mezan Tefer:i project in
Ethiopia (Morgan, 1974) where a 4 cm. (1.5") bamboo pipe with simple cow hide
and i1ron wire joants provides 500 people with clean water. The article conti-
nues "Bamboo pipes have been traditionally used in hill villages 1in Taiwan,
Indonesia and the Phillipines to transport water under gravity. During World
War II, when faced with acute shortage of raw materials the Japanese used them
1n their cities".

A six kilometer bamboo pipeline on the slopes of the Merapi Volcano
(Indonesia) an experiment of mr. A. Sudjarwo, has recently been replaced

by iron pipelines (Oey, 1979). The lack of bamboo preservation was the main
reason.

Unfortunately we did not succeed in contacting a Taiwanese project where some
bamboo pipes'. ". . . burried and treated with preservaties . . . have been
supplying a safe and constant supply of water for more than 15 years

(Yung, 7Q0)".

Also Tanzanian villagers are using bamboo for water transport. Employees of a
foreign contracter reported the use of bamboo in a village in the ULUGURU
MOUNTAINS (Morogoro Region).

The bamboo culms were cut open at the nodes to remove the partition walls
inside of the bamboo. These half open pipes were inserted into each other.

After checking and rechecking all the rumors and information about research
into bamboo pipe 1t seems however that the Wood and Bamboo Project 1is the
only one developing a durable bamboo pipe, at the moment.

1.4. The wood stave pipe, flume and tank
1.4.1. The woodstave technology

The wood stave construction, the second "leg" of the project, consist of a
replacement of the wooden or palm trunks introduced as pipes in 1975.

Wood seems 111 adapted for water transport and storage although in medieval
Europe hollow wood pipes were used for this purpose. We mention evidence of
this being a three hundred year old pipe still intact (Wood pipe handbook
1945) and the leak free domestic water supply in London operating from 1802-
1898 (Gayer, 1935). The hollow pipes were improved in the United States around
1860 by the introduction of wood stave pipes. Two types were developed, the
continuous stave wood pipe with wood staves of different lenghts, which is
assembled 1in the field and the machine banded pipe, manufactured in the
factory with a fixed lenght (fig. 4).

The diameter of the pipes i1s between 15 cm. and 6.0. m (6-240").

This technology was introduced 1n Australia at the end of the nineteenth
century and somewhat later in Europe.

In 1918 a Dutch engineer investigated the suitability of woodstave pipes for
Indonesia, a former Dutch colony.

His conclusion was that woodstave could be introduced 1f a suitable specie
was found 1n Indonesia (Leeuwen, 1918).

At that time not only pipes were cheap as alternative water throughs also
woodstave flumes were quit common i1n America.

In 1930, sixty percent, 300 km., of the flumes in the States were constructed
of wood stave (Scobey, 1930).

Other applications of woodstave are water storage tanks, pulp storage tanks,
chemical storage tanks, waste treatment tanks and pipes for hot saturated gas-
ses (Barret, 1972).

Some firms in North America and Scandinavian countries are still producing
woodstaves.



figure 4, Continuous woodstave pipe figure 5, Woodstave pipe 1n Jamaica

Examples of the application of wood for water transport and storage in third
world countries are not overwhelming.

We mentioned already the woodstave culverts in Kenia, an other woodstave con-
struction 1n this country i1s a 800 m. creocsoted pine pipeline with a diameter
of 90 cm, constructed at Mewani Sugar Mills (Kisumu, 1957).

Figure five shows the 2 m @ pipe in Jamaica for hydro-electric development
with a maximum search head of 78 m.

1.4. 2. Introduction of wood stave technology

Once more we should stress the rational approach to the introduction of (the

wood stave) technology in Tanzania.

A decisive factor should be the costs (economic valuation, chapter 5) of the

wood stave products compared with i1mported material. In case of wood shortage
1n Tanzania the gain of foreign currency through wood export should be compa-
red with the saving of foreign currency through the production of wood stave

constructions (Jacobs, 1978). The advantages of the development of a national
woodstave 1ndustry should be expressed 1in the calculations and compared with

the disadvantages of an import orientated economy.

What we call an irrational approach is the argument used by a senior officer
who argued that wood stave products would not be cheaper or better because

1f, they were, the European contracters would use them 1in Tanzania (sic.).

The opposite could be nearar to the truth, the European contacters and inter-
national aid organisations will not introduce a technology of minor importance
for western industraes.

To 1llustrate the relation of western organisations with the introduction of
the wood stave technology in Tanzania we consider the introduction of woodstave
pipes for irrigation or hydro-electric development. The diameter of the compe-
titive woodstave pipes i1s at least 25 cm. (Table 1) The larger pipes and
flumes are more competitive but interesting only for large scale projects.
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Most of these projects are designed, financed and constructed by foreign con-
tracters and international aid organisations, both closely related with western
industries. Therefore, the support for the development of a National Tanzanian
Woodstave Industry from these organisations will not be impressive.

The only foreign contracters interested in the introduction of wood stave
technology are the wood stave producing companies (Canbar, 1977). Who can

not compete with plastic or metal pipe producing firms. These wood stave in-
dustries are not less capitalistic than any conventional pipe producing in-
dustry, they even exported the staves to Jamaica from Canada, but they do

have the key for a propably cheap technology in the interest of the Tanzanian
economy .

Therefore, with a strong policy from the government woodstave technology could
be advantageous for Tanzania.

The introduction of the smaller woodstave constructions like tanks and small
pipes for small scale projects and Ujamaa village schemes should not be any
great problem, when all technical problems have been solved.

Table 1

Class B (6ATM) price comparison pipe material (Tanzanian Shillings per meter)

Pipe material: Wood stave wood stave polythene polyvinychl.steel pipe,galven.

steel

Contracter : Saggu, Twico Simba Simba Kurasani,
Iringa Sao Hill DSM DSM DSM

Date sales
prices :12/8/77 1978 -/6/79 -/6/79 1978 1978
Inch. 2.5cm 2/50 5/20 18/00
1.5 5.8 5/50 11/20 22/85
2 5.1 9/10 18/20 31/70
3 7.6 12/00 36/00 23/00 54/00
4 10.2 19/00 28/90 63/20
6 15.2 40/00 72/00 60/40 165/00
8 20.3 82/00 120/00 220/00
10 25.4 100/00 275/00
12 30.5 120/00 128/~ 430/00
18 45.7 300/00 320/~
20 50.8 430/00 610/00
24 61.0 450/~ 1166/00
36 91.4 600/~
24 137.2 983/-

The introduction of smaller wood stave constructions in village schemes star-
ting with a pilot irrigation scheme should benefit both the project and the
farmers.

The selected pilot scheme should be small to avoid failure due to scale pro-
blems. The farmers should be acquainted with irragation finally, erosion pro-
blems or permeable soils should justify the use piped irrigation water.
Support for initiatives of the farmers by the project would be the best solu-
tion for both, for example the farmers of Kihurio (Pare District) who use
trees as water pipes (Daily News, Jan. 25, '79). Replacement of the trunks by
wood stave construction should be considered in projects like this (fig. 6)



figure 6. Trunks for water pipes, a farmers initiative in Kihuria, Para
District (photo Daily News).

Introduction of wood stave constructions in villages without an irrigation
tradition and without the need for piped irrigation water would force the
farmers to accept 111 adopted technology.

The most positive cooperation from the peasants 1s to be expected in schemes
where they have indicated themselves the need for piped water (like in Kihurio)
and where the risk of the introduction of wood stave constructions i1is minimi-
zed through the availibility of alternative materials.

1.5. Position of the wood and bamboo project in Tanzania

The support from senior government officals for the Wood and Bamboo Project
indicates the Tanzania policy towards technology and industraialazation.
Professor Rweyemamu (1972) proposes; "towards a socialist industrialization
strategy .. to concentrate on the production of iron and steel and chemicals,
in her (Tanzania) first efforts towards a self sustaining economy."

He also descraibes a plan for technical change in development. .the plan
should establish indigenous industries for machine tools machine building and
repair, material and component manufacture.

These industries are not large establishments, they are contrary to what is
often beleived, labour intensive industries.

They accelerate the process of technical change through their intimate contacts

with the technology users . . . Building up such industries in the Tanzanian
context means starting on the ground floor and a relatively low technical
level 1n some cases.



By a combination of 1maginative improvisation and adaptation, the absorption
of scientific knowlegde from abroad an emphasis on technical training, tole-
rance of 1nitial imperfections by the customers and accumulated experience
and confidence emanating from self achievement, Tanzania 1s capable of esta-
blishing al through and healthy technology producing sector over the next ten
to fifteen years". To stimulate initiatives for technical change "the govern-
ment must institute incentive rewards schemes for inventions, as well a
patent protection for local adaptions of foreign designs”.

The plan of Mr. Rweyemamu 1s like a scenaria for the introduction of the
bamboo pipes.

Whether the Wood and Bamboo Project will become part of a "healthy technology-
producing sector" 1s however questionable.

First of all the Wood and Bamboo Pipes should be considered as a temporary
solution.
The National Planning for rural water supplies; for the early 1980's is:

each village has a source of potable water for 1991 or i1in other words that,

every villager should have easy to clean and potable water (Strauss, 1979)
An easy access refers to an average distance of 400 m. to a water point.

after the famine in 1974 the government emphasized the irrigation development
(Daily News, 25 Jan. 1979).

The shortage of foreign currency and production and transport limitations

of conventional pipes in Tanzania hamper the realization of these water devel-
opment goals for rural areas. Extension of the water supply units with bamboo
and wood pipe units could be a solution.

The wood and bamboo pipes are an alternative for imported material as long as
the Tanzanian industry 1s in transition towards a self sutaining industry
based on local materials.

The development of the bamboo and wood pipe technology seems a temporary
development the future price development conventional pipe material will
determine the future of the wood and bamboo pipes.

The contribution of the project to a "healthy technology producing sector"”
(Rweyemamu, 1972) will be consequently temporary too, but it can have a
significant influence on other projects.

If all technical problems are solved the Wood and Bamboo Project contributes
to the accumulation of experience and confidence 1in self reliance in National
Technological Development.

The commitment of workers and villagers to the technical development of the
project and a collective responsibility for the project should incorporate

the project 1in the Tanzanian rural society according to Rweyemamu.

As a village technology the project should also stimulate development of

other rural technologies as soon as the population is acquainted and conscious
of their own capability to develop local technology as was demonstrated by

mr. Lipangile and the workers of the project.

The incorporation of the project in the Tanzanian rural community will be

limited, already development of this village technology has somehow become

1solated from the village.

There are some reasons for this development;
the scale of the project exceeded the village level, centralization was
necessary for the cutting of bamboos, the design of the water supplies and
the research for and development of the bamboo (and wood) pipe technology.
the technical problems became very specific (especially the protection of
the pipes) exceeding the ability of the people in the village to solve them.
the dependence of expatriates (who were/are sincerely commited to the pro-
jJect) and foreign institutes.



The people 1n the village do sympathize with the use of local materials al-
though they will initially have some doubt about the technical feasibilaty
of the application of bamboo and wood for piping.

The collective responsibility for the bamboo pipe system and technology will
be less when the technology 1is developed outside of the village, however.
The development of the bamboo pipe technology in the village 1s not feasible
at the moment but in a later stage when the protection of the papes ais
guaranteed, the research and development or improvement of the pipe system
should be returned to the village.

More seraious 1s the dependence on expatriates, for Tanzanian technicians it
1s to great a risk to start a career with an experimental project like the
Wood and Bamboo Project.

Only incentive rewards could motivate technicians but this procedure will
result in a doubtful selection of employees.

Technical training for village people who return to their village will be
beneficial both for the maintenance of the the bamboo pipe system and the
development of the bamboo pipe technology. Replacement of the expatriates by
Tanzanian technicians and scientists will also be necessary.

Career guarantees of the government in case of abandonment of the project
could be considered.

Finally, the basic equipment for research on bamboo and wood pipes should

be at the disposal of the project.

This would not only further the progress of the research program but also
pave the way for an independent position with regard to foreign institutes.

WIS e eerveyeseTRe S &

AP

—N’_\ P i 2 g :

Mr. Lipangile, head of the project at a waterpoint of the Mgama bamboo water
supply.
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2. BAMBOO SPECIES FOR WATERPIPES IN TANZANIA.

2. 1. Introduction

Two species of bamboo were used in the first water supply of the WB project
1n Mwanza district.A small type of bamboo (5 cm. internal diameter of the
stem) were seriously affected by insects, and not very suitable for water-
pipes.

According to Clayton (Clayton, W.D., 1970) this Kigoma type of bamboo was
Ozytenantera Abyssinica (A. Rich) Munro.

The second specie was from West Lake region {Bukoba) and probably a Bambusa
Vulgaris (Lipangile 1978).

For the new project implemented in 1976 near Songea a new specie of bamboo
was taken from the forests around Rungwe Mountain (Tukuyu Disctrict).

This bamboo specie 1s still used in the bamboo water pipe schemes of the
project.

We determined this specie as Arundinaria Alpina (K. Schum) which concides
with the description of the A. Alpina of Clayton (Clayton W.D. 1980 pag.9).
The bamboos for Nyakipambo (Iringa Region) completed in 1978 were collected
in the highlands around Dabaga (Iringa).

Although we did not determine the specific forest exploited for the project,
1t 1s probably also A. Alpina.

We expect A. Alpina 1in this area because a group of bamboos determined nearby
Dabaga village (Kinigu, Idewa Forest) (Iringa Region) was A. Alpina.
According to the information we have at the moment i1t seems that A. Alpina
is the most common bamboo in Tanzania and because of its size and availibili-
ty it 1s the most suitable bamboo for the water pipe.

For this reason we will discuss the relevant features of the A. Alpina.

2.2. Arundinaria Alpina, the african alpine or mowntain bamboo.

The A. Alpina growing at an attitude of 2500-3400m.

(Eggeling W.J.'57) gregariously but not in clumps, 1s also found as irregular
patches or as isolated plants i1n mixed forest down to 1860m. The length of
the culms 1s 2-19.5m and the external diameter of the culms is to 12.5.cm
(Clayton, 1970 fig. 7).

Wimbush (Wimbush S.H. 1945) gives for Kenya a density of the mountain bamboos
per acre of 4000-7000 stems (10.000-17.500/ha).

The growth of the Arundinaria Alp. begins some weeks after the onset of rainy
weather and 1t continues apace for 1-2 months. At the end of this time the full
heigth and girth of the bamboo has been reached. The thin branches and leaves
do not develop until after the stem his finished its height growth.

The stem grows no more in height or thickness after the first season. Every
bamboo plant spreads by the underground extension of its rhizomes from which
the aerial culms or bamboos spring. The early tight formation of the clump
becomes lost as the older culms at i1ts centre die and disappear. They are
replaced by new culms which spring from the extensions of the old rhizomes,
but these new culms are more widely spaced and the continuation of this
process over a long period tends to obscure the clump effect and give a
homogenous appearance to a forest of this species. (fig. 8).

2.2.1. The life of a bamboo culm

For the bamboo pipes it 1s sald that only the mature bamboos are suitable.
In the forest the labourers select the bamboos with moss and lichen on the
nodes and internodes.

According to Wimbush this moss occurs after three years at the nodes, after
5-7 years the moss extends to the internodes and little or no lichen 1is
present.
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figure 7. Arundinaria Alpina-1, leafy shoot, 2. part of the underside of leaf-
blade showing tessellate venation, 3. flowering shoot, 4. spikelet,
5. lower glume, 6. upper glume, 7. lemma, 8. palea, 9. flower,
with lodicules dissected free, 10. caryopsis, dorsal view,
11. same, ventral view. (from Clayton 1970).
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The one year old bamboo is dark, even green with a rich brown "velvet" at the
nodes, and a smooth and "downy" stem.

The lifetime of a culm 1s around 14 years (on the Aberdane Range, Kenya).

The bamboos selected for the project are 5 years or older.

2.2.2. The flowering bamboo forest

A bamboo plant ends 1ts life after flowering (although not all).

In Kenya flowering and dying of the A. Alpina 1s known to occur in patches
of one or more acres extending over several hundred acres of bamboo forest
at a time.

On the Aberdare Range (Kenya) the mountain bamboo has a life cycle of more
than 40 years and on the Mt. Elgon (Kenya) the cycle 1is 15 years.
(Clayton, '70).

2.2.3. Recovery of bamboos after cutting

From observations in the Kikuyu Escarpment forest, in plots that were cut
eleven years ago 1t has been found that normal fullsized culms may appear
1n the eight or nanth year after clear cutting bamboos on a fairly level
site, on steep slopes where the soils dry out more rapidly several years
more may elapse before full sized culms are produced.

If however, some of the old culms are left standing at the time of cutting,
it appears that this period of recovery may be shorter by one more years,
depending upon the number of culms left standing.

If 50 percent of the number of culms are left standing evenly distributed,
the recovery period may beas hort as three or four years.

2.2.4. Cutting cycle for the bamboos

The cutting cycle 1s the period that must elapse between two succesive cuttings
of an area of bamboo. It will be governed by the lenght of the recovery pe-
riod, to which must be added the number of years that 1s needed to produce

a full complement of normal sized bamboos. If we take an area with a density
of 5000 culms per acre (12500 bamboos per ha.) and an average of 1800-2000
(4500-5000/ha) new produced bamboos per acre every three year, in addition
with the recovery period (8-9 years) gives a cutting cycle between 14-21
years for clear cuttaing.

Cutting of bamboos during the growing season lengthen the cutting cycle with
several years.For the Rungwe Forests thlis growing season in around January,
February, March and Aprail.

2.2.5. The quality of the bamboo

The quality of a bamboo culm 1s determined by soil and weather conditions.
The Arundinaria Alp. flourishes best on deep volcanic soils rich in humus and
1s usually poorly developed or absent where rocks are near the surface.

The altitude could be of influence since the competition between the mountain
bamboo and other species intensifies on lower altitudes.

During the bamboo inventory which was carried out in April 1979 around Igoma
Village (Mbeya district) we found out that the larger bamboos predominate
nearby streams 1n the fertile soil. On the hilltops, steep slopes and near
the edge of the forest the bamboos are smaller due to eroded soils and regu-
lar clearing by the villagers.

2.2.6. Conclusion

According to the available knowledge about bamboo in Tanzania it seems that
the African Alpina or mountain Bamboo (A. Alpina) -1s the most important bam-
boo resource for the WB project at the moment. The average internal diameter
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of the selected mountain bamboo 1s 2'". The bamboo 1s very straight and accor-

ding to Waimbush, it 1s also strong. However the distance between the nodes

1s rather long, (65-80 cm). The nodes give strength to the bamboo through the

connection of the vertical fibres, bamboos with more nodes per unitlength are

stronger when other characteristics like wall thickness, and wall structure

are simular. The Bambusa Vulgaris 1s an example of a stronger thick-walled

bamboo, growing in Tanzania, but for pipe material the mountain bamboo 1s of

much more importance than any other big-sized bamboo i1n Tanzania because of

1ts avallabilaity.

The locations of the mountain bamboo forest in Tanzania which should be in-

vestigated are: (see f1g.8)

-~ Mbulu District, on the Oldeani volcano between Lake Manyari and Lake Eyasi
and Nou Hills (Mlowe, 1979)

- Arusha Distriaict, on Mt. Meru South slope,

- Mbeya District, Igali Pass,

~ Morogoro, Uluguru Mountains, Lukwangule plateau (This bamboo in the
Uluguru 1s probably an Arundinaria Alpina)

figure 8. Arundinaria Alpina, Rungwe Mountain.

~ Iringa Region; Nzungwa Scarpment, Ulangambi New Dabanga Forest reserve,
Mufindi Scarp, Kigogo forest reserve. Kipengere Forest reserve, Matamba
forest reserve, Madeheni an Ndumbi Valley (probably the A. Alpina).
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2.3. Other bamboo species for waterpipes

Information on the other Tanzanian bamboo species does not come from relia-
ble sources. Local forest officials estimated the total acreage of bamboo
forest 1n Kigoma and Kibondo District and in Linde Regiom to be 165.000
acres (70.000 ha).

In "Flora of tropical East Africa" (Clayton W.D. 1970) this bamboo i1s
described as Oxytenanthera Abyssinica, a bamboo growing in dense clumps,
culms 3-10 m. high in diameter erect, at first densely silky with appressed
hair, solid or thick-walled; culm sheaths with dark brown bristly hairs,
tipped with an involute pungent blade 1-2 cm. long.

Leaf blades lineair lance, 5-25 cm. long and 1-3 cm. wide, somewhat glaucous,
with inconspicuous transverse welns gradually narrowed to a fine pungent tip:
leaf sheats with inconspicuous with a deciduous setea 2-5 mm. long on the
shoulders, without auricles. (fig. 9).

The negative experiences with this bamboo in Kigoma where the culms were af-
fected by insects, should not stop the project from compiling a more exten-
sive bamboo inventory of the O. Abyss. In case of location of an area of
high quality, large 0. Abyss. bamboo,new villages in remote areas could be
supplied with bamboo waterpipes.

Location of the Oxytenanthera Abyssinica in Tanzania:

Buha District (Kigoma) Kasulu Highlands between Manyovu and Heru Juu.
Lindi District: Nachingwea and Kilura Forest Reserves (Mlowe, 1970).

The Oxytenanthera macrothyrsus which is found 1in
Uzaramo District, Kiserawe and Kasi 1s probably the same type of bamboo.

The Oxytenanthera braunii, well known in Tanzania because of the Ulanzi
(bamboo wingd which 1s extracted from the culm of the bamboo, 1s according
to Clayton W.D. similar to O. Abyss. But as far as I known the O. Abyss. 1s
not used for the productionof local beer. The O. Braunii was used on an
experimental basis for waterpipes.

It proved to be easy to preserve with a water soluble wood preservative,
and sizes to 7.5 cm. (3") internal diameter were available.

The major disadvantage of Oxytenathera i1s the irregular internal diameter
with very thick walls at the bottom side, the bends in the culm and the
availibility. (fig. 10). The people in the village do not cultivate the
larger culms because of the bamboo wine for which purpose only small culms
are needed.

The scatterd clumps of 0. Braunili would raise the otherwise unnecessary pro-
blem of the transport cost of the pipes.

The relation of the Oxytenanthera Braunii with the 0. Abbys. is still
obscure.
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figure

9.

Oxytemamthera Abyssinica-; 1. prece of culm taken 6 m. above
ground level, leafy branchlets with inflorescences, 3 part

of underside of leaf blades howing tessellate venation,

4 spikelet 5, lemma; 6 pales; 7 androcium; 8 gynoecium
(Clayton 1970).



figure 10. Test pipe of Oxytenanthera Braunii impregnated with a preservative
(CCA sap displacement).

Location of Oxytenanthera braunii (Ulanzi bamboo)

The last natural bamboo specie we located in Tanzania was in Tukuyu District/
Rungwe District.

Clayton describes this bamboo as Oreobambos buchwaldii bamboo, in small dense
patches or solitary clumps, culms 4.5.-18 m. high 5-10 cm. in diameter sprea-
ding or drooping rarely erect, green, hollow, culm sheaths at first clothed
with appressed stiff brown hair tipped with a short subulate blade and fim-
briate shoulders (fig. 11).

Leaf blades lanceolate or oblong lanceolate, 10-35 cm. long and 2.5-6 cm.
wide, pale green or slightly glacous acutely acuminate the transverse veins
very obscure, leaf-sheaths not ciliate on the shoulders.Perfect pipes with
nodes every 30-40 cm. The culms we determinated were all erect, the internal
diameter was up to 9 cm. (external diameter 11 cm.). The bamboos were collected
along the road from Itagala to Mwakaleli. (Tukuyu)

Like 0. braunii this bamboo 1s cultivated by the village people for construc-
tion purposes and can only be found i1in scattered patches nearby the village.
It grows in forest clearings often by raivers on an altitude between 300-1950m.

Loeation of the oreobambos:

. E. Usambara Mts., Derema & Sigi
Rungwe District: Ryimbilo, Ruwarisi stream.
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figure 11. Oreobambos Buchwaldii 1. leaf branchlet; 2. leaves;
3. part of dorsal surface of blade showing tesselate
venation; 4a, 4b, flowering branchlets; 5. spikelet cluster;
6. bract; 7. spikelet cluster (Clayton, 1972).
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Apart from these local species there are some other species introduced by the
Germans.

The bambusa vulgaris 1s most common of these introduced species. In Tanzania
two varieties can be distinguished, the yellow bamboos with green stripes and
the green type. It 1s said that the green form predominates in the United
States (frost free areas) and in the Caribbean area while the yellow type pre-
dominates 1in Central Ameraica. The Bambusa Vulgaris was planted in Tanzania for
decorative purposes only, 1n gardens and on colonial estates.

The green type was found along the Dar es Salaam-Bagamoyo road. In Tanga

on an estate (Segoma) dense patches of green and yellow B. Vulgaris were
located, sizes up to 12.5 cm. (5").

In the forest of the forest division(Moshi), some i1ndividual yellow and green
forms of the B. Vulgaris were determinated.

The B. Vulgaris was suggested by the project as the future waterpipe bamboo.
Cultaivation of the B. Vulgaris would give a more uniform and higher quality
waterpaipe.

Although the positive features of the B. Vulgaris are many as, strength,
ecological tolerance ease of vegetative propagation, the short cutting cycle
(5-6 year) and the size, (McClure FA'66) we should consider the disadvantage
of the B. Vulgaris as well. The partition walls are not easy to remove by
handpower for the production of waterpipes.

Of interest 1s one specie detected along the dust road to Arusha National
Park with an internal diameter of 5§ inch (12.5.cm.!!!) growing in between

B. Vulgaris which were all planted along a small stream. This specie could
not be determined.

2.4. Conclusion

With the objective of minimizing the transport costs for the bamboo pipes
1nventory in Kigoma and Lindi Region and in Usambara Mountains should investi-
gate the possibilities of the use of Oxytenanthera Abyss. and Macrothyrsus

and Oreobambos buchwaldii. Next to the advantage of having bamboo waterpipe
resources spread over the country there could also be advantage of treatibi-
11ty with wood preservative.

Impregnation through sap replacement could be more succesfull with non-Arun-
dinaria specles.

The decision to cultivate bamboos for waterpipes should only be considered in
case of major failures waith the natural available species in Tanzania.

2.5. Bamboo inventory

Discussion with the officials of the Ministry of Natural resources and
Tourism indicated that no reliable information about the availibilaity and
location of bamboos was available. Most of the regional and district officials
know where bamboo forests are but no records of species, acreage or guality
are kept.

We agreed that a bamboo forest inventory would be necessary not only for the
Wood and Bamboo Project but also for the Forestry department since bamboo

1s a multipurpose crop.

It 1s hardly necessary to mention the Pulp and Paper Industries, Building

& Construction Industry and handicrafts.

A preliminary forest inventory was carried out near the village of Igoma
(Mbeya District) with the object of standardizing the procedure for the Pro-
Ject and the Forest department.
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2.6.1. Bamboo inventory of Arundinaria Alpina

The objective of the inventory was to investigate the quantity, quality and
accesibility of the mountain bamboo, suitable as pressurized waterpipes.

The first stage of the problem is to define the various parameters involved.
Suitable for pressurized pipes are culms;

. mature with moss and lingin on nodes and iniernodes (lifetime of 5 years
or more)
external diameter 5 cm. (2"inch) or more,

. undamaged

Quantity of useful bamboos

For the Project it 1s most practical i1f quantity 1s expressed in length of
bamboo pipe material per unit area.

For instance 50 km. pipe material per ha.

Quality of the bamboos

. shape, erect or bent,
number of insect holes, or diseases,
useful length, 1s length of the culm section with a external diameter of
5 cm. (2") or more.

Accesibility of the bamboo forest:
The condition of the road to the forest.

2.6.2. The aerial photograph

With the help of the aerial photograph i1t is possible to distinguish the bam-
boo patches or forest on the 1:25000 maps used by the Department. In case of
understorey bamboc crop this will be more complicated but for mature mountain
bamboos (A. Alpina) it 1s not a problem.

The young bamboo forests with small sized bamboos are not exploitable for the
Project.

We investigated one plot in a young bamboo forest of at least 10 years old
(according to the aerial photographs) and 4id not find any bamboo exceeding

5 cm. (2") external diameter or 8 meter height.

On the aeraal photographs the height of the bamboo can be compared with indivi-
dual trees growing in the bamboo forest. For the A. Alpina the height of a
mature big sized culm is 15 meter of more, which corresponds with or exceeds
the top level of the tropical forest in Rungwe District.

In this way an initial selection is made possible between mature and inmature
bamboo forests because the shadows of surrounding of individual trees will
indicate the lenght of the bamboo culm (see photograph) (fig. 12)

Figure 12. Bamboo forest
with i1ndividual trees rising
above the bamboo forest level.
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More conclusions can be drawn consulting the aerial photograph.
Forest near villages are not exploitable for the Project due to excessive
clearing by the village people.
Bamboo forests on fertile soils should be selected for the exploitation
of big size bamboos.

. Accesibility.

2.5.3. The Fieldwork

The inventory 1s now being carried out by the Forest Division of the Ministry
of Natural resources and Tourism, mr. Kissima (1979) gives a detailed descrip-
tion of their work.

The usefull lenght of bamboo pipe we found on the three investigated sample
plots was between 300 and 950m. per 100 m2 bamboo forest. These figures give
indication of the yield of bamboo pipes in the Arundinaria Alpina forest.

The inventory of bamboo species growing in patches like the Oreobambos and

the Oxytenanthera will be more complicated than the inventory of the
Arundinaria Alpina.
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3. THE PERFORMANCE AND PRODUCTION OF BAMBOO WATERPIPES

3.1. Synopsis of the production and installation of pipes

- Village workers from Igoma Village (Rungwe) cut mature bamboos and carry
them out of the forest. The bamboos are stored and covered with branches.

- The lorry transports the bamboo to the project villages.

- The villagers construct a dam for a reservoir in which the fresh bamboos
are submerged after removal of the partition walls inside of the bamboo,
immedirately after arrival. (desapping).

- After two or three months the bamboos are prepared for installation, the
partition walls are now completely removed.
Cracked sections of the culm are removed, and each bamboo 1s exposed to a
pressure test of 2 ATM. Insect holes or other spot holes are blocked with
pieces of bamboo.

- The trench of 60-80 cm. deep and 30-40 cm. wide for the pipeline 1s treated
with chlorinated hydro carbon insecticide (aldrin or chlordane).

- The bamboo ends are sharpened with a knife for the insertion into the
rubber or Polythene joint.
The bamboo end and the joint are glued (Tangit) together.
In case of rubber joints iron wire 15 used to fasten the joint.

- all T-branches, connections with pressure relief chambers kiosk's overflows
etc., are of conventional material connected with the bamboo by polythene
plpe sections.

- Pipeline sections with a Head exceeding 2 ATM. are reinforced. The bamboo
pipes are reinforced by iron wires coated with bitumen and fastened with
the aid of a plier or a piece of wood.

~ A stock of bamboos 1s kept for repairs.

3.2. The partition walls in the bamboo
3.2.1. Removal of the partition walls with a handtool.

The partition walls are drilled twice, the first time for submerging the culms
1n water, the desapping, and a second time to remove all remaining parts 1in
the pipe.

In this report these two activities are discussed in one section.

The sponge like material of the partition walls 1s much softer than the bamboo
wall material.

The A. Alpana 1s not hard to drill with a handtool, species like Bambusa
Vulgaris and Oxytenanthera have tougher partition walls.

The projectworkers designed their own bit for the drilling (fig. 13) and con-
nected the bit with a two meter bar made of galvanized steel pipe with a dia-
meter of 2 cm. (3/4").

»3.8-7.8 cme

figure 13. Bit for removal of the partition walls.
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The width of the bits varies between 3.8-7.5 cm. to fit the different internal
culm diameters.

The procedure 1s as follows, the bamboo 1s held by a vice (fig. 14) The size
of the bit 1s selected and connected with the bar.

figure 14. Manual removal of the partition walls.

One person pushes the bar and bit through a partition wall, turning the bar
slightly to exted the hole.

The long culms which exceed the length of the bar are turned by the second
person who handles the vice and the remainings of the partition wall are remo-~
ved from the other end. In this way some hundred culms are drilled daily.

This simple village technique 1s well adapted to the facilities 1n the schemes.
The disadvantage of the technique is the insufficient removal of the partition
wall material resulting in extra energy losses in the water pipe. (fig 15)

\\\\\\\

figure 15. Cross section of water pipe with remains of a partition wall.
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a “smooth bamboo pipe”-

of

figure 17. Inter1oT
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3.2.2. With a flextble drive

The project ordered a flexible drive some years ago, to improve the removal

of the partition walls.

This electrical powered equipment 1s designed for the cleaning of pipelines

1n factories.

We adjusted a normal wood drill of 2 cm. (3/4") for this purpose. With a
hacksaw the sides of the bit were roughened in this way the bit can both drill
and rasp. (fig. 16). The play on the flexible drive enables the removal of
partition walls with diameters exceeding the diameter of the bit (fig. 17)

The removal of the partition walls with the flexible drive 1s carried out as
follows; the bamboo 1s rested on a trestle, one person handles the drive while
a second person instructs the other one where the bit should be situated, to
be sure that only the partition walls are rasped and not the internodes. A
lower speed of the bit also dimished the damage to the internodes.

The bit 1s easy to locate with a hand on the outside of the culm. As soon as
the bit reaches a node the bamboo 1s turned once around its axis by the

second person. )

The flexible drave 1s easy to handle even for long pipes.

The drive was tested on 230 Arundinaria Alpina bamboos before it broke near
the weld of the bit. For species like Bambusa Vulgaris this weld 1s too weak
and should be adjusted by using an other drive.

Correspondence with the manufacturer of the drive could improve the equipment.

The average time taken to remove a partition wall was 27 seconds or two to
four minutes per bamboo pipe.

3.2.3. Bamboo wall roughness coefficient

The effect on the roughness coefficient of the bamboo water pipe, of the
mechanized removal of the partition walls was tested at the University of Dar
es Salaam and compared with the handtool method. (Faculty of Engineerang, 1979).
The investigations included series of 36 tests performed on 5 different papes,
two were prepared with the flexible drive.

The "rough" pipes had a roughness coefficient of the Manning equation . . .

1/2 2/3 1/3)
v = 1/n.S. R (m/sec) ,i = 0.016 (sec/m}
The C value of the rough pipe from the Hazen Williams equation . . . .
0.63 0.54
v = .345.C.D. s (SI units) ,was C = 75.

For the smooth pipes prepared with the flexible drive the n value was 0.013.
The C value was 90.

3.3. Desapping of the bamboos

The extraction of saps, starch and other substances from the bamboo culm wall
1s called, desapping.

The use of fresh-cut bamboos without a desapping treatment result in odorous
water. The organisms and substances in the bamboo which are responsible for
this contamination of the drinking water, accelerate the decomposition of the
bamboo pipe aswell. The amount of sap in the bamboo seems to be related with
the decomposition, bamboos harvested in the rainy season have more sap and
are more effected by termites (Bauingenieur, 1969).

The project was forced to use the desapping treatment because of the strong
smelling and contaminated drinking water in fresh bamboo pipes.
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The selected method of desapping in Tanzania 1s the submerging of the pipes
for two three months in non-stagnant water. This method is most simple and
practaical for the moment compared with the alternatives.

Lipangile (1978) states that submerging is not effictive for all species,
Bambusa Vulgaris for instance, has to be submerged in chlorinated water.

A temporary water defiency in the pipe in a dry bamboo pipe system reactivate
the growth of bamboo destroying organisms and contaminate the water, probably
resulting in smelling water.

3.4. Pressure test

Pressure testing of the bamboos i1n the village 1s done with a small waterpump
of three horse power.

The pressure on the pipe during the test does not reach 2 atmospheres which

1s the working pressure of the pipes in the sysiem.

A proper test on the bamboos should be carried out with pressure up to 2.5
atm. This, however will be complicated in the absence of equipment to pressu-
rize the pipes.

The current method in the project 1s to pump in the water through a connection
of a galvanized steel pipe with a rubber joint which fits the bamboo.

A person (tries to) close(s) the end of the pipe with clothes while the engine
1s given full speed.

A mobile construction able to hold bamboos of various sizes will improve the
pressure tests of bamboos.

3.5. Strengih and reinforcement of bamboo

No profound study on the strength of the Arundinaria Alpina has been carried
out yet.

But indications of the strength are available from some minor tests and expe-
riences gained from the pipeline system.

The bond between the parallel fibres 1in the bamboo culm 1s weak, at the nodes
the tangential bond i1s stronger.

Each specie of bamboo has 1ts own strength characteristics (United Nations,
1972).

For the Arundinaria Alpina the average pressure resistance in pressurized
bamboo water pipes was determined by two students of the University of Dar es
Salaam (Iraingili et al, 1978)

The average burst strength was 4.3 bar. (N=8; standard dev=1.4 var. =1.8).

It seems that apart from the number of nodes per unit length the diameter and
the wall thickness also affect the strength of the bamboo water pipe.

Atrops (Bauingenieur, 1964) found that the shear stress increases with in-
creasing thickness of the bamboo culm wall. He continues that the bending
stress of bamboos with smaller diameter is higher because the portion of
strong sklerenchym fibres for the smaller bamboos exceeds the portion of this
strong fibres 1n bigger bamboos, per unit area.

To reinforce the bamboo pipe, 1ron wire protected by bitumen is wound in regu-
lair intervals around the pipe.

According to the condition of most of the wire material 1t does not support
the pipe for a long time.

Alternative reinforcement material as suggested by Jacobs and Lundborg (1978)
should be considered seriously as soon as long-life preservated pipes are
avarlable.

Sisal rope reinforcement was tested. The rope impregnated with copper naphte-
nate or pentachlorophenol 1s not a suitable reainforcement material for bamboo
pilpes. The sisal will not have a service life of 10 years under conditions of
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so1l burial, 10 years 1s the expected lifetime of the preservated bamboo pipes
(Himmelfarb, 1957).

Pentachlorophenol treated sisal ropes buried on the test plot detoriated
significantly after three months.

An American student suggested the application of formaldehyde and H,504 to re-
inforce the bamboo culm.

These chemicals react with the cellulose of the parallel fibres which are
cross linked in this way.

2 Cellulose-0-0H + HCHO . . . . .Cellulose—O-CH2—O—Cellulose).

An effect of the formaldehyde treatment mentioned by Nicholas is the resulting
severe embrittlement of wood (MacConal, 1979). The drawback of this method is
the introduction of poisonous formaldehyde. The reaction should also take place
with a low pH and high temperature.

For the time being 1t 1s advisable to concentrate on more urgent problems and
to discontinue the research on formaldehyde.

3.6. Seasoning of bamboo

During the storage of bamboo harvest and during the transport to the villages,
the bamboos dry. This drying (seasoning) of bamboos is a sensitive aspect of
the bamboo pipe production and should be avoided as much as possible.

Wood and Bamboo shrainkage is said to occur as soon as it is dried below the
waterlogged moisture content.

The shrinkage of the bamboo pipe results in small hair cracks and weaken the
pipe seriously.

A group of 31 bamboos was seasoned for three months, 30% was affected by visual
cracks.

The pipes were covered by a plastic sheet during the seasoning process, ena-
bling the air circulation around the pipes.

A second attempt to season 20 bamboos failed. Saturated bamboos were taken
from the pond to season the pipes and the compare the performance of the
seasoned pipes with un-seasoned pipes under pressure.

After two weeks all the pipes were seriously cracked, only small sections were
not affected by cracks.

The conclusion is that seasoning of Arundinaria Alpina is not feasible for
bamboo water pipes, it results in excessive losses of bamboo pipes.

figure 18.
Bamboo-
sharpener
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3.7. Joints

Many joints have been suggested and tested during the last five years
(Lipangile, 1976) Most practical 1is the use of 20 cm. Polythene or Poly Vinyl
Chloride pipe sections and a PVC paste, called Tangit.

The bamboo 1s shaped with a knife or with a kind of pencilsharpener (fig 18)
to make the bamboo suitable for insertion into the plastic joint. The Tangit
glue 1s applied to make the joint water tight.

An alternative rubber + bamboo joint as suggested by demotech (1978) was
tested (fig. 19).

figure 19.

rubber winding
(6 x 60 cm)

rubber straing
(2 x 200 cm)

bamboo collar

bamboo string
(2 x 200 cm)

Eight different windings were tested under low pressure (0.5 atm) We found
that a good rubber joint 1s more expensive than a plastic joint. Due to the
market value of second hand rubber material in many African countries.

The connection of the rubber + bamboo collar joint 1s rather time consuming
(15~30 minutes).

For repairs 1t 1s possible to use the rubber + bamboo joint to replace the
current method involving the disturbance of three pipes (fig.21). The rubber +
bamboo repair joint can, in some cases be connected without disturbance of the
pipeline.
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figure 20. Alternative joints.

A npumber of joints has been designed to improve the connection between the two
bamboo pipes.

These improvements include preshaping of the bamboo culm end for a more water
tight connection and less energy losses at the joint. The improvements are
nevertheless negligible. (fig. 20).
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figure 21. Repair of ba