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Summary 

This report is part of an overall study of the possibilities of using bamboa in housing in Tanzania. 
This report describes an inventory of the necessary factor endowments which are needed to 
produce houses with bamboa as building material in Tanzania. The housing production is seen 
as a temporary production process. This process needs input factors and produces an output. 
The input factors are: materials, technology and plotand the output factor is: house. This 
process is influenced by saveral environments: natura! environment, physical environment and 
society. 
Bamboe as building material is obtained from of the natural environment. The availability, the 
casts and the possibilities of bamboe as natural material are described firstly in detail. 
Secondly, the quality, casts and saveral other factors of the houses are described for the 
existing situation. These descriptions are mainly on a macro-leveland sectoral level and are 
mainly basedon literature. 
Out of these two descriptions (housing production versus bamboa stock), four are as with the 
highest potential for bambeo housing are deduced. 
In these areas a survey has been done on a micro-level. In that survey the housing production in 
its environments is described in detail, tagether with the different houses, which are described 
by the casts, the quality and saveral other characteristics. 
In the final part the bamboa technologies, which are used all over the world, are described. The 
possibilities and impacts of implamenting those technologies in the existing Tanzanian situation 
is also described in that final part. 

Out of bath studies it may be concluded that there is enough bamboe available to start a 
project. However, this bamboa is only available locally. So, to start housing production with 
bamboe as building material, it might be necessary to set up a bamboa plantation. Bamboa can 
grow all over the country, except on the dry plateaus. A plantation is an appropriate medium to 
provide building materials and it also prevents deforestation and soil erosion. 

Bamboe is an appropriate building material to build safe and long-lasting houses. To reach that 
target, bamboe should be preserved with certain chemicals. Because of its light weight, it is 
especially appropriate for construction in earthquake zones, like Mbeya and lringa. 
Building with bamboe in 'hot and humid' elimate zones, creates a comfortable internal climate. 

The casts of a safe bamboa house are low. Especially when the Co sta Rican technologies are 
added, the casts of the walls and foundation are very low. In the areas around Dar es Salaam 
and in Kyela it is even the cheapest wall-plus-foundation materiaL Bamboe can also be used 
safely, as roof-tinishing material or roof structure materiaL In bath these cases treated bamboa 
is lots cheaper than the corrugated iron sheets or treated timber. 

In general it can be said: bamboa is an appropriate building material for the houses and for their 
environments, especially when the Costa Rican technologies are used. 
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Part A: 

Introduetion 



----- -------------~---------------------------------------

Part A: Introduetion 

Introduetion 

This report is part of an exploratory baseline survey to identify the potential of bamboo housing 
for low- and middle income groups in Tanzania, rasuiting in recommendations and terms of 
raferenee for a bamboo housing project. 

The significanee of the use of bamboo as a construction material is best illustrated by the 
following passage from "Bamboo resources in the East-African region" (Kigomo, 1988). 

The high rate of increase in human popu/ation in the East-African countries and accompanied 
migrations have resulted in increasingly greater pressure being executed than ever befare on 
natura/ resources. 
Among the local renewable resources, bamboa is an important though undeveloped plant 
material with a high potential for increased productivity. ft is a/sa amenab/e to general 
management and integration into farming systems as a multipurpose species. 

The Eindhoven Univarsity of Technology (EUT) clearly understands the importance of bamboo as 
a construction material in developing countries. An extensive research programme and a number 
of consultancies are presently in progress. An example of the application of the research 
experience is the involvement of the EUT with the National Bamboo Project in Costa Rica. 

Because of the experience gained through projects, mainly in Latin America and by research of 
EUT, it is the strong belief of the collaborating parties, that bamboo as a building material can 
offer enormous opportunities. Some facts of the past experience are: 
- Bamboo houses in Costa Rica are 25 per cent cheaper than the standard type of social housing 

(mainly made of concrete blocks). 
- People like bamboo houses; at this moment there is a waiting list comprising 2,000 families, 

only in the Costa Rican National Bamboo Project. 
- Bamboo houses did survive the April 22, 1 991 earthquake; about 30 houses were near the 

epicentra, none of them showed any damage. 
- Bamboo plantations are an impravement of the environment; they store rainwater, improve the 

soil quality, prevent soil erosion, provide many animals with a place to live, etc. lt has been 
calculated that a bamboo plantation of 70 hectares saves 600 hectares of forest each year, 
including 50 hectares of virgin rainforest. 

- Bamboo provides the local population with many new jobs, not only in the plantations and in 
housing construction, but also in the production of furniture and ply-bamboo. 

- The lifetime of bamboo houses is no problem any Jonger; the preservation process is 
completely under controL 

Source: Egmond, 1994:3-4. 

There are saveral problems in Tanzania which call for new technologies: 
- high popuiatien and urbanisation rate; the demand for houses is very high, especially among 

the low-income groups; 
- because of this high urbanisation rate the density of houses in the cities also increases, which 

calls for a higher quality of houses; 
- there is a shortage of building materials; lots of them have to be imported, in spite of the 

shortage of foreign exchange; 
- the unemployment rate is very high; 
- the general income is very low; 
- there is a big problem of deforestation; and 
- especially in the South-Western part of Tanzania, heavy earthquakes darnaga lots of houses. 
- And last but no least: bamboo occurs in Tanzania and is nowadays used as building materiaL 

Combining these two groups of facts, it is feasible to investigate whether there is a potential for 
a housing project with bamboo as building material in Tanzania. Transfer of available knowledge 
trom Latin America to Tanzania would be a good example of South-South technology transfer. 
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Technology for the production of bamboa housingin Tanzania 

This report deals with the potential for a bamboa housing project. The report has been split up 
into seven parts: 

- Part A: 

- Part B: 

- Part C: 

- Part D: 

- Part E: 

- Part F: 

- Part G: 

Introduetion. 

Background of the study. In this part the research question and objective, the 
definitions, the theoretica! framework and the operationalisation will be discussed. 

Housing production as a part of the construction industry in Tanzania. This part 
gives a description on a macro-scale. The construction industry tagether with its 
environmental factors and the housing production, as a part of these, is discussed. 

The housing production sector and bamboa in Tanzania. This part gives a 
description on a sectoral scale. The housing production and the bamboa stock are 
described in detail. At the end of this part the research areas with a high potential 
tor a bamboa housing project: 'the Bamboa Areas', are determined. 

The housing production and bamboa in bamboa areas. This part gives a description 
on a micro-scale. In the bamboa areas the housing production and the potential for 
bamboa housing have been studied for four cities. This part describes that study. 

Newly introduced bamboa technologies. This part describes possibilities of newly 
introduced bamboa technologies which can be added to the existing process. 

General conclusions/recommendations. This final part describes the conclusions of 
this study and gives the recommendations about the potential for using bamboa as 
building material in Tanzania. 

Two main remarks: 

- The appendices are presented in another volume. 

- All mentioned prices are prices of 1995, unless stated otherwise. 
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Part B: 

Backgrounds of the study 

The theoretical framewerk 

r··-------------------------------------------------------------------------------------------------------·r··--------------------------------------------------------------------------------------------------------1 

' ·-----------------------------------------------------------------------------------------------------------\ 

Picture: 8-1-1 
Draft version theoretica! framework 
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Part 8: Theoretica/ framework 

1 Introduetion 

This part describes the background of the study. First, this study as a part of the overall project 
will be discussed in chapter 2. In chapter 3 the research question and objective of this study are 
descri bed. 
In chapter 4 the terms are defined. 
In chapter 5 the theoretica! framewerk is described for each factor and the conceptual diagram 
is presented. 
In the final chapter 6 the operationalisation of the factors is discussed. 

The main target of the whole project is to imprave the Tanzanian housing production. To reach 
this target, technology should be added. Although this is debatable, in this study it is assumed 
that when appropriate technology is added the housing production improves. 
This basic idea is made visual in the following diagram. 

Picture: B-1-11 
General assumption 

I 

Traditional I housing 
production 

I 

Newly introduced 
appropriate 
technology 

li 
> 

lmproved 
housing 

production 
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Technology for the production of bamboa housing in Tanzania 

2 Backgrounds of the overall project 

2.1 Introduetion 

The overall project is an exploratory pilot project with the objective to identify the potential for 
bamboa housing for low- and middle income groups in Tanzania. 

The pilot project will consist of two phases: 
- firstly the identification of potential for bamboa housing in Tanzania, rasuiting in 

recommendations and terms of raferenee for a bamboa housing pilot project; and 
- secondly the implementation of a bamboa housing project in Tanzania. 

This study is part of the first phase, the identification phase. The second phase depends on the 
outcoma of the first phase, and has therefore nat yet been worked out in further detail. 
In this chapter the first phase is described further. First the objectives, then the activities and 
finally the organisation of the project. 
This chapter is mainly based on Egmond, 1994: 'Bamboo research in Tanzania'. 

2.2 Objectives 

The main and general objective of the overall project is: 
Creating low-cost houses tor low- and middle-income groups in Tanzania. 

To fulfil this general objective first a short-term objective has to be fulfilled. This short-term 
objective is: 
To explore the appropriateness of bamboo for the construction of houses in Tanzania. 
(Appropriateness in the social, economie, technological and ecological fields.) 

Other objectives of this overall project are: 
To contribute to the research capacity of Tanzania. 
The research activities will be linked up with the Tanzanian preparatory process for the UN 
International Conference on Human-Settlements- HABITAT 11, to be held in Turkey in June 
1996. 

2.3 Target group 

The target groups are low- and middle-income groups in Tanzania, in particular in the 'Bamboo 
Areas'. (The definition of' Bamboa Areas' can be found in part B chapter 4). 
The law-ineome group is the primary target group. lt is known from the Costa Rican Bamboo 
project, that to be more successful in reaching the low-income group, it is necessary to focus 
also on the middle-income group. This has to do with the factor of acceptance. 

2.4 Activities 

There are saveral activities which will be and have been done: a number of surveys in different 
fields to study the appropriateness of a bamboo housing project, a preparatien of a final report, 
an organisation of a seminar and an exchange programme of knowledge. The execution of the 
activities depends partly on the financial possibilities. 
In this report only the surveys in the different fields are described further. 
The project consists of five surveys, categorised as follows: 

6 



Part 8: Theoretica/ framework 

Category A: technologies for housing production. 

Survey number one: 
Jnventory and assessment of availability and viability of necessary factor endowments tor the 
production of bamboo housing in general and for bamboo housing in the bamboo areas in 
particular in Tanzania. 
This report deals with this first study. 

Category B: housing needs and demands. 

Survey numbers two, three and four: 
lnventory of housing needs and demand in Tanzania, in particular in the bamboo areas, in terms 
of quantity and quality. Si nee the bamboo housing project has the objective to serve the low
and middle-income groups in order to upgrade their standard of living through better housing 
facilities, the surveys will be carried out among the low- and middle-income groups in the 
bamboo areas. This category can be divided into the following studies: 

Survey number two: 
A survey of the socio-cultural backgrounds of low- and middle-income groups for the 
determination of the specific terms of raferenee tor bamboo housing. 

Survey number three: 
A survey of the qualitative housing needs of low- and middle-income groups rasuiting in the 
termsof raferenee for bamboo housing. 

Survey number four: 
A quantitative survey of the housing needs for low- and middle-income groups. 

Category C: financial framewerk for investment. 

Survey number five: 
A survey of a macroeconomie and financial framewerk for investment in the housing sector: 
policies and systems for investment in the housing sector in Tanzania. 

2.5 Organisation 

The following groups are involved in the organisation: 

From the EUT-side: 
- Centretor International Corporatien Activities (CICA); 
- International Technology and Development Sciences group (ITDS); and 
- Faculty of Building Technology (BKO/BPU). 

From the Tanzanian side: 
- the National Construction Council (NCC); 
- the ARDHI-institute; and 
- Ministry of Lands, Housing and Urban Development. 

7 



Technology for the production of bamboo housingin Tanzania 

3 Research objective and question 

3.1 Introduetion 

As described before, this study is part of the overall project. This chapter describes the research 
objective and question in further detail. 

3.2 Research objective 

The research objective in this study is: 

lnventory of necessary factor endowments for the production of bamboa housing, in 'Bamboo 
areas' in Tanzania. 

3.3 Research question 

The research question in this study is: 

Can bamboo, compared with other building materials, be an appropriate building material in the 
Tanzanian housing production in bamboa areas? 

Sub-questions in order to answer the main question in this study are: 

- What are the bamboa areas and what are the environmental aspects of those areas in 
Tanzania? 

- What kind of bw1ding technologies for houses and materials are used for the production of 
houses in bamboa areasin Tanzania? 

- What is the appropriateness of houses built in the bamboa areas of Tanzania? 
- What are the specific characteristics of houses built in bamboa areas? 
- What is the most appropriate building technologyin bamboa areas to build houses? 
- Which newly introduced bamboa technologies can be added to the existing building 

technologies? 
- Are houses built with bamboa as bw1ding material, into which new/y introduced modern 

technology has been incorporated, appropriate alternatives? 

8 



Part 8: Theoretica/ framework 

4 Definitions 

Bamboo: 
Bambuseae which can be used as building material. 

Bamboo Area: 
The place where bamboa sustainable grows and can possibly sustainable grow, plus the 
surrounding area up to a distance of 40 kilometres measured over passable roads. 

Appropriateness: 
Satisfaction of the criteria in the field of: 
- natural environment; 
- physical environment; 
- society; 
- building process; and 
- quality and casts of houses. 

Rate of appropriateness: 
Ratio between positive and negative impacts, of changing factors (e.g. technology), on: 
- natural environment; 
- physical environment; 
- society; 
- building process; and 
- quality and casts of houses. 

Input factors: 
The whole of building technologies, building materials, transportation and land, needed for the 
transformation process. 

T echnology: 
The systematised, formalised, standardised, generally accepted and applied farms of technique. 
(Bertholet, 1990: 1 21) 

Technique: 
The total of means and procedures, bath immaterial and material, for the sake of production and 
the marketing of existing goods and services, as well as the creation of new goods and services. 
(Bertholet, 1990: 121) 

Building technology: 
Technology used tor production of houses, split up into four different parts: 
- techno-ware (or 'Capital'): durable production goods and money involved; 
- human-ware (or 'Labour'): manpower, 
- info-ware (or 'lnformation'): know-howand know-why; and 
- orga-ware (or 'Organisation'): relations between above-mentioned terms. 

Building materials: 
Goods which are part of the 'Input-factors' and which, after transformation, are part of a house. 
The materials are classified by the SfB-code system. 

Transportation: 
Activities needed to move goods or human beings. 

Transformation process: 
Activities needed to produce houses by means of input factors. 

9 



Technology tor the production of bamboa housingin Tanzania 

House: 
A single-story building (structure, finishing and installations) created for a househeld to provide 
proteetion against environmental influences, with the tunetion of habitation. 

Tanzanian housing production sector: 
An institution in Tanzania with the tunetion of producing houses. 

Society: 
A society is the most comprehensive, multifunctional and multidimensional social system, for a 
specific group of interacting people. Such a social system consists of the related body of 
structural and cultural elements. The related body of these elements determines the social 
behaviour - which consists of the preserved and standardised social relations - of people in a 
specific group (Lapperre, 1991: 18-21). 

Tanzanian society: 
A society consisting of people bearing the Tanzanian nationality. 

Natura/ environment: 
The colleetien of everything that lives outside a human body and can be perceived by a human 
being tagether with all non-living things, like air, sun and earth. (Abma, 1995: 26) 

Physical environment: 
The colleetien of all objects (artefacts) made by people and which they use. (Abma, 1995: 26) 

10 



Part 8: Theoretica/ framework 

5 Theoretica! framework 

5.1 Introduetion 

To systematise all factors which are involved in this study and in the whole project, a diagram is 
presented to make this more visual. The central part of this study is the 'Transformation 
process' of the Tanzanian housing production sector. 
This sector is related to its environments and to Tanzanian society as a whole. This sector is 
also related to the newly introduced appropriate technology. These relations are made clear in an 
overall view, described in the first section. In the following sections each factor is worked out in 
further detail. In the diagrams the relations between the factors are made visual. The factors 
have been put into boxes. In the boxes with dashed lines, the factors have been put which are 
only partly described. 
In the boxes with continuous lines, the main factors of this study have been put which have 
therefore described in further detail. 
The relations between the factors are indicated by arrows. 
The bold arrows are described fully and the open arrows are only described partly. 

At the end of this chapter the combined conceptual diagram is presented. 

11 



Technology for the production of bamboa housingin Tanzania 

5.2 Overall view 

To imprave the Tanzanian housing production sector, newly introduced appropriate technology 
should be added. See also the Introduetion to this part. 
The Tanzanian housing production sector is related to environmental factors. ft is possible to 
define three factors: 
- 'Natura I environment'; 
- 'Physical environment' and 
- 'Tanzanian society'. 
The 'Physical environment' is related to Tanzanian society. The elementsof this environment are 
created by the elements of society. 
Tanzanian society operates in the 'Natural environment'. This environment is partly autonorneus 
and partly made or adapted by Tanzanian society. 

The relations between the above-mentioned factors are made visual in the following diagram: 

Newly introduced 
appropriate 
technology 

,-------------------------··---------------·--------------------------------------- ---------------------.----------------------------------------------------------------------------------------------------------, 

, Tanzanian society ' 

i Physical environment 

Tanzanian housing production sector I 
i I 

' 

·------------------- Natura! environment 

Picture: B-5-1 
Housing production sector and its environments 
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Part 8: Theoretica/ framework 

5.3 Newly introduced appropriate technology 

This factor is part of all available building technologies. The choice for an appropriate technology 
to be added depends mainly on the building process and on the needs of the users of the 
houses. To be appropriate, the technology should also fit into the social system and the natural 
environment and the impacts of implementation should be studied and assessed. The impacts on 
the social system and on the natural environment are indirect impacts. The implementation only 
creates direct impacts on the building process and on the users of the houses. The direct 
relations to factors of the newly introduced appropriate technology are made visual in the 
following diagram: 

.~----------------------------------------------------------

Total 
' building 

technologies 

i ... 
Newly introduced 

' appropriate 
technology 

..... Tl 
------------------------------------------------------------, 

Users ' 

-----------------------------------------------------------"" 

.o4 

~ 

Transformation 
process 

Picture: B-5-11 
Conceptual factor: 'Newly introduced appropriate technology' 

5.4 Tanzanian housing production sector 

In section 5.2 the relations of this sector to other aspects are described. The sector itself 
consistsof many factors. These factorscan be grouped into two categories: 
- 'Input-factors' and 
- 'Output-factors'. 
The two groups are connected by the transformation process. 

The group of Input-factors consists of four factors: 
- 'Technology'; 
- 'Materia Is on the site'; 
- 'Transportation and preparation' and 
- 'Plot'. 
The factor 'Transportation and preparation' is directly related tothefactor 'Materials on the 
site'. This factor is described further in the section about 'Materials on the site'. 
The other factors are related to each other. These relations are described for each factor in the 
following sections. 

The group of Output-factors consists of two factors: 
- 'Houses' and 
- 'Other'. 
The factor 'Other' has not been studied ordescribed any further for lack of research time. 
Anyway, this factor seems to have only limited importance and very little influence on the 
research objective. 
The factor 'House' is described in further detail in a following section. 
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Technology for the production of bamboa housing in Tanzania 

All the factors are also related to the environments. For example: the houses will be part of the 
physical environment and the labour-farces of 'Technology' are part of the social environment. 

The factors of which the Tanzanian housing production sector consists and their relations are 
made visual in the following diagram: 

/J-j __ T_a_n_z_a_m_· an __ h_o_us_in_g_p_r_o_d_u_ct_io_n_s_e_ct_o_r _ ____,_", 
// " 
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' 
I 
I 

i 
Materials I 

~ 

Houses on the site I t I 
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1 
I 
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I 
Plot 

i 

Picture: B-5-111 
Conceptual factor: 'Transformation process' 

14 



5.5 Technology 

Technology consistsof four parts: (See also chapter four) 
- 'Capital', (or 'hard-ware'); 
- 'Labour', (or 'human-ware'); 
- 'lnformation' , (or 'info-ware') and 
- 'Organisation', (or 'orga-ware'). 

Part 8: Theoretica/ framework 

The technology is added to the materials in the process. In this way the product is created. Each 
transformation process requires specific technologies. For those reasans there is a relation 
between the process and technology. 

Technology is a part of the input-factors. 
Technology is related to the 'Plot' and with 
the 'Materia Is on the site', because each kind 
of plot and each kind of material requires 
specific technologies. 
The direct relations to factors of technology 
are made visual in the following diagram: 

Picture: 8-5-IV 
Conceptual factor: 'Input factors' 

5.6 Materials on the site 

I Input 

Transformation Technology: ~~ 
- Capital process 

-Labour 
- Information 
- Organisation 

The materials on the site are classified by the SfB-code system. This system categorises the 
materials into three groups: 
- 'Formed materia Is'; 
- 'Unformed materials' and 
- 'Finishing materials'. 
The materials can have two types of origin: 
- 'Natural environment' or 
- out of the trade of building materials part of 'Physical environment'. 
The materials need to be transported and sametimes prepared into a useable materiaL This 
process sametimes occurs on the site and sametimes the materials have already been prepared 
when they are bought. 

The factor 'Materia Is on the site' is related to 
technology. (See also sectien 'Technology') 
The factor is a lso related to the factor 'Plot'. 
Each plot requires specific materials. 
The materials are used in the process and will 
be transformed into the product. 
In the following diagram the relations are 
presented: 

Picture: 8-5-V 
Conceptual factor: 'Materials on the site' 
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Technology for the production of bamboa housingin Tanzania 

5.7 Plot 

The plot is needed to build the house on. For that reason the plot is an input-factor. The plot is 
also related to the other input factors. (See earlier sections). 

The plot is part of the 'Natural environment'. 
For that reason there is a relation between 
bath factors. This relation is given by the 
relation between the 'Input' factors and 
'Natura I environment'. 
In the following diagram the relations are 
presented: 

Picture: 8-5-VI 
Conceptual factor: 'Plot' 

5.8 Houses 

Input 

Transformation 
process l Plot r~ 

L=========~ ~-----

This factor is part of the 'Output-factors'. lt is the product of the process. The houses are 
related to the users. These users and the relations to the houses are described by other studies 
of the overall project: 'Housing needs and demands' and Finance systems'. 
A house, following the SfB-code system, consists of several elements and these elements 
consist of several components. 
This code system is 
worked out further in 
part D chapter 3. 5. 

In the following 
diagram the relations 
are presented: 

Picture: 8-5-VII 
Conceptual factor: 'Houses' 
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Part 8: Theoretica/ framework 

5.9 Conceptual diagram 

The conceptual schedule is composed of all above-mentioned factors and relations. All elements 
have been fit into each other to create one diagram. This diagram is presented in the following 
picture: 

.. ------------------------------------------... 

' Buildin i ' g ! .... 
j technologies 1 

~-----------------------------------------..! 

Appropriate 
technology 

!--------"Tam.ailiatï·----1 
i society ! 
' ' ' ' ---------------------------------------------------------------------------------------------------~---------------

·i Finance 

process ~î~;1 
-j the target 

i__ ______ ~~~~-----------J 

,------------------------------------------------------------------------- ------------------------------------------------------ ----------------------------------------------------------~ 

' ' 
·----~ Natural environment ~---------' 

Picture: 8-5-VIII 
Overall conceptual diagram 

The bold arrows and the boxes with the continuous lines are the main subjects of this study and 
will therefore be described in further detail. 
The open arrows and the boxes with the dashed lines are researched in the studies of the 
'Users': 'Needs and demands' and 'Finance systems'. These factors are only described partly. 
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6 Operationalisation 

6.1 Introduetion 

There are many factors related to the appropriateness of bamboa as building material in the 
Tanzanian housing production. 
The appropriateness of bamboa as building material is measured by process, product and 
environmental factors: 

- the process factors (section 6.2): materials with transportation and preparatien (origin), 
technology, plot. (To campare bamboa with other materials, the other materials have to be 
described toa.) 

- the product factors (section 6.3): quality and casts. (To campare the building process of 
bamboo, the existing building process has to bedescribed toa.) 

- the environmental factors (section 6.4): to judge the appropriateness, a clear view of the 
impacts of the environments on bamboa and vice-versa is necessary. 

6.2 Process factors 

In the housing production process, certain materials are transported to the site and prepared on 
the site to be used as input factors. These materials are transformed, into a house on a plot, by 
means of technology. 

Materials 

- availability, place of origin (description); 
- dimensions (millimetres), weight (kilograms) and packing unit; 
- casts material unit at origin (Tsh); 
- transportation needed, possibilities (description) and casts (Tsh per unit); 
- preparatien needed (description) and casts (Tsh per unit material); 
- allowable strength (N/mm2); 

- position of use in the house (description), and 
- amount of material needed in the house (units of material). 

Technology 

Technology can be split up into four parts: 
- Techno-ware: 

- durable production goods needed (description) and casts (Tsh per element), and 
- money involved in the process: interests, casts process (Tsh). 

- Human-ware: 
- kind of actars involved (description), and 
- amount of actars (man-hours per element). 

- Info-ware: 

- kind of information used and origin (description). 
- Orga-ware: 

- other technology factors combined in order to produce the house (description). 

Plot 

- kind of property (description) 
- casts property (Tsh per square metre and annual if necessary); 
- area per house (m 2); 

- earlier owner (description); 
- kind of soil (description); 
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6.3 Product factors 

Out of the transformation process a house is created. This house is affected by mostly natural 
environmental influences. The resistance of the house to those influences, determines the 
quality of the house. 
The transformation process has many factors with all different casts. The total of these is the 
costprice of the house. 
The product is measured by those two factors: 

Quality of the house: 

- resistance to environmental influences: wind, rain and termites and insects. (years and criteria 
BRU and Ministry of Development Planning). 

Casts of the house: 

- the total costs of the house per element (Tsh). 

6.4 Environmental factors 

There are three groups of environmental factors: 

Natural environment: 

This environment consists of lots of factors which are related to the building process: 
- Natura/ materials (lots of materials find their origin in this environment), especially bamboo. For 

bamboa the following factors are described: 
- kind: species, dimensions of bamboa (description); 
- amount of bamboo (sterns and hectares); 
- location of forests (distance trom cities); 
- possibilities for use as building material (description); 
- possibilities for plantations (descriptions), and 
- costs (Tsh per stem natural material). 

- Soil, this is needed for bamboo, foundations, building materials (description). 
- lnsects and termites, its existence calls for special designs. (description) 
- Climate: rain (annual rainfall), humidity (moisture content), wind (velocity and direction). lts 

existence calls for special designs (description). 
- Relief, a/titude and geographica/ position. These factors are related to the above-mentioned 

factors (description). 
- Earthquakes. lts existence calls for special designs (descriptions and scale of Richter). 

Physical environment: 

This environment provides the facilities for transportation, water and electricity supplies and 
international tra de possibilities (description). 

Tanzanian society: 

This factor provides the overall framewerk with in which the housing production sector 
operates. This society is described by factors related to four institutions: Policies, Economics, 
Kinship and Religion (Lapperre, 1991 : 1 7-21). The factor 'Kinship' is related to a house, because 
a house provides proteetion for the people against environmental influences. In this study 
several factors of the kinship institution will be discussed: the amount of people, the annual 
growth of the population, the wages, the unemployment etc. The term 'social aspects' is a more 
appropriate term to obtain a better understanding. For that reason this term is used in the report 
further. (The term religion is not included inthefactor 'social aspects' .) 
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Part C: 

The housing production sector as a part of 
the construction industry in Tanzania. 

A description on a macro level 
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Picture: C-1-1 
Housing production sector on a macro level. 
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Part C: The housing production sector as part of the construction industry in Tanzania: on a macro level 

1 Introduetion 

This part provides the frameworkof the study, and is mainly based on literature. lt describes the 
Tanzanian housing production sector as a part of the Tanzanian construction industry, on a 
macro level. 
This sector is related to its environmental factors: Natura! environment, Physical environment 
and Tanzanian society. (See alsopart B chapter 5.2). 

In the following chapter the natura! environment will be described. This environment causes the 
loads on the houses and partly provides building materials. Bamboo is also part of this 
environment and closely related to this environment. In this part the environmental aspects for 
the bamboo forests are descri bed, in part D the bamboo stock itself is described further. 

In chapter 3 the physical environment is described. This factor provides the transport and 
services for the houses. 

In chapter 4 the Tanzanian society is described in the field of polities, economics, social aspects 
and religion. 

In chapter 5 the Tanzanian housing production itself will bedescribed as part of the construction 
industry. This industry is built up of several parts: the construction of buildings, the production 
of, the trade of and the transportation of building materials. 

In the final chapter 6 the conclusions are given about the building industry, the housing 
production sector and their share in Tanzanian society. 
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2 Natura! environment 

2.1 Introduetion 

The natura! environment is closely related to the housing production, the quality and lifetime of 
the houses and to the bamboa stock. 
For the housing production, the building materials are obtained partly out of this natura! 
environment. The plot and soil under the foundation are part of that environment. 
The loads on the houses are also caused by that environment and determine the lifetime of the 
houses. 
Bamboa is closely related to temperature (altitude) and rainfall. 
Last but nat least different climates call for special design and material usage. For those reasans 
the natural environment is described in the following sections. 
The Tanzanian bamboa-stock is also part of the natural environment. This bamboa-stock is 
described in part D chapter 2. In this chapter the relative factors for bamboa are described. 

The natura! environment is described by saveral factors: 
- size and situation, in sectien 2.2; 
- geology and relief, in sectien 2.3; 
- soil and erosion, in sectien 2.4; 
- rainfall in Tanzania and surrounding countries, insection 2.5; 
- temperature and humidity in Tanzania, in section 2.6; 
- elimate in Tanzania categorised into areas, in sectien 2. 7; 
- rivers and lakes, in sectien 2.8; 
- forestry and deforestation, in section 2.9, and 
- termites and insects, in sectien 2.1 0. 

2.2 Size and situation 

Tanzania is a country in East Africa. lt is situated in between 2 ° and 11 ° south latitude and at 
about 30° to 40° east longitude. 
Tanzania is the biggest country in East 
Africa. lts mainland has a surface of 883,578 
square kilometres of land and 20,650 square 
kilometres of water. Zanzibar and Pemba 
have a surface of 1,658 and 984 square 
kilometres respectively. In total this is 
906,870 square kilometres. 
lts western neighbours are Zaïre, Ruanda and 
Burundi. lts northern neighbours are Uganda 
and Kenya and its southern neighbours are 
Malawi and Mozambique. See also the map 
of Tanzania in this text. 

Picture: C-2-1 
Map of Tanzania with surrounding countries. 
In appendix C-1 a bigger map of Tanzania is 
presented. 

22 

z. Tanzania 

'~· 
Zambia \ 

MalaWi 



Part C: The housing production sector as part of the construction industry in Tanzania: on a macro level 

2.3 Geology and reliet 

East Africa is mainly marked by the 'Great African Rift' and its Highlands. The formation of 
these areas have lasted over one million years. The drift of the continents is one of the main 
factors responsible for the formation. Nowadays the 'Great African Rift' is situated from lsrael to 
Mozambique and has a length of about 7,000 kilometres. In Ethiopia the rift splits itself up into 
two parts which join again in Malawi, in Lake Nyasa. The western part of the rift is called: 
'Centrai-African rift', this rift is situated in Uganda and the western part of Tanzania. In this part 
lotsof big lakes can be found: Lake Albert, Lake Edward, Lake Kivu, Lake Tanganyika and Lake 
Nyasa ( = Lake Malawi). 
The Eastern part of the rift is called: 'East-African Rift', this rift is situated in Kenya en central 
Tanzania. In this rift there arealso big lakes, like: Lake Turkana, Lake Baringo, Lake Nakuru, 
Lake Naivasha, Lake Magadi, Lake Natron and Lake Eysai. 
In appendix C-2 the rifts in Tanzania are presented. 
The lakes are formed in the rifts. The bottorn of the rift can sametimes be more than 700 metres 
below the level of the neighbouring highlands. The width of the rifts varies from form 70 up to 
300 kilometres. 
The farces which created the rifts, also 
created 'horsts'. A horst is a plateau of land 
which is raised in elevation. An example of 
this, is the Ufipa-highlands. 
In the rifts volcanoes can also be created. 
These volcanoes are an important factor in 
the creation of the mountains. These 
mountains are mostly erater shaped, like Mt. 
Kilimanjaro or Mt. Meru. The lava is alkaline, 
flows over the crater, congaals and creates a 
new layer on the erater. Sametimes volcanic 
ash a lso ejects out of the erater, like in Mt. 
Elgon. 
On the picture on the right it can be seen 
how volcanoes or rift-valleys are created. 

Picture: C-2-11 
Rifts and horsts 

All these natural processas do not happen gradually but with jolts. For this reason, everywhere 
in and around the rifts there are earth-movements and earthquakes. These earthquakes cause 
loads on the houses, which therefore require a special design. In the 'streng-frequent zones' 
earthquakes with a force of 6-7 on the scale of Richter occur (BRU- Technica! Guideline 2: 5.3). 
(See also part F chapter 3.3.) 

In appendix C-3 the earthquake zones are presented. 

As stated before, the movements in the earth create the horsts and mountains. In appendix C-4 
the relief of Tanzania is presented. 
The bamboo species depends on the altitude. Some species grow at levels of more than 2000 
metres above the sea level. (See also part D chapter 2). 
Ditterences in altitudes also cause ditterences in climates. (See also of this part 2. 7). 

Sources: Mmbando, 1989:35; Hagen, 1993: 12-15; Ojani, 1970:20-23; Lapperre, 1992:111-
113; Kussendrager, 1993:70-71; Haavaldsen; 1981:23, Hathout, 1983: map 13 and 17; 
Murray, 1984. 
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2.4 Soil and erosion 

Mainly basedon Hathout, 1983: map 1-25; Ojani, 1970:21-51. 
There are many types of soil in Tanzania. Even on a micro level the soil can vary much. In 
general, a big part of the Tanzanian surface consists of red earth. This red colour is caused by 
iron. The earth mainly consistsof sand and only at a few places does clay farms the biggest 
part. Around Mbeya and Arusha the typical volcanic soils can be found. These soils are created 
by the volcanoes, see also the section 2.3 of this partabout 'geology and relief'. 
In most of Tanzania the drainage of the soils is good, only on the plateaus is the drainage 
imperfect or poor. 
In the housing production the soil is mainly used in two different ways: 
- as bearer of the house, the foundation, and 
- as building material for walls, floors etc. (See alsopart D chapter 3.3.9). 
A further description of types of soil on a micro level at four places in Tanzania can be found in 
part E chapter 3: 'the natural environment of the sample areas'. 

Erosion is a major problem of the Tanzanian surface. Especially in the southern partand in the 
areas where the annual rainfall is very high, theerosion is also considerable. This problem is also 
partly caused by deforestation. See also the section 2.9 of this chapter, which deals with 
'forestry and deforestation'. 

In Appendix C-5 the annual erosion of Tanzania is presented. 

2.5 Rainfall in Tanzania and surrounding countries 

Sources: Hagen, 1993:12-1 5; Ojani, 1970:20-23: Mmbando, 1989:17. 
Highly varied elirnatic ditterences are one of the outstanding facts about East Africa, the result 
of large altitudinal range, the distribution of land and water, land barriers, air movements and 
ocean currents. At different times of the year the environment is dominated by a number of air
masses and the elimate is largely influenced by the character of the souree regions from which 
these originate and by the tracts of country across which they blow. The dominanee of a 
particular air-mass over the region is controlled largely by the apparent movement of the sun 
between the two trapies and this provides a convenient basis for an analysis of the East African 
cl i mate. 
From November to March, the main aircurrent affecting East Africa is trom the north and narth
east which, because of its source, is a dry air mass. lts drying influence is telt particularly in the 
western extremities of East Africa where, as the 'Harmattan' ar 'Egyptian air', it blows from a 
high pressure belt across the Sahara. 

Although the northerly air-masses are drying and not rain-bearing, they are important in that the 
rains are associated with the zone of convergsnee between the northerly and the south-easterly 
and indeed the south-westerly (Congo) aircurrents. This zone of convergence is known as the 
lnter-tropical Convergsnee Zone (ITCZ) and since its actual position over East Africa is 
dependent on the position of the overhead sun, the seasonal distribution of rainfall over East 
Africa also follows this apparent movement of the sun. 

Over the eastern parts of the area the air-mass, known as the Arabian ar lndian Narth-East 
Trade winds or as the Narth-East Monsoon, is a less drying maritime variety which may bring 
some precipitation. 
The coastal zones of Tanzania get some rains from these trades. 

By April, the wind pattern has changed considerably and the region comes under the influence 
of the lndian Ocean South-East Trade Winds. This air-mass coming from a vast ocean area is 
moisture-laden and the souree of the main rains over East Africa. The air-mass blows steadily, 
reaching its maximum force in July when there is a low-pressure belt in the northern 
hemisphere. 
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As a result of the above situation, three distinct rainfall seasons occur over East Africa. A 
regime of an equatorial character occurs broadly over much of the northern parts of East Africa 
to a bout 3 ° south latitude over the higher parts of the region and to a bout 7 ° south latitude 
along the coastal belt. In this coastal belt, a single peak, usually round about May, is evident, 
but inland, a double peak, between March and May and from Mid-October to December, is the 
pattern. These are respectively the long and the short rains of East Africa. 
On either side of this zone, there is a tendency towards a single rainy season and a single dry 
season. Most of Tanzania and the coastal areas that lie to the south of Dar es Salaam, for 
instance, have only one rainy season, extending from about December to April, the rest of the 
year being a long dry season. 

Reliet and inland water bodies greatly 
influence the amount of rainfall received in 
various places. Mountains receive usually 
more rain and Lake Malawi, for instance, has 
a complete elimate system of its own. The 
sun heats up the air above the land more 
than above the water. Therefore during the 
daytime the wind blows from the lake into 
the land. The water evaporates above the 
lake and clouds are formed at high altitudes. 
These clouds are driven over the land up to a 
mountain range. Here the clouds are driven 
up and the clouds are transformed into rain. 
The annual rainfall in these areas can be 
more than 2,000 millimetres. 

Picture: C-2-111 
Heavy rains caused by mountains. 

Bamboa necds more than 1,000 mm of rainfall a year. 

In appendix C-6 the annual rainfall in Tanzania is presented and in C-7 the monthly rainfall for 
tour cities is presented, which gives a indication of the ditterences across the country. 

2.6 The temperature and humidity of Tanzania 

Sources: Hagen, 1993: 12-15; Ojani, 1970:20-23. 
The ditterences in temperature and humidity in Tanzania are mainly caused by the ditterences in 
altitude and positions to big water areas. 
The higher the altitude, the lower the temperature (during the night-time) and humidity, and the 
closer to water surfaces the more humid. 
For example, the mean temperature for Dar es Salaam is 25.7 dagrees with a humidity of 82 per 
cent and the mean diurnal and annual ranges of temperature are relatively small. On the higher 
plateaus (more up-country), the relative humidity and temperature drops, and the temperature 
ranges, bath diurnal and annual, are much larger. 

In appendix C-7 the temperature of four cities is shown. 
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2. 7 Climate in Tanzania categorised into areas 

Source: Kyhn, 1984: 135-139; BRU data sheet A.2.1.; Hagen, 1993: 12-15; Ojani, 1970: 20-
23, Janssen, 1992: 114-139. 
lt is very hard to describe an overall elimate of Tanzania (see also above in sectien 2.6). 
Therefore it is better to split up the country into three elimate zones (A up to C), with five areas 
(1 up to 5): 
A: 'Temperature' elimate zones (two areas): 

1) Southern-Highlands. 
2) Northern-Highlands. 

B: 'Warm and humid' elimate zones (two areas): 
3) 'Around the lakes'. 
4) Coastal plateaus. 

C: 'Hot and dry' elimate zones (one area): 
5) lnland plateaus. 

In appendix C-8 an overview is presented of Tanzania and its elirnatic zones. 

In this report some factors, per area, are discussed: the situation, altitude, rainfall, temperature 
(ranges), humidity and the wind. At the end of each zone description the recommendations tor 
building houses are described. lt is a general overview and exceptions are possible. 

1) Southern-Highlands: Temperature elimate zones. 

The Southern-Highlands consist of Mbeya, lringa and the northern part of Morogoro. 
Altitude: between 1 000 and 2500 metras above sea-level. 

Rainta/1: 
Rainy seasons: 

Temperature: 
Mean: 
Diurnal range: 
Annual range: 

Humidity: 

Wind: 
Velocity: 
Direction: 
Cyelones: 

on the windward side more than 1000 mm. 
January up to April. 

1 5 ° Celsius. 
high. 
high. 

low. 

strong wind area. 
37 {m/s). 
varies but mainly South-East. 
nat to be expected. 

Recommendations tor houses: 
Exposed sites desirabie and proper drainage must be provided. Open and generous spacing 
necessary to ensure the tree flow of air in and around the houses. Shady sites with trees a great 
asset. 
Heavyweight materials and smal! openings. Heat/cold accumulation is necessary tor the big 
diurnal temperature range. A good construction of the roof is needed. 
Bamboa can be used, but its light weight creates a cold internal elimate in the night. When using 
bamboo, good anchors are needed. 

Recommendations tor bamboa plantations: 
Bamboa can grow at places where the annual rainfall is above 1 000 mm, mostly on the 
windward side (See also part D chapter 2). 

26 



Part C: The housing production sector as part of the construction industry in Tanzania: on a macro level 

2) Northern Highlands: Temperature elimate zones. 

The northern mountains consist of the mountains lying around Arusha. 
Attitude: up to 6000 metres above sea-level. 

Rainfa/1: 
Rainy seasons: 

Temperature: 
Mean: 
Diurnal range: 
Annual range: 

Humidity: 

Wind: 
Velocity: 
Cyclones: 
Direction/crigin: 

on the windward side more than 1000 mm. 
November-march and April-August. 

varies greatly (frost is possible). 
high. 
high. 

low. 

streng wind area. 
37 (m/s). 
not to be expected. 
Narth-east monsoon; November-March 
South-east monsoon; April-August 

Recommendations for houses: 
Temperatures rarely exceed human comfort limits, but solar radiation can cause overheating 
within the building and air change is more critica! than air movement. Often chilly during cold 
season and cold nights can cause discomfort. Heating desirable. 
Avoid windy sites. Sites must have a very good natura! drainage. Compact lavouts desirable, 
which proteet rather than expose houses to wind. Orientation of long axis: East-South-East
West-Narth-West preferable, but not crucial. Outdoor spaces adjacent to houses exposed to the 
sun, but protected from wind advantageous. Trees, plants and grass between houses most 
desirable. 
Heavyweight materials and small openings. Heat/cold accumulation is necessary for the big 
diurnal temperature range. A good construction of the roof is needed. 
Bamboa can be used, but its light weight creates a cold internar elimate in the night. When using 
bamboo, good anchors are needed. 

Recommendations for bamboo ptantations: 
Bamboa can grow at the places where the annual rainfall is above 1 000 mm, mostly on the 
windward side (See also part D chapter 2). 

3) 'Around the lakes': warmand humid lowland. 

The lakes which are meant are: Lake Victoria, Lake Tanganyika, Lake Rukwa and Lake Nyasa. 
Attitude: about 500 metres above sea-level. 

Rainfa/1: 

Temperature: 
Mean: 
Diurnal range: 
Annual range: 

Humidity: 

varies from dry up to 2000 mm. 

23 ° Celsius. 
low. 
low. 

high. 
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Wind: 
Velocity: 
Directions: 
Cyclones: 

strong wind area. 
37 (m/s). 
varies, mostly offshore. 
not to be expected. 

Recommendations for houses: 
Discomfort for human beings, due to combination of high temperature and humidity modified 
during day by offshore breezes. Nights are often warm and uncomfortable. 
Houses orientated North-South (long axis East-West). (less heating up of walls during sunrise 
and sunset.) 
Near the lakes the long axis preferably diagonal on the wind direction. Sites exposed to breeze 
are advantageous. 
Located on high ground (more wind) and trees left for shading. Proper drainage necessary to 
cope with flash and protracted storms. Layout should be open, informal and well spaeed to 
allow for maximum flow of air in and around the houses. 
Light-weight materials, big ventilation openings and a good construction of the roof is needed. 
Bamboa can be used because of its light weight, but good anchors are needed. 

Recommendations for bamboa plantations: 
Bamboo can grow at the places where the annual rainfall is above 1 000 mm (See also part D 
chapter 2). 

4) Coastal zone; warm humid low-land. 

The coastal plateaus consist of the: Handeni, Nachingwea and Makonde plateaus. These 
plateaus can be found in the eastern part of Tanga, Pwani, Lindi and Mtwara. 
Altitude: less than 500 metras above sea-level. 

Rainfa/1: 
Rainy seasons: 

Temperature: 

mean value: 750 mm. Some places above 1000 mm. 
March/Aprii/May and November/December. 

Mean: 26° Celsius. 
Annual mean max: 30.5° Celsius. 
Annual mean min: 21.0° Celsius. 
Diurnal range: low. 

Humidity: high. 
Annual mean min.: 60-73%. 

Wind: 
Velocity: 
Cyclones: 
Direction/crigin: 

strong wind area. 
37 (m/s). 
Possibility of cyclones. 
North-east monsoon; November-March. 
South-east monsoon; April-August. 

Recommendations for houses: 
Discomfort for human beings, due to combination of high temperature and humidity modified 
during dav by monsoon winds and offshore breezes. Nights are often warm and uncomfortable. 
Houses orientated North-South (long axis East-West). (less heating up of walls during sunrise 
and sunset.) 
Near the sea the long axis preferabie North-West - South-East. Sites exposed to breeze are 
advantageous. 
Located on high ground (more wind) and trees left for shading. Proper drainage necessary to 
cope ·with flash and protracted storms. Layout should be open, informal and well spaeed to 
allow for maximum flow of air in and around the houses. 
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Light-weight materials, big ventilation openings and a good construction of the roof is needed. 
Bamboa can be used because of its light weight, but good anchors are needed. 

Recommendations for bamboa plantations: 
Bamboa can grow at the places where the annual rainfall is above 1 000 mm (See also part D 
chapter 2). 

5) lnland plateaus: Hot and dry low-lands. 

The inland plateaus consist of the: Serengeti plain, Central plateau and Songea plateau. These 
plateaus can be found in the north-western part of Tanzania and in Ruvuma and the south part 
of Morogoro. 
Attitude: a bout 1 000 metres above sea-level. 

Rainfa/1: mean value: less than 500 mm. 

T emperature: 
Annual mean max: 28-31 ° Celsius. 
Annual mean min: 16-19° Celsius. 
Diurnal range: high. 

Humidity: low. 
Annual mean min.: 45-65%. 

Wind: 
Velocity: 
Cyclones: 
Direction/origin: 

light wind area. 
29 (m/s). 
Not to be expected. 
Varies. 

Recommendations for houses: 
Discomfort for humans, because of high temperatures in the day-time and low humidity. Nights 
usually cool. 
Site located on high ground to catch the breeze, favourable except where windblown dust 
occurs. Leave trees for shading. 
Trees, plants and grass in-between houses not welcome. Moderately dense and compact lav
outs that minimise solar exposure but do not block the airflow. 
Heavyweight materials and small openings. Heat/cold accumulation is necessary tor the big 
diurnal temperature range. 
Bamboa can be used, but its light weight creates a cold internal elimate in the night. 

Recommendations for bamboa plantations: 
Almast no possibilities to grow bamboo, because the annual rainfall is insufficient (See also part 
D chapter 21. 

2.8 Rivers and lakes 

I 

There are many lakes in Tanzania. The biggast lakes are at the border of this country and are 
only partly proparty of Tanzania. The lakes are used for fishing, transport, water supply etc. 
In Tanzania, there arealso many rivers. Most of them flow into the lakes. These rivers are 
mainly used tor water supply and only seldom for transport. For this study only the rivers and 
lakes in the neighbourhood of the sample areas are of direct relevance. These rivers and lakes 
are described in the part E chapter 3. 

In appendix C-2 the lakes and ocean are presented on the map. 
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2.9 Forestry and deforestation 

There are many forests in Tanzania. About half of the mainland consists of forests or 
wood lands. 
The forests can be split up into forests with a 'naturallife' and plantations. In 1990 there were 
about 540,000 hectares of plantations. 

The forests with a naturallife can be split up into three categories: 
- closed forest: 2,800,000 hectares; 
- mangrove: 160,000 hectares and 
- woodlands: 85,782,000 hectares. 
Source: Planning commission, 1993. 

These forests are tor a small part reserves, which parts will yield sustainably produced wood. 
The major part is 'tree'. The quantity of this type of forests decreasas very quickly, because of 
'free-cutting'. By cutting the forests completely the soil disappears with every rainfall. This is a 
major problem nowadays. 

Bamboa could provide a salution tor this problem: 
- bamboa has a big and strong netwerk of roots. When it is cut down completely, it will grow 

again. And 
- bamboa can be cut after about tour years. Therefore a plantation of bamboa generatas more 

profit. 

2.10 Termites and insects 

Termites and insacts occur in Tanzania. There are three groups of little creatures which eat 
bamboa (personal interview with dr. Lipangile, 1995): 

- termites: 
ants which can eat your house in two weeks. Termites occur up to a level of about 1300 m; 

- fungi: 
bacteria which occur everywhere, but are especially active in a wet environment. Bamboa 
rots through this bacteria with in about half a year. And 

- beet/es: 
flying creatures which occur everywhere. They eat dry and wet bamboa everywhere. 
Nevertheless in the fieldwork of this study no houses were found where beetles were the 
major problem. 

In the fieldwork of this study the major problems of the bamboa used as building material were 
termites in the lewlands and fungi in the highlands. 

There are plenty of techniques to control the lifetime of bamboo. In the fieldwork of this study 
no househeld was found which treated their bamboes. In part F chapter 2.3 preservation will be 
described further. 
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3 The Tanzanian society 

3.1 Introduetion 

The description of the society of Tanzania follows the model of a general society. In this model 
a society can be described according to four institutions: polities, economics, social aspects and 
religion (see also chapter 6.4 of part B). 
In the following sections some factors which are related to those four institutions are each 
described. 
- factors related to polities, in section 3.2; 
- factors related to economics, in section 3.3; 
- factors related to social aspects, in section 3.4, and 
- factors related to religion, insection 3.5. 
The information of this chapter is mainly based on 'Kussendrager, 1993:7-71' and 'Bank on 
Tanzania, 1994-2'. 

3.2 Factors related to politics 

In the middle of the 1 9th century East Africa got involved in the struggle for power of the 
Europaan countries. In 1 884 German troops attacked the area which is nowadays called the 
mainland of Tanzania; Tanganyika. (In those times this area also included the countries Rwanda 
and Burundi.) In 1890 Tanzania became a German colony. In the First World War the British 
defeated the Germans and Tanganyika became part of Great-Britain. (The countries which are 
nowadays called Burundi and Rwanda became part of Belgium.) This world war, tagether with 
its diseases, took about 100,000 Tangayican lives and left a completely destroyed country. 
After the Second World War in 1945 Tanganyika was still a part of Great Britain but they had to 
develop their own politica! structure with the help of the United Nations. Julius Nyerere 
developed a national politica! party named 'Tanganyika African National Union' (TANU). In 1956 
he travelled to New Vork and the United Nations avowed his politica! institution. The main points 
of the party were: self-reliance, freedom, formation of trade-unions and eradication of racism. In 
1959 Tanganyika got its first own cabinet and in 9 December 1961 Tanganyika became 
independent. 
Zanzibar had been defeated for more than 2000 years. In the past Zanzibar was a main trade 
centre in lndian-Ocean area. At the beginning of the 20th century Zanzibar was politically ruled 
by the British but economically by the Arabs. In December 1973 Zanzibar became independent. 
Aftera couple of coups d'etats the Afro-Shirazi Party ruled the country. The communist way of 
ruling is said to be partly responsible for the union with Tanganyika. Washington was said to be 
afraid of a 'Cuba' in the lndian-Ocean area. 
On 22 April 1964 Tanganyika and Zanzibar (including the islands Pemba and Mafia) formed the 
United Republic of Tanzania. But Zanzibar always kept a status of autonomy. 
In the first years after independenee Nyerere' s party could not solve the problems in the 
economie and social fields. In 1967 the launched the 'Declaration of Arusha', following which 
declaration Tanzania should follow 'self-reliance' and 'family sense'. The way to development 
was not by borrowing money from foreign countries, but by doing everything on their own and 
the prime mover is agriculture. He had created a one-party-system and a planned economy 
policy. 
Lots of parastatals, high import taxes and rural development programmes were created. The 
policy of self-reliance did not bring that what they hoped it would bring. High increase in 
population, hardly any economie development and an increasing foreign debt. In 1 985 the 
Tanzanian economy was at the point of collapsing. After 1985 they had to accept the Economie 
Recovery Programmes of the World Bank to get money. These programmes led to a more 
strongly free-market-economy. These economie recovery programmes did have a big influence 
on the construction industry. In chapter 5 of this part this influence is worked out further. 
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Policies with respect to housing 

The main policy with respect to housing is upgrading the housing stock. Only permanent houses 
(houses made of burnt bricks, cement/ aggregate blocks and a roof made of corrugated iron 
sheets) are allowed to be built. Semi-permanent houses or temporary houses (houses made of 
other materials) get no permission to be built. 
However, no financial support is given by the government to reach this goal. 
(See also chapter 3.5 of part 0.) 

3.3 Factors related to economics 

3.3.1 Introduetion 

The politics and the economics of Tanzania are close related. See also chapter 3.2 of this part. 
Before 1985 Tanzania had a centrally planned economy and after 1985 they had to follow a 
more tree-market economy. 
Nowadays, in 1995, they still follow the tree-market system. In the following sections some 
figures are presented to indicate the economie position. 

3.3.2 Gross Dornestic Product 

The GDP (Gross Dornestic Product) over 1993 at factor costs and current prices: Tsh 845,485 
miltion (or 1, 761 miltion 1993-USD). 
Divided by about 30 millions of inhabitants, this means about 60 USO GDP per head. 
The contribution to the GDP at factor costs and constant 1976 prices in 1993 across the 
different sectors (Bank of Tanzania, 1994-2: 40). The sectors follow the ISIC-code system, this 
system is also used in Tanzanian statistics: 

Division 1: agriculture: 44% 
Division 11 up to V: manufacturing: 16% (of which about 30 per cent construction) 
Division VI up to IX: services: 48% 

The high rate of services (48 %) can partly be explained by the social system, which is based on 
socialist principles. 
To indicate the Tanzanian position versus other countries a table with these variables is 
presented. 
(The figures of Tanzania in the table are of another year than the above mentioned figures.) 
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Table: C-3-1 
The economie position of Tanzania versus other countries. 

Africa East Africa Tanzania Netherlands 

GDP in millions 403,000 
of USD (1989) 

GDP/Capita in USO (1989) 630 

Annual growth + 2.2% 
GDP (85-89) 

Annual growth -0.9% 
GDP/Capita 

Share to GDP 18% 
Division 1: 
agriculture 

Share to GDP 27% 
Division 11-V: 
manufacturing 

Share to GDP 55% 
Division VI-IX: 
services 

(Source: Tegelaars, 1995: 19.) 

3.3.3 Interest 

Interest rate structure over the years up to 
1986: 6 %. After 1986 the interest rates 
increased dramatically to 27 per cent at the 
end of 1994. 
These figures are mean values of interest 
rates. In some cases up to 61 per cent is 
calculated.The housing mortgages do follow 
the increase after 1986. However, before 
1 986 this rate is higher than the discount 
rate and after 1986 this interest rate is lower 
than the discount rate. 
Nevertheless this rate of 20 % is still very 
high. 

Graph: C-3-1 
Tanzanian interest rates. 

Source: Bank of Tanzania, 1994-2: 31. 
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3.3.4 Intlation and consumers 

Intlation rate over the past ten years, after trade liberalisation, is about 47 per cent per year. 
Befare that period the intlation was only 3 per cent. 
The minimum wages, however, raise only 32 per cent each year after trade liberalisation and 
befare that period it was 11 per cent. 
lt appears that the trade liberalisation has a negative effect on the rise of minimum wages and 
the gap between the higher and lower incames has become bigger. 

In appendix C-9 the intlation rates and the minimum wages are presented in a table. 

3.3.5 Foreign trade 

Foreign debt in 1970: 
Foreign debt in 1988: 

265 million USD. 
4, 100 million USD. 

Foreign tradein June 1994 with percentage growth over the past year in brackets. All figures in 
millions of USD. 
Tanzanian exports: 
Traditional goods, like coffee, cotton: 
Non-traditional goods, like minerals: 

Total export: 

Tanzanian imports: 
Capita! goods, like equipment, machinery: 
lntermediate goods, like oil, fertiliser: 
Consumer goods, like food: 
Others: 

Total import: 

Shortage: 

130 ( +2 %) 
81 (+47 %) 

210(+16%). 

425 ( +33 %) 
217 (-1 %). 
203 ( + 18 %) 
30 (-6 %) 

875 (+15%). 

665 mH!ion USD each year. 

From the figures presented above it may be concluded that there is a big shortage of foreign 
exchange. When this trend continue it will become very hard tor Tanzania to import more 
building materia Is or machinery and the building materials should be made more domestically. 
See also chapter 5.4 of this part. 

3.3.6 Conclusions 

Economically speaking, it can be said that Tanzania is one of the paorest countries in the world 
with little perspective. However, its stabie politica! system (see 3.2) attracts investors. There are 
voices which say that after the revolutions in South Africa, this country wants to invest in 
Tanzania. 
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3.4 Factors related to social aspects 

Tanzania has about 32 miJlion inhabitants, with an annual growth of 3.4 per cent. This means 
that the popuiatien doubles about every 20 years. Worldwide, the popuiatien growth at an 
annual speed of 1 . 7 %. 
Of its 32 million inhabitants about 50 per cent are younger than 20. 
There areabout 50,000 Asian and 17,000 European people living in this country. 
The urban popuiatien is about 21 % of the inhabitants. In the world the average urban 
popuiatien is a bout 45 %. 

The Tanzanian urban popuiatien figure is less than the average world figure. Nevertheless, the 
urban popuiatien grows very quickly by migration and natura! growth. This causes a big demand 
for houses and building materials, especially in the cities. See also chapter 5.4.2 of this part. 

There are many different tribes in Tanzania, but they all seem to live in harmony. The main 
official language is Kiswahili foliowed by English. This created some probrems during the data 
collection of this study. See also part E chapter 2. 
In the rural areas each different tribe made a different house. See part D chapter 3. 
Further information about this subject is published in another study of the overall project: 
'Housing needs and demands'. 

3.5 Factors related to religion 

About 30 per cent of the inhabitants are Christians, of whom about 26 per cent are Roman
Catholics. About 30 per cent are muslims and the other 40 per cent are pantheistic. 
In this study it is assumed that these differences in religions have no influence on the research 
objective and its outcomes. (No riterature has been found about any influences). In the sample 
the differences in religion have notbeen taken into account. See part E chapter 2. 
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4 Physical environment 

4.1 Introduetion 

The physical environment is made by Tanzanian society. See also part B chapter 5.2. 
In this study only a couple of aspects of the physical environment are discussed: 
- For dornestic transport (section 4.2): main railways and main roads. 
- For international transport (section 4.3): some international harbours and airports. 
- For theservices (section 4.4): water supply and sleetricity supply. 
In the following sections each aspect is described further. 

4.2 Dornestic transport 

Railways 
There are two railway corporations in Tanzania: 
- TAZARA (TAnzanian ZAmbian RAilways corporation): 

they own one railway which connects Zambia, via Mbeya, with the harbour of Dar es Salaam. 
- TRC (Tanzanian Railway Corporation): 

they own a networkof railways, connecting the main towns in the northern part of Tanzania. 

Roads 
There is a network of roads in Tanzania. Most of them are in a very bad condition. Especially in 
the southern part, there are only a tew main roads which are asphalted. The most important 
road to the south-east is the Tan-Zam-Highway. This highway connects Zambia with Dar es 
Salaam. Close to Mbeya, another main road is connected to this Highway. This raad leads to 
Malawi. 

In appendix C-1 0 the railways and main roads of Tanzania are presented. 
Most of the roads and railways are directed to the capita!, Dar es Salaam. 

4.3 International transport 

Tanzania has three main international airports: 
- Dar es Salaam; 
- Mt. Kilimanjaro and 
- Zanzibar. 
Tanzania has lots of international harbours. About three of them are situated along the ocean 
(Dar es Salaam, Tanga and Mtwara). The rest is situated along the lakes. The main harbour is 
situated in Dar es Salaam and provides the biggest part of export and import of goods. 
In appendix C-1 0 the main airports and harbours are presented. 

4.4 Services 

The electricity supply is provided by T ANESCO (T ANzanian Electricity Supply COmpany). The 
production of sleetricity is mainly based on water power. This makes Tanzania strongly 
dependent on weather conditions. Partly because of that reason there are many power breaks. 
TANESCO has an sleetricity grid all over the country. They provide the sleetricity and the 
conneetion to each user. 
In the appendix C-11 the tariffs for the households are presented. 

The Ministry of Water is responsibis for the water supply in Tanzania. Although they had large 
programmes to provide lots of people with drinkable water, lotsof people still depend on rivers, 
lakes etc. 
For each sample area the water and electricity supply will be worked out in further detail. 
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5 The construction industry in Tanzania 

5.1 Introduetion 

The Tanzanian housing production is part of the Tanzanian construction industry. There have 
been no data found a bout the housing production sector separately, but all those data are 
included in the construction industry. 

The Tanzanian construction industry consists of many parts and is linked with many different 
sectors. These parts are not presented in Tanzanian statistics separately. These statistics are 
categorised by the ISIC-code system. Each part of the construction industry is mostly only a 
small part of the ISIC-code system part. The data collection of each part is therefore very hard. 
The parts into which the construction industry can be split up or which it is linked with are 
mainly: 
- construction sector; ISIC-code number five; 
- producers/traders of building materials; part of ISIC-code number three; 
- trade of building materials; part of ISIC-code number six; 
- transportation of building materials; part of ISIC-code number seven; 
- consultancy; part of ISIC-code number nine; 
- electricity and water supply; part of ISIC-code four, and 
- real estate and financing; part of ISIC-code eight. 
(Source: ISIC, 1968) 
This report describes firstly the history of the overall construction industry in chapter 5.2, and 
the most relevant parts of this sector for the housing production sector: 
5. 3 construction sector; 
5.4 production of building materials; 
5. 5 trade of building materials, and 
5.6 transport of building materials. 
At the end the conclusions of this chapter will be described in chapter 5. 7. 

Consultancy in the housing production sector of the construction industry is not described 
separately, but is described in the other sectors. 
The electricity and water supply is described earlier in chapter 4.4 of this part. 
Real estate and financing are roughly described in the other sectors. More detailed information is 
publishad in another study of the overall project: 'Finance systems'. 
There are also forward and backward linkages, but these are nat described any further. 

5.2 The history of the construction industry 

5.2.1 Introduetion 

The written history of the Tanzanian construction industry is basically the history of the 
government invalvament in construction activities, supplemented with little information about 
the upper segment of the private construction industry. No substantial additional knowledge can 
be extracted from the official statistics, as these statistics are also based on Public Sector 
activities. Therefore, a description of the development within the Tanzanian construction 
industry will, in the first instance, be a presentation of the structure and the performance of the 
public sector construction activities and its interplay and competition with the large private 
enterprises. The story about the rest of the industry has to be derived from this story, 
supplemented with the results and description of the fieldwork. 
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5.2.2 Status at independenee 

At independence, the organisation of the private registered segment of the Tanzanian 
construction sector was essentially hierarchical, based on the British model, with a few 
European-owned firms at the top and Asian-owned firms at the middle and lower levels of 
general contracting (see also chapter 5.3 'the construction sector'). The market in the small 
towns for smaller and medium-sized buildings was served by small Asian-owned firms apart 
from the smallest buildings constructed by Africans. There were no African firms at all in the 
registered contracting business, mainly due to an absence of more advanced technica! training 
of Africans in colonial days. The Asians also dominated within subcontracting, quarrying, 
material production and distribution and trade. The production of building materials was spatially 
concentrated in Dar es Salaam and there was only a limited local production of building materials 
outside the capital. 
Many of the skilied Asian personnel, involved in the construction business, departed to Kenya in 
the 1970s, after the government in 1971 nationalised all rented proparty above a certain value. 
As a consequence, the government was facing an inadequate capacity in the construction 
sector, due to a lack of development of local resources to handle medium-sized projects and an 
almast complete lack of local African technica! expertise. Frequently, no bids at all could be 
obtained in tenders for medium-sized projects or tor projects in remote up-country districts. 

5.2.3 Direct government involvement - but with a poor result 

'Africanisation' of the contracting sector was never considered as a policy option in Tanzania, in 
the sense that it was adopted as a policy in Kenya, although it would have made more sense in 
Tanzania than in Kenya, where inadequate capacity was nota major problem. lt was considered 
tor two reasons. Firstly, there were virtually no aspiring African contractors, due to the low level 
of technica! capacity. Secondly, after 1967, individual initiative and entrepreneurship was looked 
upon with suspicion and private capita! accumulation was not to be encouraged as a 
consequence of the Tanzanian policy of 'socialism and self-reliance'. The construction sector 
was never nationalised as was the case with other sectors, but on the other hand there was no 
government policy to support the development of a privately owned construction sector on the 
agenda either, as it was in Kenya. lnstead, the Tanzanian Government involved itself directly in 
the construction sector as a consequence of its overall socialist development policy. During the 
1960s and 1 970s, three major parastatals were established tor design and construction and for 
the production of construction materials: National Housing Corporation (NHC), Mwananchi 
(peoples) Engineering and Construction Company (MECCO) and National Estates and Design 
Company (NEDCO). However, the parastatals all performed relatively poorly during the 1970s 
and they will nat provide any real salution to the problem of inadequate capacity. An ILO 
mission evaluated the reasans for the low performance of the Tanzanian construction sector in 
1 983. They concluded that "the camman features of the public sector construction enterprises 
are: 
- they have to pay government or parastatal wages and salaries and are unable to attract or 

retain good, skilied personnel; 
- they are owed large amounts of money by public agencies; 
- they are unable to compete with the private sector which is unbridled by regulations and 

directives; and 
- apart trom MECCO, they are poorly equipped and aften lack contracts. 
The performance of public sector construction enterprises has been below expectation." 
In the early 1 980s, the government was financing around 80 per cent of the total construction 
investment. Only 14 per cent was carried out by public sector construction units (by MECCO, 
ministarial direct Iabour farces and Iabour units oparating as contractors). The rest, 86 per cent, 
was implemented by private contractors. 
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5.2.4 Performance of the construction industry in the 1970s and 1980s 

According to public figures, the Tanzanian construction industry was heavily influenced by the 
constantly decreasing economie conditions during the late 1970s and up to the mid-1 980s, and 
its production was constantly declining. However, trom scientific research it may be concluded 
that the public figures are not valid. Those people collecting data for the National Accounts 
Report have access only to the data tor gov"ernment and parastatal construction activities. They 
had no data at all trom the private sector, except trom a handtul of large-scale construction 
enterprises. The consequence is that " ... data trom the most dynamic sub-sector of the 
construction sector, i.e. the informal construction sector, had been completely excluded trom 
those which the National Accounts Department used for estimating the Value Added (which) the 
Construction Sector is making to the economy of Tanzania ... " (Kom ba 1988: 23). 
This is also confirmed by 'Bureau of Statistics' (personal interview with Masuka, 1995). 
Until 1972, the contractors, befare starting to work, had to report to the town council which 
collected data about building activities taking place within the private construction sector. 
However, when the town councils were abolished in 1972, this practica stopped. The town 
councils were restored in the late 1 970s, but the practica of keeping data about construction 
activities was not restored simultaneously. 
The import-content in the large-scale, aften prestige projects (office buildings, high cast housing, 
etc.). carried out by the private large contractors and the public sector construction enterprises, 
was in general very high, often 50-75 per cent of the total casts. Therefore, the construction 
industry was heavily affected by the import restrictions imposed as a consequence of the severe 
crises in the Tanzanian economy after 1978. The combination of increased oil prices, bad 
harvasts and the Ugandan war caused serious shortages of foreign exchange, and in the early 
1980s, essential inputs to the construction industry were not available. This caused a disruption 
in the activities, a declining productivity and an expanding black market for building materials at 
exorbitant prices. The productivity within the construction industry in 1982 was only 30 per 
cent of the 1967 level. In 1984, the rate of intlation within the construction industry was about 
50 per cent per annum, and in the late 1985, the Tanzanian large-scale construction industry 
was at the point of collapse. 
The small local construction activities were also affected by the economie crises, but not as 
severely as the large-scale sector. The local component of materials tor the smaller, less costly 
buildings is much larger than for the larger buildings and the access to incames and materials is 
also determined by many local factors which may counteract the general economie crises. These 
local factors played an essential role in the Southern Highlands where the introduetion of hybrid 
maize and infrastructure development trom the mid 1970s and onwards caused a substantial 
economie growth in the area. Finally, few investments in the production apparatus and a 
widespread diversification strategy among the smali-scale contractors and artisans, made this 
segment of the construction industry more robust than the large-scale sector. 
After the Tanzanian government agreed upon the Economie Recovery Programme with the IMF 
in 1985, the situation of the construction industry improved remarkably. Construction materials 
became available again due tothetrade liberalisation. lncreased donor funding and private 
investments kept the construction industry at pace, although a substantial amount of medium
sized construction activities, previously financed by the local governments, disappeared. 

5.2.5 Conclusions 

The history of the Tanzanian construction industry is the history of an industry with an 
inadequate structure and poor performance. 
The post-independent developments within the Tanzanian construction industry have caused a 
further increase of the inherited technological, economie and spatial gap between the large-scale 
city-based activities and the small-scale, small-town-based activities. 
The industry as a whole was heavily affected by the general crises in Tanzania which nearly 
caused the collapse of the industry in the mid 1980s. After the Economie Recovery Programme 
1 986 the situation became better. 
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5.3 The construction sector 

5.3.1 Introduetion 

In this sectien the structure of the construction sector is set out. Firstly the actars are described 
with the point of difference: public versus private and registered versus non-registered. 
Secondly the hierarchy within the sector is described and finally the competition for the jobs and 
their relations are described. At the end the contribution to GDP is described and some 
conclusions are given. 
Most of the information is derived from: 'Anders 1992: 114-123' unless stated otherwise. 

5.3.2 Actars and registration 

In this sector different groups of enterprises can be distinguished: private registered and non
registered contractors (hereinaher called builders), artisans, cooperatives, parastatal contractors 
and public works. A common denominatien for private registered contractors and for parastatals 
and government institutions involved in construction activities, are 'the registered contractors'. 
The National Board of Architects, Ouantity Surveyars and Building Contractors (NBAOSBCI is 
responsible for the registration. They also classify each enterprise within one of the seven 
classes. The best endewed contractors are classified as class 1 and the least endewed as class 
7. The classification has a regulatory function as there is a ceiling on the maximum value of a 
construction contract on which each class is permitted to bid. Th ere is no bottorn limit on the 
value of contracts that firms in the upper classes can tender for. The official rule is that it is not 
allowed to give a public tender exceeding Tsh. 30,000/ = to an unregistered contractor, because 
his qualifications are unknown. (This was the case in 1989; Tsh. 30,000/= was about 227. = 
USD(1989)). A Trade Test 1 in masonry, a Full Technica! Certificate or a degree in Building 
Economics are required to be registered as a private building contractor. The three major groups 
of applicants for registration in class 7 are retired civil servants, young graduates and builders 
with years of experience. 
ft is easier to beregistered than to be upgraded. A requirement for being upgraded to a higher 
class of contractors is: 
- that two to three jobs have reached the limit of a certain class; 
- that the contractor has attended seminars arranged by NBAOSBC; 
- that the contractor is able to present a certain amount of fixed assets (from class 4). 
Only a few of the smal! contractors can fulfil these demands. 

Table: C-5-1 
Number of registered contractors and their maximum value of a construction contract. 

Re gistration Maximum value Number of contractors 
cl a ss contract in 

millions of Tsh 1980 1985 1987 1988 1989 

I Unlimited 33 39 36 38 41 

11 240 18 22 21 21 20 

lil 150 44 61 57 59 59 

IV 80 77 97 92 94 96 

V 50 122 118 130 135 136 

VI 20 86 133 147 151 152 

VIl 10 89 284 406 488 573 

I Total: 11 4791 7541 889 I 986 I 10771 
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The rapid increase in the number of registrants in the lower classes during the 1980s, can be 
explained by two factors: 
- the government relaxed the requirements, in order to enable more African-owned firms to be 

registered or upgraded; and 
- up to the trade liberalisation in 1986, registration was a prerequisite for obtaining access to 

scarce building materials. This caused many people to register, although they had no intention 
to construct buildings, but wanted to buy scarce materials and re-sell them at a profit on the 
black market, the so-called 'briefcase contractors'. 

The equipment and professionals employed vary from group to group. 

Table: C-5-11 
The equipment (capita!) and professionals (Iabour) of the different kinds of registered 
contractors. 

I Contractor type I Capita! Labour 

1-11 Full-scale construction 600 people 
equipment (tippers, cranes, (5 engineers; 
mixers, etc.) 20 professionals) 

III-lV Few tippers and other cars, 100 people 
mixers, vibrators, etc. ( 1 engineer; 

7 professionals) 

IV-VIl 1 Tipper, 1 piek-up, 1 mixer and 50 people 
1 block-making machine (0 engineers; 

4 professionals) 

To be registered one has to pay a registration fee. In 1989 this was in 1989 about Tsh. 
1 ,000/ = to 2,000/ =. 
Each year one a lso has to pay for one' s licence. For the smalt enterprises (Ie ss than 10 
employees) in 1989 this was: Tsh. 300/ = to 1,500/ = for an artisan without a workshop and 
Tsh. 4,000/ = to 12,000/ = for a shop or workshop. 
Everyone who runs a business should be registered. The large enterprises have all registered, 
but only 10 per cent of the builders and artisans have done this. 

5.3.3 The hierarchy within the construction sector 

As described before, in 1987 there were 1 077 registered enterprises in the construction sector 
of Tanzania. 
There are only three pubtic contractors: 
- MECCO (class I; building and civil engineering); 
- NHC (class 111; housing); and 
- Corporatien Sole (unclassified). 
The largast privately owned construction enterprises are the few foreign enterprises with a 
permanent or temporary branch established in Dar es Salaam. 
lmmediately below this group are the largest national enterprises, typically owned by lndians, 
and located in Dar es Salaam or in the largest regionat centres. 
In these two groups 54 per cent is owned by Tanzanians, the others are all foreign. 
The last group of private registered contractors is formed by the medium-sized and small lndian 
and African contractors based in the regionat eentres and in Dar es Salaam. These enterprises 
are often family-based and established by local business people. Same of the smalt registered 
contractors sametimes cannot afford to supply the materials if they have no access to credit or 
other sourees of finance. Then they only provide and organise the Iabour power, similar to what 
the builders do. 
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Among the group of registered contractors are the builders (non-registered contractors) who 
carry out the same activities as the small contractors do. They are nat allowed to participate in 
tenders or obtain public jobs. 
At the bottorn of the hierarchy are the artisans and buildersof traditional houses. Same artisans 
have their own enterprise hiring other artisans, but the majority are employed in these artisan 
enterprises, or work directly for the customers. 

Table: C-5-111 
The anatomy of the Tanzanian construction sector 

Type of Products Typical areas of activities Predominant clients 
contractors and 
builders 

Large city-based Big projects Larger contracts within Central government, 
registered office buildings, housing, parastatals, donor 
contractors storage, etc. agencies, etc. 

Smaller registered Big projects Smaller contracts within Central and regional 
contractors based high- and medium-cast government, private 
in the region buildings for housing service clients and donor 

or production activities agencies 

Non-registered Labour and Medium-cast private Private, locally based 
contractors management only, buildings for housing, service people or enterprises 
(builders) clients arrange and production activities 

materia Is 

Artisans Labour only, Medium- to low-cost private Private, locally based 
clients manage and buildings for housing, service people or enterprises 
arrange materials and production activities 

Builders of Labour only, Traditional houses Private small-town- and 
traditional houses clients manage and rurally based poorer 

arrange materials people 
and sametimes 
contribute with 
Iabour 

The table is just a general overview, exceptions are possible. To get an exact view, more 
research should be done. 

This study mainly deals with Non-registered contractors, Artisans and the builders of traditional 
houses. 

5.3.4 Competition for the jobs 

All the registered contractors, private as well public, get most of their jobs from tenders, 
therefore the competition is primarily based on price (and on the contracts being tender board 
and the ability to 'lubricate' the board). Many independent sourees have confirmed that 
substantial 'lubrication' is a necessity, in order to be considered for a job from the tender 
boards. This procedure further excludes many of the small contractors from jobs, as they cannot 
afford to pay this money in advance. 
The largest, foreign-owned firms get their jobs from international and national tendering. The 
large Tanzanian-owned enterprises get their jobs trom national tendering. The small companies 
get their jobs from regional tendering and from private customers. The number of jobs tor the 
small contractors fluctuates more than for the largest contractors who have resources to 
participate in national and international tenders also. All public projects are awarded on open or 
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selective competitive tender. The Central Tender Board (CTB) under the Ministry of Finance is 
responsible tor all contracts over Tsh. 3 million. The Regional Tender Board is responsible tor 
contracts below this amount. On project over Tsh. 3 million, the regional baard's 
recommendation should be approved by CTB. However, the RTBs often bypass this limit and 
divide large projects into 'phases' which they award to the same contractor. 
The competition is less hard tor large jobs than tor smaller jobs because fewer are able to bid. 
The small contractors are a lso affected by 'downward plundering'. The strategy of 'downward 
plundering' can be explained trom the tact that a large enterprise permanently has to employ a 
large and experienced staff and has to be a bie to utilise its equipment efticiently. Therefore, the 
larger enterprises are also eager to get smaller additional jobs when they are on site, as they can 
carry out these jobs at a marginal extra cost. 
The small- and medium-sized contractors also compete with the builders on the market tor 
private buildings. On this market, the medium-sized registered contractors in general also 
arrange the materials and deliver turn-key buildings, if they have access to credit trom material 
suppliers, while the smallest contractors and the builders in general only provide the Iabour 
power, due to lack of access to credit. In the latter case, the owner provides the materials. 
Finally, the small contractors compete with the artisans. Many private customers preter to hire 
the individual artisans directly and save additional costs of a builder or a contractor. In these 
cases, the owner of the building provides the materials. 

So the small contractors face a severe and increasing competition trom the large contractors 
trom above and trom the builders and artisans trom below. They a lso face increasing 
competition with the other contractors of class VIl, due totheir increasing number. 

5.3.5 Contribution of the construction s'ector to the GDP 

lt is hard to calculate the real contribution of the construction sector to the GDP. There is a 
great lack of information about registered projects and almost no intermation about the informal 
sector. 
This lack of intermation is clearly reflected in the statistics. From 1964 to 1973, the registered 
contribution to the GDP trom the construction industry increased trom 14. 1 per cent to 16.0 per 
cent per year but then suddenly decreased to 5.3 per cent in 1973. (United Republic of 
Tanzania, 1 989a: table 1). These figures, combined with the tact that only the minor part of 
registered construction activities is undertaken by the public sector, indicate that the figures 
after 1972 are far too low. 
Construction activities accounted tor 5.3 per cent of the GDP in 1973 but declined to 2.9 per 
cent in 1989 at constant 1976-prices (United Republic of Tanzania, 1989a: table 1 ). 
ILO have estimated that all construction activities, including informal and rural self-construction, 
represent 11 per cent of the GDP in 1981 (ILO 1983: 17). But even this tigure is probably too 
low in the light of the size of the pre-1 973 figures. 
Between 1976 and 1985 the contribution declined trom about 4 per cent to about 2.5 per cent. 
After 1985 the contribution increased again up toabout 4.5 per cent in 1993. 

5.3.6 Conclusions 

The post-independent developments within the Tanzanian construction sector have caused a 
further increase of the inherited technological, economie and spatial gap between the large-scale 
city-based activities and the small-scale, small-town-based activities. 
The contribution to the GDP is estimated to be at least three times higher than indicated in the 
official statistics. 
Especially the areas with a relatively high level of economie activity have had a dramatic 
increase in the construction activities after the trade liberalisation as a part of ERP-1986. 
The contribution to the GDP over 1993 was about 4.5 per cent and is increasing aftera very 
low contribution in 1985 (about 2.5 per cent). 
(Bank of Tanzania, 1994-2: 39). 
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5.4 The production of building materials 

5.4. 1 Introduetion 

The production of building materials has a close relationship with the activities performed in the 
construction sector. The ISIC-code classifies this part of society under sector two: 
Manufacturing. (See 5.1 of this part.) 
In many developing countries, however, it depends heavily on the agricultural output and income 
as a souree of investment as wellas the demand tor products. (Kisanga, 1990: 119). 
In the following sections the following aspects are discussed: 
- in 5.4.2: the relative factors; 
- in 5.4.3: the contribution to the GNP; 
- in 5.4.4: policies of building materials; 
- in 5.4.5: smali-scale production and informal sector, and 
- in 5.4.6: the production and demand of some building materials, tagether with their price 

evolution. 
Finally this chapter contains a sectien with conclusions (5.4. 7). 

In this chapter the building materials are described on a macro level. In part D chapter 3.3 the 
building materials are described on a secteral level and in part E chapter 5.3 the building 
materials are described on a micro level. 

5.4.2 Factors which contribute to the challenge of building materials industries in developing 
countries 

The building materials industries are facing the challenge of coping with lots of factors, like: high 
rates of popuiatien growth, industrialisation programmes, urbanisation and technology transfer. 
These factors are described in more detail below. 
(This sectien is mainly based on Kisanga, 1 990: 11 9-121) 

High rate of popu/ation growth 

The high rate of popuiatien growth also creates an increasing demand tor building materials. 

lndustrialisation programmes 

lndustrialisation arguably provides the 'dynamism' tor increasing productivity and growth, hence 
the aspiration of developing countries to try and develop an industrial base. The building 
materials industries have aften appeared as favourite examples of early industries to be 
encouraged. The building material industries are special within this context, because they do nat 
have to be internationally fully competitive (high weight-value ratio) and have a relatively large 
dornestic market. 

Urbanisation 

Urbanisation is the most powertul social economie trend in developing countries. lt has been 
estimated that tor the developing countries to maintain their present inadequate shelter 
conditions, they will have to increase the stock of urban infrastructure, services and shelter by 
65 per cent in the 1 990s. 
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Techno/ogy transfer 

The main constraint factor tor the development of this industry is formed by the capitai-intensive 
and imported technology which has been applied. The patterns of the building materials 
industries which have been established in most davaloping countries have tended towards 
increasing import dependency on technology and use of foreign exchange. The countries have 
been dependent on external technologies and some raw materials and in return they have , 
supplied agricultural products to the developed countries. This brings about the problem of 
structural imbalance and the sector has therefore developed without an actual sustainable 
internal base due to foreign exchange dependenee for which the main souree is agriculture and 
foreign loans. 
The davaloping countries are still therefore confronted with: 
- nat enough knowledge to produce domestically; 
- too little information about the demand; 
- the imported production capacity is not sufficient for the demand; 
- inadequate infrastructure to support new production units; 
- lack of standardisation and quality control; and 
- established government institutions to support the industry which seem to lack proper 

coordination and ability to promate and develop research findings. 

5.4.3 Contribution of building materials industry to GNP 

Since Tanzania gained its independenee in 1961 it has been trying to establish a building 
materials sector, using different technologies, scale and raw materials. This sector plays a major 
role in the Tanzanian economy, through forward and back.ward linkages, employment creation 
and its supply to the processof capital formation. The assessment of the building materials 
industries contribution to social and economie development is essentially similar to that of the 
construction sector. 
The contribution of the building materials industry to the national economy can be measured 
through the construction sector, since the latter absorbs more than 95 per centofits output. lt 
is nat easy to maasure the contribution of the building materials industry separately, because the 
statistics tor manufacturing output are not desegregated enough to show the precise production 
levels of materials destined for construction. Some materials are exclusive tor the construction 
sector, some have other destinations as well. 
An analysis of the contribution output in the GNP shows the following: The share of building 
materials in the GNP is 1 .5 times the share of net construction output. (Kisanga, 1990: 121-
122) 

5.4.4 Policies for building materials 

Because of the high dependency on imported materials and the lack of foreign exchange, 
Tanzania foliowed the import substitution industrialisation strategy in the 1970s and 1980s. This 
strategy closely foliowed the 'self-reliance' strategy, which resulted also in a shortage of spare 
parts and equipment and the industry's capacity feil sharply. Government policies of heavy 
protection, extensive regulation, lack of incentives to raise productivity and weak links to the 
dornestic economy, contributed toeven more problems of high cast production. 
After the trade liberalisation the materials became available again and prices decreased. This 
also had a positive influence on the construction sector. (Anders, 1992: 120 and Kisanga 1990: 
125-128.) 
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5.4.5 Smali-scale production and informal sector 

The informal sector and smali-scale production play a dynamic and important role in the 
production of building materials. The contribution of this sector is nat known. This important 
role is caused by several factors: 
Especially in the 1970s and 1980s, when there was a scarcity of building materials, these parts 
of the sector developed remarkably. Because of the high weight-value ratio and the bad 
infrastructure, local production can be extra competitive. 
The production processes have changed to respond to demand and market opportunities. To be 
effective, skilled-labour-intensive methods should be used, which create flexible production 
methods with less capita! investments. (Anders, 1992: 126, Kisanga 1990: 128-132) 

5.4.6 Production of building materials per material 

Introduetion 

In this section several building materials will be described in further detail on a macro level. In 
part D chapter 3.3 the materials are described on a sectoral level and in part E chapter 5.3 the 
materials are described on a micro level. 
Bamboa is described as natural material in part D chapter 2 and as building material in part D 
chapter 3.3. 

About 70 per cent of the materials needed are produced in Tanzania and about 30 per cent are 
imported. 
There are many building materials produced or available ir'!, Tanzania. In this report only some of 
the main materials are described. At the end of this section the indices of the prices of the 
materials over the years are put tagether in a table, the real prices for 1 995 are given in the 
appendix C-1 2. 

Cement 

Ordinary Portland Cement is the most important material in the field of binders; it is used all over 
the country at many places in the building industry. The main tunetion of cement is to bind 
sand, gravel, stones, blocks, etc. 
There are three production factories of cement in Tanzania: one in Dar es Salaam, one in Tanga 
and one in Mbeya. Tagether they cannot succeed in producing enough to meet the demand. In 
the following table the production and the demand are made clear. 

Table: C-5-IV 
Demand and production of cement. 

c::J Production Demand (tonnes) 
(tonnes) 

1986 437,351 1,200,000 

1987 492,211 1,284,000 

1988 594,248 1,383,800 

1989 594,791 1,470,000 

1990 633,000 1,500,000 

(S'ource: NCC, 1992: 1 0) 
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Urne and other binders 

To reduce the heavy demand on cement, many studies have been done to find alternatives. 
After cement, lime is the most used binder in Tanzania. lt is mainly made from the limestone 
which can mainly be found at the coastal zone. At those places lime is cheapest. Up-country the 
price is increased by up to 30 USO( 1995) per tonne. Village kilns can sametimes produce more 
cheaply. 
Portland Pozzuolana Cement is an alternative to cement. lf mixed in good proportions, it can 
reduce the costs by 25 per cent. These binders are mainly made of volcanic ash and are 
therefore found in Mbeya and Arusha. 
For example 1 5-30 per cent replacement gives: 
- the same tensile strength; 
- lower compressive strength (but still sufficient for single-story houses); 
- less heat production; and 
- easy production method. 
Rice-husk-ash, burned-clay-pozzuolana, blast-turnace slag, volcanic/fly ash etc. are also 
alternatives to cement. They are not used on a big scale in Tanzania and are therefore not 
described in further detail. 
(Sources: Stulz, 1981: 53-56; Mtui, 1983: 7-1 0; Muhegi, 1994: 20-28; Lugembe, 1985: 5-6.) 

Sand and other aggregates 

Sand and other aggregates like: gravel, stones, pebbles etc. are much used in building 
construction. Many areas of Tanzania are used for the extraction of these materials, so 
transportation costs can be kept low ( Kimambo, 1988: 50-1 00). In the building process of 
single-story houses the soil at the site is used also (Moriarty, 1973: 51-55; own interviews 
1995). 
These materials are the main ingredients for concrete, mortar and pre-fabricated blocks. 

Cement-aggregate blocks 

Cement-aggregate blocks are products of a production process and also building materials for 
construction. They consist of cement with different kinds of aggregates, like: sand, 
gravel!stones, sawdust, wood-chippings, husks and fibre. 
These blocks are made in factories (Wazzo Hili, TA CO NA), at smali-scale production places and 
on sites with machines or moulds. See also chapter 3.3 of part D for further information. 
The agricultural wastes used in the blocks can create savings in cement expenditure, transport 
casts, building casts and is easy to control (Lugembe, 1985: 1 0-27). 

Steel 

The National Steel Corporatien Limited accupies itself with the trade in steel products. The 
parastatal ALAF produces lots of products, but with a net negative value added. 
There are several products which can be bought in Tanzania, such as: 
- Mild steel bars; 
- High-tensile steel deformed bars; 
- steel pipes and fittings; and 
- steel sheets and sections. 
Mild and high-tensile steel were produced in Tanzania in 1983. The steel pipes and steel sheets 
had to be imported. (Anders, 1992: 124-126.) 
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Corrugated iron sheets 

The corrugated iron sheets are produced in Dar es Salaam by GALCO (a division of ALAF). Up
country the sheets can be bought in the shops. The prices up-country are higher than those in 
the capita!. 
Throughout the year prices vary a lot. There are plans of the government to control the price of 
the sheets. (personal interviews with shopkeepers, 1995). 
The production of sheets cannot fulfil the demand, see following table. 

Table: C-5-V 
Production and demand of corrugated iron sheets. 

c=:J Production Demand (tonnes) 
(tonnes) 

1986 8,857 44,000 

1987 16,502 46,000 

1988 15,713 48,000 

1989 20,293 50,000 

1990 21,563 50,000 

(Source: NCC, 1 992: 1 0) 

Plastic products 

There are plastic products which are produced in Tanzania. Simba Company Limited and 
Tanganyika Tegry Plastics Itd. produce products like: 
- HDPE-pipes; 
- PVC conduit pipes; and 
- PVC sewage pipes. 

Soit, clay and burnt bricks 

No data of national aspects have been found. These materials depend heavily on local 
circumstances. In part D chapter 3.3 these materials are described on a sectoral level and in part 
E chapter 5.3 the materials are described on a micro level. 

Timber 

Last but not least, timber is described. This material is one of the main construction materials of 
Tanzania. To satisfy the demand, most of the timber is produced domestically (personal 
interview with TWICO, 1995). 
The branch is controlled by TWICO (Tanzanian Wood Industries Company). 

Over the years the production of timber varies much. No direct figures have been found about 
the demand of timber. The stock differences indicate that there is not a big shortage on the 
dornestic market. The total stock difference over the period from 1984 to 1990 is + Tsh 0.265 
billion. This means that in the long run notall timber is sold. 
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Table: C-5-VI 
Production and consumption of timber 

Year Damestic production in Damestic consumption Ditterences in stocks 
billions of Tsh in in billions of Tsh in in billions of Tsh. in 
constant 1993 prices constant 1993 prices constant 1993 prices 

1984 1. 71 1.81 + 0.042 

1985 1.50 1.72 - 0.065 

1986 2.00 2.28 + 0.128 

1987 1.73 1.59 - 0.067 

1988 1.49 1.24 - 0.096 

1989 4.22 3.80 + 0.282 

1990 3.12 0.34 - 0.007 

1991 2.42 - -

1992 2.02 - -

1993 1.58 0.96 1 -

note 1: without stock differences. 

Sources: Bureau of Statistics, 1 984-1 990; Bureau of Statistics, 1994; Planning commission, 
1993; TWICO, 1987; TWICO, 1993. 

Export and import of timber 

Befare 1990, especially in the late 1980's, the export of hardwood was growing very strongly. 
After the 1990's the export of sawn timber decreased. Especially the international hardwood 
trade regulations caused a decrease in the Tanzanian hardwood export (Interview TWICO, 
1995).After 1990 the export of flooring strips became a new product. 
In the following table the export and import of finished products in Tanzanian Shillings are given. 
The export befare 1990 consisted mainly of hardwood. 
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Table: C-5-VII 
Export and import of timber 

Year Export in billions of Tsh in Imparts in billions of Tsh in 
constant 1993 prices constant 1993 prices 

1984 0.023 0.167 

1985 0.030 0.186 

1986 0.147 0.302 

1987 0.388 0.179 

1988 0.667 0.318 

1989 1.028 0.322 

1990 3.121 0.338 

1991 0.100 -

1992 0.300 -

1993 0.620 0 

Source: Bureau of Statistics - Foreign Trade Statistics, 1990: 9-42; personaf interview with 
TWICO, 1995. 

Price indices 

In this section a table is given with price indices over the years. 1986 is used as base year. This 
year is just after the trade liberalisation. 
In appendix C-3 a price list is presented about the real prices. 
(Sources: NCC, 1992: 16-18; NCC, 1995: price-lists DSM,Iringa; Muhegi, 1994: 26.) 

Table: C-5-VIII 
Price indices (%) for different kinds of materia Is over the years. ( 1986 1 00), based on market 
prices in Tanzanian Shillings in current prices. 

1982 1984 1986 1988 1989 1991 1993 1995 

Sand 1 7 83 100 117 146 - - 163 

Cement 33 43 100 180 330 650 - 1235 

Steel 36 45 100 54 306 400 - 795 

Corrugated iron 83 92 100 292 375 457 - 756 
sheets 

U me 50 63 100 138 175 214 - 457 

Timber - - 100 200 256 343 - 412 

Cement/ aggregate - - 100 278 528 750 1154 2473 
blocks 

Plastic Products - - 100 164 586 586 - 4053 
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5.4.7 Conclusions 

In the 1970s and 1980s there was a big gap between the supply of and the demand for building 
materials. After the trade liberalisation this gap got smaller. 
But still there is a gap between the production and the demand for building materials; some 
reasons for that phenomenon are: 
- local plants for the production of building materials failing to make an impact on the building 

materials market; 
- the demand of building materials continuing to increase, due to high urbanisation and 

population rates, requiring new houses, infrastructural facilities as welf as accelerated 
development programmes; 

- distribution problems due to transportation problems; 
- increase in intlation rate; and 
- problems to get raw materials. 
Lots of materials therefore have to be imported. The direct import-content, for example, of some 
large construction projects in 1980 was between 50 and 75 per cent. (Anders 1992: 125; NCC, 
1992: 9-22.) 

5.5 The trade of building materials 

Before the trade liberalisation, the distribution of key construction materials (domestic and 
imported) was 'confined' toa number of parastatals, for example the Building Hardware and 
Electrical Supply Company (BHESCO), National Steel Corporatien and the Regional Trading 
Companies (RTCs). After the trade liberalisation, everybody is allowed to buy building materials 
straight from the factory, as long as they are able to take the large quantities required. Also, 
everybody is allowed to import materials if they possess foreign currency. 
Today, building materials are distributed by both parastatals and private traders. Since before 
independence, the private wholesale and retail business has been denominated by people of 
lndian and Arab origin, often with extended business networks abroad. The competition 
between the parastatals and the private traders is reflected in their business strategies: the 
parastatals compete as regards price and only market a limited number of products. Therefore 
they are a bie to keep a smaller profit margin ( 1 0-1 5 per cent). They are not allowed to give 
credit to private customers, only to government institutions. To avoid private traders trom 
buying the whole stock in order to resell, some RTCs only sell to private individual customers 
and not to private construction enterprises. The private traders provide a braader variety of 
goods in smaller quantities and require a larger profit range (20-50 per cent). 
Some key construction material prices are controlled by the government, but they are not the 
same throughout the country, because of transportation costs. Some of these materials are: 
cement, reinforcement-steel, nails, paint, timber etc. 
Only the parastatals are bound by these controlled prices, the private traders can ask the price 
they want. 
The small-town-based contractors and private clients obtain most of their supplies from the 
RTCs which are the cheapest. However, the parastatal payment-structure makes business 
difficult tor the small private contractors. 
Those who were affected most by the rigid payment rules from the parastatals were the small 
registered contractors who could not afford to buy materials when they were available and keep 
them in stock, as many of the larger enterprises did and still do. 
The builders were not affected, as they mostly only provide and organise the Iabour. They were 
sametimes affected by the owner' s Jack of financial power to purchase the building materia Is 
when needed. 
After the trade liberalisation in 1986, most materials are available, although expensive and the 
situation is therefore better than it was before. (Anders, 1992: 127-128.) 
lt is very difficult to calculate the contribution of the trade in building materials to the GNP. 
There are no specific figures in the statistics. A big part of this sector is included in the 
production of the materials. 
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5.6 The transport of building materials 

Suppliers of building materials do notdaliver materials to the construction site. Most customers 
have their own means of transportation. For small quantities this may be by: 
- bus; 
- bike; 
- hand-drawn cart; or 
- carrying in the hands or on the head. 
The big quantities are carried by (hired) lorries or piek-ups (Anders, 1992: 128). 
The casts of transportation are very high. Fuel is expensive (one litre of diesel in Dar es Salaam 
is about 0.6 USD(1995)), cars are expensive (a piek-up truck is about 40,000 USD(1995)) and 
spare parts are expensive and hard to get. 
The roads have a bad surface and there are lots of mountains (especially in the bamboa areas) 
(personal survey, 1995). 

lt is very difficult to calculate the contribution of the transportation of building materials to the 
GNP. There are no specific figures in the statistics. The biggest part of this sector is included in 
the construction of buildings. 

5. 7 Conclusions building industry in Tanzania 

The history of the Tanzanian construction industry is the history of an industry with an 
inadequate structure and poor performance. 
Post-independenee developments within the Tanzanian construction industry have caused a 
further increase in the inherited technological, economie and spatial gap between large-scale 
city-based activities and small-scale, small-town-based activities. 
Lots of building materials still have to be imported, partly because of insufficient production. 
Transportation is an expensive factor in the building industry. 
The industry as a whole was heavily affected by the general crises in Tanzania which nearly 
caused the collapse of the industry in the mid 1980s. After the Economie Recovery Programme 
1986 the situation became better. 

The total contribution of the whole construction industry over 1993 was, without trade: 11.3 
per cent. 
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6 Conclusions 

Over the last 30 years Tanzania has been a politically stabie country. Nevertheless its 
international as well as national economie situation is very bad. In 1985 its economy was at the 
point of collapse. Nowadays, after the trade liberalisation, its economie position is increasing. 
The construction industry of Tanzania follows the sametrends as the whole economy. lt has a 
history of very bad performance and inadequate structure. In 1985 the Tanzanian construction 
industry was also at the point of collapse. After the trade liberalisation, materials at least 
became available again and the sector increased. 
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Housing production on a sectoral level 
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1 Introduetion 

The focus in this part of this study is on the Tanzanian housing production sector. In part C this 
sector was considered on a macro level, as part of the Tanzanian construction industry and 
social system. In part E the housing production will bedescribed on a micro level. 

In this part 0, the housing production sector itself and the bamboa-stock on a sectoral level are 
described in further detail. 

Because of its importance for this study, the bamboo-stock is lifted out of the natural 
environment (see part C chapter 2). 
This bamboa-stock itself is described in chapter two. In this part, bamboa is described as natural 
materia I. 
In chapter three the housing production sector is described. Each factor of the conceptual model 
of part B is described in a different section. 
Bamboo is also one of the materials which can be used as building material. In section 3.3.8 it is 
therefore described as such. 

Another target of this part is the determination of the 'Bamboo areas'. In these areas there is 
maximum potential for a bamboa housing project. 
In chapter four these areas are determined by using chapters two and three of this part and 
almast all chapters of part C. 
In part E a study on a micro level is described. This study took place in those bamboa areas. 
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2 Bamboa in Tanzania 

2.1 Introduetion 

Bamboo can be found almost all over the world, especially in tropical areas and is used in many 
different ways. Bamboo is mature at about tour years. When it is mature it can be used as a 
pole in a house. Bamboo is sametimes cut earlier; in that case bamboo is not that stift and can 
be used tor boards, weaving material, food etc. (see also chapter 1 of part F). In this study 
bamboo will be described as building materiaL 
Bamboo belongs to the grass species, and therefore it is somatimes called 'giant grass'. 

In part F, bamboo technologies, mainly foreign, will be discussed. 
In this chapter bamboo is described as natural materiaL lts presence depends on the natural 
environment. (See also part C chapter 2.) 
In section 3.3.8 bamboo is described as building material in the Tanzanian housing production 
sector. 

The distribution of bamboo forests in Tanzania is very wide. There are many species and there 
are many possibilities to grow bamboo. lt is possible to grow species almost everywhere in 
Tanzania. (Personal interview with dr. Lipangile, 1995.) 
Section 2.2 describes the main different species, their suitability tor construction and the places 
where they can be found mainly. 
In the final section (2.3) a map with sustainable bamboo forests is presented and their annual 
production and harvesting are described. These sustainable forests can be used fora bamboo 
housing project. 

2.2 Different species of bamboo in Tanzania 

2.2.1 Introduetion 

There are tour main species of bamboo growing in Tanzania: 
1) Arundinaria Alpina and near family species Arundinaria Tolange 
2) Bambusa Vulgaris 
3) Oxytenanthera Abyssinica and near family species Oxytenanthera Braunii and Oxytenanthera 

Macrothyrsus 
4) Oreobambos Buchwaldii 

In Amani (Tanga region) there is a torest research centre. In this centre a lot of research is done 
in the field of bamboo species, plantations, etc. A great deal of intermation trom this centre is 
publishad and used in this report. 
In this centre there are many different species available, but these species are not indigenous to 
Tanzania. Most of these species do not occur in the rest of Tanzania (Kawiche, 1984: 13). 
According to Lipangile (personal interview, 1995) only these tour species of bamboo have 
proved to be sustainable. 
For those reasons only these tour species will bedescribed further. 
These tour species have been researched one or more times by different researchers. In the 
following sections several research findings are shown. 
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2.2.2 Arundinaria Alpina/Tolange 

Arundinaria Alpina 

Description Arundinaria Alp in a by Clayton ( 1970: 9): 

A gregarious bamboa withstout woody rhizomes. Culms 2,000-19,500 mm high and 50-125 
mm in diameter, erect, evenly spaced, green becoming yellow or brown, downy when young, 
thick-walled. (A full botanical description is presentedinappendix D-1.) 

Places of occurrence: (year of research in brackets) 
Mbulu district: Oldeani volcano (1932). 
Arusha district: Mt. Meru south-slopes ( 1946). 
Mbeya district: lgali pass ( 1 91 3). 

Dominating dense thickets and forests on the slopes of many East African mountains, from 
2400-3000 metres, with irregular patches or isolated plants in mixed torest down to 1860 
metres. 
lt flourishes best on deep volcanic soils, rich in humus and is usually poorly developed or absent 
when rocks are near the surface. 

Flowering: 
So far no cases of extensive gregarious flowering have been recorded. 
(On Aberdare range it has a life cycle of more than 40 years, it flowers in patches from 0.5-5 
hectares). 

From my own observations and interviews it can be conéluded that in 1992 there was flowering 
of all the A. Alpinas of the mt. Rungwe. 

Description Arundinaria Alpina by Kigomo (1988: 23-24): 

The A. Alpina is distributed between 2290 and 3360 metras above sea level. lt occurs 
gregariously, (nat in clumps) within the mountain forests in tropical Africa. 

Places of occurrence: 
Mbulu, Arusha, Mbeya and in the Highlands of lringa, Lukwangule and Ulugurus and Mt. Meru. 
The A. Alpina is widely available at altitudes of 1800-2750 metres above sea level. Especially in 
Meru, Uluguru and lringa. 
Maximum length is 12,000 mm. Widely available and suitable for construction. 

Description Arundinaria Alpina by Lipangile (1991: 2): 

The Arundinaria alpina is a green mountainous bamboo. lt grows gregariously but nat in clumps, 
with an average density of 5000 sterns per hectare. The culm grows up to 1 8,000 millimetres 
with an internal diameter ( = outer diameter minus two times the wall thickness) ranging from 
50 to 85 millimetre. The first seven metres are straight. The distance between the nodesis 
about 700 mm. lt grows between 2500 and 3400 metre above sea level and is preterred due to 
its abundance. lt begins to grow during the rainy season and grows continuously for one or two 
months. At this time the full height and thickness of the bamboa has been reached. In the 
following season the stem gets branches and bacomes mature. 
lt is used for house constructions. 

Places of occurrence: 
Southern highlands and around Lake Malawi 
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Arundinaria Tolange 

Only little is known a bout this species. Only Clayton and Kawiche give a description. No 
observations of my own have been included. 

Description Arundinaria Tolange by Clayton (1970: 7): 

The A. tolange is like the A. Alpina but only reaches a length of 4,000-6,000 mm insteadof 
19,500 mm. 

Description Arundinaria Tolange by Kawiche (1984: 13): 

This type exists in Uluguru mountains and Lukwangule plateau. 
The A. Tolanga is available in Lukwangule and central Uluguru. 
Because of this lack of information this species is nat described any further. 

In the following an overview is presented: 

Species: Arundinaria Alpina. 

Altitude: 2300-3400 m. 

Soil: Deep volcanic soils, rich in humus. 

Life time forest/ flowering: 1 5 up to > 40 years. No gregarious flowering patterns have been 
recorded. 

Dimensions: 
Height: 
Diameter: 
Internode distance: 
Wall: 
Erectness: 

Suitability tor construction: 

Up to 18,000 mm height. 
50-80 mm. 
700 mm. 
medium thick. 
straight (first seven metres). 

This species is good for construction activities. 
lts allowable bending stress is 16 N/mm2

• (See appendix D-2.) 
lts medium thick wall might create problems at junctions. 
The erectness is straight. This implies a smaller risk of buckling upon compression and makes it 
easy to use for constructions straight. 
lts light weight makes transport and construction easier and cheaper. 

Places of occurrence: 

Amounts: 
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Southern Highlands Mbeya. 
Southern Highlands Uluguru. 
Northern Highlands Arusha, Mt. Meru. 
Northern Highlands Arusha, Oldeani volcano. 
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2.2.3 Bambusa Vulgaris 

Description Bambusa Vulgaris by Lipangile (1991: 2): 

The B. Vulgaris is a yellow bamboa with green stripes and grows at low altitudes. The yellow 
bamboa has an internal diameter of up to 125 mm and is a bit strenger than the A. Alpina. 
The internode distance is between 250 and 300 mm. 
The B. Vulgaris is also used as building material by households. 
This is confirmed by personal observations, 1995. 
This speciescan be used very well in housing construction. lt can be found in the low-lands of 
Kyela and Dar es Salaam. Along the coastal zone it could be planted and could grow. (personal 
interview with dr. Lipangile, 1995). 

Description Bambusa Vulgaris by van de Heuvel (1981: 19): 

The Bambusa vulgaris is a uniform and high-quality bamboa species, with diameter sizes up to 
125 mm. The partition walls are nat easy to cut away. 

Personal observations Bambusa Vulgaris (1995): 

Lotsof this bamboa grows around Kyela and some around Dar es Salaam. All of it grows in 
clumps and mostly in the backyard of houses. lt is used in houses, market places, carts, bars 
etc. as building materia I. 
lt is yellow-coloured with green vertical stripes. lts surface is very flat and a bit smooth. lts wall 
thickness is about 4 up to 20 mm. lts diameter is betweén 50 and 120 mm. lts length is up to 
15 metres. lt is less straight than the Alpina. 
In the following an overview is presented: 

Species: Bambusa vulgaris. 

Altitude: 0- 1000 m. 

Soil: no data found. 

Life time forest/ flowering: no data found. 

Dimensions: 
Height: 
Diameter: 
Internode distance: 
Wall: 
Erectness: 

Suitability for construction: 

Up to 15,000 mm height. 
40- 125 mm. 
250- 300 mm. 
thick. 
nat very straight. 

This species is good for construction activities. 
lts allowable bending stress is 17 N/mm2

• (See appendix D-2.) 
lts medium thick wall might create problems at junctions. 
The erectness is nat very straight. This implies a risk of buckling upon compression and makes it 
hard to use in constructions straight. 
lts light weight makes transportand construction easier and cheaper. 

Places of occurrence: Kyela district and the coastal zone. 

Amounts: abundant (See also section 3.2). 
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2.2.4 Oxytenanthera abyssinica/Braunii/Macrothyrsus 

Oxytenanthera abyssinica 

Description Oxytenanthera abbyssinica by Clayton { 1970: 11-1 2): 
Bamboa in dense clumps; culms 3,000-10,000 mm high, 50-100 mm in diameter, erect. 
A full botanical description is presented in appendix D-1 . 

Places of occurrence: 
- Buha district, Kasulu Highlands between Manyovu and Heru Juu (1951 ); 
- Lindi district, Matapwas area ( 1 936) and 
- mostly in wooded grassland, often hordering water courses. 

Description Oxytenanthera abyssinica by Kigomo (1988: 23-24): 

This is a medium-sized bamboo 8,000-16,000 millimatres in height. The young culms are usually 
semi-solid whereas the older culms are almost completely solid. lt occurs in open areasin 
forests and often by rivers at altitudes between 11 00-2100 metres. lt is a very hardy species. 

Places of occurrence: 
Lindi, Kigoma, Usaramo regions on poor soils and dry torest formations. 

Description Oxytenanthera abyssinica by Kawiche (1984: 14): 

Oxytenanthera abyssinica maximum length of 16,000 min. 
Places of existence: lringa 
Oxytenanthera Macrothyrsus maximum lengthof 8,000 mm. 
Places of existence: Lindi 

Oxytenanthera Braunii 

Oxytenanthera Brauni i by Lipangile { 1 994) 
Oxythenanthera Braunii moderate high alevation bamboos. This species is mainly used to 
produce bamboo wine and can be found in plantations in the Southern Highlands. lt is a 
moderate alevation bamboo and grows between 1000 and 2000 metres. 

Personal study Oxytenanthera Braunii {1995) 
This species can be found in the Highlands of lringa. The people use it for making bamboa wine, 
therefore there are many plantations of this species. Bamboo culms is a residual product of 
those plantations and is used in the roof structure. The bamboo is almost massive and therefore 

easy to join. 

Oxythenanthera Braunii by Clayton 1970: 12. 
Places of occurrence: 
Njombe district, Ukinga, Upangwa-Ubena and Rupia {1965). 
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Oxythenanthera macrothyrsus 

There is nat much intermation about this species. Only Clayton describes its existence. 

Description Oxythenanthera macrothyrsus by Clayton 1 970: 11-12: 

Places of occurrence: 
Uzaramo district, Kiserawe (1965). 

Personal observation Oxythenanthera macrothyrsus (1995): 

A thick-walled bamboa species, which is found about 20 kilometres south of Dar es Salaam in 
the direction of Kiserawe. 
lt is a streng heavyweight species with needles. 

In the following an overview is presented: 

Species: 

Altitude: 

Soil: 

Life time! flowering: 

Dimensions: 
Height: 
Diameter: 
Internode distance: 
Wall: 
Erectness: 

Suitability for construction: 

Oxytenanthera Abyssinica/ Braunii/ Macrothyrus. 

1100-2100 m. 

varies. 

no data found. 

about 10,000 mm. 
50-100 mm. 
100-150 mm. 
very thick up to solid. 
straight. 

This species is very good for construction activities. 
lts allowable bending stress is 14 N/mm2 for the Braunii and 1 8 N/mm2 for the Macrothyrus (see 
appendix D-2). 
lts very thick wall hardly creates problems in junctions, there are cases known of nails used in 
the junctions. 
The erectness is straight. This implies fewer risks for buckling upon compression and it is easy 
to use in constructions straight. 
lts heavy weight makes transport and construction difficult and expensive. 

P/aces of occurrence: 
Abyssinica: 
Braunii: 
Macrothyrus: 

Amounts: 

many places, like: Lindi, Kigoma and Usaramo. 
Highlands of lringa. 
Kisara we. 

No data found. 
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2.2.5 Oreobambos buchwaldii 

Description Oreobambos buchwaldii by Kigomo (1988: 23-24): 

lt occurs between 450 and 1 000 metres above sea level in solitary clumps. 
lt has a green hollow culm and may reach 18 metres in height. 
lt is weak and poorly erect. 

Places of occurrence: 
- Tanga region, East Usambaras 
- Mbeya region, Tukuyu Highlands. 

Description Oreobambos buchwaldii by Kawiche (1984: 14): 

Maximum length 18,000 mm. 

Places of occurrence: 
- Tanga region, East Usambaras (Zigi river) 
- Mbeya region, Tukuyu Highlands. 

Conclusions: 
This species is weak and poorly erect. Therefore it cannot be used for construction. 
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2.3 Sustainable bambeo forests, their production and harvesting 

2.3.1 Introduetion 

In this section the sustainable bamboa forests and their production wiJl be discussed. First the 
sustainable amount of bamboa and their places in Tanzania will be described. In section 2.3.2 
the annual production for different types wilt be discussed. 

2.3.2 Sustainable bamboo forests 

Bamboa can grow almast everywhere in Tanzania. Through the years, the bamboa-stock has 
been measured. Only at a few places in Tanzania are the bamboe forests sustainable. In 
appendix D-3 and D-4 tables are presented stating the amount of bamboa in the sustainable 
bamboe forests. In total there are about: 

- 1 50,000 hectares of A. Alpina, are about 750,000,000 sterns. 
11 ,000 clumps of B. Vulgaris, are about 2,000,000 sterns. 

- figures about the other species are not found. 

• 
Picture: D-2-1 

, 

'Mbeya 
~-

Sustainable bamboa forests of Tanzania 

Iringa ., 
' ' 

The massive circles are the areas of B. Vulgaris, and the bold ellipses are the areasof A. Alpina. 
Sources: Lipangile, 1991: 9; Kawiche, 1984: 10; Clayton 1970: 10-17; Kigomo, 1988:23-24 
and personal observations. 
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2.3.3 The annual production and harvesting of bamboo forests 

Each forest has a different annual production. The amount of new sterns depends on the amount 
of rainfall, the quality of the soil etc. (Kigomo, 1985: 22-29). 
There are mainly two different kinds of bamboo growing in a forest: 
- the clump-type: e.g. 0. Abbysinica and 8. Vulgaris. This type grows in clumps of about 180 

sterns per clump. There areabout one hundred clumps per hectare. (Personal interview with 
dr. Lipangile, 1995). 

- the runner-type: e.g. A. Alpina. This type does not grow in a clump, but the distance between 
two sterns is about one metre (Heuvel, 1 981: 13). 

To harvest the clump types, it is best to make a so-called 'horse-shoe'. The sterns in the middle 
of the clump are the oldest and should be cut first. The sterns at the border of the clump are the 
new sterns and should be allowed to grow on. By making a horse-shoe, one can penetrate the 
clump to reach only the mature sterns in the middle. 
lt is best to mark the sterns every year. The sterns with, say, five year-marks can be cut. In this 
way a forest can yield sustainably produced bamboo (Janssen, 1988: 6). 

Assuming that sterns are adult at five years, one hectare of forest can yield the following annual 
production of sustainably grown bamboo: 
runner-types: 1600 sterns 
clump-types: 3600 sterns 

Tanzania's annual production of sustainably grown bamboo can be (see also 2.3.2): 
1600*750,000,000 + 3600*2,000,000 = 1,21 *1012 culms. 

Harvesting should be done late in the dry season. The bamboo culms have the lowest moisture 
content, making transport easier and reducing the chance of attack by fungi and rot. 
The cutting of bamboo sterns should be done with a sharp machete, but for heavy culms a 
pruning saw or an axe can be used (Janssen 1988: 4-5). 

In Tanzania two types of harvesting methods were observed by this researcher: 
- Harvesting from a forest reserve (government plantation). A buyer walks into the forest, marks 

the culms he wants, buys and cuts those culms and transports them to the site. 
- Harvesting at an other place (only clump-type of this group harvesting is observed). One buys 

a whole clump and cuts it down completely. 
The cutting occurred mainly just after the rainy season. In that period the buyers have generated 
money from their agricultural erop. 
None of the culms were marked with annual marks. The quality of the sterns is estimated. 
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3 Tanzanian housing production sector 

3.1 Introduetion 

In this chapter the Tanzanian housing production sector itself is described in further detail. The 
production of houses requires input factors. These factors are transformed into a product: a 
house. 
In the first three sections the input, process factors are discussed: 
- housing building technologies, in section 3.2; 
- building materials on the site, in sectien 3.3, and 
- plot, in sectien 3.4. 

After those sections the product factors are discussed: 
- types of houses, in sectien 3.5; 
- quality of houses, in sectien 3.6, and 
- casts of houses, in sectien 3. 7. 

3.2 Housing building technologies 

3.2.1 Introduetion 

The building technologies can be split up into tour factors: 
- capita!; 
- Iabour; 
- information and 
- organisation. 
Each aspect is described in the following sections. 
The following sections are mainly based on Anders, 1992; Mpuya, 1990; interviews with NCC, 
1995 and personal observations. 
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3.2.2 Capital 

Lotsof tools are used in the building process. Following a study of Mpuya, 1990: 57, the 
following tools are camman in the rural housing production on the sites. 

Table: D-3-1 
Tools used in Tanzanian rural housing prodlJction 

less than 20 per cent 20 to 60 per cent more than 60 per cent 

spade (17 %) Knife (49 %) machete (90 %) 

trawel ( 12 %) bucket (41 %) axe (71 %) 

spirit level ( 11 % l carpenters axe (32 %) hoe (61 %) 

grass cutter (9 %) local spit (28 %) 

tape measure (8 %) hammer (22 %) 

rope (4 %) tray (21 %) 

pickaxe (4 %) saw (20 %) 

wheelbarrow (4 %) 

square (3 %) 

basket (3 %) 

file (1 %) 

bowl (1 %) 

waoden mould (1 %) 

sululu (1 %) 

From the table it may be concluded that there are fewer tools used on the rural sites. The tools 
which are used most: machete, axe and hoe are very traditional tools. 

For the urban housing production no data have been found concerning the tools used. 

Most of the processes are paid by the selling of crops. Loans do occur, but this only concerns 
money borrowed from relatives or friends. Hardly ever is money borrowed from the government. 

3.2.3 Labour 

There are many actars involved in the building process. There are three main groups of actors: 
- the owner; 
- his family and other relatives; 
- craftsmen and labourers. 
The owner is mostly the head of the household; the husband. Mostly he organises the process. 
His relatives sametimes assist in the process, by: building, cooking or getting materials. No 
money charges are usual. 
The craftsmen and their labourers (helpers) are mostly hired. 
See also section 3.2.5 'Organisation'. 

66 



Part 0: The housing production sector and bamboa in Tanzania: on sectorallevel 

3.2.4 Intermation 

Only little is known a bout the intermation. Mostly there is no external adviser. Most of the 
houses are built on the basis experience and only sketches are made. These sketches are mostly 
made by the owner. 
Craftsmen acquire their knowledge trom their fathers, trom other craftsmen and trom their 
schoeiing. 
So the owner has an idea, he draws a sketch and chooses the materials, a craftsmen knows 
how to convert that sketch into a house. 

3.2.5 Organisation 

The owner normally organises the building process. He also takes care of the transport and 
choice of materials. He deals with the money and takes care of the payments. 
When there is less money, the owner works himself. 
His family and relatives assist in the process, especially when the owner has only little money to 
spend. These people are nat paid in cash, but they normally do get food and drinks. 
When the owner has more money to spend he hires craftsmen. These craftsmen work mostly on 
a contract basis. They organise and hire labourers (helpers/boys) to assist them. 
Most of the houses are built with the owner as organiser and craftsmen as workers (60 - 70 %). 
Only seldom are houses built by a contractor, mainly because the houses built by a contractor 
are 50 to 1 00 % more expensive, than a personally organised process. 
The construction period is mostly less than six months. 

3.3 Building materials on the site 

3.3.1 Introduetion 

In this sectien the building materials are described on secteral level. 
A description of these materials on a macro level can be found in part C chapter 5.4 'The 
production of building materials'. In that chapter the same materials are described, except 
bamboa and soil. 
A description of building materials on a micro level is discussed in part E chapter 5.3. 
A description of bamboa as natura I material can be found in this part in chapter 2. 
A description of the soil can be found in part C chapter 2.4 'Soil and erosion'. 

In the Tanzanian housing production sector lots of different kinds of materials are used. These 
materials find their origin in shops or in nature. After transportation and preparatien the materials 
are on s.ite and useable as input materials. 
In the following sections the most commonly used materials in the housing production sector 
wiJl be discussed. 
The prices of the materials vary greatly. (In part E chapter 5 the prices of the materials on the 
site are given for tour cities in Tanzania and in appendix C-12 the ex factory prices of several 
materials in Dar es Salaam and lringa are presented.) 
The materials in this sectien are described by the following factors: 
- in what quantities and in which places of the house is the material used. (See also section 

3.5.5 of this partfora detailed description); 
- trade sizes and origin; 
- preparatien and transportation of the materials; 
- the lifetime of the materials, and 
- the allowable strength of the materials. 
These characteristics are also needed in part E chapter 5 and in part F chapter 3. 
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3.3.2 Cement 

Cement is a very commonly used material in the housing production. lt finds its use as binding 
material for sand, stanes or other aggregates. 
Cement is a relatively expensive material. Nevertheless it is used in foundations, floors, walls, 
etc. 
Cement has to be bought in local trade shops and the transportation is mostly provided by the 
buyer. lt is sold in bags of 50 kg and can be used immediately. 
The use of cement yields a very durable product. 

3.3.3 Lime and other binders 

Lime and other binders have the same tunetion as cement. Lime is cheaper than cement in some 
cases. However, cement is used much more than lime. 
Lime takes a langer time to bind the materials, but the joint is less stiff and cracks occurs less. 
(Appropriate material in earthquake areas.) 
Lime can be bought in shops in 10 or 18 kg. bags. 
The use of lime yields a very durable product. 

3.3.4 Sand and other aggregates 

Sand and other aggregates are mostly used in combination with a binding material. lt is used in 
the foundation, floors, walls, etc. Sand has to be bought from a trader and has to be 
transported. This makes sand expensive. 
lnstead of sand, soil is used mostly. The soil can mainly be obtained from the plotand 
transportation casts are nil. (See also 3.3.9 'soil' .) 
Other aggregates are gravel, stones, rocks etc. These materials can also be bought from traders, 
but the transportation casts are high. Usually these materials are taken directly from nature by 
the builders. 
The sand and the other aggregates are mostly used directly as building material. Sametimes they 
wash or sieve the materials, to get a more appropriate material. 

3.3.5 Cement-aggregate blocks 

These blocks are commonly used in the housing production. Especially in the cities this material 
is very popular. 
There are two ways to get this material useable on the site: 
- By buying, especially in the big cities these blocks are made by smali-scale producers or by 

large-scale factories. The main problem is the transportation of the blocks. 
The blocks can be bought in standardised trade dimensions: 457 mm x 229 mm, with a 
thickness of 152 mm or 1 02 mm. 
There are solid and hollow blocks available. The hollow parts in the blocks can be made in 
many different farms. 
Pre-cast blocks are mostly made of clean sand, plus sametimes clean gravel or grind. 
The blocks are mostly produced in mass production and are therefore of a high quality. 

- By making them on the site. The blocks are made by using a waoden mould or a block 
machine. Making them yourself is mostly cheaper than buying, especially when using soil 
instead of sand. 
By making them on the site the variation and the quality of the blocks are lower. 

About 7 per cent of cement is needed in the blocks. The drying of the blocks should be done in 
the shade and sheltered from wind. 'Wetting when drying', the blocks get a higher quality. 
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With a maximum lump size of 1 0 mm, a protected drying place, a cement content of 7 per cent, 
blocks can be made with an allowable compression strengthof 2.0 N/mm2

• This is sufficient for 
single-storey houses and the product is very durable. (Moriarty, 1973: 11-55; BRU-Loads for 
structural design: 2 7). 
Stocks made of soit and cement have almast the same properties as the sand cement blocks. 
The soit is suited to be used as aggregate, if the soit: 
- is inorganic; 
- has a maximum lump size of 10 mm, and 
- the silt plus clay content is more than 1 0 per cent and less than 45 per cent. 

3.3.6 Plastic products 

Plastic products are only setdom used in the housing production. Only in the highcast houses is 
some plastic used for piping. This material is mainly used as finishing material and very setdom 
as structural materiaL Plastic is an expensive materiaL lt has to be bought trom traders. lt has to 
be transported, mostly by the buyer. ft can be used directly as building material and is very 
durable. 

3.3.7 Timber 

Timber is a commonly used material in the housing production. lt is used all over the building for 
the structure and as finishing materiaL 
Timber is a natural materiaL Especially the soft wood should be preserved to prevent rot. 
Hardwood is protected by the government, especially the mangrove. This species is very hard, 
has a natural durability of more than 20 years. Even in the ground this wood is durable and 
'termite-resistant'. Mangrove is available, in the coastal zone, in poles with a length of about 
four metres and in different diameters. (Personal interview with dr. Kawiche-BRU, 1995; 
Leaning, 1972) 
Hardwood is up to three times strenger than softwood. 

There are also many types of softwood in ·Tanzania. The two most camman types are pine and 
cyprus. Cut at about 27 years of age bath species have almast the same characteristics. 
The allowable bending/tension strength is 5.9 N/mm2

• This figure can be multiplied by 1.25 
when the wood is always kept dry in the house. This figure is the short-term tension, for 
incidental loads the wood is strenger (25 per cent can be added for live loads, 50 per cent for 
wind loads and 100% for impact loads). A normal reduction factor for grains is 0.50. 
The allowable compression strength is 7.0 N/mm2

• (Bryce, 1966: 1-5) 
The BRU -Technica( Guideline: 'Loads for Structural Design' presents a compression design 
strength of 1 0 N/mm2

• They also present calculation factors for variabie loads, but not for 
'timber kept dry'. 

The natural durability is about 5 to 1 0 years, when the wood is kept dry and free from the 
ground. 
Preserved softwood has a durability of more than 20 years. 

Timber can be bought from traders. The buyers usually transport the material to the site. House
builderscan cut the wood also directly in the forest. This is cheaper. In this way many forests 
have disappeared. 
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3.3.8 Bamboo 

Like wood, bamboa is a natura! materiaL In chapter 2 of this part bamboa is described as a 
natura! materiaL 
Bamboa should be preserved to prevent rot, termite infection etc. In the Tanzanian housing 
production this is only seldom the case. 
The natura! durability under cover and free from the ground is about 1 0 years. (Personal 
interview with dr. Lipangile, 1995). In contact with the ground this durability is less than two 
years and especially in termite areas this lifetime may be reduced to two weeks. 
The strength depends on species and kind of laad. The average allowable bending strength is 
about 15 N/mm2

• (See also chapter 2.2 of this partand appendix D-2). 
This strength is the long-term strength. Forshort-term loads, like live loads, one could add 25 
per cent and for wind loads 50 per cent. (Janssen, 1988: 15). 

For example, in a wall, bamboo is more than two times stronger than softwood. 
Using a hollew farm mayalso be interesting. 
A bamboa stem, with a diameter of 70 mm and a wall thickness of 6 mm, has a modulus of 
cross section: 17,700 mm3

• This is equivalenttoa rectangular beam of 35 x 55 mm. This 
means a hollew cylindrical farm requires about 60 per cent of material as opposed to a 
rectangular farm. 
Bamboa is lighter than softwood, which makes transport easier and cheaper. 
Bamboa can be cut at an aarlier stage, so there is less pressure on the environment. 

3.3.9 Soil 

Soil is used in many ways in the Tanzanian housing production. lt finds its use in foundations, 
walls, floors and roof covering. 
The soil is mostly taken directly from the site, so transport casts are niL 
Soil is sametimes stabilised with cement or another binder (see also this part section 5.3.3), but 
is also used pure without other materials. For wall constructions house-builders use soil directly 
or first make blocks of the soil. These blocks are sametimes burnt into bricks. 
The quality of the product depends heavily on the granulation of the soiL In part E chapter 5 soil 
walls in four places in Tanzania are described. There are cases in which a simple soil walllasts a 
man's-life. (Personal interviews, 1995). 

3.3.10 Steel 

Steel is a very expensive but also very strong building materiaL Steel is only available in shops 
and is directly useable in the process. lt is very heavy and therefore expensive to transport. 
Steel beams are almast never used in housing construction. Reinforcement steel is sametimes 
used in housing construction, mostly in concrete. 
There are two types of reinforcement steel available: 
- Mild steel: bars with a yield tension of 250 N/mm2

, following the British Standard 4449 (NCC, 
1994). This means an allowable tension strengthof 167 N/mm2

• (BRU- Loads for structural 
design: 25). 
These bars are only available with a flat surface. 

- High-tensile steel: bars with a yield tension of 460 N/mm2
, following the British Standard 4449 

(NCC, 1994). This means an allowable tension strengthof 308 N/mm2
• (BRU- Loads for 

Structural Design: 25). 
These bars are only available with a ribbed surface. 

Steel has to be used in a protected farm. Putting it in concrete or painting is a good solution. 
Protected steel has a lifetime of more than 20 years. 
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3.3.11 Corrugated iron sheets 

These sheets are very common in Tanzania. The main purpose of this material is roof covering. 
These sheets are expensive, nevertheless almost all houses in the cities did use these sheets. 
The sheets are available in shops in standardised dimensions. The transport is expensive. 
Length: 2.0, 2.5 and 3.0 metres; with an overlap of about 200 mm. 
Width (always the same): 0.88 metres, with an overlap of one lambda (is about 75 mml 
(Personal maasurement n = 6, 1995). 
The corrugation height is always the same: 16 mm (Personal measurement n = 30, 1995). 
The thickness of the plate is available in three standardised Sirmingham gauges (NCC, 1994; 
Janssen, 1992: 196): 
- 28 gauge = 0.3969 mm; 
- 30 gauge = 0.3124 mm, and 
- 32 gauge = 0.2489 mm. 

The modulus of cross-section of a one-metre plate is 4263 mm 3 * thickness (in mm). (Personal 
calculation, corrugation is assumed to be a sinus-curve, 1995). 

The sheets can be used directly in the process. Aftera few years the sheets are corroded. No 
data have been found about the natural lifetime of unpainted sheets. Nevertheless, sheets which 
are painted last much longer. 

3.4 Plot 

Basedon personal interviews and observations; Oran, 1 ~65: 80-100 and Mpuya, 1990: 62. 
In earl i er times the plots were 'given' by the clan' s head, the whole area belonged to that clan 
and one could get a 'freehold'. 
In the period of colonisation and development of the towns, the local government took over the 
area. The local government sold the plots to private customers. These were mostly European. In 
1923 it was declared that all people of all races should be able to buy or lease land. 
After the colonisation period the system of 'leasehold' was created (Declaration of Arusha). One 
could get a plot for rent for 49 or 99 years. Restrictions were also created in transfer. Foreigners 
had to have permission of the local government and once they had bought a plot, they had to 
build on it. This is to prevent land investment. 
In practica there is no control in rural areas. About 65 per cent of the plots are given by the 
village government (freeholdl and 30 per cent of the plots are inherited or just chosen. In only a 
few cases are the plots bought. 
The official system of leasehold did not reach the villages. 
In the urban areas a system is used which is in between the policies and the history. 
The location of the plots is very important. 'Up-country bush' is of only little value and plots in 
main population centres, especially on the roads, can be very expensive. 
This is partly because by the reason that there is no scarcity of land. 
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3.5 Types of houses 

3.5.1 Introduetion 

In this part the type of houses in Tanzania will be described. lt is an overview of the houses built 
in whole Tanzania and the materials used in those houses. To systemise the houses and the 
materials many systems are available. Anyway, in this study the SfB-code system is used. First 
that general code system will be discussed and its u se in this study. Th en the different house 
shapes occurring in Tanzania will be discussed and their use of materials. 

3.5.2 SfB elements code-system in general 

To describe the building elements of the Tanzanian house types, a clear system should be used. 
There are many schames used to describe houses. In this report the SfB-code system will be 
used. lt is an international standardisation code system for building elements. lt is a very general 
system, which can be used for buildings, earthwork, bridging, tunnelling etc. This system gives 
a clear overview of all building elements and includes all above-mentioned systems. For that 
reason this system will be used in this study. 
The SfB-code system splits a building up into three 'building parts' (NEN 2631 ): 
- civil works; 
- installations and 
- permanent inventory. 

A building part is part of the building, in general not accessible to people and has the following 
functions: bearing loads, dividing spaces and/or making i! suitable for space-elements (rooms for 
example). (SBR, 1989) 

The building parts are split up into building elements. These elements are placed in a matrix. In 
each row, elements with the sametunetion are placed. In each column, elements which have to 
be built in the same stage are placed. 
In appendix D-5 the complete SfB-code system is presented. 

3.5.3 SfB-code system for single-storey houses in Tanzania 

The SfB-code system is a general system. Only some elements are relevant to the Tanzanian 
housing production. 
Each element can be split up into one or more components. 
In appendix D-6 the relevanee of each element and component is set out and the definitions are 
given. 
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3.5.4 Shape of houses 

According to Household Budget Survey (1969-1979); BRU; Kyhn, 1984: 41 and Winden, 1986: 
156-157, there are many different shapes of houses. 
A few characteristics could be given: 
- About 95 per cent of the houses are traditional. 
- About 70 per cent of the houses are rectangular. 
- The roof shapes are: 

Hipped (four pitching plates): 50 per cent. 
Gable (two pitching plates): 20 per cent. 
Curved: 1 5 per cent. 
Flat: 1 0 per cent 
Other: 5 per cent. 

- Average of two rooms (each room 10-12 m2
) per house. 

- About 8-10 m2 floor average per person. 

The shape of the houses is of less importance to this study. For that reasen these shapes are 
not described any further. 
More intermation can be found in another study of the overall project: 'Housing needs and 
demands'. 

3.5.5 Types of houses with respect to materials used 

To describe the different kinds of houses which are being used in Tanzania, the SfB-code 
system (see also chapter 4) with respect to different kinds of materials is used. To categorise 
the elements realised with different materials, the focal point is finished products. 
First the different common types of elements with respect to materials used are discussed. 
Further on, the combinations of elements which are camman in Tanzania and the price and 
quality of the materials used are discussed. 
Each element can be split up into several components. With respect to the components and 
materials the elements are described. 

In chapter 3.3 of this part the materials themselves are described. In this sectien the quantity in 
which they are used in the different places in the houses is described. 

Soil provisions (11 J 

The provisions required for the natural surface can be split up into three components with 
respect to the place: 
1 ) The soil underneath the ground floor. 
2) The soil underneath the foundation. 
3) The soil out-house. 

The kind of provisions requires for the natural surface depends mainly on the place in Tanzania: 
the kind and the slope of the soil and the kind of foundation. 
In genera!, in rural areas hardly anything is done to prepare the site for house building. A certain 
amount of care is aften taken to piek a site which is fairly dry, but such places, too, are liable to 
flooding during the heavy rains. To prevent this situation from repeating itself every year, no 
measures are taken. Levelling is done occasionally and houses are aften built directly on the 
sloping ground in such a way that water can run into the house. (Edvardsen, 1972: 67). 
lf necessary for the foundation the soil is excavated. For the ground floor the soil is always 
tamped. 
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Ground floor (13) and floor-finishing (43) 

The ground floor can consist of one component: a structure. lf it is present, this structure can 
consist of saveral materials: 
concrete, stones, burnt bricks or sandy soil. 
The ground floer-tinishing consistsof one component: a top layer. This top layer is mostly made 
of sand-cement in urban areas. In rural areas this layer is sametimes made of a clay-mixture with 
or without sand-cement, but mostly it is not present. (Mpuya 1 990: 4 7). 
In the following table the materials used in the floor structure and the finishing are shown in 
percentages. 

Table: D-3-11 
Materials used in houses in the floor structure and the finishing in percentages: 

ELEMENTS: (13 + 43) floor structure, material used: Total: 

Area: top layer: concrete burnt stanes sandy- none 
clay soil 

urban plaster 62% 62% 

none 3% 34% 37% 

total 62% 0% 3% 0% 34% 100% I 
rural plaster 7% 7% 

none 1 % 92% 93% 

total 0% 0% 1 % 0% 99% 100% I 
Source: Edvardsen, 1972: 67; Mpuya, 1990: 49; HBS, 1969. 

Foundations ( 16) 

Foundations consists of two building components: 
1) footing 
2) foundation wall. 

With respect to the components it is possible to distinguish two different kinds of foundations in 
Tanzania: 
1 ) Foundations consisting of a footing and a foundation wall. 
2) Foundation consisting of only a foundation wall. 

ad 1) The footings of the foundations consist of: concrete, sand/soil-cement or stanes with or 
without mortar. 
The foundation wall consists of: concrete, sand/soil-cement, rammed earth, burnt clay. 

ad 2) The foundation wall consists of: rammed earth, poles with or without stanes or firmed 
earth. 

In the following table the materials used in the foundation wall and the footing are shown in 
percentages. 
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Table: D-3-111 
Materials used in houses in the foundation wall and footing in percentages 

I ELEMENT$: (16) I Foundation wall type: Total: 

Area: Footing concrete sand/ burnt rammed po les poles with 

type: soil clay earth with firmed 
cement stanes earth 

Urban concrete 7% 

sand/soil- Oo/o 
cement 

burnt clay Oo/o 

stanes with 14 o/o 
mortar 

stanes 39 o/o 
without 
mortar 

no footing 40 o/o 

Total I 32 o/o I 8% I 16% I Oo/o I 44 o/o 
11 

100 o/o 

Ru ral concrete Oo/o 

sand/soil- Oo/o 
cement 

burnt clay 2% 2% 

stanes with 2% 2% 
mortar 

stanes 2% 2% 
without 
mort ar 

no footing 26% 68 o/o 94 o/o 

Tot al I Oo/o I 2% I 4% I 26% I 0% I 68 o/o 
11 

100 o/o 

Source: Edvardsen, 1972: 67; Mpuya, 1990: 48; Mtui, 1990: 59-62, HBS, 1969. 

Ex tema/ wa/Is (21) and external wall-finishing (41) 

The external walls consist of one component: a loadbearing disk. This disk can consist of 
several materials: concrete, sand/soil-cement, rammed earth/ soil/clay, burnt clay or 'mud' and 
poles. 'Mud' can be sand, cow dung, clay, etc. 
The external wall-finishing can consist of one component: top layer. This top layer is mostly 
made from sand-cement in urban areas. In rural areas this layer can consist of a clay-mixture, 
sand-cement, but in most of the cases it is non-existent. 
Data about the finishing of the walls are not found. 

In the following table the materials used in the external walls are shown in percentages. 

I 

I 
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Table: D-3-IV 
Materials used in houses in the external walls in percentages 

ELEMENTS: external walls, materials used: Total: 
(11+31) 

Area: concrete sand/ burnt rammed pol es pol es po les, 
soil- clay earth (mostly and branches 
cement bamboo) 'mud'. and 

grass. 

Urban 32% 8% 16% 28% 16% 

Ru ral 0% 2% 4% 24% 10% 44% 16% 

Source: Edvardsen, 1972: 67; Mpuya, 1990: 48; Mtui, 1990: 59-62; HBS, 1969. 

Externat wal/ openings (31) 

The external wall openings do nat have a direct relation with the research objective. This 
describes these elements only in general and a fixed price will be taken into account. 

There are two different kinds of external wall openings: 
1) Openings for human beings or animals; external doors with their frame. 
2) Openings for light or air; external windows with their frame. 

lt is possible to split up the external wall openings into three components: 
1) A space-dividing component: The doors/windows themselves. 
2) A bearing component: The frames for the doors/windows. 
3) Lintels. 

100% 

100% 

In urban areas, there are lots of carpenter' s shops. The output is geared to the local demand and 
is generally low. Most of them have their own standardisation. Doors may either be of the 
battened or the flush (panel) type. A wide variety of timber is available. Windows are supplied 
with blinds or louvres and/or bars for proteetion against burglars. 
In rural areas, villagers usually obtain their doors and windows (frames) trom local carpenters 
who operate with simple handtools only. The quality is often very crude, surfaces being rough 
and corners out of angle. (Edvardsen, 1972: 80) 

There is are specific data found about the lintels. 

Internat wa/Is (22) and internat wa/1-finishing (42) 

The internar wall opening do not have a direct relation with the research objective. This 
describes these elements only in general and a fixed price will be taken into account. 
The kind of materials used tor internar walls are mostly the same kind as used for the external 
walls. The different kinds and proportions used in the houses can be deducted trom: 'the 
external walls (21) and (41 )'. 
(Edvardsen, 1972: 51-70). 

76 



Part D: The housing production sector and bamboo in Tanzania: on sectorallevel 

lnternal wal/ openings (32) 

There are two different kinds of internal wall openings: 
1 ) Openings tor human-beings or animals; internal doors with their frame. 
2) Openings tor light or air; internal windows with their frame. 

lt is possible to split up the internal wall openings into three components: 
1) A space dividing component: The doors/windows themselves. 
2) A bearing component: The frames for the doors/windows. 
3) Lintels. 

lnternal doors are seldom used. In most of the cases the openings cannot be closed (especially 
in the rural areas). 
There are no cases with internal windows, so internal windowsare never or seldom used. 
There are no specific data found about the lintels. 

Ceilings (24) and (44) 

The ceilings do not have a direct relation with the research objective. This describes these 
elements only in general and a fixed price will be taken into account. 

The structure of the ceilings (24) is mostly made of wood poles, reeds, bamboa etc. 
The finishing of the ceilings (44) is mostly made of soil withor without cow dung. Sametimes 
coral stones with lime are used. 
(Mpuya, 1990: 55). 

Roots (27) and (47) 

The finishing of the roof (47) is the space-dividing part of the roof. To bear this space-dividing 
part, a structure is needed. This structure is called: 'roof structure (27)'. 
In this study the finishing consists of one component; the finishing. In rural areas this finishing 
can consist of: grassipalm leaves, 'mud' /earth (mud can be sand, clay, cow dung etc.) or metal 
sheets. In urban areas houses were also found with concrete, asbestos cement sheets or tiles. 

The structure can consist of two components: 
1) The structure itself: the part of the roof-structure which has the same orientation as the roof 

and is directly connected to the finishing. This component is mostly made of (sloping) beam
shaped elements. Trusses are one component and part of the frame. 

In rural this structure is usually made of poles and somatimes of sawn timber. The structure is 
seldom constructed as a truss structure. 
In urban areas the same materials are used plus some other materials; in these areas sawn 
timber is used more. 

2) The roof support: the part of the roof that supports the structure. This component is mostly 
made of (sloping) columns or beams (wallplates). 
The walls which have a roof-supporting tunetion are not included in this component. 

For rural areas, the roof supporting, if it is present, is mostly made of poles. For urban areas 
metal, burnt bricks, sawn timber and other materials are also used. For this componentnovalid 
figures are available. 
In the following table the materials used in the roof structure and the finishing are shown in 
percentages. 
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Table: D-3-V 
Materials used in houses in the roof structure and the finishing in percentages 

I ELEMENTS (17 +47) I Roof-tinishing materials Total: 

Are as Roof structure til es asbest os metal concrete mud/ grass/ 
materia Is: cement sheets earth palm 

sheets leaves 

Urban sawn timber 58% 

po les 33% 

other 9% 

total I 2% I 3% I 77% I 3% I 1 % I 13% 
11 

100% 

Ru ral basedon sawn 3% 3% 
truss timber 
structure 

poles 4% 4% 

not sawn 4% 4% 
based on timber 
truss 
structure poles 4% 19% 66% 89% 

tot al I 0% I 0% I 15 I 0% I 19% I 66% 
11 

100% 

Mechanica/ (5-) and e/ectrical (6-) instaflations 

Only a limited number of households have tap water and electricity. Most of the rural people 
have to get water trom a pump, welf or lake/river. 

Sanitary instaflations and Outhouse (74) 

Most of the sanitary installations are placed outside the house. 
The kitchen, food starage and animals are mostly placed in the outhouse. 

3.5.6 Categorisation rural houses 

To categorise it is possible to group houses into shapes or materials. The kind of materials used 
in the houses is the most important factor. For that reason the categorisation presents groups 
with the same materials. 

The external walls and the roof are the main elements of a Tanzanian house. The shape of those 
elements and the kind of material used largely determine the 'look' of the house, the internal 
climate, the building casts and the technological quality. 
The kind of material used tor the external walls is mostly the same as the kind of material used 
tor the foundation wall. 
The structure of the external walls is the main and most characteristic part of the external walls. 
The finishing of the roof mainly determines the roof structure. 
To categorise the different kinds of houses in Tanzania, the different kinds of structures of 
external walls and roof-tinishing are used as criteria. 
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Only some types of rural houses are described, but these types form the main stream of 
different kinds of houses. 
The houses made in urban areas have mainly the same shapes; only the materials used are 
different. 

Roof-tinishing materia Is: grassipalm leaves, 'mud', earth. 

Structure external wall materials: grass, 'mud' and poles, poles, earth. 

Rural house type number: 
Roof-tinishing material: 
External wall structure materials: 
Examples: Round: 

Square: 

Rural house type number: 
Roof-tinishing material: 
External wall structure materials: 
Examples: Round: 

Square: 

Rural house type number: 
Roof-tinishing material: 
External wall structure materials: 
Examples: Round: 

Square: 

Rural house type number: 
Roof-tinishing material: 
External wall structur.e materials: 
Examples: Round: 

Square: 

Rural house type number: 
Roof-tinishing material: 
External wall structure materials: 
Examples: Round: 

Square: 

I 
grass. 
poles and grass. 
Chagga, Haya, Rundi, Fipa house. 
Zamaro house. 

11 
grass. 
poles. 

Nyakyusa house. 

111 
grass. 
'mud' and poles. 
Ngioni and Nyamwezi house. 
Swahili house. 

IV 
'mud' and poles. 
'mud' and poles. 
Maasai house. 

V 
earth. 
earth 

Gogo, Hehe, Mbulu house. 

3.5.7 Materials of houses with respect to environment 

There seems to be a tendency tor the Tanzanian rural households to use materials tor their 
house construction which are available in their neighbourhood, for example: 
Mud blocks and burnt clay can be found in clay soil areas. (Mpuya, 1990: 50) 
Maasai, with their cows, use cow dung tor their wall-finishing.(Mpuya, 1990: 50) 
Bamboa poles are us~d in areas where bamboo grows. (Mpuya, 1990: 50) 
"Most of the materia Is used tor construction of the houses were obtained locally within the 
village or close to the village". (Mpuya, 1990: 49) 
The Tanzanian urban households do 'import' more materials like: corrugated iron sheets and 
cement. (Personal observation, 1995.) 
There also seems to be a tendency for the Tanzanian households, in rural areas, to use light
weight materials in 'hot and humid' climates, medium heavyweight materials in 'hot and dry' 
and 'temperature' climates and heavyweight materia Is for 'Highlands elirnatic zones'. 
This is also advised by: Kyhn, (1984: 139-140), 'Mahony-tables': 25-35, Stultz, 1981. 
This tendency is not the case for urban houses. (Personal observations, 1995.) 
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Insection 4.3.5 several house types are given with the materials used. lt is possible to give 
'pol es and grass or pol es', the lightest weight structure, a number zero ranking and the 'mud 
and poles' or 'earth' structure, the heaviest weight, a number one ranking. This can be done for 
the extern al wall structure and for the roof-finishing. 
For example: 
- A Chagga house which consists fully of grass and poles, can be ranked zero plus zero makes 

zero. 
- A Swahili house which consists of a roof: grass and external wall: 'mud and poles', can be 

ranked zero plus one makes one. 
- A Gogo house which consists of a roof: earth and external wall: earth, can be ranked one plus 

one makes two. 
To campare the surveyed houses with the 'expected house types with respect to climate', the 
different areas should be ranked, too. The 'hot and humid' zonescan be marked with number 
zero. The 'hot and dry' and 'temperature' climates can be marked with a one and the 'highlands 
elirnatic zones' with a two. 
In the following schedule the surveyed and expected ranking numbers are given. 
12 out of 56 tribes are described in Rural Housingin Tanzania, (Edvardsen, 1972). The results 
have been checked with 'Housing conditions in Tanzania' (Mpuya, 1990). 

Table: D-3-VI 
Comparison building materials used and elimate 

House type: Surveyed expected Difference 
ranking ranking 
number number 

Haya 0 0 0 

Rund i 0 1 -1 

Fipa 0 0 0 

Nyakyusa 0 0 0 

Ngoni 1 1 0 

Zaramo 1 1 0 

Swahili 1 1 0 

Nyamwezi 1 1 0 

Shagga 0 2 -2 

He he 2 2 0 

Maasai 2 1 1 

Gogo 2 2 0 

From the schedule it can be seen that there might be a relation between the elimate and the 
weight of the materials used. 
The Shagga house is an exception. In this area several elirnatas occur and it is not exactly 
known where the sample was chosen. 
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3.6 Quality of houses 

Less is known about the quality of the houses. Taking the materials into account, the quality 
can be classified as bad. 
The Ministry of Development Planning made a classification system to judge the quality of the 
houses. That system categorises the houses into three categories: 
- Permanent houses: houses made of materials which have a long life-span, like sand-cement 

blocks, burnt clay bricks for the walls and corrugated iron sheets for the roof. 
- Semi-permanent houses: houses made of materials which last a medium long period: e.g. 

wood for the walt structure, but plastered with a cement plaster, and corrugated iron sheets 
tor the roof. 

- Temporary houses: houses made of materials which last a short period. 
The government qualifies permanent houses as good and semi-permanent and temporary as bad 
of quality. (According to the policies only permanent houses are allowed to built. However, no 
financial support is provided to upgrade the temporary houses, to reach this goal.) 

Taking the figures of 3.5.5 into account, the following overview can be made. 

Table: D-3-VII 
Quality of Tanzanian rural and urban houses, judged by criteria from the Ministry of 
Development Planning 

Roof-tinishing Wall structure Average D Permanent Temporary Permanent Temporary Permanent Temporary 
like sheets like grass like bricks like poles 

Urban 86% 14% 40% 60% 63% 37% 

Ru ral 15% 85% 6% 94% 10% 90% 

Following the urban population tigure of 21 %in Tanzania (See part C chapter 3.4), it can be 
calculated that about 80 per cent of the popu/ation lives in a house of bad quality. 

The Building Research Unit in Dar es Salaam developed more detailed criteria to judge the quality 
of the houses. To use these criteria more data are needed about the walt thickness, size of 
overhangs etc. These data are not found in the literature. In the field survey of this study these 
data are collected and described in part E. In chapter 5 of part E these data wilt be linked with 
the criteria of the Building Research Unit. 
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3. 7 Costs of houses 

There are two ways to classify the casts of houses: 
1) Ministry of Development Planning of Tanzania (1982) (See also section 3.6 of this part): 

permanent houses; 
semi-permanent houses and 
temporary houses. 

2) A general approach: 
high cast houses; 
medium cast houses; 
low cast houses and 
lowest cast houses. 

Interviews with the NCC and personal observations combine the two classification systems. The 
casts of the houses and plots are derived trom Anders, 1992: 161 and interviews with NCC. 
In the following table an overview is given. The money figures are the borders between the 
categories. Prices in 1995 Tanzanian Shillings and in 1995-USD in brackets. 

Table: D-3-VIII 
Building casts houses, a general overview 

Ministry of General Building Plot costs Total costs 
Oevelopment approach costs in Tsh in Tsh in Tsh 
Planning and (USO) and (USO) and (USO) 

OI= OI= OI= 

Temporary Lowest cost 

houses houses 130,0001= 70,0001= 200,0001= 

Semi-permanent Low cost (240 USO) (130 USO) (370 USO) 

houses houses 850,0001= 150,0001= 1 ,000,0001 = 

Permanent Medium cost (1550 USO) (270 USO) (1820 USO) 

houses houses 6,500,0001= 500,0001= 7,000,0001= 

Permanent High cost (11800 USO) (900 USO! (12700 USO) 

houses houses lnfinite lnfinite lnfinite 
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4 Determination bamboo areas and project locations 

4. 1 Introduetion 

In this chapter the bamboa areas are determined (section 4.2). In these areas a project could be 
implemented. 
The best location tor such a project is discussed in the second sectien (section 4.3). 
This chapter uses intermation trom almost all earlier chapters. 
The field survey, described in part E, took place in these areas. 

4.2 Bamboa areas 

A bamboa area consists of the places in Tanzania in which bamboo is grown sustainably and 
may possibly be grown sustainably plus the surrounding area of 40 kilometres measured over 
passable roads. 
lt is possible to distinguish two types of bamboa areas: 
1) Those areas in which bamboa is nowadays grown sustainably grows: the 'Sustainable 

bamboa areas'. 
2) Those areas in which bamboo can possibly be grown sustainably: the 'Possible bamboo 

areas'. 

The sustainable bamboo forests are presented in chapter 2.3 of this part. Add 40 kilometres 
around those pi aces and the sustainable bamboa are as appear. 
The sustainable bamboa areas: 
- Southern Highlands: Mbeya and lringa; 
- Kyela district; 
- around the border with Burundi: Kigoma; 
- highlands in the south of Morogoro; 
- Kisarawe district; 
- around Songea, Lake Malawi; 
- mountains in the narth-west of Tanga. 

Bamboo needs 1000 mm of annual rainfall. (See chapter 2.2 of this part). 
Each species needs a specific altitude, but at almost each altitude a species can be grown. 
According to these two arguments bamboo can grow in Tanzania at all the places were the 
annual rainfall is higher than 1000 mm. (See alsopart C chapter 2.5). 
The possible bamboa areas are: 
- Coastal zone: with the main cities: Tanga, Dar es Salaam and Mtwara; 
- mountains at Arusha and Moshi, and 
- the area around Bukoba. 
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In the following map the areas are presented. 

Picture: D-4-1 
Sustainable and possible bamboo areas in Tanzania. 
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4.3 Project areas 

The project areas are the areas with a great potential fora bamboo housing project in Tanzania. 
These areas have been determined by a meeting with Lipangile, Mamiro and the author of this 
report. 

At the determination two factors were primarily taken into account: 
- the areas should lie within a sustainable or possible bamboo area (see also chapter 4.2 of this 

part), and 
- in the areas the need for building materials should be high, so the areas in the growing parts of 

the cities are the primary target places (see also part C chapter 5.4). 

There are also other factors which have been taken into account, but are not of primary 
importance: 
- the areas should be closetoa cement factory, the costs of cement in the total building costs 

are very high. Cement is assumed to be necessary fora durable foundation, floor. (See also 
chapter 3. 3 of this part). 
Transportation of cement is expensive, so a location should be chosen close to a factory 
(Tanga, Mbeya and Dar es Salaam) (See also part C chapter 5.4); 

- the areas should lie in an earthquake zone, bamboo is a good material for construction in an 
earthquake zone, because of its light weight. (See also part C chapter 2.3); 

- the areas should lie in an area in which erosion is high, the roots of bamboo keep the soil 
together. (See also part C chapter 2.4); 

- in the areas there should be a warm and humid climate; because of the light weight of 
bamboo, the structure does not accumulate much heat in the day-time. (See also part C 
chapter 2.6 and of this part chapter 3.3.5), 

- in the areas bamboo should be used as building materiaL (See also of this part chapter 3.3.5). 
The influence of this factor is not completely clear, further information can be found about this 
factor in the study: 'Housing needs and demands' of the overall project. In this study this 
factor is not taken into account further. 

In the following table an overview is given of all the cities in or close to the sustainable or 
possible areas with their characteristics concerning the factors. 
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Table: D-4-1 
Potential of different cities for a housing project in Tanzania 

D Growing Close to Close to Earth- Area with Warmand 
centre torest cement quake soil humid 

factory zone erosion elimate 

lringa + ++ + + + -

Mbeya + ++ ++ ++ + -

Kyela + ++ ++ ++ ++ + 

Kigoma + + -- ++ - + 

Morogoro + - + + + -

Kisara we - ++ + - + + 

Songea + ++ - + + -

Tanga + + ++ - - + 

Dar es ++ + ++ - + + 
Salaam 

Mtwara + + -- - - + 

Arusha + + + + + -

Moshi + + + + + -

Bukoba + + -- - + + 

Out of the table it may be concluded that Kyela has the graatest potential fora bamboa housing 
project. This city has all positive characteristics. 
Mbeya also has great potential. The only problem could be the climate. 
Next to these two: Dar es Salaam and lringa are good alternatives, foliowed by Moshi and 
Arusha. 
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5 Conclusions 

In Tanzania there is great potential for building with bamboo. There are a couple of species 
which are grown sustainably in Tanzania and there is sufficient bamboo to start a bamboo 
housing project. 
These bamboo species are used as a building material in the building process nowadays, but 
only on a small scale and in the informal sector. 
The cities (trom highest to high): Kyela, Mbeya, Dar es Salaam, Jringa, Arusha and Moshi have 
the graatest potential for a bamboo housing project in Tanzania. 
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Picture: E-1-1 
Housing production in four areas on a micro level. 
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Part E: Housing production and bamboa in the bamboa areas: on a micro level A 
1 Introduetion 

In this part the housing production, bamboo stock and the appropriateness of bamboo as 
building material are described, for four areas, on a micro level. This description is mainly based 
on a field survey which the author of this report has done in the areas. In chapter two that 
survey is described in further detail. 
Chapter three describes the environments of the areas in which the housing production takes 
place. The bamboo stock in those areas is taken apart from the natura! environment. See also 
part C chapter one. 
Chapter four describes the bamboo stock, in the four sample areas, in the wild and in 
plantations, the possibilities to use bamboo as building material and the price per pole. 
Chapter five describes the housing production on a micro scale in the four sample areas, the 
process and product factors and the cost price per component for the state-of-art and for 'save'
alternatives. 
Chapter six presents the conclusions of this part. 

Note: The structure of this empirica! part E is congruent with the theoretica! parts B, C and D. 
Chapter 2 of part E is congruent with part 8, chapter 3 of part E is congruent with part C, 
chapter 4 of part E is congruent with part D chapter 2 and chapter 5 of part E is 
congruent with part D chapter 3. 
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2 Description survey 

2.1 Introduetion 

The fieldwork of this survey took place in the bamboo areas of Tanzania. Within these areas 
four 'sample-areas' were selected, studied and described. 
In the following sections the design of the survey in the areasis described: 

in sectien 2.2: the selection of cities to study; 
in sectien 2.3: the population and sampling; 

- in sectien 2.4: the data-collection methods, and 
- in sectien 2.5: the organisation of the fieldwork. 
In those sections the main part of the field study is described. There are some additional factors 
which support this study. 
The data-collection forthese factors is described in sectien 2.6. 

2.2 Selected cities 

The cities which had to be selected, should have a high potential for a bamboo housing project. 
The potential for the different cities in the bamboa areas is made clear in part D chapter 4. 
In the research there was a Jack of money, time and transport facilities. For those reasans the 
cities had to be within easy reach. 
There were four cities selected: 

lringa; 
Mbeya; 
Kyela, and 
Dar es Salaam. 

These cities do have the graatest potential for a bamboa housing project, (see also part D 
chapter 4) and these cities are easy to reach in a short time, for a little money and by means of 
public transport. These cities arealong the main roads to the south-western part of Tanzania. 
(See also part C chapter 4 and chapter 2.5 of this part). 

2.3 Population, research unit and sampling 

The popuiatien of this survey consists of the houses of the growing sub-urban parts of the tour 
selected cities, see chapter 2.2 of this part. (In the growing eentres of the cities the building 
activities and the need tor materials are the highest). 

The research unit of this survey was 'House'. 

For each city, a growing centre was selected to collect the data. These areas are called the 
'sample are as'. 
The tour sample areas of this survey were: 

Nduika: a fast growing village on the highway at lringa, 
Uyole: a fast growing part of Mbeya Municipal, at the junction of two highways; 
Kyela: the whole city, there is nota specific growing sub-urban part, because Kyela is not 
that big, and 

Gongo la Mboto: a fast growing sub-urban part of Dar es Salaam, in the direction of 
Kisarawe, bamboa forest. 

The sample-areas are presented on a map in part D chapter 4, picture: C-4-1. 
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To collect data about the factors, further sampling had to be done. 
This sampling is different for all three groups of factors. (See also 2.4 of this chapter and part B 
chapter 6.) 
The data needed for the environmental aspects could be measured without further sampling. 
The process and product factors had to be measured by sampling, from lack of research time. 
Forthese factors other, but related, samples have been used: 
- An overall view (only a few characteristics about the materials used), of the houses, of the 

sample areas: 50 houses, selected by area sampling. 
- detailed information about the product factors: 5 houses, selected by 'key-persons of the 

area' (see also 2.5 of this part). At sampling the factor 'Religion' is nottaken into account, 
the influence of this factor is assumed to be very low (see alsopart C chapter 3.5). 
The five selected houses represent the characteristics of the 50 houses of the overall view. 
For example 20 per cent of the houses used mud-blocks as wall material, so one of the five 
selected houses had to be made of mud-blocks. 
At these houses the researcher of 'qualitative housing needs and demands, of the overall 
project', did her data-collection too, in order to combine the information and get a higher 
significanee level. 

- detailed information about the process factors: for each building technology type, related to 
the materials used, key-persons of the process and at least one site was selected. This key
person of the process was mostly the owner of the house of the sample 'product factors'. 
The site was selected occasionally, 'the first opportunity'. 

2.4 Data-collection method 

2.4. 1 Introduetion 

The factors have been measured by means of three different instruments: structured interviews, 
structured observations and specific literature. 
There are three groups of factors with different data-collection methods each (see also part B 
chapter 6). These three groups are discussed in the next three sections: 
- environmental factors: section 2.4.2; 

product factors: section 2.4.3, and 
process factors: section 2.4.4. 

2.4.2 Environmental factors 

To measure the environmental factors several instruments have been used: 
- specific literature about: bamboo, soil, climate, rivers and lakes, geographical position, 

earthquakes, water and electricity supply, roads and railways and social aspects; 
- structured interviews about: bamboo, termites and insects, groundwater tables, earthquakes 

and transportation; 
- structured observation: bamboo, soil, rivers and lakes, insects and termites, climate, 

earthquakes, transportation, water and sleetricity supply, roads and railways; 
bamboo research: see appendix D-2, and 
soil investigations: following Stulz, 1981: 11-33. 

In appendix E-1 environmental checklists are presented. 
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2.4.3 Product factors 

To maasure the product factors systematically, the house is split up into components. (See also 
part D chapter 3.5). The components could be observed and the owner of the house could 
provide information for parts which could not be observed, like maintenance, flexibility and 
footing. (The data tor the footings were collected by means of pictures). 
See appendix E-2 for the questionnaire. 

2.4.4 Process factors 

The data tor process factors is collected by means of: 
- Structured interviews and observations with 'key-persons' of processes. These key-persons 

were mostly the owners of the house, which built their house saveral years ago. These 
persons were the same as those in 'product factors'. See appendix E-2 for the questionnaire. 
Structured interviews and observations at the sites. 
The process factors were grouped into sub-products categories, like mortar, burnt bricks, 
wall production and excavating. See appendix E-3 for the questionnaire. 

2.5 Organisation of the fieldwork 

To collect the real data about a house or site, lots of preliminary work had to be done. There 
were no means of own transport, so public transport had to be used. The four sample areas 
were along high-ways, so they were within reach. To study the social aspects of the area, 
sleeping in a guesthouse, in the area, was a salution (sometimes this led to dangerous 
situations). With the help of 'key-persons', like fathers or school headmasters an entrance, trust 
and information in and about the area was created. These key-persons were reached by a so
called 'letter of introduction' written in Swahili by the National Construction Council. 
The key-person and letter also took care of trust at the researched households. 
By using the guestbook and a 'beautiful pen', some primary information was collected easily and 
a reliable entrance was created. In this way the house owner also got used to the questionnaire. 

The translation problem has been solved by a translated questionnaire, (checked with a re
translated version) and by the key-person, who was also a direct translator. 
The first area was Gongo la Mboto (DSM), this area has been used as pretest area. 
After correcting the instrument, the other three areas were studied. At the end Gongo la Mboto 
was studied (again) with the corrected instrument. 

2.6 Other field research 

In the field surveysome other factors also have been studied. These factors supports the 
product and process factors: 

Visits pre-fabrication processes: some building materials are made on the site or in a, mostly 
small-scale, company. To describe the ditterenee of pre-fabrication and 'making-on-site', 
studies about those pre-fabrication processas are needed. These pre-fabrication processas are 
the ones at which the house owners bought their materials. The data are collected by means 
of structured interviews and observation. The check-list used and the questionnaire are the 
same as those of 'House process' (see of this part chapter 2.4). 
Prices at shops: the materials used in the houses are mostly bought in shops. To calculate 
the costs of houses these prices are needed. These data are collected through a structured 
interview with shop owners. The shops which have been interviawed are the same as those 
where the house-owners bought their materials. See appendix E-4 for the price checklist. 
Contractors: to describe the ditterenee and to check other data, contractors are interviewed. 
In this way component prices, charged by contractors, were obtained. 
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3 Environmental aspects of sample areas 

3. 1 Introduetion 

In this chapter the environments of the sample ares are described. There are four sample areas: 
- section 3.2: Ndiuka (lringa); 
- section 3.3: Uyole (Mbeya); 
- section 3.4: Kyela, and 
- section 3.5: Gongo la Mboto (Dar es Salaam). 
There are three environments: natura! environment, physical environment and society. For each 
area these environments are described in the following sections. 
In section 3.6 an overview is presented of saveral factors. 

3.2 Ndiuka (lringa} 

3.2.1 Natura! environment 

Situation 

Ndiuka is a village, close to lringa town, along the Tan-Zam highway. About 600 km from Dar 
es Salaam in the West- South-West direction. This highway is situated in the vallev of the 'Little 
Ruaha river'. On the top of the hordering mountain of this vallev lringa town is situated. 
Ndiuka is a growing centre of lringa town. lringa town is about 4 km away from the road, up the 
mountain. At the junction of the raad which leads to lringa town from the highway and the 
highway itself, Nduika is situated. 
The attitude of lringa is 1640 m above sea level. Ndiuka is situated 1 00 m below lringa at an 
attitude of 1540 m. The geographical position of Ndiuka is: 7° 46' 50" south of theequator and 
35° 42' 30" east of Greenwich. 
The slope of the surface is 3 % in a northern direction, this slopes increases near the hills. In the 
eastern direction the slope is 0 %. 
Source: Ministry of Lands, Housing and Urban Development - Map of lringa area, 1982. 

Climate 

See also part C chapter 2. 7. 
Ndiuka is situated in the Southern-Highlands and therefore it has a temperature climate: a mean 
temperature of 1 5 degrees with a high diurnal and annual range. lts humidity is low. 
The wind in Ndiuka can be strong. The direction is mainly north-west. The mean direction for 
the Southern-Highlands is south-east. Ndiuka is situated in a vallev between two mountains. The 
wind circulates in the vallev and provides Ndiuka with a north-western stream (personal 
observations, 1995). 
Cyclones are not to be expected. 
The annual rainfall is about 800 mm, the lower probability border of 10 % is 550 mm. (In 1990 
the annual rainfall was only 150 mm.) The rainy season is January/ February. (Kilimo, 1991: 8; 
Babu, 1967: 6.) 

Rivers and lakes 

Ndiuka is situated near the 'Little Ruaha river'(see also 'situation of Ndiuka'). In the rainy season 
this river is about 20 metres wide and 3 metres deep with a debit of about 18 m3 /s (personal 
observations, 1995). In the dry season the river is only 5 metres wide and 0.5 metre deep 
(personal interviews, 1995). 
The river is polluted with brown clay, which indicates heavy erosion of the surface. 
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Soil 

The first metre of the soil in the village is a sandy with a very small amount of clay. 
In the streets the upper layer of about 0.1 metre is clean sand. This sand is called: 'river-sand'. 
In the following table the results of sieve tests are presented: 
(In appendix E-5 a description is presented of the tests.) 

Table: E-3-1 
Soils of Ndiuka in mass percentages 

I Granulation 11 first layer I 'river-sand' I 
Clay ( < 0.002 mm) 1.6 0.1 

Silt (0.002- 0.06 mm) 4.1 1.9 

Fine sand (0.06- 0.5 mm) 25.9 14.9 

Sand (0.5- 1.8 mm) 45.6 60.7 

Gravel (1.8- 8 mm) 20.2 22.5 

Gravel (8 - 16 mm) 2.7 0 

Gravel ( > 16 mm) 0 0 

I General name 11 silty sand I clean sand I 
Source: personal measurements, 1995. 

The lower layer of the soil in Ndiuka at a depth of about 4 metres is granite (Babu, 1967:2-3). 
Along the river there are many areas with clay soil (personal observations, 1995). This is 
confirmed by Kimambo 1988: 14 7 and by Koeppel - BRU: 13-16. 

Ndiuka is situated in earthquake zone 2 of 'BRU - Loads for Structural Design'. This means that 
earthquakes are nat violent (5-6 on the Richter scale) and moderately frequent. 
A contractor in lringa said in an interview: "There are no earthquakes in lringa", but the 
reliability of this is doubtful. 

The groundwater table is from 3 metres below the surface in the wet season to 4 metres in the 
dry season (personal interviews, 1995). 

lnsects and termites 

Ndiuka is situated at an altitude of 1 540 metres above sea level and termites occur up to an 
altitude of 1300 metres. Nevertheless termites do occur in Ndiuka (personal observations and 
interviews). According to an interview with dr. Lipangile, 1995: "in Ndiuka there are nat many 
termites and the termites are nat active". 
Beetles and fungi do occur in Ndiuka. 
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3.2.2 Physical environment 

Roads 

Ndiuka is situated along the 'Tan-Zam' (Tanzanian-Zambian)-highway. This is an asphalted all
weather road. There is a lot of transport over this road. 
By this road Ndiuka has a good conneetion with Dar es Salaam (600 km), Morogoro (300 km), 
Mbeya (300 km), Zambia and Malawi. 
lringa is a drive of about 4 km over an asphalted road up the hili. 

Rat'lways 

There are no railways in the neighbourhood. The nearest station is on the TalaRa railway, 
Makombako, 190 km driving over the Tan-Zam highway in the Mbeya direction. 

Bridges 

There are only a few bridges in the neighbourhood. The most important one is the bridge of the 
Tan-Zam-highway over the 'Little Ruaha river', 1.5 km from Ndiuka. 

E/ectricity supply 

Along the highway there are electricity cables of TanESCo, on the Ndiuka site. Especially the 
houses on the road are connected to this cable. 
In lringa town 16 %of the households has electricity. In the rural areas only 0.5 % of the 
households has electricity. 
(Tanesco, 1988; personal observations, 1995.) 

Water supply 

There have been many water supply projects in lringa for households. In lringa town, in 1988, 
91 % has tap water, 8 % well water and 1 % other. In the lringa rural areas, in 1988, 28 % has 
tap water, 50 % well water and 22 % other sources. 
(Population census, regional profile, lringa, 1988.) 

3.2.3 Society 

Ndiuka is divided into five areas. Each area has its own chairman. This chairman is chosen every 
four years, by the community. This man takes care of many affairs. 
In total, in 1995, there are about 4000 people living in Ndiuka. Eleven years ago there were 
about 200 people living in Ndiuka. 
This means an annua/ growth in Ndiuka of 30% (versus 2.7 %in the region). There is a high 
unemployment rate. (Personal interviews with chairmen, 1995). 
The projected household size is 5.0 for 1995, basedon figures from 1967, 1978 and 1988. 
The density of population in the town is 523 persons/km 2 and in the rural areas 13 persons/km 2

, 

in 1988. 
In lringa urban, in 1988, about 72 % of the rnales and 58 % of the temales is literate. For the 
rural areas this figure is about 64 % of the rnales and 48 % of the females. 
About 10 % lives in the town and 90 % in rural areas. 
(Population census, regional profile, lringa, 1988). 
The minimum income is 385/ = Tsh a day in 1995, a craftsman earns about 800/ = Tsh a day 
and a helper 400/ = Tsh (personal interviews, 1995). 
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3.3 Uyole (Mbeya) 

3.3.1 Natural environment 

Situation 

Uyole is situated on a big flat highland plateau of a bout 64 km2
• Th is plateau lies at an altitude 

of 1800 metres above sea level. Around the plateau, there are some mountains up to 2600 
metres above sea level. 
Uyole is situated around the T-junction of two main, asphalted highways: 
- the Tan-Zam highway: conneetion between Dar es Salaam and Zambia, and 
- the highway to Malawi which starts in Uyole. 
The geographical position of the junction is: 8° 53' 55" south of the equator and 33° 32' 30" 
east of Greenwich. 
The slope of the surface is 0 % in an eastern direction and 2.4 % in a southern direction. 
Uyole is part of Mbeya municipal and is a growing centre of Mbeya town. Mbeya town is about 
20 km away from Uyole. 
Source: Ministry of Lands, Housing and Urban Development - Map of Uyole area, 1982. 

Climate 

See a lso part C chapter 2. 7. 
Uyole is situated in the Southern-Highlands and therefore it has a temperature climate: a mean 
temperature of 17.6 dagrees with a high diurnal and annual range. July is the month with the 
lowest temperature: 14.5 degrees. lts huniidity is low. 
The wind in Uyole can be strong. The direction is mainly south-east. Cyclones are not to be 
expected. 
According to Babu, 1967: the annual rainfall is about 1200 mm, the lower probability border of 
10 % is 900 mm. The rainy season is January/ February. According to Assey, 1984: the annual 
rainfall is 941 mm. 
(Sources: Babu, 1967: 6; Assey, 1984: 3.) 

Rivers and lakes 

There are only a few small rivers in the environment. These rivers are not wider than 2.0 
metres. 

Soil 

The first 1.8 metre of the soil in the village is a dark brown sand soil with clay. From 1.8 metre 
to 3.0 metres below the surface the soil consists of white rocks, with dark brown soil in 
between. According to Kimambo, 1988: 145 and Koeppel: 22-23, the soil has a low silt 
content, the linear drying shrinkage is low and for bricks the soil contains too little clay. 
In the neighbourhood of Uyole sand for building construction is available. There are two types: 
black and white sand. 
In the following table the results of sieve tests of the upper layer, black and white sand are 
presented: 
(In appendix E-5 a description is presented of the tests.) 
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Table: E-3-11 
Soils of Uyole (and neighbourhoodl in mass percentages 

I Granulation I first layer 'white sand' 'black sand' 

Clay ( < 0.002 mm) 6.9 2.0 3.7 

Silt (0.002- 0.06 mm) 52.9 11 2.0 3.7 

Fine sand (0.06- 0.5 mm) 8.9 2.0 8.7 

Sand (0.5- 1.8 mml 15.3 4.3 20.7 

Gravel (1.8 - 16 mm) 16.021 77.9 46.7 

Gravel (16- 32 mm) 0 4.2 4.8 

Gravel (32 - 64 mm) 0 7.6 11.7 

Gravel ( > 64 mm) 0 0 0 

I General name 11 sandy clay I silty gravel I silty gravel I 
Note 1: mixture of clay and silt, (did nat di vide aft er 14 days). 
Note 2: of which: (1.8-4mml: 12%; (4-8mm):4%and (>8mm):O%. 

Source: personal measurements, 1995. 

The lower layer of the soil at adepthof about 4 metres is volcanic basalt (Babu, 1967: 2-3). 

Uyole is situated in earthquake zone 3 of 'BRU - Loads for Structural Design'. This means that 
eathquakes are strang (6-7 on the Richter scale) and frequent. In September 1994 a heavy 
earthquake occurred in the neighbourhood of Mbeya, lots of houses collapsed (Daily news, 
September 1994). 

The groundwater table is approximately 1.5 metres below the surface (Assey, 1984:3), but 
personal observations in 1995, in the wet season, resulted in a graundwater table below 3.0 
metres. 

lnsects and termites 

In Uyole there are beetles and fungi. Termites do occur, but are nat active. 

3.3.2 Physical environment 

Roads 

Uyole is situated on the T-junction of the 'Tan-Zam' (Tanzanian-Zambian)-highway and the 
highway to Malawi. These are both asphalted all-weather raads. Via this raad Uyole has a good 
conneetion with Dar es Salaam (900 km), Moragora (600 km), Zambia and Malawi. Mbeya is 
a bout 20 km away. 
Because of the junction, trade is important in Uyole. 

Railways 

The TalaRa railway has a station in Uyole, but the express train does notstop there. 
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Bridges 

There are only a few small rivers. There are bridges across these for the highways. 

Electricity supply 

Along both highways there are electricity cables of TanESCo. Especially the houses on the road 
are connected to this cable. In urban Mbeya 18 % of the households has electricity. (Tanesco, 
1988; personal observations, 1995.) 

Water supply 

There have been many water supply projects in Mbeya for households. In Mbeya urban, in 
1988, 91 % has tap water, 7 % well water and 2 % other. (Population census, regional profile, 
Mbeya, 1988.) 

3.3.3 Society 

Uyole is divided into many areas. Each area has its own chairman. This chairman is chosen 
every tour years, by the community. This man takes care of many affairs. 
In total, in 1995, there are about 20,000 people living in Uyole. In 1985 there were about 500 
people and in 1972 only 100 people living in Uyole. 
This means an annual growth in Uyole of 45 % (versus 3.0 % in the region). There is a high 
unemployment rate. (Personal interview pastor, 1995.) · 
The household size is 6.3 for 1988. 
The density of population is in Uyole about 1000 people/km2 in 1995. In urban Mbeya, in 1988, 
about 78 % of the rnales and 65 % of the temales is literate. 
About 23 % of the region lives in municipal Mbeya. 
(Population census, regional profile, Mbeya, 1988.) 
The minimum income is 385/ = Tsh. a day in 1995, a craftsman earns about 1200/ = Tsh. a day 
and a helper 650/ = Tsh. (Personal interviews, 1995.) 

3.4 Kyela 

3.4. 1 Natural environment 

Situation 

Kyela is situated on a large flat lowland plateau, in the 'rift valley' of about 30 x 40 km2
• This 

plateau lies at an altitude of 500 metres above sea level. Around the plateau, there are some 
mountains up to 2000 metres above sea level. These mountains are the 'rift walls'. 
Kyela is situated 10 km to the east trom the highway trom Mbeya to Malawi, on a road to 'Lake 
Malawi'. 
The geographical position of the centre is: 9 ° 36' 1 0" south of the equator and 33 ° 51' 50" 
east of Greenwich. 
The slope of the surface is 0 % in all directions. 
Source: Ministry of Lands, Housing and Urban Development- Map of Kyela area, 1982. 
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Climate 

See also part C chapter 2. 7. 
Kyela is situated near lake Malawi and therefore it has a 'warm and humid' climate: a mean 
temperature of 23 degrees with a low diurnal and annual range. lts humidity is high. 
The wind in Kyela can be strong. The direction is mainly east. Cyclones are nat to be expected. 
According to Babu, 1967: the annual rainfall is about 2600 mm, the lower probability border of 
10 % is > 2000 mm. The rainy season is January/ April. According to Mwaigomole, 1986: the 
annual rainfall for Kyela hospita! is 2392 mm (n = 13 years). 
(Sources: Babu, 1967: 6; Mwaigomole, 1986: 7 .) 

Rivers and /akes 

At about 5 km to the south of the centre the big Kiwira rivers flows. The river is 36 m wide and 
10 m deep, with a debit of 600 m3 /s. 
Kyela is also situated near Lake Nyasa with ltungi International port (1 0 km). 

Soil 

The soil in the city is a dark brown clay. No data have been found about different layers. 
According to Babu, 1965: 2-3: 'the soil of Kyela consists of sand, gravel and silt plus mud'. 
According to Kimambo, 1988: 146: 'In Kyela there are rich deposits of highly plastic clays'. 
In the neighbourhood of Kyela sand for building construction is available. This sand contains 
volcanic gravel which floods on water. This gravel can be braken between the fingers. 
In the following table the results of sieve tests of the upper layer and the construction sand are 
presented: 
(In appendix E-5 a description is presented of the tests.) 

Table: E-3-111 
Soils of Kyela (and neighbourhood) in mass percentages 

I Granulation 11 first layer I 'construction sand' 

Clay ( < 0.002 mml 46.1 

Silt (0.002- 0.06 mm} 34.8 

Fine sand (0.06- 0.5 mm} 13.4 

Sand (0.5- 1.8 mm} 4.4 

Gravel (1.8- 16 mm} 1.211 

Gravel (16- 32 mml 0 

Gravel (32 - 64 mm} 0 

Gravel ( > 64 mml 0 

I General name 11 silty clay I 
Note 1: all smaller than 8 mm. 
Note 2: 
Note 3: 

of which 1. 7 % volcanic gravel with a grain density of about 850 kg/m3
• 

all volcanic gravel (see note 2}. 

Source: personal measurements, 1995. 
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Kyela is situated in earthquake zone 3 of 'BRU- Loads for Structural Design'. This means that 
earthquakes are strong (6-7 on the Richter scale) and frequent. 

The groundwater table is between 0.3 metres below the surface in the rainy season and 3.2 
metres in the dry season (personal interviews and observations, 1995). 
There arealso lotsof floods over the years and they will increase (Mwaigomole, 1986: 33). 

lnsects and termites 

In Kyela fungi, beetles, termites occur and are active, so the house has to be protected against 
termites. 

3.4.2 Physical environment 

Roads 

Kyela is situated near the highway from Mbeya to Malawi, on a road to ltungi International port 
at Lake Malawi. Via this road Kyela has a good conneetion with Mbeya (1 00 km) and Malawi. 
There is also an old road which reads Malawi in 30 km. 

Ral1ways 

There are no railways in the neighbourhood (Mbeya is nearest). 

Bridges 

There is only one bridge 3 km to the south-east of Kyela over the Kiwira river. This bridge is part 
of the old way to Malawi (see 'roads of Kyela'). 

Electricity supply 

Along the road there are electricity cables of TanESCo. Especially the houses on the road are 
connected to this cable. In Kyela urban, in 1988, only 0.5 % of the households has electricity. 
(Tanesco, 1988; personal observations, 1995.) 

Water supp/y 

There have been some water supply projects in Kyela for households. In urban Kyela, in 1988, 
34 % has tap water, 57 % well water and 9 % other. (Population census, regional profile, 
Mbeya, 1988.) 

3.4.3 Society 

Kyela is divided into many areas. Each area has its own chairman. This chairman is chosen 
every four years, by the community. This man takes care of many affairs. 
In total, in 1995, there areabout 22,000 people living in Kyela. In 1988 there were about 
1 3, 700 people and in 1 969 7, 700 people we re living in K yela. 
This means an annual growth in Kye/a of 7 % (versus 1.6 % in the region). There is a high 
unemployment rate. (Personal interview with pastor, 1995.) 
The household size is 6.5 for 1988. 
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No data have been found about the density of population in Kyela. In urban Kyela, in 1988, 
about 74 % of the rnales and 62 % of the temales is literate. 
A bout 10 % of the region lives in Kyela town. 
(Population census, regional profile, Mbeya, 1988.) 
The minimum income is 385/ = Tsh a day in 1995, a craftsman earns about 1100/ = Tsh. a day 
and a helper 650/ = Tsh. (Personal interviews, 1995.) 

3.5 Gongo la Mboto (Dar es Salaam) 

3.5.1 Natural environment 

Situation 

Gongo la Mboto is situated on the coastal plateau. This plateau lies at an altitude of 100 metres 
above sea level. Gongo la Mboto is situated 20 km to the south-west of Dar es Salaam, 
connected by an asphalted road with transport connections. 
The geographical position of the centre is: 6° 53' 5" south of theequator and 39° 8' 35" east 
of Greenwich. 
The slope of the surface is 0% in all directions. 
Source: Ministry of Lands, Housing and Urban Development- Map of Gongo la Mboto area, 
1982. 

Cl i mate 

See a lso part C chapter 2. 7. 
Gongo la Mboto is situated on the coastal plateau and therefore it has a 'warm and humid' 
climate: a mean temperature of 26 degrees with a low diurnal and annual range. lts humidity is 
high. 
The wind in Gongo la Mboto can be strong. The direction is mainly east. Cyclones do occur. 
According to Babu, 1967: the annual rainfall is about 1000 mm, the lower probability border of 
10 % is 700 mm. The rainy season is November/Marchand April/August. According to Mtutwa, 
1986: Gongo la Mboto has an annual rainfall of 1 500 mm. 
(Sources: Babu, 1967: 6; Mtutwa, 1986: 99). 

Rivers and lakes 

There are no rivers or lakes close to Gongo la Mboto, only the lndian Ocean is in the 
neighbourhood (30 km). (No drinkable water.) 

Soil 

The soil in the village is red with white clean sand on top (about 0.1 m). According to Babu, 
1965: 2-3: 'the soil of Gongo la Mboto consists of sand, gravel and silt and limestone with iron 
on a layer of sandstone or limestone'. According to Kimambo, 1988: 109: 'In Gongo la Mboto 
the soil consists of sandy silts or gravels and clay bound sands'. According to Koeppel: 12 and 
Kimambo, 1988: 1 03: 'In the neighbourhood of Gongo la Mboto sand tor building construction 
and for bricks is available'. 
The clean sand layer on the red soil is not originally form Gongo la Mboto, but is 'river-sand' tor 
construction, trom about 4 km distance away at the river. At 35 km from Gongo la Mboto 
'Mbande depot' sells sand (personal observations and interviews, 1995). 
In the following table the results of sieve tests of the red soil, the 'river-sand' and 'Mbande 
sand' are presented: (In appendix E-5 a description of the tests is presented.) 
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Table: E-3-IV 
Soils of Gongo la Mboto (and neighbourhood) in mass percentages 

I Granulation 11 red soil I 'river sand' I 'Mbande sand' 

Clay ( < 0.002 mm) 14.1 1.9 0 

Silt (0.002- 0.06 mm) 76.1 7.9 0 

Fine sand (0.06- 0.5 mm) 4.8 47.4 54.5 11 

Sand (0.5- 1.8 mm) 5.0 37.3 45.521 

Gravel (1.8- 4 mm) 0 5.4 0 

Gravel ( > 4 mm) 0 0 0 

General name 

I 
clayey 

I 
clean sand 

I 
clean sand 

silt 

Note 1: smallest grain: 0.1 mm; (0.1 - 0.2 mm): 7%; (0.2- 0.4 mm): 28 %; (0.4- 0.5 mm): 19.5 %. 
Note 2: biggest grain: 1.0 mm; (0.5- 0.6 mm): 19.5 %; (0.6- 0.8 mm): 16 %; (0.8- 1.0 mm): 10 %. 

Source: personal measurements, 1995 for red soil and 'river sand'; Kimambo, 1988: 63 for 
'Mbande sand'. 

Gongo la Mboto is situated in earthquake zone 0 of 'BRU - Loads for Structural Design'. This 
means that earthquakes are rare (0-4 on the Richter scale). 

The groundwater table is between 3 metres below the surface in the rainy season and 4 metres 
in the dry season (personal interviews and observations, 1995; Mtutwa, 1987: 22). 

lnsects and termites 

In Gongo la Mboto fungi, beetles and termites occur and are active, so the house has to be 
protected against termites. 

3.5.2 Physical environment 

Roads 

Gongo la Mboto is situated on the 'Pugu raad' which leads to Kisarawe. Via this raad Gongo la 
Mboto has a good conneetion with Dar es Salaam (20 km). 

Railways 

There are two stations on two different railways in the neighbourhood: Pugu station on TRC 
railway (3 km) and Mwakanga station on TaZaRa railway (6 km). Bath are not used for express 
trains. 

Bridges 

There are only a few rivers in the neighbourhood. 
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Electricity supp!y 

There are electricity cables of TanESCo. In Gongo la Mboto, in 1 986, about 43 % of the 
households has electricity. (Mtutwa, 1986: 43; personal observations, 1995). 

Water supp!y 

There have been some water supply projects in Gongo la Mboto for households. In Gongo la 
Mboto, in 1986, 24 % has tap water, 76 % well water and 0 % other. (Mtutwa, 1986: 41). 

3.5.3 Society 

Gongo la Mboto is divided into many areas. Each area has its own chairman. This chairman is 
chosen every four years, by the community. This man takes care of many affairs. 
In 1986 there were about 5,000 people living in the whole of Gongo la Mboto (Mtutwa, 1986: 
23). In the eastern part of the village (market is border) there were 150 people living in 1982 
and 1,500 in 1995. 
This means an annual growth in Gongo la Mboto of 19 % (versus 9.2 %in the region). There is 
a high unemployment rate. (Personal interview, 1995.) The household size is 6 for 1986. 
In the eastern part of Gongo la Mboto there are about 1,1 00 people living per square kilometre 
(personal survey, 1995 and Mtutwa, 1986: 24). No data have been found about the rate of 
literacy. 
in 1990, about 68 % of the Dar es Salaam plus Pwani region lives in Dar es Salaam. 
(Population census, regional profile, Mbeya, 1988.) 
The minimum income is 385/ = Tsh. a day in 1995, a craftsman earns about 2000/ = Tsh. a day 
and a helper 1000/ = Tsh. (Personal interviews, 1995.) 

3.6 Overview 

In this section an overview is presented of the most relevant environmental factors for a bamboa 
housing project. 

Table: E-3-V 
Overview several environmental factors in the sample areas 

I Ndiuka I Uyole I Kyela I G'Mboto I 
Altitude (m above sea level) 1,540 1,800 500 100 

Climate (type) temperature temperature hot and humid hot and humid 

First layer of the soil (type) silty sand sandy clay silty clay clayey silt 

Earthquake zone yes yes yes no 

Termite zone no no yes yes 

Annual growth population 30% 45% 7% 19% 

Average wage craftsman per day 8001= 1,200/ = 1 '1 00/ = 2,000!= 

Source: personal survey, 1995. 
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4 Bamboo in sample areas 

4.1 Introduetion 

In this chapter some aspects of the bambeo in the sample areas is described. (The bamboa 
stock of Tanzania and properties of the different speciescan be found in part D chapter 2.) 
This chapter firstly describes the different species, the places where it occurs and the distance, 
from the forest to the site, and after that the price of the sterns which are cut and transported 
toa site. 
Each sample area is described in a different section. 
In the final section 4.6, an overview is presented of the casts of bamboo for the different 
species for the different areas. 

4.2 Ndiuka (lringa) 

Kind and place 

Around Ndiuka mainly two species occur: 
- A. Alpina: There are two forests close to Ndiuka: Uzungwa forest reserve, 20,400 (hal and 

Ulongabi forest reserve, 3,689 (ha). Bath forests were discovered in 1994 and are 40 km 
away from Ndiuka. 
0. Braunii: This species is used in many plantations very close to Ndiuka, about 10 km away 
trom Ndiuka. These plantations produce bambeo juice, but somatimes a stem can be cut as 
building materiaL 

Price bamboo sterns on the site 

The price for bath species is different: 
- A. Alpina: Sterns with a diameter of 50-80 mm with a useable length of 8 metres are 7 Tsh 

each. (Sterns of government forests are considerably cheaper than those of private 
plantations). These sterns have to be cut and loaded on a truck. A seven-ton truck can carry 
400 sterns and the cost of hire is 55,000 Tsh. 
The Iabour costs for cutting and toading 400 sterns on a truck are 4,000 Tsh. 
This means that 400 sterns on a site cost: 61,800 Tsh. 
So one stem of 8 metres on the site casts: 155 Tsh. 

0. Braunii: There are na sterns produced in plantations. So the costs for this species have to 
be estimated. Th is bamboo species produced in a plantation can reach 50-1 00 mm in 
diameter. The useable length of this species is about 8 metres. 
In the rural areas, at 10 km of Ndiuka, one family has about 2 hectare of land. With their 
bamboo juice production they earn about 540,000 Tsh a year. Those two hectares could 
produce about 5, 700 sterns each year. So one stem should cost at least 95 Tsh. The family 
can cut and load the truck without further costs. 
The transport of 400 sterns costs 14,000 Tsh. 
So one stem of 8 metres on the site casts: 130 Tsh. 

(Sources: personal interview with dr. Lipangile, 1995; Heuvel, 1981: 74; Kigomo, 1985: 22-29 
and personal observations and other interviews) 
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4.3 Uyole (Mbeya) 

Kind and p/ace 

Around Uyole only the A. Alpina occurs. There are two big areas in the neighbourhood of Uyole: 
Kawetire torest reserve: about 5 km walking or 20 km driving trom the torest to Uyole, and 
Mporoto torest reserve: about 10 km walking or 20 km driving from the torest to Uyole. 

The sterns are 50-80 mm in diameter and have a useable length of 8 metres. 
These two forests occupy an area of more than 10,000 ha. 

Price bamboa sterns on the site 

Sterns can be bought for 5 Tsh. These sterns have to be cut and transported by the buyer. The 
price for transport and cutting is almast the same as that in Ndiuka. According to that case the 
cutting casts will be 4,000 Tsh and the transport casts will be 27,500 Tsh for 400 sterns. 
So one stem of 8 metres on the site casts: 84 Tsh. 
On the market of Uyole sterns were also available. One stem of 3 metres cost: 50 Tsh. These 
sterns we re full of insacts and the branches has been cut roughly. 

(Sources: personal interviews dr. Lipangile and Mhindi (Ministry of Water) and personal 
observations) 

4.4 Kyela 

Kind and p/ace 

In Kyela only the 8. Vulgaris occurs. The bamboos grow all over the area in people's backyard. 
These clumps or sterns out of these clumps can be bought. The sterns had a diameter of 50-120 
mm and a useable length of 4-6 metres. 
The average distance to a site in the town is about 1 km. 

Price bamboa sterns on the site 

The price of the sterns depends on the size: 
The short sterns with a diameter of 50 mm cost: 100 Tsh. 
The long sterns with a diameter of 120 mm cost: 200 Tsh. 
The sterns have to be cut and transported by the buyer. 
One man can cut about 200 sterns a day. The transport of the sterns is usually done by his wife 
or by helpers. Calculating with a di stance of 1 km, one can transport 10 sterns a day. So 200 
sterns cost 1,100 Tsh for cutting and 13,000 Tsh for transporting. (Based on Iabour prices of 
chapter 3.4.3 of this part.) 
So one stem on a site casts its buying price plus 70 Tsh. 
Note: bamboa grows aften in people's own backyard. In that case the bamboa sterns are tor 
tree. 

(Sources: personal interviews with dr. Lipangile and personal observations and other interviews) 
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4.5 Gongo la Mboto (Dar es Salaam) 

Kind and place 

The B. Vulgaris occurs mainly in the neighbourhood of Gongo la Mboto. The sterns have a 
diameter of about 50-80 mm and a useable lengthof about 6 metres. There are two forests or 
plantations in the area of Gongo la Mboto: 

Kisarawe (forest reserve): about 40 km driving, and 
Kipungani: about 8 km driving. 

In Kipungani there is only a small amount of bamboo. 

Price bamboo stems on the site 

The price of the sterns depends on the place were it is bought. 
Bambeo in Kiserawe costs 10 Tsh per stem plus a government tax of 70 Tsh. A seven-ton 
truck costs 67,000 Tsh and can transport 400 sterns. Cutting the sterns and loading the 
truck costs about 6,000 Tsh. In total: 400 sterns cost 105,000 Tsh. 
So one stem of 6 metres on the site costs 260 Tsh. 
Bamboo in Kipungani costs 200 Tsh a stem. (Private owner) 
Cutting, loading and transporting 400 sterns costs 19,400 Tsh. (6,000 plus 67,000 Tsh * 
8/40 km) 
One stem of 6 metres on the site costs 250 Tsh. 

(Sources: personal interviews with dr. Lipangile and personal observations and other interviews) 

4.6 Overview costs of bamboo sterns 

In this sectien an overview is presented. In this overview the different kind of species with their 
costs at origin and their costs on the site are presented. The costs of the sterns are per metre 
and the sterns are not preservated. The diameter of the sterns is 80 mm. 

Table: E-4-1 
Overview costs of bambeo sterns t:p 80 mm per m for the different species in the sample areas 

Area Species Casts at Casts of Casts on 
origin transport the site 

Ndiuka A. Alpina 11 1 I= 18/= 19/= 

0. Braunii 12/= 4/= 16/= 

Uyole A. Alpina 11 1 /= 9/= 1 0/= 

Kyela B. Vulgaris 28/= 14/=21 42/= 

G'Mboto B. Vulgaris 33/= 9/= 42/= 

Note 1: at Forest Reserves (Governmentl 
Note 2: by carrying (the site is close to the bamboa clumps, nevertheless it is an expensive alternative) 

Source: personal survey, 1995. 

The average costs of bamboo in Tanzania are: 19/ = Tsh (or 0.03 USD) in Ndiuka and Uyole and 
42/ = Tsh (or 0.08 USD) in Kyela and Gongo la Mboto. In Tanzania bamboo is a lot cheaper 
than bambeo in Costa Rica or Bangladesh (in USD per metre of bamboo) (personal interview 
with Dr. Janssen, 1995). 
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5 Housing production in sample areas 

5.1 Introduetion 

In this chapter the housing production in the sample areas is described. The structure of this 
chapter is congruent with the structure of chapter 3 of part D. Each factor is described in a 
single section. First the process factors are described (5.2 up to 5.4) and after those the product 
factors (5.5 up to 5.7): 
- section 5.2: technologies; 
- sectien 5.3: materials; 
- sectien 5.4: plot; 
- section 5.5: types of houses; 
- sectien 5.6: quality of the houses, and 
- section 5. 7: casts of houses and casts of safe alternatives. 
(See also chapter 4, 6.2 and 6.3 of part 8 tor definitions.) 

5.2 Housing production technologies 

5.2.1 Introduetion 

In this section first the general process technology aspects are described. Lots of specific 
technologies depend on the component type. These specific technologies are described at the 
end of this chapter in section 5.2.6. The technologies used tor the general processcan be 
divided into four parts. These parts are d~scribed in the following sections: 

sectien 5.2.2, techno-ware; 
sectien 5.2.3, human-ware; 

- sectien 5.2.4, info-ware; 
- sectien 5.2.5, orga-ware; 
(See also chapter 4, 6.2 and 6.3 of part 8 for definitions.) 
The characteristics of each technology part are needed for the calculation of the component 
casts in chapter 5. 7. 2 of this part. 
Component specific technologies are described in sectien 5.2.6. 

5.2.2 Techno-ware 

Tools 

In the sample areas lotsof different tools are used. The kind of tools used depends on the type 
of component one makes. In chapter 5. 5 of this part this tools are described further. 
About 85 per cent of the tools used on the sites were proparty of the craftsmen. The owner 
sametimes invested in expensive tools like, wheelbarrow, stepladder or blockmachine. None of 
the tools used on the sites were mechanica!. Lots of the tools used on the sites were made by 
craftsmen. The casts tor the tools, like depreciation, are calculated within the Iabour casts, 
unless stated otherwise. Most of the craftsmen take their tools with them and work mostly on a 
contract basis. The share of the tooi casts is less than 2 per cent of Iabour casts. 
(8ased on Personal survey, 1995: n = 12). 

Capita/ 

In the sample areas the owners bought the materials and taak care of the transport to the sites. 
The craftsmen mostly work on a contract basis, so the craftsmen do nat need werking capita!. 
In this way the owner keeps the profit. Only in one case did the owner have an official loan. 
(8ased on personal survey, 1995: n = 27.) 
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5.2.3 Human-ware 

In the sample areas there were lots of actars involved in the process. The owner of the house, 
his family, friends, relatives, craftsmen and helpers. Family, relatives and friends gat no money, 
but only food and drink. The craftsmen and the helpers were paid and sametimes got food and 
drink. 
The average casts of food and drink are 64 Tsh per man per day. The tooi casts are less than 2 
per cent and are included in the Iabour casts (see also 5.2.2 of this part). In chapter 3 of this 
part the average wages are presented for every sample area. Tothese wages the casts of food 
and drinks should be added. According to sectien 5.2.5 of this chapter the average process uses 
2.2 craftsmen and 1.8 helpers. The average man/day can be calculated with those figures. (This 
is needed because there is only data available about the average productivity .) In the following 
table an overview is made of the total casts per area for craftsmen and helpers and the average 
casts per man/day. 

Table: E-5-1 
Overview Iabour casts (inclusive of food, drink and tooi casts) per man per day for different 
actars and for each area in Tsh. 

I 11 
Craftsman I Helper I Average 11 I 

Ndiuka 864/= 464/= 684/= 

Uyole 1264/= 714/= 1017/= 

Kyela 1164/= 714/= 962/= 

G'Mboto 2064/= 1 064/= 1614/= 

Note 1: The average is based on the ratio 2.2 craftsmen versus 1 .8 helpers. 

Source: personal survey, 1995: n = 5 for each area. 

These characteristics are needed for the calculation of the component casts in chapter 5. 7. 2 of 
this part. 
None of the craftsmen were friends of the owner's. The craftsmen are all hired and they take 
care, pay and organise the helpers. 
In sectien 5.2.5 the tasks and amount of the actars are described. The amount of Iabour 
(men/hour) depends on the type of component one makes. In chapter 5.5 of this part this is 
described further. 
(Based on personal survey, 1995: n = 20.) 

5.2.4 Info-ware 

Only in one case was an official drawing made. In the other cases the owner only drew a 
sketch, did it in his head or left it to the craftsmen. 
The craftsmen got their knowledge from experience and some from school. 
(Based on personal survey, 1995: n = 20.) 

5.2.5 Orga-ware 

In 18 cases (90%) the owner of the housetook care of the organisation and relatives in two 
cases (10%). None of the houses were built by a contractor. 
The family of the owner helped in almast all cases. They helped with transporting materials, 
building and preparing food. 
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The friends and relatives help if the owner is not able to pay craftsmen. Only in three cases 
(15%) did these actors help. 
In 18 cases craftsmen and helpers were hired to build the house. The average process used 2.2 
craftsmen and 1 .8 helpers. 
The average timespan of the building process is 2.1 year. The activities in this period take place 
at intervals. About 60 per cent of the processas start after the rainy season. 
(Based on personal survey, 1995: n = 20.) 

5.2.6 Specific component type technologies 

Introduetion 

In this sectien the most important technologies of the sample areas are described. This section 
fellows the structure of the SfB-code system presented in chapter 3.5 of part D. 
For each component the different types, activities, productivity and the tools used are 
descri bed. 
Some materials are pre-fabricated, like bricks and cement/aggregate blocks. These processas are 
described in chapter 5.3 of this part. These characteristics are needed for the calculation of the 
component casts in chapter 5. 7. 2 of this part. 

Soil provisions ( 11) 

Different types: the same for all areas. 
Activities: setting out, removing topsoil and excavating. 
Productivity: for excavating and backfilling, 3.8 man/hours per m3 (n = 5) is calculated. 
Tools used: shovel. 

Ground floor ( 13) and floor-finishing (43) 

Different types: no specific area differences; for the structure of concrete, stones, bricks, or 
none and a possible finishing of plaster. 
Activities: making the structure and plastering. 
Productivity: concreting (plus mixing): 0.1 m3 per man hour, stone or brick laying: 0.5 m2 per 
manhourand plastering 1.3 m2 per man/hour (n =4). 
Tools used: shovel, pan, bucket, trawel and plaster board. 

Foundation ( 1 6) 

Different types: footings almast never occurred. Saveral types of foundation walls are used, like: 
poles, cement/aggregate blocks, mud blocks and bricks. The technologies used for this 
component are the same as those in the wall structure. For that reason these technologies are 
described at the sectien wall structures (21 and 22). Th ere is one exception: 

Stanes in mortar 

Activities: making mortar (with or without cement) (see 5.3.5 of this part). Putting stanes into 
the excavated foundation gap and the mortar in between. Flatting top layer. 
Productivity: 0.12 m3 per man/hour (n = 1). 
Tools used: shovel and plaster board. 
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Wal/ structures external (21) and internal (22) 

Different types: there are many types, the most important ones will be described: 

1) Soil block wall 

Activities: the soil blocks are made (see section 5.3.8 of this part). The mortar is made of soil 
and water. This soil is the same as the soil in the blocks. The blocks are piled up with the mortar 
in the sa me way as masonry. The average joint thickness is 1 5 mm (n = 8). Wh en the wall is 
finished the blocks are protected against the rain with grass, until the roof is finished. 
Productivity: the average productivity is 0.65 m2 per man/hour (n = 3). 
Tools used: scaffold, pan, trowel, shovel, rope and bucket. 

2) Soil wall 

Activities: a soil wall is made directly from soil mixed with water. This mixture is put in a lump 
on the surface. This lump is cut in a rectangular shape and is the first layer of the wall. This 
layer is a bout 230 mm wide (n = 4) and 340 mm high (n = 30). To make the second layer, a lump 
is put on the first layer and cut into the right shape. 
The main difference with the block wall is that the soil of the soil wall is nat compressed and 
therefore of a lower quality. 
Productivity: a wall with a wideness of 230: 0.26 m2 per man/hour (n = 3). 
Tools used: shovel, pan, trowel, rope, bucket and scaffold. 

3) Cement/aggregate block wall 

Activities: The blocks are made or bought (see section 5.3.4 of this part). The mortar is made 
(see section 5.3.5 of this part). The blocks are piled up with the mortar in between. The 
thickness of the joint is about 20 mm (n = 30). The corners are usually made first. In between 
those corners the other blocks are piled up with the help of a rope. 
Productivity: 0.46 m2 per man/hour (n = 5). 
Tools used: pan, trowel, rope and scaffold. 

4) Burnt bricks wall 

There are two types of burnt bricks: 
Big burnt bricks of Uyole and Kyela (see also 5.3.9 of this part). The technologies used are the 
same as those of cement/aggregate block walls (see 5.2.6: 3) of this part). 
Small burnt bricks of Ndiuka (see also 5.3.9 of this part). 
The technologies used for this type are almast the same as those for a cement/aggregate block 
wall (see 5.2.6 of this part) with a few differences. Most walls are 215 mm wide and consist of 
two rows of bricks connected with bricks at right angles with those rows. One square metre of 
this type consists of 100 bricks and 0.064 m3 mortar (n = 6). 
Productivity: 0.25 m2 per man/hour (n = 3). 
Tools used: pan, trowel, rope and scaffold. 

5) Mud and poles wall 

These walls consist of two materials: 
poles: a frame is made of this material, and 
'mud': the soil on the plot (see also chapter 3 of this part). 

Activities: First the poles on the corners of the house and the poles which support the ridge 
beam are placed. Between the tops of the poles a rope is stretched. After that the wall culms 
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are placed into the ground by means of the rope. The culms have a distance to each other of 
180 mm (n = 35). The wall sticks are placed horizontally to the culms on the inside and the 
outside. The distance between two wall sticks is 170 mm (n = 40). The wall sticks are 
connected to the culms by means of sisal rope, banana leaves or palm leaves. 
In between the wall sticks and culms a mixture of soil and water is put. 
Productivity: 0. 3 m2 per man/hour (n = 3). 
Tools used: saw or matched, rope, knife and bucket. 

Wa/1-finishing external (41 J and internat (42) 

Different types: almost all the same tor the areas. 
Activities: making plaster (see 5.3.5 of this part). Plastering the walls. 
Productivity: 1 .3 m2 per man/hour (n = 5). 
Tools used: plaster board, pan and scaffold. 

Roots structure (2 7) 

Different types: mainly two types which occur in all areas: 

1 ) T russ-based roof 

Activities: making trusses, placing trusses and fixing purlins. 
Productivity: 0.8 m2 per man/hour (n = 2). 
Tools used: many carpenters tools. 

2) single-beam roof 

Activities: fixing beams and purlins. 
Productivity: 1 . 5 m2 per man/hour (n = 4). 
Tools used: saw, tape maasure and hammer. 

Roof-tinishing (47) 

Different types: mainly two types which occur in all areas: 

1 ) Corrugated iron sheets 

Activities: placing sheets, nailing sheets ( 11 nails per sheet n = 1 0)) and capping (if necessary). 
Productivity: 3. 6 m2 per man/hour (n = 2). 
Tools used: hammer. 

2) 'Grass roof' 

Activities: placing and fixing grass on structure, mostly with a rope. 
Productivity: 0.85 m2 per man/hour. 
Tools used: knife. 

Other components 

The other components are not described in further detail. Only a fixed price is calculated in 
chapter 5. 7 of this part. 
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5.3 Building materials on the site 

5.3.1 Introduetion 

In this chapter the most important building materials which are used in the sample areas are 
described. 
In part 0 chapter 3.3 the building materials are described on a sectorallevel and in part C 
chapter 5.4 the building materials are described on a macro level. 
Some building materials are prefabricated, these processes are also described in this chapter. 
Bamboe is described in chapter 4 of this part. 
For each building material the costs per unit on the site are calculated for the four sample areas. 
The transport costs are an important factor in this price. The transport costs are based on a 
price of 55,000 Tsh for 80 km with aseven-ton truck (personal interviews, 1995: n =4). 
All these characteristics are needed tor the calculation of the material costs in 5. 7 of this part. 

All mentioned prices are prices of 1995, unless stated otherwise. 

5.3.2 Cement 

Cement is a commonly used materiaL The material has to be bought in the shops and the buyer 
has to transport it. 
Ndiuka: Price at shops: 4,000 Tsh per 50 kg and 500 Tsh fortransport of tour bags. 

Price per kg on site: 82.5 Tsh. 
Uyole: Price at shops: 3,500 Tsh, no transport casts. 

Price per kg on the site: 70 Tsh. 
Kyela: Price at shops: 4,000 Tsh, no transport casts. 

Price per kg on the site: 80 Tsh. 
G'Mboto: Price at shops: 3,650 Tsh, no transport casts. 

Price per kg on the site: 73 Tsh. 

5.3.3 Sand, soil and other aggregates 

There is a full description of these materials in chapter 3 of this part. In this section the casts of 
the materia Is are discussed. 
Ndiuka: The sand and soil which is used is tor tree. 
Uyole: The white and black sand have to bought at 10 km distance for 2,400 Tsh per m3

• 

Price per m3 on the site: 5,150 Tsh. 
Kyela: The construction sand can be bought at 5 km distance tor 80 Tsh per m3

• 

Price per m3 on the site: 1 ,500 Tsh. 
G'Mboto: The sand is delivered on site tor 2,000 Tsh per m3

. 

The price of stanes is almast the same as that of sand, there is one exception, the stanes of 
Ndiuka have to be transported trom a distance of 5 km. 
On the site these stanes will cast: 1,375 Tsh per m3

• 

5.3.4 Cement/aggregate blocks 

These blocks are usually made on the site. Only in Dar es Salaam can these blocks be bought. 
The average ratio between cement and aggregate is 1:12 (ar 7. 7 %) (n = 12). 
The blocks can be made with a mould or with a machine. Such a machine casts about 50,000 
Tsh and a mould 2,000 Tsh (these casts should be added). With a mould one man can make 80 
blocks a day and with a machine one man makes 1 20 blocks a day (n = 8). Machines can be 
hired for 10 Tsh per block. 
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At a production size of 1 ,000 blocks, one block of 457x229x152 mm costs tor: 
Ndiuka: with a mould: 158 Tsh (of which 150 Tsh material costs), and 

with a machine: 167 Tsh (of which 150 Tsh is material costs). 
Uyole: with a mould: 221 Tsh (of which 206 Tsh is material costs), and 

with a machine: 224 Tsh (of which 206 Tsh is material costs). 
Kyela: with a mould: 162 Tsh (of which 148 Tsh is material costs), and 

with a machine: 166 Tsh (of which 148 Tsh is material costs). 
G'Mboto: with a mould: 186 Tsh (of which 164 Tsh is material costs); 

with a machine: 187 Tsh (of which 164 Tsh is material costs), and 
prefabricated: 315 Tsh at the factory gate. Transport costs 25 Tsh per block. 

So this amounts to 340 Tsh perblockon the site. 

The number of blocks in a square metre walt and the productivity of erecting walls is described 
in section 5. 7 of this part. 

When making cement/ soit blocks, the soit should have the following properties: 
inorganic, 
sandy clay or clayey sands, and 
10 % < share silt plus clay < 45 %. 

(Moriarty, 1973: 11) 

5.3.5 Mortar and plaster 

In none of the cases is time used as a binder in the plaster or mortar. Only for the finishing layer, 
which occurred in only two cases, is lime used. 
In many cases there was a mud mortar or plaster used. The costs of this material are nil. 
Almost all the plasterand mortar in which cement is used had the same contents. The average 
ratio between cement and sand was 1 :5 (n = 1 0). Th ere are no specific data a bout the 
productivity of the making of the mortar. This process is included in erecting the walls, 
described in section 5. 7 of this part. 
The sand which is used in the plaster is mostly sieved, by a 1 .8 mm mesh. 

The costs of mortar or plaster ( 1 : 5) on the site per m3 are for: 
Ndiuka: 25,000 Tsh. 
Uyole: 25,300 Tsh. 
Kyela: 25,300 Tsh. 
G'Mboto: 23,600 Tsh. 

When making cement/ soit mortar, the soil should have the following properties: 
inorganic, 
sandy clay or clayey sands, and 
10 % < share silt plus clay < 45 %. 

(Moriarty, 1973: 11) 

5.3.6 Timber and poles 

Unendangered softwood is mostly used as timber. Poles of hardwood (mangrove) are only used 
in Dar es Salaam. 
Timber can be bought in trade sizes of 3.65 metre long and 25x25, 25x50, 50x50, 50x75 and 
25x1 00 mm wide. The buyer has totransport the materiaL The costs of the timber depend 
directly on the size. 
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So in the following overview the price per m3 is presented, for: 
Ndiuka: 36,500 Tsh at shop, so 38,000 on the site. 
Uyole: 36,500 Tsh at shop, so 37,500 on the site. 
Kyela: 54,800 Tsh at shop, so 56,000 on the site. 
G'Mboto: 41,100 Tsh at shop, so 43,000 on the site. 

The price of poles in Dar es Salaam depends on the size: 
- a wall culm: length: 3 m, <IJ 70 mm: 400 Tsh. 
- a wall stick: length: 4 m, <IJ 20 mm: 100 Tsh. 
- a roof beam: length: 4 m, <IJ 50 mm: 380 Tsh. 

Bamboo poles are described in chapter 4 of part E. 

5.3.7 Corrugated iron sheets 

These sheets are used very much in the sample areas. There are several types of sheets 
available. In the areas 90 % of the sheets were gauge 30 and 3 m long. All sheets are 880 mm 
wide (n=6). 
The costs of one of these sheets on the site are, for: 
Ndiuka: 5,700 Tsh. 
Uyole: 5,1 00 Tsh. 
Kyela: 4,900 Tsh. 
G'Mboto: 4,650 Tsh. 

The costs for capping are about 1,500 Tsh on the site, fora gauge 30 capping with a length of 
2 metre (n=5). 

5.3.8 Soil blocks 

Soil blocks are not sold, but are all made on the site. In Gongo la Mbotothese blocks do not 
occur. 
The quality of the blocks depends on the type of soil. The soil which is used to make the blocks 
is taken from the plot. 

To get a good quality soil block the granulation of the soil should be: 
- clay ( < 0.002 mm): 
- silt (0.002-0.05 mm): 
- sand (0.05-1.8 mm): 
- gravel ( > 1.8 mm): 
(Source: Stulz, 1 981 : 24) 

between 7 and 25 per cent; 
between 1 3 and 30 per cent; 
between 25 and 45 per cent, and 
maximum lump size 50 mm. 

The soil is mixed with water and put into a mould. A mould costs about 2,000 Tsh. After one 
week's drying the blocks are ready. 
Ndiuka: The average dimensions of the blocks are about 220x11 Ox11 0 mm (n = 20), but 

depend on the mould. About 26 blocks are made per man/hour (n = 3). 
The quality of the blocks is not good. There is too little clay in the soil (see 3.2.1 
of this part). 
One block on the site costs: 3 Tsh. 

Uyole: The average dimensions of these blocks are about 300x200x120 (n = 20), but 
depend on the mould. A bout 24 blocks are made per man/hour (n = 2). The quality 
of the blocks is good (see 3.2.1 of this part). 
One block on the site costs: 6 Tsh. 
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Kyela: The average dimensions of these blocks areabout 300x200x120 (n = 6), but 
depend on the mould. About 24 blocks are made per man/hour. The quality of the 
blocks is not good. There is too much clay in the soil (see 3.2.1 of this part). 
One block on the site casts: 5 Tsh. 

G'Mboto: Soil blocks are not used in this area. 

5.3.9 Burnt bricks 

The size of these bricks depends on the area. Up-country these bricks are mostly made in field 
kilns. First, blocks are made of clay, which are formed in a mould. These blocks are piled up into 
an oven. These ovens are covered with soil. Underneath the pile a fire of wood is made. After 
two days, the oven is taken down and the bricks are ready. 
To produce 1 m3 brick one needs 100 kg wood. 
Ndiuka: In Ndiuka small bricks were made. The dimensions are 215x102x69 mm (n =6) and 

they cast 4.50 Tsh. These bricks are made of almast pure clay and the dimensions 
vary much. The quality of the bricks also varies much. 
One brick on the site casts: 6 Tsh. 

Uyole: In Uyole the bricks are larger: 301 x201 x113 mm (n = 12). These bricks are made of 
the soil as described in 3.4.1 of this part. This soil is a mixture of clay and sand. 
The dimensions vary less then in Ndiuka. The quality of the blocks varies less than 
the quality of in Ndiuka. (There is one main difference: the shinkage of the bricks in 
Uyole is far less than the shinkage of the bricks in Ndiuka.) The selling price of the 
blocks is about 30 Tsh each. 
One brick on the site casts: 60 Tsh. 

Kyela: In Kyela bricks are also used. These bricks are almast the same as those in Uyole. 
No specific data have been found about the Kyela bricks. 

G'Mboto: In Gongo la Mboto bricks are not commonly used. 

5.3.1 0 Grass for roofing 

This material can be bought ortaken from the natural environment. (In the latter case a price of 
the minimum wage is calculated). 
Price: average of 500 Tsh per m2 (n = 2). 

5.3.11 Nails, paint and sisal rope 

The share of these materials in the total casts is low and the relevanee for this study is also low. 
For those raasons these materials are only described in generaL 
The variation of these materials over the areas is low. The average casts of these materials on 
the site are: 
Emulsion paint, 1 litre: 
Nails 3", each: 
Roofing nails 3", each: 
Sisal rope, per 5 kg: 

900 Tsh. 
5 Tsh. 

10 Tsh. 
600 Tsh. 
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5.4 Plot 

The plots of the houses were all the proparty of the owners of the houses. The plots were all 
bought from another private individual and the so-called 'leasehold' described in chapter 3.4 of 
part D never occurred (n = 20). 
The areas, price and the appropriateness for a foundation of the plots are different for the 
sample areas. In the following overview these characteristics of the plots are presented. The 
area is the average area in m2 of one plot of a house in a sample area (for each area n = 5). The 
price of the plot is a price per m2 in 1995 in Tsh (the sample size varies per area, this sample 
size is presented along with the prieel. The appropriateness for a foundation is based on the soil 
characteristics described in chapter 3 of this part. 

Table: E-5-11 
Plot characteristics of the different sample areas. 

I I average area price sample size appropriateness foundation 
(m2) per m2 price 

Ndiuka 115 275/= 4 good 

Uyole 183 320/= 2 very good 

Kyela 140 214/= 3 bad 

G'Mboto 300 580/= 4 good 

Source: personar survey, 1995 
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5. 5 Types of houses 

5.5.1 Introduetion 

In this chapter the types of houses are described. See also chapter 3.5 of part D. The shape of 
the houses and the dimensions of the houses are described further. These factors are described 
in another study of the overall project: 'Housing needs and demands'. 
In this chapter the types of houses are described according to the used materials. The houses 
are split up into components according to the SfB-code system (see also chapter 3.5.3 of part 
D). For each component the used materials are described in the following sections. 

5.5.2 Soil provisions ( 11) 

This component is described for all areas together. 
Maasurement and setting out is only done roughly. Removing the top soil (of 0.2 metrel is only 
done in 40 % of the cases. Excavating the soil for the foundation is done in all cases. (See also 
chapter 5.2.6 and 5.3 of this part.) 
(Source: personal survey, 1995: n = 20) 

5.5.3 Ground floor ( 13) and floor-finishing (43) 

In 90 per cent of the cases the level of the ground floor is higher than the plot level. 
The ground floor is in 90 per cent of the cases levelled. 
In 65 per cent of the cases the structure of the ground floor consisted of stones, bricks or 
gravel. In 35 per cent of the cases there was no structure, just only a tamped soil. 
In 75 per cent of the cases the floor was finished with cement plaster. In 25 per cent of the 
cases there was no plaster. (See also chapter 5.2.6 and 5.3 of this part.) These figures are 
almast the same as those for urban areas, presented in chapter 3.5.5 of part D. 
(Source: personal survey, 1995: n = 20) 

5.5.4 Foundation (16) 

In all cases there was no footing. 
In 95 per cent of the cases the depth of the foundation is deeper than 0.3 metre. 
In 40 per cent of the cases the wideness of the foundation is wider than 0.3 metre and smaller 
than 0.3 metre in 60 per cent. 
In 85 per cent of the cases the foundations are linear. 
In 92 per cent of the cases the foundation wall is made of weak materiaL 
Only in 30 per cent of the cases was a drainage available. 
(Source: personal survey, 1995: n =20.) 
The materials used in the foundation walls are presented in 5.5.5 wall structures. These figures 
are almost the same as those for urban areas, presented in chapter 3.5.5 of part D, except the 
footing and the 'poles' foundation, these occurred less in the sample areas. 

5.5.5 Wall structures external (21) and internal (22) 

In all cases the materials used in the external walls were also used in the internal walls. 
In 90 per cent of the cases the materials used in the foundation walls are also used in the wall 
structure. There is one exception: the cement content in the mortar of these components. In the 
foundation wall only in 10 % of the cases is cement used and in the wall structure cement is 
used ( = 20) in 75 % of the cases. (See also chapter 5.2.6 and 5.3 of this part.) In the following 
table the used materialsin the foundation wall and in the external wall structure are presented. 
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Table: E-5-111 
Overview materials used in external wall structure and foundation wall in the tour sample areas. 

I I 
stanes soil bleeks soil cement/ burnt mud and 

wall aggregate bricks poles 
bleeks 

Ndiuka: 18% 10% 70% 0% 2% 0% 
foundation wall 

Ndiuka: 0% 12% 72% 2% 14% 0% 
wall structure 

Uyole: 48% 44% 0% 2% 6% 0% 
foundation wall 

Uyole: 0% 46% 0% 22% 32% 0% 
wall structure 

Kyela: 0% 18% 0% 4% 74% 4% 
foundation wall 

Kyela: 0% 18% .0% 10% 68% 4% 
wall structure 

G'Mboto: 0% 0% 0% 62% 2% 36% 
foundation wall 

G'Mboto: 0% 0% 0% 62% 2% 36% 
wall structure 

Average: 17% 18% 17% 17% 21 % 10% 
foundation wall 

Average: 0% 19% 18% 24% 29% 10% 
wall structure 

Source: personal survey, 1995: for each area n = 50 in total n = 200. 

The average figures show that each material is used in almast the same amount. However, the 
local figures show that in each area one or two materials are used almast always and the other 
materials do not occur. 
These figures are al most the sa me as those for urban areas, presented in chapter 3. 5. 5 of part 
D, except tor burnt bricks and cement/ aggregate blocks. Nowadays these materials occur more 
in the sample areas. 
The materia Is: 'mud and poles', 'soil blocks' and 'soil walls' are traditional materials. In each 
area these materia Is still occur. Which of those traditional materials occur is related with the 
history and the materials used in the rural areas. The houses which are under construction are 
mostly made of 'new' materials, such as burnt bricks and cement/ aggregate blocks. 
Out of the use of these building materials it can be concluded that the areas are in a transition 
phase trom traditional to modern. 

5.5.6 Wall-finishing external (41 I and internal (421 

Out of the survey it may be concluded that the outer walls are plastered first and after that, 
when there is enough money, the internal walls are plastered. Only 20 per cent of the internal 
walls is plastered with a cement plasterand 80 per cent of the walls is not plastered. Plastering 
without cement did not occur (n = 20). 

118 



Part E: Housing production and bamboa in the bamboa areas: on a micro level 

The number of plastered external walls is presented of the four areas in the following table. The 
plaster used is a cement plaster, a mud plaster almast never occurred. 

Table: E-5-IV 
External wall-finishing in the four sample areas 

I 11 Cement plaster I None I 
Ndiuka 34% 66% 

Uyole 25% 75% 

Kyela 30% 70% 

G'Mboto 47% 53% 

I Average: 11 34% I 66% I 
Source: personal survey, 1995: for each area n = 50 in total n = 200. 

5.5.7 Roof structure (27) 

About 20 per cent of the roof structures is based on a truss structure. In 80 per cent of the 
cases the roof structure consisted of single beams. (See also chapter 5.2.6 and 5.3 of this part.) 

5.5.8 Roof-tinishing (47) 

The roof-tinishing consisted mainly of corrugated iron sheets or of grass. (See also chapter 5.2.6 
and 5.3 of this part.) In the following table an overview is presented of the roof-tinishing for the 
tour areas. 

Table: E-5-V 
Roof-tinishing in the tour sample areas 

I 11 Corrugated iron sheets I 'Grass' I 
Ndiuka 90% 10% 

Uyole 72% 28% 

Kyela 74% 26% 

G'Mboto 95% 5% 

I Average: 11 
83% I 17% I 

Source: personal survey, 1995: tor each area n = 50 in total n = 200. 

These figures are almast the same as those for urban areas. (The figures for urban areas are 
presented in chapter 3.5.5 of part D.) 

5.5.9 Other components 

The other components are not described further. Only a fixed price is calculated forthese 
components in chapter 5. 7 of this part. 
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5.6 Ouality of the houses 

5.6.1 Introduetion 

The quality of the houses in the sample areas is judged by two criteria: 
in section 5.6.2, criteria of the BRU, and 
in section 5.6.3, criteria of Ministry of Development planning. 

Insection 5.6.4 the conclusions are presented. 

5.6.2 Ouality of the houses judged by BRU-criteria 

The quality of the houses is judged by the criteria of the BRU Technica! Guideline number 1 
(BRU, 1982: 1 0-32). They have made a checklist with criteria for single-storey houses. This 
checklist is presented in the following table. In the same table the results of the survey in the 
areas are compared with these criteria and judged. 

Table: E-5-VI 
Ouality houses of the sample areas judged by criteria BRU 

Criteria according to BRU - Technica! Guideline 1 Good Bad 
quality quality 

Top soil removed (minimum is 0.2 metrel 37% 63% 

Depth foundation (minimum is 0.3 metrel 95% 5% 

Width footing (minimum is 0.3 metre) 11 40% 60% 

Height footing (minimum is 0.15 metre) 11 90% 10% 

Linear foundation under load-bearing walls 85% 15% 

Durable material foundation, like stones and bricks 55% 45% 

Moisture in wall construction21 8% 92% 

Drainage (rain proteetion surround around the walls) 30% 70% 

Height floors (minimum 0.15 metre above plot level) 90% 10% 

Levelling floor structure 90% 10% 

Durable material floor structure (e.g. gravel) 65% 35% 

Cement-based floor-finishing 75% 25% 

Width walls (external and internal load-bearing) 31 40% 60% 

Width walls (internal non-load-bearing) 31 60% 40% 

Cement mortar in walls 75% 25% 

Plastering ( < 5 mm and applied in two layers) 65% 35% 

Firm eave beam 95% 5% 

Eave beam (anchored on minimum 0.4 metre wall) 70% 30% 

Roof slopes (minimum depends on material)41 85% 15% 

Overhangs (more than 0.6 metre) 15% 85% 

(Notes: see next page) 
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Note 1: footings never occurred, tor this criterion the foundation wall is taken as footing. 
Note 2: moisture out of the soil should not reach the wall structure, the foundation wall should prevent 

this or should be raised. The average moisture height is 430 mm 

Note 3: 

Note 4: 

(personal measurements, 1995: n = 200). 
the internal load-bearing walls should have the same thickness as the external walls. The 
thickness of the non-load-bearing internal and external walls are presented in appendix E-6 
The minimum roof slopes depend on the roof-tinishing materiaL In appendix E-6 the minimum 
roof slopes are presented. 

Souree personal survey, 1995: n = 20 

Out of the table it may be concluded that: 
the depth and height of the foundation are good; 
about 50 % of the foundations are toa narrow; 
in more than 90 % of the cases moisture from the soil gat into the wall structure; 

- the height and levelling of the floors are good; 
about 50 % of the materials used in the floors are nat durable; 
about 50 % of the walls are nat strong enough, and 
the roofs are good, only the overhangs are toa narrow. 

This means that about 50 % of the houses are of a bad quality. 

5.6.3 Quality of the houses judged by criteria of Ministry of Development planning 

A full description of the criteria is presented in part D chapter 3.6. In this section the results of 
the survey are presented in the following table and judged by the criteria. 

Table: E-5-VII 
Ouality of houses of the sample areas, judged by criteria of Ministry of Development Planning. 

D Roof-tinishing Wall structure Average 

Permanent Temporary Permanent Temporary Permanent Temporary 
e.g. sheets e.g. grass e.g. bricks e.g. poles 

I Amount 11 83% I 17% 11 53% I 47% 
11 68% I 32% I 

Source: personal survey, 1995: n = 200 

The figures of this table are almast the same as the figures of the urban housing sector (see 
chapter 3.6 of part 0). Out of the table can be concluded that 30% of the houses in the sample 
areas are of a bad quality and 50 % of the wa/Is are of a bad quality. 

5.6.4 Conclusions 

In warm and humid and earthquake zones light-weight constructions should be used. 
The criteria of the Ministry of Development Planning are general criteria. According to this 
criteria 30 per cent of the houses are of a bad quality and 50 per cent of the walls are of a 
bad quality. 
The figures, basedon the BRU criteria, present almast the same results. 
The main ditterenee between bath is that walls made of permanent materials are nat always 
of a good quality. (Vice versa; temporary walls are nat always of a bad quality.) 
However, 50 % of the wa/Is, foundations and floors in the sample areas are not strong 
enough. 
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5. 7 Costs of houses and safe alternatives 

5.7.1 Introduetion 

In this chapter the costs of the houses are calculated. The houses are split up into components. 
The components can be made of different kinds of materials. Of each component, for all 
different kinds of materials, the costs are calculated and the results are presented in the 
following sections (5.7.3 up to 5.7.10). Before these sections about the components, the 
calculation model is described in section 5. 7.2. 
The sections 5. 7. 11 and 5. 7. 12 describe the total housing costs. (In section 5. 7.12 the 
researched target group, the obtained data and the calculation model are checked.) 

5.7.2 Calculation model 

The calculation model is based on the following structure: 
The materials on the site are transformed into a unit component by means of technology. 
To calculate the share of material costs, the parametra materials per unit component is needed 
(see also 5.3 of this part). 

To calculate the share of technology costs, this technology is split up into four parts: 
1) techno-ware (see also 5.2.2 of this part); 
2) human-ware (see also 5.2.3 of this part); 
3) info-ware (see also 5.2.4 of this part), and 
4) orga-ware (see a lso 5. 2. 5 of this part). 

ad 1) The techno-ware costs are calculated in the Iabour costs of human-ware. The share of the 
techno-ware is less than 2 per cent. 

ad 2) For the human-ware the Iabour costs are calculated. The parametra 'productivity' is 
needed to calculate the Iabour costs per unit component. The productivity for the different 
kind of technologies is presented in 5.2.6 of this part. 

ad 3) There are no costs of info-ware, only sketches are made. 
ad 4) Following chapter 5.2.3 of this part, the average amount of workers on the site is 4.0. 

These workers are supervised by the owner. The owner needs to be there to control the 
process and cannot work elsewhere. Assuming a minimum wage of the owner, the 
organisation costs are, tor all areas, 385 Tsh a day. (see a lso chapter 3 of this part, the 
sections 'society'.) 
Assuming a working day of eight hours and an average of four workers on the site, the 
organisation costs per worker per hour are: 12 Tsh. These 12 Tsh are added to the Iabour 
costs of ad 2) in this section. 

The total technology costs in Tsh per hour for the sample areas are presented in the following 
table. 

Table: E-5-VIII 
Technology costs in Tsh per hour for the sample areas 

Area: Casts 
(Tsh) 

Ndiuka 99 

Uyole 139 

Kyela 132 

G'Mboto 215 
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These component casts can be calculated into the elements casts of this component in a whole 
house. In appendix E-7 one of the average houses is presented. This house occurs in all the four 
areas. This is just an example; by means of the component casts one can calculate the casts of 
building one's own house. 

'Safe alternatives' 

For each component the casts of the state-of-art are given and the costs for a safe alternative. 
This safe alternative is a house of good quality, according to the BRU-criteria, and its lifetime is 
more than twenty years. 

5.7.3 Soil provisions ( 11) 

The casts of the soil provisions are calculated in appendix E-8. 
The average component costs are: 555 Tsh per m3

• 

The average costs for a safe house, including the remaval of top soil, of appendix E-7 in the 
sample areas are: 6,052 Tsh. 
The casts of the safe alternative are four times higher than the casts of the houses existing 
nowadays. 

5.7.4 Ground floor (13+43) 

The casts of the ground floor are calculated in appendix E-9. 
In the existing houses the ground floor consistsof 175 mm soil with 25 mm cement plaster. The 
average casts for this type are: 960 Tsh per m2

• 

A better alternative is a ground floor which consists of a hardcore layer (80 mm), cement sereed 
(25 mm) and a soillayer (300 mm). The thickness of the soillayer is deduced trom two 
dimensions: level soil when the topsoil is removed and the level of the new ground floor. The 
average casts of such a floor are: 1,486 Tsh per m2

• 

The total casts of such a floor in the house of appendix E-7 are: 66,870 Tsh. 
The casts of a safe and long-lasting alternative are 50 % higher than the casts of the existing 
floor. 

5.7.5 Foundations ( 16) 

The foundations are made of different materials. In appendix E-1 0 the calculation of the different 
materia Is is presented. 
A safe foundation depends on the properties of the environment. The required properties of the 
foundations are different tor different sample areas: the soil should be able to bear the 
foundation loads (see 5.4 of part E) and the possibility of earthquakes is important (see 2.3 of 
part C). 
To create a safe foundation one should use in: 
- Ndiuka: a medium strong foundation (earthquakes, but good properties of the soil); 

Uyole: a medium strong foundation (earthquakes, but good properties of the soil); 
- Kyela: a very strong foundation (earthquakes and bad properties of the soil), and 

G'Mboto: a normal foundation (no earthquakes and good properties of the soil). 

In order to create a strong foundation, one should use cement in the mortar. 
In order to create a very strong foundation, one should use cement in the foundation wall and a 
footing of reinforeed concrete (300 x 200 mm). 
In order to create a normal foundation, soil with a good granulation is sufficient, but to prevent 
moisture seeping into the wall structure, a cement sereed is needed. 
These statements are assumptions; for the building of a house more specific data are required to 
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design an optima! foundation. 
The costs of the foundation are calculated in appendix E-1 0. 
The average costs for an existing house and tor a long-lasting safe house of appendix E-7 in the 
sample areas are presented in the following table. The costs vary very much for the different 
areas. For that reason the costs are presented per area. 

Table: E-5-IX 
Overview total casts different types of foundations (existing) per area 

I Foundation types: existing I Ndiuka Uyole Kyela G'Mboto= 

Stanes in mud mortar 4,818 11.748 3,740 9,174 

Soil blocks 3,916 4,422 4,312 -

Soil wall 4,121 - - -

Cement/ aggregate blocks 38,104 60,764 52,602 44,374 

Burnt bricks with mud mortar 12,584 27,324 27,082 -

Poles (excavated) - - 2,200 8,697 

Source: personal survey, 1995 

The average costs for a long-lasting safe house of appendix E-7 in the sample areas are 
presented in the following table: 

Table: E-5-X 
Overview total costs different types of foundations (safe) per area 

I Foundation types: safe alternatives 11 Ndiuka I Uyole I Kyela I G'Mboto 

Stanes in mortar 37,510 39,468 92,114 19,888 

Soil blocks (good granulation and cement 27,060 18,348 85,514 -
screed} 

Soil wall (good granulation and cement 25,922 - - -
screed) 

Cement/ aggregate blocks 42,394 38,940 98,010 44,748 

Burnt bricks with cement mortar 31,020 41 ,910 97,636 -

Poles with stanes and cement mortar - - 94,315 57,486 

Source: personal survey, 1995 

The excavated poles are the cheapest foundations. This foundation type rots away in a couple 
of years. To create a safe and durable alternative, stones with cement mortar should be added. 
The costs of this alternative are much higher. 

I 

The soil blocks and soil walls are the cheapest safe alternatives. These materials are made 
durable by adding sand or clay in order to get a good granulation and a cement sereed should be 
used to prevent moisture seeping out of the soil into the wall. 

In Kyela and Gongo la Mboto the house has to be protected against termites. This aspect is not 
further worked out in this report. 
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5.7.6 Wall structure external (21) and internat (22) 

The casts of the wall structures are calculated in appendix E-11 . 
The average casts for an existing house and fora long-lasting safe house of appendix E-7 in the 
sample areas are presented in the following table. The casts vary very much for the different 
areas. For that reason the casts are presented per area. 

Table: E-5-XI 
Overview total casts different types of wall structures (existing) per area 

I Wall structure types: existing 11 Ndiuka I Uyole I Kyela I G'Mboto 

Soil blocks 23,496 27,060 25,872 -

Soil wall 23,843 - - -

Cement/ aggregate blocks 140,118 180,114 145,992 170,016 

Burnt bricks 61,776 112,860 111,804 -

'Mud and poles' - - 43,956 75,702 

Source: personaf survey, 1995 

The average casts for a long-lasting safe house of appendix E-7 in the sample areas are 
presented in the following table: 

Table: E-5-XII 
Overview total casts different types of wall structures (safe) per area 

Wall structure types: safe alternatives I Ndiuka I Uyole I Kyela I G'Mboto 

Soil blocks 26,532 40,590 39,600 -

Soil wall 26,549 - - -

Cement/ aggregate blocks 119,658 113,058 126,126 132,792 

Burnt bricks 126,374 121,836 125,004 -

'Mud and poles' - - see part F 75,702 

Source: personaf survey, 1995 

I 

The soil blocks and soil walls are the cheapest safe alternatives for Ndiuka and Uyole. These 
areas are situated in a earthquake zone, so to create a safe construction, heavy materials should 
be avoided. The cement/ aggregate blocks or burnt bricks are two up to three times more 
expensive. In Gongo la Mboto the 'mud and poles' structure is the cheapest alternative, the 
cement/ aggregate blocks are 75 % more expensive. 

I 
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5.7.7 Wall-finishing external (41) and internal (42) 

In appendix E-12 a calculation is presented. 
The wall-finishing consists of sand with cement. The existing plaster is of good quality. The 
average price of 1 m2 is 465 Tsh. For the total house, plastering on both sides of all walls, the 
costs will be: 61,380 Ths. 

Wall structures which are very rough might need a thicker plaster. This has not been taken into 
account. 

5.7.8 Roof structure (27) 

In appendix E-13 a calculation is presented. 
An roof structure made of single beams costs 315 Tsh per m2 • For the total house of appendix 
E-7 the costs will be 24,255 Tsh. A long-lasting safe alternative is obtained by using treated 
timber. The total price increases by 30 % and costs: 30,801 Tsh. 
The price of a bamboo roof structure is 15,791 Tsh for the existing case. This is 35 % less 
expensive. The safe bamboa roof structure alternative will be discussed in part F. 

5.7.9 Roof-tinishing (4 7) 

In appendix E-14 a calculation is presented. 
There are mainly two types of finishing: corrugated iron sheets and 'grass'. 
The total costs of these materials in the house of appendix E-7 are presented in the following 
table. 

Table: E-5-XIII 
Overview total casts different types of roof-tinishing 

I Roof-tinishing types: 
11 Ndiuka I Uyole I Kyela 

Corrugated iron sheets 199,036 180,4 79 1 73,85 7 

'Grass' - - 50,666 

Source: personal survey, 1995 

The costs of corrugated iron sheets are more than three times the costs of grass. 

5. 7. 1 0 Other components 

Doors 
There are two types of doors: 
Flush doors: costs placed: 
Panelled doors: casts placed: 

Windows 

32,000 Tsh (n = 2), and 
44,500 Tsh (n = 2). 

I G'Mboto 

167,543 

58,366 

Windows (1370x1210 mm) with frames and glass, nets, burglar-proof and paint are placed: 
30,000 Tsh (n = 3), so 18,000 per m2 • 

I 

Windows ( 1370x121 0 mm) with only a frame, burglar-proof, nets and paint: 20,000 Tsh (n = 3), 
so 12,000 Tsh per m2 • 

Pit latrine 
A ventilated pit latrine is 64,000 Tsh (Triumph building company, 1993). 
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5.7.11 Total costs of houses, the average lower and upper costs case, to check research 
instrument. obtained data and calculation model 

The total costs of the houses vary per type and per area. 
In appendix E-15 the total casts of two houses are calculated. These two houses are the 
extreme I i mits of the survey. 
The average cheapest house is 348,000 Tsh in the existing situation and 432,000 Tsh in a safe 
version. The walls in the safe version are not plastered and the roof is still made of grass, so the 
lifetime is nat completely known. To obtain this version, the total casts increase by 20 %. When 
the walls have to be plastered and the roof has to be made of corrugated iron sheets, the total 
casts will be: 638,000 Tsh (increase of 83 %). 
The average most expensive house casts 827,000 Tsh in total in the existing situation and 
831,000 Tsh in a safe version. This safe version is only a bit more expensive than the existing 
version. This is due to the fact that some parts are made toa small, like the foundation, and 
some parts are made toa big, like the walls. So impravement of this type of houses casts no 
money, the builders should have more information a bout safety. 

Camparing above figures with the figures of chapter 3.7 of part D, it may be concluded that: 
- The surveyed houses are almast all 'low-cost' houses, so the target group of the research 

objective has been reached. 
- The obtained data and the calculation model present a realistic view. 

5. 7.12 Costs houses with different wall structures 

To determine the differences between the different wall structures plustheir foundation types of 
the houses, the other components can be taken as a constant price. 
The basis for this comparison is the house of appendix E-7, with the following characteristics: 
the ground floor and all the walls are plastered, the roof is made of corrugated iron sheets and 
two flush and two panelled doors are used. 
The total price of the house, without wall structure and foundation is: 650,000 Tsh. 
The total casts of the houses are presented in the following table. 

Table: E-5-XIV 
Overview total house casts for different types of wall structures and their foundation types per 
area (all safe and long lifetime alternatives) 

I Wall structure types: 11 Ndiuka I Uyole I Kyela I G'Mboto 

Soil blocks 704,000 709,000 775,000 -

Soil wall 702,000 - - -

Cement/ aggregate blocks 812,000 802,000 874,000 828,000 

Burnt bricks 807,000 814,000 873,000 -

'Mud and poles' - - see part F 783,000 

Source: personal survey, 1995 

The soil blocks and soil walls are the cheapest alternatives for Ndiuka, Uyole and Kyela. The 
differences are about 1 5 % of the total building casts. 
Those three areas are situated in an earthquake zone, so heavy wall materials should be 
avoided. Kyela is situated in a warm and humid zone, so light materials should be used. 
For Gongo la Mboto the 'mud and poles' structure is the cheapest alternative. The difference 
with the cement/ aggregate blocks is 5 % of the total building casts. 

I 
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5.8 Conclusions and recommendations 

Conclusions and recommendations related to the sotY as building material 

The soil of Ndiuka has too little clay for soil walls or soil blocks. In the neighbourhood clay is 
available (at the brickmaking place), so add 5 up to 20 % of this clay to the soil to obtain a 
good granulation for soil blocks or soil walls. 

The soil of Uyole is of a good quality for block-making, so nothing has to be added to create a 
good granulation. 

The soil of Kyela has a lot of clay for soil walls or soil blocks. In the neighbourhood sand is 
available. Mix the sand with soil in a 1:1 proportion to create a good granulation for soil blocks. 

Conclusions and recommendations re/ated to the materials used in the houses 

The materials used in the houses of the sample areas are almost of the same kind as those in 
the urban areas studied in HBS of 1969, only the share of 'new' materials, such as burnt bricks 
and cement/ aggregate blocks is higher nowadays in the sample areas. 
The average figures over the areas show that the different kinds of materials are used in almost 
the same amounts. But the materials which are used in the houses are different for the different 
areas, each area seems to have its own 'popular' materia I. 
These factors have to betaken into account when newly technologies will be implemented. 

Conclusions and recommendations related to the quality of the houses 

50 % of the walls, foundations and floors in the sample areas are not strong enough, according 
to the BRU-criteria. 
The average moisture height in the walls is about 430 mm above the plot level. 
The main point seems to be the lack of information about the safety of the components. Some 
components are made too small and some are made too big. 
In Tanzania there is a lack of safe and long-lasting houses partly due to a lack of knowledge. A 
housing project with technology transfer could provide a solution for this problem. 

Conclusions and recommendations related to the costs of the houses 

The houses in the survey are almost all low-cost houses, this means that the target group of the 
research objective has been reached and this means that the obtained data and the calculation 
model present a realistic view. 

Upgrading the cheapest low-cost houses into safe and long-lasting houses costs about 290,000 
Tsh per house more. The additional costs of upgrading the most expensive low-cost houses are 
practically zero. 
Subsidies are required to upgrade the cheapest low-cost houses. 
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6 Conclusions 

First the conclusions which are specific tor each area are presented. Subsequently, the general 
conclusions are presented. 
Per area the following items are discussed: some environmental aspects, the most frequently 
used and cheapest wall material tor the safe and long-lasting alternative and the components of 
the house in which the bamboa is used. 

Conclusions for Ndiuka: 
Environmental aspects: 

- Wall material most used: 
Cheapest wall material: 
Bamboa used: 

Conclusions for Uyole: 
Environmental aspects: 

- Wall material most used: 
- Cheapest wall material: 

Bamboa used: 

Conclusions for Kyela: 
Environmental aspects: 

- Wall material most used: 
- Cheapest wall material: 

Bamboa used: 

Conclusions for Gongo la Mboto: 
Environmental aspects: 

- Wall material most used: 
Cheapest wall material: 
Bamboa used: 

General conclusions: 

heavyweight walls, light-weight roof, good foundation. 
soil wall, which cast: 402 Tsh/m2

• 

soil wall, which cast: 402 Tsh/m2 • 

none. 

heavyweight walls, light-weight roof, good foundation. 
soil blocks, which cast: 615 Tsh/m2

• 

soil blocks, which cast: 615 Tsh/m2
• 

none. 

Light-weight roof and walls, very strong and stiff 
foundation. 
burnt bricks, which cast: 1,894 Tsh/m 2

• 

soil blocks, which cast: 600 Tsh/m2
. 

wall structure (20 % more expensive than soil blocks) 
roof structure (35 % less expensive than timber) 

Light-weight roof and walls, normal foundation. 
cement/ aggregate blocks, which cast: 2,012 Tsh/m2

• 

'mud and po les', which co st: 1,14 7 Tsh/m2
• 

none. 

- Almast all houses are built with hired craftsmen. 
Only a few tools are used, the tools are all non-mechanica!. 
The owner mostly takes care of the organisation. 
More than 80 of the roots consist of corrugated iron sheets. 
Less than 30 % of the walls are plastered. 
More than 50 % of the floors, foundations and walls are not strong enough. 
Bamboa constructions occur only in Kyela. For the existing situation, bamboa is 20 % more 
expensive as wall material and 30 % less expensive as roof structure materiaL The safe and 
long-lasting alternatives are described in part F. 
The obtained data and the calculation model presents a realistic view. 
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Part F: 

Newly introduced bamboo technologies 

Picture: F-1-1 

a description of appropriate bamboa technologies, 
which can be added to the existing housing production 
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1 Introduetion 

In this part mainly the bamboa technologies and the possibilities of implamenting these 
technologies in the Tanzanian housing production are described. (The technologies which 
upgrade the other materials are described in part E chapter 5.7.) 
The properties of bamboa as natural material and building material are described in many earlier 
chapters, e.g.: part A: lntroduction, part 0: chapter 2 and 4, part E: chapter 4 and 5. In this 
part, bamboa technologies are described which can be added to the existing technology stock. 
To describe the possibilities of implementation and the impacts of implementation on the 
housing production, the advantages and disadvantages are given: 

Advantages: 

bamboo is circular in shape and mostly hollow, so it is a relatively strong and stift material 
(see also part 0: chapter 2 and 3.3.8); 

- the construction of the bamboa only requires simple non-mechanica! tools, so it is 
appropriate in the housing production (see alsopart E: chapter 5.2.2); 
light-weight and strong, so bamboo is an appropriate building material tor earthquake zones, 
like Ndiuka, Kyela and Uyole (see also part D: chapter 4 and part E: chapter 6); 
because of its light weight it is also an appropriate material tor hot and humid climates, such 
as Kyela and Gongo la Mboto (see also part D: chapter 4 and part E: chapter 6); 

- the surface of bamboa is hard and clean; 
a village or a family can produce its own material (see also part E: chapter 4); 
besides building material, bamboo can be used in many artifacts, and 
bamboa grows tast and has a stabie network of roots, so it has positive impacts on the 
natura! environment (see also part C chapter 2.4 and 2.9 and part D chapter 2 and 4). 

Disadvantages (or problems which have to be solved}: 

its natura! lifetime is low, especially in contact with the soil or in termite zones, so it should 
be preserved (see alsopart C: chapter 2.9, part 0 chapter 3.3.8 and part E: chapter 5.7.6 
and 5. 7. 7); 

- the risks of fire are high, due to the high cellulose content; 
bamboa has irregular dimensions, so standardisation is ditticuit (see also part 0: chapter 2 
and appendix 0-2), and 

- the joints are ditticuit to make, because of its limited wall thickness. 

(Sources: Janssen, 1992: 50; Mathur, 1964: 6-7) 

These advantages and the possible solutions to the disadvantages are described in further detail 
in the following chapters: 

In chapter two the existing technologies in Tanzania and other countries are described. This 
chapter describes the different bamboa constructions and preservation techniques. At the end of 
this chapter the Costa Rican bamboa construction will be described. This Costa Rican case is 
part of the different bamboa constructions, nevertheless this case is described separately. 

In chapter three the possibilities and suspected impacts of implementation of the technologies of 
chapter two are described. 

In chapter tour the conclusions are presented. 
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2 Existing bamboo technologies 

2. 1 Introduetion 

In this chapter the existing bamboa technologies are described. The technologiescan be divided 
into two parts: the construction with bamboa and the treatment of bamboa to obtain a langer 
lifetime. There are many construction techniques with bamboo, in section 2.2 the main 
traditional constructions are described. 
In section 2.3 the preservation techniques are described. The natural lifetime of bamboa is short, 
soit should be preserved. 
In section 2.4 the Costa Rican bamboa houses are described. The technologies used in these 
houses are based on traditional bamboa constructions with modern technologies added and with 
preservation techniques. For those reasans this case is placed at the end of this chapter. 

2.2 Construction 

2.2. 1 Introduetion 

Bamboa is used all over the world, especially in tropical areas, as construction materiaL There 
are mainly two ways in which bamboa is used: bamboa as flexible material and bamboa as stift 
materiaL In the following sections (2.2.2 and 2.2.3) these two types are described. After that, 
in section 2.2.4, the joints are described. 

2.2.2 Bamboa as flexible material 

Bamboa is flexible when it is younger than two years. This depends per species, but in general 
this period lasts two years. After those two years the bamboa bacomes stiff. 

Flat bamboo 

To make flat bamboo, the sterns have to be split. This splitting can be realised through one wall 
or through two walls. Because the bamboa is flexible the stem can be opened with two hands. 
The internal soft part can be removed with a spade (López, 1981: 4). 
In the rural areas around Mbeya some wall plates are made of this flat bamboa (see also 
appendix F-1 ) . 

Woven bamboo 

The sterns can also be split into many parts. These parts are flexible and can be used for making 
baskets. 

In the neighbourhood of Dar es Salaam many of these baskets are woven (personal survey, 
1995). 
Wall plates, doors, ceilings, plywood etc. can also be woven from these flexible parts 
(Dunkelberg , 1980; stulz, 1981: 176; Ministry of Defence, 1950: 27-28). 
The splitting of the bamboa can be done with simple tools, like machetes. 
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2.2.3 Bamboo as stift material 

After three years the bamboo becomes stiff. The stiff sternscan be split or are used as poles. 

Split bamboa 

The sterns are split into two, four, six or eight parts. This depends on the size of the sterns and 
the required size. The splitting can be done with simple tools, like machetes. 
This split bamboo can be used in many ways: 

For wall plates: the split bamboo can be woven, but not so close as the flexible bamboo (see 
also appendix F-2). 
For wall plates: the split bamboo can be fixed on a frame. In the rural areas around Kyela, 
this building type is very commonly used (see also appendix F-3). 
For plywood: the split bamboo is made rectangular and glued together. This plywood could 
be a good investment, because the international trade of this material increases (Bureau of 
Statistics- Foreign Trade Statistics, 1990: 9-42). 
For reinforcement in concrete. The tensile strength of bamboo is the same as that of steel. 
However, the Youngs modulus of bamboo is almost the same of that of concrete and the 
attachment is bad, so bamboo as reinforcement is not suitable (Janssen, 1992: 57). 
For roof-finishing: the bamboos are split into two halves. The split bamboos are fixed on the 
roof structure. The bamboos lie down along each other, the one concave and its neighbour 
convex and overlapping (like shape as corrugated iron sheets). 

Po/es 

The sterns are kept intheir round cylindrical form. The poles are used in many ways (see also 
appendix F-4): 

For single-beam roof constructions: the poles are fixed on the walls and bending tensions are 
the main tensions in this construction type. A hollow cylindrical shape requires only 60 % of 
the material versus a rectangular shape. 
For trusses: the poles are fixed into triangles, these triangles bear the other beams of the roof 
structure. The main tensions are compression and tensions. A cylindrical form can provide 
more resistance against buckling than a rectangular form. However, bamboo is not so 
straight as timber, which entails more danger of buckling. 
For wall culms: the poles are placed vertically along each other. The main tensions are 
compression (from the roof) and bending tension (from the wind). In appendix F-4 the culms 
are put into the ground. This foundation construction has a maximum lifetime of two years; 
sametimes such constructions are attacked by termites and last only two weeks. In Tanzania 
bamboa wall culms are commonly used in Kyela, sametimes the culms are cut partly to 
create a straight stem. 
For scaffolding: the poles are used as culms and beams, so the main tensions are 
compression, tensile and bending tensions. These structures are temporary, sopoles which 
are rotten can be removed. lts light weight makes the construction easy and quick. In 
Shanghai (China) these bamboo scaffolds have been used on a large scale. 

Basedon Janssen, 1988: 23-53 and Stulz, 1981: 183-188 
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2.2.4 Joints 

Basedon Janssen, 1988: 23-55 and Stulz, 1981: 183-188. 
One of the main problems are the joints of bamboo poles or split bamboo. Because of its thin 
wall thickness, bamboo splits easily. To prevent the splitting of bamboo, the joints have to be 
made close to an internode. In appendix F-5 many examples of joints, made with wire and rope, 
are presented. 
The ropes and wires which are used in the joints rotor corrode quickly. The joints cannot even 
be made that tight, because the wall surface is very hard. These flexible joints make the house 
construction earthquake-resistant. However, when the walls are plastered, the plaster will not 
fix durably. Plaster makes the construction stift and will therefore bear the loads and will 
therefor crack or be ruined more quickly. 

The joints in bamboo trusses are mostly made out of two sterns, with pegs and holes, which fit 
into each other. Splitting of the poles is still the major problem. There are new technologies 
developed by 0. Arce of the Eindhoven University, to conneet the bamboo poles. Small timber 
blocks are made with one side cylindrical and one si de rectangular. The cylindrical side is glued 
into the stem and the rectangular side is used for the joints. This joint type is very appropriate. 

Another problem of bamboo joints are rats' nests. An open hollow stem gives room tor rats' 
nests. 
Wooden plugs can provide solutions to this problems. In appendix F-5 some pictures are 
presented. (Royal Dutch-lndian Medical Services, 1935: 36-40.) 
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2.3 Preservation 

2.3.1 Introduetion 

The naturallifetime of bamboo depends on the place where it is used. In Tanzania in the zones 
without termites, bamboo can last 10-15 years under cover and 1-3 years in the ground. In 
termite zones the bamboo can be eaten in two weeks. 
To prolong the lifetime of bamboo, several techniques are presented in the following sections: 
- section 2.3.2: traditional methods, and 
- section 2.3.3: chemica! treatments. 

2.3.2 Traditional methods 

Sources: Sulthoni, 1985; Janssen, 1988; Liese, 1990 and personal interviews with dr. Lipangile 
and dr. Jansseri, 1995. 
These methods are very cheap, can be used without special equipment and are not hazardous to 
any life. Several techniques are described: 

Clump-curing: the culms are cut and left upright. Evaporation will reduce the starch content 
so there will be less beetle attack. However, the risks of termites and rot are not diminished. 
The effect on durability is doubtful. 
Smoking: the culms are cut and baked above a fire, only split bamboo can be treated in this 
way. The effects on durability are doubtful. 
Soaking in running water: the culms are cut and put into running water. After several weeks 
the starch has got out, so there will be almost no attack from beetles (Sulthoni, 1985: 18). 
The risks of termites and rot are not diminished. For the roof structure in Ndiuka and Uyole 
this is appropriate, but the roof structure has to be replaced within 1 0-1 5 years. 

All these traditional methods do not proteet the bamboo against termites or rot. So in termite 
zones, the bamboo has to be replaced quickly and in non-termite zones after several years. 
Sources: Janssen, 1988 and personal interview with dr. Lipangile, 1995. 

2.3.3 Chemica! treatments 

In this section the most common used treatment techniques are described: 

CCA: Copper-Chrome-Arsenic 

Basedon Janssen, 1988: 8-12 and personal interviews with dr. Lipangile, 1995 and 
with dr. J. Janssen, 1995. 
After treatment of bamboo with CCA, the bamboa will last for more than 20 years in non
termits zones. 
In termite zones the bamboo will still be attacked. 
The treatment should take place under pressure. This pressure can be created with an air pump 
or with gravity. The gravity pressure can be made with the so-ca lied: 'Boucherie process'. Th is 
process is a barrel at a higher point filled with CCA. As a result of the ditterences in height, the 
CCA gets into the bamboo under pressure. 
The costs of CCA on the site are: 2,000 Tsh per kg. 
To calculate the technology costs, the following assumptions are made: 
An air pump is about 50,000 Tsh. About 100 sternscan be treated per day. Depreciation period 
of the pump is ten years, a working week is 6 days and a minimum income is 315 Tsh a day. 
The sterns which are treated are of a diameter of 80 mm, 7 mm wall thickness and have a 
length of 6 m. 
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The amount of CCA depends on the use of the pole: 
For poles which are in contact with the atmosphere, the costs are: 

material: 150 Tsh (concentration 7 kg per m3 bamboo), and 
- technology: 3 Tsh. 
For poles which are used undercover, the costs are: 

material: 64 Tsh (concentration 3 kg per m3 bamboo), and 
- technology: 3 Tsh. 

The CCA does not wash out when it is wet. 

Borax 

Basedon Janssen, 1988: 8-12 and personal interview with dr. Lipangile, 1995. 
As a result of treading bamboo with Borax, the bamboo will last tor more than 20 years in non
termite zones. 
Borax is 15 times less poisoning for human beings as opposed to CCA. 
In termite zones the bamboo will still be attacked. 
There is one problem: the sterns treated with Borax should be covered in the construction, 
because Borax washes out when the sterns get wet. 
There are two techniques to treat bamboo with Borax. The type of treatment depends on the 
shape of the bamboo: 

1) Open tank method, tor split bamboo 

The treatment can take place in a so-ca lied 'open tank': barrels which are cut into two pieces 
and connected into a canoe. The Borax with water is put in this canoe. The sterns have be held 
under water. 
This method can only be used for split bamboo. 
To calculate the technology costs, the following assumptions are made: 
More than 1000 sternscan be treated per day. The minimum income is 315 Tsh a day. The 
sterns which are treated are of a diameter of 80 mm, 7 mm wall thickness and have a length of 
6 m. 
The treatment costs are: 

material: 53 Tsh (concentration of 5 kg per m3 bamboo), and 
- technology: 0 Tsh. 

2) Treatment under pressure, for round poles 

The treatment should take place under pressure, when round poles have to be treated. This 
treatment technique is the same as the treatment technique for CCA (see also chapter 2.3.3 of 
this part: 'CCA'). 
The costs of Borax on the site are: 1,000 Tsh per kg. 
To calculate the technology costs, the following assumptions are made: 
An air pump is about 50,000 Tsh. About 100 sternscan be treated per day. Depreciation period 
of the pump is ten years, a working week is 6 days and a minimum income is 315 Tsh a day. 
The sterns which are treated are of a diameter of 80 mm, 7 mm wall thickness and have a 
length of 6 m. 
The treatment costs are: 

material: 53 Tsh (concentration of 5 kg per m3 bamboo), and 
- technology: 3 Tsh. 
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Aldrin, Dieldrin and Heptachlor 

These chemieals are highly toxic, about 5 grammes of this material is lethal to an adult person. 
These materials do proteet bamboo against termites. 
In Tanzania these material are not allowed, and therefore they will not be described any further. 

Other chemieals 

There are chemieals available which proteet bamboo in the ground against termites and rot. 
These chemieals are not hazardous to human beings and proteet the sterns for more than 20 
years. The costs of treatment are about 70 Tsh per metre of stem. Further information ean be 
obtained from Dr. Lipangile in lringa. 

Overview 

In the following table an overview is given of two treatment teehniques: CCA and Borax, with 
the eosts per metre of pole. 

Table: F-2-1 
Overview bamboo treatment teehniques and the shape of bamboo with their costs per kg of 
bamboo or per metre of pole (cp 80 mm, 7 mm wall thiekness) 

I 
Place of use 

I 
Treatment Shape of Costs per kg Casts per 
materials bamboa of bamboa metre of pole 

in contact with I CCA I Round poles ~ 18/ = I 26/= 
atmosphere 

under cover 

Sou rees: 

CCA Round poles 8/= 11/ = 

Borax Round poles 71= 9/= 

Borax Split bamboa 71= -

Janssen, 1988: 8-12 and personal interviews with dr. Lipangile, 1995 
and with dr. J. Janssen, 1995. 

I 
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2.4 The Costa Rican case 

2.4.1 Introduetion 

In 1 985 a low-cost housing project was launched to provide the law-ineome households of 
Costa Rica with a house. The project was an initiative of Costa Rica and for the first time used 
technology from Colombia (see also chapter 2.2 of this part). This Colombian technology was 
not sufficient, so Eindhoven Univarsity of Technology was asked for additional technologies. 
After ten years more than 1000 houses have been builtand the project has won the 
international HABITAT price. The technologies which are used in Costa Rica might be an 
alternative for Tanzania. (See also the introduetion presented in part A.) 
In appendix F-6 a few drawings of these houses are presented. In chapter 3.3 of this part the 
possibilities for adapting these technologies in Tanzania are described. 
In the following sections two technologies are described: 
- sectien 2.4.2: timber wall structure with a bamboa infill 
- sectien 2.4.3: bamboa poles with a concrete extension piece 

2.4.2 Timber wall structure with bamboo infill 

The walls of these houses are made of a timber structure with a bamboa infill. These walls are 
plastered on bath sides. 
The timber structure is made of prefabricated panels. These panels consist of treated timber 
culms, which are 50x50 mm. The culms are at a distance of 900 mm trom each other. These 
culms are fixed between a lower and an upper beam. Tothese beams and culms, bamboa is 
attached with wire. The bamboo is treated with Borax (see also chapter 2.3.3 of this part). 
These panels are placed on a ground beam which is connected to the foundation. The panels are 
bolted to each other. 
When the whole frame has been placed, the panels are plastered with a sand/cement plaster. 
In this way the bamboe is covered and the risks of fire are less. 

2.4.3 Bamboo poles with a concrete extension piece for foundation 

The foundation is a very expensive component in the Costa Rican house. This foundation was 
made of a reinforeed concrete footing with cement/aggregate blocks. On this foundation a 
ground beam was fixed, connected with reinforcement steel. Because of the high casts of this 
foundation type, a new foundation type has been developed in Costa Rica. The timber poles in 
the wall structure are replaced by bamboa poles. On these poles a concrete extension piece is 
connected. This piece has the same diameter as the upper poles and is dug into the ground. The 
distance between two culms is about 1 metre. In the following picture a sketch is made. 

Picture: E-2-1 
Sketch Costa Rican bamboa poles with extension pieces as wall structure 
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3 Bamboo technologies adapted in bamboo areasof Tanzania 

3.1 Introduetion 

In this chapter the possibilities and impacts of adapting bamboo technologies are described. The 
bamboo technologies, which are implemented, are derived from chapter 2.2 and 2.3 of part F. 
First, in section 3.2 the possibilities of implamenting the traditional technologies are discussed. 
In section 3.3 the possibilities of implamenting the Costa Rican technologies are described. 
In those two sections the impacts on the houses and the possibilities of using treatment 
techniques are described also. 

In section 3.4 the impacts, of implamenting the bamboo technologies, on the environments are 
discussed. 

3.2 Possibilities and impacts of replacement of traditional technologies 

3.2.1 Introduetion 

For each component the possibilities and impacts on internal climate, construction and costs are 
presented in the following sections. The impacts on the environment and on the whole housing 
production sector are described in chapter 3.4 of this part. 

3.2.2 Soil provisions, ground floor and foundation 

Bamboo rots very quickly when it is in contact with the soil. CCA and Borax are not sufficient to 
prevent this rot. There are appropriate chemieals to prevent rot and termite attack. Further 
information can be obtained from Dr. Lipangile in lringa. 

3.2.3 Wall structure 

Possibt1ities 

The wall culm in the traditional 'mud and poles' wall structures could be replaced by treated 
bamboo poles. The poles should not be in contact with ground. 
The bamboo poles should be treated with Borax. lt is best to use thick-walled ( > 1 5 mm) 
bamboes, so that nailing is possible. 

Impacts on internat elimate 

When using bamboo, the walls are more light-weight wall constructions. In hot and humid 
elimate areas, this wall type provides a more comfortable internal climate. lt cools down more 
during the nights and heats up less during the day-times, versus a heavyweight wall. 

Impacts on construction 

Using a light-weight construction material, such as bamboo, only half of the earthquake loads 
has to betaken into account when determining the dimensions of the construction. A bamboo 
construction is a flexible construction so this is capable of providing resistance against 
earthquakes. The bamboo poles cannot be placed into the ground. A foundation with a cement 
mortar is needed. 
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Impacts on costs 

One m2 'mud and poles' wall consistsof 7 metre poles. Poles made of bamboa rp 60 mm and a 
wall thickness of 1 5 mm are 1. 70 kg/m. The treatment casts are 7 Tsh per kg of bamboe. 1 m2 

wall contains of 12 kg split bamboe. So, the treatment casts are 83 Tsh/m2. (See also 2.3.3 of 
this part.) The total castsfora 'mud and poles' wall structure are presented in the following 
table. 

Table: F-3-1 
Casts safe 'mud and po les' wall structure made of bamboa 

(21 + 22) costs costs Total costs per Total casts in 
'Mud and materia Is technology unit component house 

bamboo poles' (m2) (66m2) 

Ndiuka 219/= 327/= 546/= 36,036/= 

Uyole 157/= 459/= 616/= 40,656/= 

Kyela 319/= 436/= 755/= 49,830/= 

G'Mboto 375/= 710/= 1 ,085/= 71,610/= 

Average 268/= 483/= 851/= 56,166/= 

Source: personal survey, 1995. 

The figures of this table are lower than those of the table 'mud and poles' of appendix E-11 or 
chapter 5. 7.12 of part E. The figures of the soil bleeks are lower than of these bamboa structure 
figures. The bamboa structure is much cheaper than the cement/aggregate bleeks or burnt 
bricks. 

The total casts of a house made of 'mud and bamboa pol es' for the different areas are 
presented in the following table. The same figures are used as in chapter 5.7.12 of part E. The 
foundation of the poles should consist of stanes with cement mortar. 

Table: F-3-11 
Total casts safe houses made of 'mud and bamboa poles' per area 

Area Safe 'mud and bamboa 
poles' house 

Ndiuka 724,000/= 

Uyole 730,000/= 

Kyela 792,000/= 

G'Mboto 779,000/= 

Source: personal survey, 1995. 

These figures can be compared with the figures of chapter 5. 7. 1 2 of part E. The soil bleeks are 
still the cheapest alternative. For all the other materials, bamboa is competitive and a cheaper 
alternative. 
There are chemieals which can replace the stanes in mortar foundations. The total casts can be 
reduced by about 40,000 Tsh. In that case this bamboa construction is cheaper than all 
materials. Further information can be obtained from dr. Lipangile in lringa. 

140 



Part F: Newly introduced bamboa technologies 

3.2.4 Wall-finishing 

Bamboa shields are possible, but are nat described any further. An indication of a price can be 
derived from bamboa as roof-finishing. 

3.2.5 Roof structure 

Possibilities 

A timber structure can be replaced by bamboa poles. In order to conneet poles or the roof
tinishing to the poles with nails, it is best to use a big wall thickness. A wall thickness of 1 5 mm 
is assumed to be sufficient. The bamboa should be treated with borax. The structure should be 
designed in such a way that rats' nests is prevented. 

Impacts on internal elimate 

There are almast no ditterences with a timber structure. 

Impacts on construction 

The bambeo poles used should be treated with borax. The wall thickness should be about 1 5 
mm to join the poles with nails. The weight of an equivalent timber construction is about 35 % 
higher than a bamboa construction. In the sectien 'Impacts on casts' the equivalents are 
presented. 

Impacts on costs 

A treated bamboa construction requires less material than a timber construction. Treating the 
bamboa poles with borax casts 7 Tsh per kg of bamboa (see also chapter 2.3.3 of this part). In 
the following table an overview is presented of the casts of treated timber and the equivalent of 
treated bamboa poles. 

Table: F-3-111 
Comparison treated timber with treated bambeo 

Treated timber Treated bamboa poles, with 15 mm wall Costs timber 
thickness versus bamboa 

dimensions Costs dimensions weight kg/m Costs 

75 x 50 230/= lP 80 2.45 53/= 4.3 

50 x 50 153/= lP 60 1. 70 42/= 3.6 

25 x 50 771= lP 40 0.94 29/= 2.7 

Source: personal survey, 1995. 

From the table it may be concluded that treated bamboa is 3 to 4 times cheaper than treated 
timber. The ditterences between both increases when the dimensions increase. 

For the house appendix E-7 a safe roof structure made of bamboa costs 14,284 Tsh. A treated 
timber safe roof structure is more than two times the price of a safe bamboa structure. 
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3.2.6 Roof-tinishing 

Possibilities 

Bamboo can be split into two halves (see also chapter 2.2.3 of this part). The splitting of the 
bamboo should occur after treatment. These halves can be laid along each other concave and 
convex. Bamboo with a diameter of more than rp 70 mm should be used. The covering surface 
of one half is about the diameter minus 25 mm. So using rp 70 mm, 22 halves are needed tor 1 
m2

• The wall thickness should be at least 5-7 mm, but not too much. The bamboo should be 
treated with CCA, because it is in contact with the atmosphere. Each concave laid down split 
bamboa should be nailed with at least two nails. 

Impacts on internal elimate 

The weight of a bamboo roof is higher than that of corrugated iron sheets: 22 half bamboo 
sterns, rp 70 have a weight of 14 kg/m2 and corrugated iron sheets, gauge 30, 4 kg/m2

• 

However, the corrugated iron sheets heat up in the sun and the sheets radiate heat into the 
house. The radiation of split bamboa is lower. 
When split bambeo is used on the roof, there is less noise when it rains. 

Impacts on construction 

The bamboo has to be fixed with nails. Per m2 more nails are needed because of the smaller area 
covered per unit. 

Impacts on costs 

The treatment casts are 18 Tsh per kg of bamboe. The weight of 1 m2 bamboo roof is 14 kg. 
The productivity figures are derived from appendix E-14: 'Roof-finishing made of 'grass'. The 
productivity is 1 . 2 man/hour per m2

• The casts of using bamboo with a diameter of rp 70 and a 
wall thickness of 7 mm are presented in the following table. (The casts of bambeo sterns are 
taken from chapter 4 of part E and the casts of treatment are 18 Tsh times 14 kg is 252 Tsh.) 
The total costs are based on the house of appendix E-7. 

Table: F-3-IV 
Costs safe roof-tinishing made of bamboa 

(47) casts casts Tatal casts per Total casts 
Bamboa roof- materials techno. unit component in house 

finishing (m2) (77m2) 

Ndiuka 4651= 119/= 584/= 44,968/ = 

Uyole 368/= 167/= 535/= 41,195/= 

Kyela 7471= 158/= 905/= 69,685/= 

G'Mboto 710/= 258/= 968/= 74,466/= 

I Average 11 573/= I 176/= I 749/= 11 57,673/= I 
Source: personal survey, 1995. 
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The costs of bamboo roof-tinishing of this table can be compared with the costs of roof-tinishing 
presented in table E-5-XIII of chapter 5.7.9 of part E. Out of that comparision, it may be 
concluded that: 
- The casts of a roof-tinishing made of treated bamboo are about 23 % of the costs of a roof

tinishing made of corrugated iron sheets in Ndiuka and Uyole. 
- The casts of a roof-tinishing made of treated bamboo are about 42 % of the costs of a roof

tinishing made of corrugated iron sheets in Kyela and Gongo la Mboto. 
- A roof-tinishing made of 'grass' is 30 % Ie ss expensive than the treated bamboe roof

finishing. 

3.2.7 Other components 

Doors and windows can also be made of bamboo. 

Doors: 

Doors can be made of poles, split bamboa or bamboa plywood. 

Windows: 

The frames of the windows and the burglar-proof parts of the windows can also be made of 
bamboo. 

In this report these components are nat worked out further. 
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3.3 Possibilities and impacts of implamenting the Costa Rican alternative 

3.3.1 Introduetion 

In chapter 2.4 of part F the Costa Rican bamboa technologies are described. In this chapter the 
possibilities of adapting those technologies in Tanzania are described. The two most important 
Costa Rican technology types are discussed in the following sections: 

in sectien 3.3.2, the timber wall structure with bamboa infill are discussed, and 
in section 3.3.3.3, the bamboe culms with concrete extension piece for foundation are 
discussed. 

The implementation of those technologies in the housing production has impacts on several 
factors. For each technology type the impacts on the following factors are described: 
- impacts on internal climate; 
- impacts on construction, and 

impacts on costs for each technology type. 

The impacts on the environment of implamenting bamboa technologies in the housing 
production are described in chapter 3.4 of this part. 

3.3.2 Adapted timber wall structure with bamboo infill 

Possibilities 

The alternative Costa Rican wall can be used in Tanzania. In Costa Rica this wall consists of: 
- timber: 50x50 and 25x50, and • 

bamboe: <IJ 20 or <IJ 30 mm. 
Frames are made of timber. On these frames bamboa is fixed with wire. These panels are placed 
on the foundation and fixed to each ether with bolts. The panels are plastered on both sides 
with a sand/cement plaster. 
In Tanzania the timber is also available. For the bamboa infill, small bamboa sternscan be used 
or split bamboe can be used. The thickness of the bamboa infill depends on the loads of the 
environment. 
In appendix F-7 a calculation is presented to determine the thickness of the bamboa infill tor the 
different areas in Tanzania. In this calculation the wind loads are used to determine the 
thickness. 

Impacts on internal elimate 

This wall type has a weight of about 60 kg per m2
, including the wall-finishing. (The weight of a 

wall, made of cement/aggregate blocks, is about 300 kg.) 
So the weight of this bamboa wall is low and is therefore an appropriate solution for the 'hot 
and humid climates'. 

Conclusion: 
The bamboa houses are especially appropriate for 'hot and humid elimate zones', such as Gongo 
la Mboto (Dar es Salaam) and Kyela. 
For the temperature zones the walls of the bamboa houses might have too little mass. 
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Impacts on construction 

The dimensions of the bamboa are determined by the wind loads. However, cyclones are not 
taken into account. (Walls which are cyclone-resistant have to be 2.3 times stronger than walls 
which are resistant to the maximum wind loads ('Loads for Structural Design - BRU'). Cyclones 
only occur in the coastal zone, like Dar es Salaam.) 
In appendix F-7 a calculation is presented of the minimum thickness of the bamboa infill. Split 
bamboa with a wall thickness of 7 mm, (with a height of 40 mm or more), is sufficient. In 
Gongo la Mboto cyclones can occur. Making the walls cyclone-resistant, the bamboa infill needs 
to be 11 mm thick (this is not used any further). 
Because of the light weight of the wall construction and the flexible joints, the wall structure is 
earthquake-resistant. This is also proved in Costa Rica, many houses collapsed an earthquake 
except those bamboa houses, they did not suffer any damage. 
Walls of houses made of light-weight materials, like bamboa are loaded with only as a result of 
half of the force versus heavyweight walls, like masonry ('Loads for Structural Design - BRU'). 

Conclusion: 
For all tour areas, the bamboa houses are constructive appropriate alternatives. 

Impacts on costs in general 

In appendix F-7 the casts of the timber wall structure and the bamboa infill are calculated 
separately. 
In the following overview the casts are presented per m2 wall structure, so exclusive of plaster. 

Table: F-3-V 
Casts wall structure Costa Rican alternative in Tanzania per m2

, for the different areas 

I I Casts Casts Casts per m2 Costa 
material technolagy Rican alternative 

Ndiuka 761/= 510/= 1,271/= 

Uyale 739/= 571/= 1,310/= 

Kyela 1,069/ = 613/= 1,682/ = 

G'Mbato 961/= 913/= 1,874/= 

I Average 11 932/= I 652/= 
11 

1,584/ = I 
Source: personal survey, 1995. 

Impacts on costs, the Costa Rican alternative directly placed in Tanzania - check data obtained 
and calcu/ation model 

The casts of the whole house depend on the kind of producers. In all aarlier sections the casts 
of houses are calculated with craftsmen as producers. This is mostly the case in the sample 
areas of Tanzania. To campare these figures with contractor charges, interviews have been held 
with three contractors. In the following overview the average costs are presented for both kinds 
of producers. The calculation is based on the costs of the whole structure and finishing, except 
paint, lime plaster and water and electrical installations, but with a concrete footing and a truss
based roof structure. 
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Table: F-3-VI 
Total casts Costa Rican house in Tanzania produced by craftsmen and contractors in Tsh and 
USD in brackets 

Casts house made by Casts house made by I Ditterenee I craftsmen a contractor 

1,514,800/ = Tsh 2,823,300/ = Tsh Contractor price is 
(or 2754 USD) (or 5133 USD) 86% higher 

Source: personal survey, 1995. 

The contractor price is 86 % higher than the craftsmen price. This is in accordance with the 
literature: 'contractors produce 50 to 100 % more expensive than artisans' (see chapter 3.2.5 
of part D). 

So, the data obtained and the calculation model present a realistic view. 
(See a lso chapter 5. 7. 11 of part E.) 

Impacts on costs, the Costa Rican wal/ structure technologies used in Tanzanian house 

The Co sta Rican wall structure can be used in the Tanzanian house of Appendix E-7. In the 
foundation cement/aggregate blocks are used. 
The casts of the total wall structure ( = 66 m2

) are presented in the following table and can be 
compared with the casts of the safe wall structures of chapter 5. 7. 6 of part E and the 'mud and 
bamboa poles' wall of chapter 3.2.3 of part F. 
The casts of the total house for each area are also presented in the following table. The 
calculation for the total house is congruent with the calculation of chapter 5. 7.12 of part E. 
Thus, these figures can a lso be compared with the figures of chapter 5. 7.12 of part E and those 
of chapter 3.2.3 of part F. 

Table: F-3-VII 
Total casts Costa Rican timber wall structure with a bamboa infill and total house, for each area 

Area Total wall structure Total house casts 
casts (66 m2) 

Ndiuka 83,886 776,000 

Uyole 86,460 775,000 

Kyela 111,012 859,000 

G'Mboto 123,684 819,000 

Source: personal survey, 1995. 

Camparing these figures with the figures of chapter 5. 7. 6 and 5. 7. 1 2 of part E (these are casts 
of safe traditional technologies) it can be concluded that: 
- The Costa Rican wall structure in Tanzania is about 8 % less expensive in Kyela and Gongo 

la Mboto than cement/aggregate blocks or burnt bricks. 
- The Costa Rican wall structure in Tanzania is about 30 % less expensive in Ndiuka and Uyole 

than cement/aggregate blocks or burnt bricks. 
For all areas the Costa Rican wall structure in Tanzania is more expensive than soil blocks or 
'mud and poles'. 
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- The costs of houses made with the Costa Rican walls are lower for all areas than those of 
burnt bricks or cement/aggregate blocks. 

- The costs of houses made with the Costa Rican walls are higher for all areas than those of 
soil blocks, soil walls or 'mud and poles' (of Gongo la Mboto). 

Comparing these figures with the figures of chapter 3.2.3 of part F (these are costs of safe 
modern bamboo technologies) it can be concluded that: 

For all areas the Costa Rican wall structure in Tanzania is more expensive than the 'mud and 
bamboo poles'. 
For all areas the costs of houses made with Costa Rican walls in Tanzania are higher than of 
those made with 'mud and bamboo poles'. 

The most important factor is: 'the costs of treated timber' (the costs of treated timber are very 
high). The share of costs of such timber is about 80 % of the wall structure costs. The bamboo 
wall structure of chapter 3.2.3 of part F also consistsof bamboo, as culms, and is therefore lots 
cheaper. 

3.3.3 Adapted bamboo culms with concrete extension piece for foundation 

Possibilities 

In Costa Rica the timber wall structure with a foundation made of cement/aggregate blocks is 
also expensive. For that reason another wall culm and foundation type is developed in Costa 
Rica. The wall culms are made of bamboo and are extended with a concrete extension piece. 
This concrete extension piece is also cylindrical and has the same diameter as the bamboo pole. 
This concrete piece is dug into the ground and forms the foundation. 
In chapter 3.2.3 the bamboo poles required a foundation made of stones with a cement mortar. 
This foundation type is expensive. The Costa Rican bamboo culms with a concrete extension 
piece might be an alternative for the bamboo walls of chapter 3.2.3 of part F. In the walls of 
chapter 3.2.3 of part F the culms have a distance of 170 mm. Using a pile foundation, this 
distance should be at least 900 mm, as in Costa Rica. 

Impacts on internal elimate 

There are no impacts on the internal climate. 

Impacts on construction 

To create a firm extension piece, reinforcement steel should be used in the concrete. The 
smallest available bar is (/J 6 mm and is assumed to be sufficient (see a lso appendix C-12). 
The length of the piece depends on the required depth of the foundation. A pile foundation 
should always be placed on a firm layer of soil, because of its small bearing surface. For firm 
soils, as in Ndiuka, Uyole and Gongo la Mboto, this depth is 300 mm below plot level. (This is 
the minimum depth of the foundation, according to BRU. See also chapter 5.6.2 of part E.) For 
the weak soil of Kyela the depth needed is unknown, in this study 600 mm is assumed to be 
sufficient. 
The concrete piece should extend 200 mm above plot level, to prevent moisture seeping into the 
wal I. 
In this case the foundation wall has no bearing function. Nevertheless it should be available, 
against rats etc. A foundation wall made of stones in a mud mortar is sufficient, when a cement 
sereed of 25 mm is used to prevent moisture seeping into the wall. 
The diameter of the piece depends on the diameter of the bamboo stem. In Costa Rica the wall 
culms are 50x50 mm and have an intermediate distance of 900 mm. This is equivalent with 
bamboo (/J 60 with an intermediate distance of 900 mm (see also 3.2.5 of part F). 
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Impacts on costs per component 

The calculation of casts of this wall and foundation type is presented in appendix F-9. The total 
casts are presented in the following table. In this table the casts per m foundation are presented 
and the total casts for the house of appendix E-7 ( = 16 m). 
In this table the casts per m2 wall structure are also presented and the tatal wall structure casts 
for the house of appendix E-7 ( = 66 m2

). 

The figures of the total foundation casts can be compared with the figures of chapter 5. 7. 5 of 
part E: 'Foundation types safe alternatives'. 
The figures of the total wall structure casts can be compared with the figures of chapter 5. 7. 6 
of part E: 'Wall structure types safe alternatives'. 

Table: F-3-VIII 
Total casts Costa Rican concrete pile foundation, with stanes and bamboa wall structure with 
bamboa infill in Tanzania per m2 

(16) Costa Rican concrete pile foundation Costa Rican bamboo wall structure with 
(21+22) bamboo infill 

Costs foundation Costs total Costs Costs total 
perm foundation wall structure wall structure 

(= 22 m) per m2 (= 66m2
) 

Ndiuka 505/= 11 • 11 0/ = 715/= 47,190/= 

Uyole 839/= 18,458/ = 7601= 50,160/= 

Kyela 531/= 11,682/ = 866/= 57,156/= 

G'Mboto 690/= 15,180/= 1,249/= 82.434/= 

I Average 11 642/= I 14,124/= 
11 

898/= I 59,268/= 

Source: personal survey, 1995. 

For the foundations, it can be concluded (see a lso chapter 5. 7. 5 of part El that: 

The concrete piles with stanes are the cheapest safe foundation (except for the soil blocks of 
Uyole, but the difference is very small). Th is foundation type is less than half the price of most 
of the sail blocks or soil walls and only about 30 % of the casts of a foundation made of 
cement/aggregate blocks or burnt bricks . 
Especially in Kyela the ditterences are high, but in this case a depth of the foundation piles of 
800 mm has been assumed. 

For the wall structures, it can be concluded (see also chapter 5.7.6 of part E, 3.2.3 of part F 
and 3.3.2 of part F) that: 

In Ndiuka, Uyole and Kyela the casts of this wall structure are twice the casts of soil blocks ar 
soil walls and only half the casts of cement/aggregate blocks or burnt bricks. 

I 

In Gongo la Mboto the traditional mud and poles structure is the cheapest wall structure. The 
bamboa wall structure is 8 % more expensive. The casts of a bamboa wall structure are almast 
40% lower than the casts of cement/aggregate blacks. (See also chapter 5.7.6 of part E.) 

A wall structure made of 'mud and treated bamboa poles' is 20 % less expensive than a wall 
structure made of pure bamboa (see also chapter 3.2.3 of part F). 

This wall structure made of bamboa culms and bamboa infill is 30 up to 40 % less expensive 
than the wall structure made of timber with a bamboa infill (see also chapter 3.3.2 of part F). 
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Impacts on costs for a total house 

The casts of a total house made of bamboa culms with bamboa infill are presented in the 
following table. The calculation is congruent with the calculation of chapter 5.7.12 of part E. 
The figures can be compared with chapter 5. 7. 1 2 of part E, chapter 3. 2. 3 of part F and chapter 
3.3.2 of part F. 

Table: F-3-IX 
Total casts house with Costa Rican bamboa wall culms and bamboa infill, for each area 

I Area I Ta tal house casts I 
Ndiuka 708,000 

Uyole 719,000 

Kyela 719,000 

G'Mboto 748,000 

Source: personal survey, 1995. 

Camparing these figures with the figures of chapter 5.7.12 of part E, chapter 3.2.3 of part F 
and chapter 3.3.2 of part F, it can be concluded for the whole houses that: 

For Ndiuka: 

- The soil blocks and soil walls are the cheapest alternatives. Foliowed by the Costa Rican 
bamboa culms with bamboa infill, the difference is less than 1 %. 

- The cement/aggregate blocks or burnt bricks are 1 5 % more expensive than the Costa Rican 
bamboa culms with bamboa infiil. 

For Uyole: 

- The soil blocks are the cheapest alternatives. Foliowed by the Costa Rican bamboa culms 
with bamboa infill, the difference is about 8 %. 

- The cement/aggregate blocks or burnt bricks are 22 % more expensive than the Costa Rican 
bamboa culms with bamboa infill. 

For Kyela: 

- The Costa Rican bamboa culms with bamboa infill farm the cheapest alternative. Foliowed by 
soil blocks, the ditterenee is a bout 1 %. 

- The cement/aggregate blocks or burnt bricks are 1 2 % more expensive than the Costa Rican 
bamboa culms with bamboa infill. 

For Gongo la Mboto: 

- The Costa Rican bamboa culms with bamboa infill farm the cheapest alternative. Foliowed by 
the 'mud and bamboa pol es', the ditterenee is a bout 4 %. 

- The cement/aggregate blocks or burnt bricks are 11 % more expensive than the Costa Rican 
bamboa culms with bamboa infill. 
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3.4 Impacts on environments of adding newly introduced bamboo technologies 

3.4.1 Introduetion 

There are mainly three environments (see also chapter 5.2 and 6.4 of part B). The impacts on 
each different environment of the newly introduced technology are described in the following 
sections: 
- section 3.4.2, impacts on natura! environment; 
- section 3.4.3, impacts on physical environment, and 
- section 3.4.4, impacts on society. 

3.4.2 Impacts on natura! environment 

Bamboa has a firm networkof roots. So a bamboa torest keeps the soil tagether and prevents 
soil erosion. (See also chapter 2.4 and 2.9 of part.) 
Bamboa is mature at an early age. This age depends per species, but in genera!, bamboa can be 
cut at four years (see a lso chapter 2 and 4 of part D). Nowadays cypress is used a lot for timber 
purposes. Cypress can be cut at a bout 1 0 years of age. Cypress does nat have a stabie network 
of roots. Hardwood, like mangrove, is mature at about 50 years. 
Using bamboa as building material instead of cypress has positive impacts on the natura! 
environment. 

Less wood is consumed when using bamboa instead of burnt bricks. Ta produce burnt bricks for 
a house with 66 m2 of wall, about three tonnes of firewood are required (see also 5.3.9 of part 
E). For this firewood cypress is used mostly. To make a house of bamboo, about 500 kg of 
bamboa is needed. Taking into account that bamboa is mature at 4 years and cypress at 10 
years, the impacts of using bamboa instead of burnt bricks are 16 times lower (in kg wood per 
year of deforestation). 

Less cement is consumed when using bamboa instead of cement aggregate blocks. Cement is 
produced in Tanzania (see also chapter 5.4 of part C) and is an environmentally polluting 
industry. Using bamboo, less cement is required and the environment will be polluted less. 

The use of bamboa in the roof structure instead of timber is positive for the natura! environment 
(see also 3.2.5 of part F). Using bamboa as material, 20 % less mass is required. Taking into 
account that bamboa is mature at 4 years and cypress at 1 0 years, the impacts on the natura! 
environment of using bamboa are 3 times less serious (in kg wood per year of deforestation) 
than when using timber. 

The impacts of using the Costa Rican bamboa wall culms and bamboa infill versus the mangrove 
'mud and poles' structure of Gongo la Mboto, are about 115 times less (in kg wood per year of 
deforestation). (See also chapter 5.2.6 of part E: 'mud and poles wall') 

In this study, no data have been found about negative impacts of the chemieals Borax and CCA 
on the natura! environment (see also 2.3.3 of part F). For the case in which a bamboa project is 
started and these chemieals are used, more research should be done on the impacts of these 
chemieals on the natura! environment. The reason: 'Safety First'. 

3.4.3 Impacts on physical environment 

The use of bamboa implies that materials are produced locally, sa less transport is needed. 
No more data have been found about possible impacts. 
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Part F: New/y introduced bamboo technologies 

3.4.4 Impacts on society 

The society can be described by four institutions: policies, economics, social aspects and 
religion (see also chapter 6.4 of part BI. The impacts on society are described per related 
institution. 

Impacts related to policies 

One of the polides of Tanzania is producing building materials domestically (import substitutionl 
(see also chapter 3.2 of part Cl. So using bamboa instead of materials which are imported, has 
a positive impact on this aspect. 
Plywood can be made of bamboa and can be exported. The international position impraves by 
producing and exporting this materiaL 
A nother policy is impravement of the housing quality. Only permanent houses are allowed to be 
built, but there is no financial support to reach this goal. Bamboo houses are cheaper and of a 
higher quality than existing houses, so the use of bamboa in a project has positive impacts on 
this aspect. 

Impacts related to economics 

Cement and corrugated iron sheets are scarce materials. When using bamboo, the demand for 
these scarce materia Is diminishes (see a lso chapter 5 of part Cl. 

Bamboa and plywood made of bamboo can be exported. This has a positive impact on the 
international economie position (see also chapter 3.3 of part Cl. 

The production of walls made of bamboo is about 50 % more labour-intensive than of walls 
made of cement/aggregate blocks or burnt bricks (see also chapter 3.2.3 of part F versus 
appendix E-11 I. (In this statement it is assumed that the share of Iabour in the preproduction 
processas of the materials are the same. See also chapter 4 of part Eversus chapter 5.3 of part 
E.) 
Producing a roof-tinishing made of bamboa is 4 times more labour-intensive than a roof-tinishing 
made of corrugated iron sheets (see also chapter 3.2.6 of part F versus appendix E-141. 

Impacts related to social aspects 

Safe bamboa houses are cheaper than other types. So safe bamboo houses are within easier 
reach of households. The shortage of houses decreasas and the quality improves. Through the 
use of bamboa in 'hot and humid' elimate zones a more comfortable internal elimate is created. 
All these factors lead to an impravement of welfare. 

The production of components made of bamboa is more labour-intensive than of components 
made of other materials (see also the earlier section: 'impacts related to economics'l. This has a 
positive impact on the unemployment issue (see also chapter 3 of part El. 

Impacts related to religion 

No data have been found about possible impacts. 
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4 Conclusions 

The conclusions are split up into two parts: 
- conclusions of possibilities in and impacts on housing production (these conclusions are 

presented per area), and 
- conclusions of impacts on environments (these are presented per different environment). 

Conclusions of possibilities and impacts of bamboa technologies in housing production: 

For Ndiuka: 

Possibilities: 

Impacts on internal climate: 
Impacts on construction: 

Impacts on casts: 

For Uyole: 

Possibilities: 

Impacts on internal climate: 
Impacts on construction: 

Impacts on casts: 

For Kyela: 

Possibilities: 

Impacts on internal climate: 
Impacts on construction: 
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All bamboa technologies mentioned are appropriate, but the 
Costa Rican bamboa culms with bamboa infill form the most 
appropriate wall structure alternative. 
Bamboa walls may be toa cold in the night. 
Bamboa is appropriate, because it is resistant to 
earthquakes. 
Soil blocks are the cheapest alternatives, but the ditterenee 
is less than 1 % in total house casts. 
Houses made of cement/aggregate blocks or burnt bricks 
are about 1 5 % more expensive than the Costa Rican 
bamboa culms with bamboa infill. 
The casts of a roof structure made of bamboa are 35 % of 
the casts of a timber roof structure. 
The casts of a roof-tinishing made of bamboa are 23 % of 
the casts of corrugated iron sheets. 

All bamboa technologies mentioned are appropriate, but the 
Costa Rican bamboa culms with bamboa infill form the most 
appropriate wall structure alternative. 
Bamboa walls may be toa cold in the night. 
Bamboa is appropriate, because it is resistant to 
earthquakes. 
Soil blocks are the cheapest alternatives, the ditterenee in 
casts is about 8 % in total house casts. 
Houses made of cement/aggregate bleeks or burnt bricks 
are about 22 % more expensive than the Costa Rican 
bamboa culms with bamboa infill. 
The casts of a roof structure made of bamboa are 35 % of 
the casts of a timber roof structure. 
The casts of a roof-tinishing made of bamboa are 23 % of 
the casts of corrugated iron sheets. 

All bamboa technologies mentioned are appropriate, but the 
Costa Rican bamboa culms with bamboa intiJl farm the most 
appropriate wall structure alternative. 
Bamboa walls are very appropriate for this climate. 
Bamboa is appropriate. 



Impacts on costs: 

For Gongo la Mboto: 

Possibilities: 

Impacts on internal climate: 
Impacts on construction: 

Impacts on costs: 

Part F: Newly introduced bamboa technologies 

The Costa Rican bambeo wall culms with bamboo infill are 
the cheapest alternative, the difference is about 1 % with 
the soil blocks, in total house costs. 
Houses made of cement/aggregate blocks or burnt bricks 
are about 1 2 % more expensive than the Costa Rican 
bamboo culms with bamboe infill. 
The costs of a roof structure made of bamboe are 35 % of 
the costs of a timber roof structure. 
The costs of a roof-tinishing made of bamboe are 40 % of 
the costs of corrugated iron sheets. 

All bambeo technologies mentioned are appropriate, but the 
Costa Rican bambeo culms with bambeo infill form the most 
appropriate wall structure alternative. 
Bambeo walls are very appropriate tor this climate. 
Bambeo is appropriate, because it is resistant to 
earthquakes. 
The Costa Rican bambeo wall culms with bamboe infill are 
the cheapest alternative, the ditterenee is about 4 % with 
the 'mud and poles', in total house costs. 
Houses made of cement/aggregate blocks or burnt bricks 
are about 11 % more expensive than the Costa Rican 
bamboe culms with bamboo infill. 
The costs of a roof structure made of bamboa are 35 % of 
the costs of a timber roof structure. 
The costs of a roof-tinishing made of bamboo are 45 % of 
the costs of corrugated iron sheets. 

Impacts of bamboa technologies on environments 

Natura/ environment: 
- A bamboa wall creates 1 6 times less deforestation than a burnt-brick wall. 
- A preproduction of bambeo is less polluting than the cement industry, so a bamboa 

structure, which contains less cement, is less polluting. 
- A bamboo roof structure creates 3 times less deforestation than a timber roof structure. 
- A bamboa wall structure creates 11 5 times Ie ss deforestation than the 'mud and mangrove 

poles' of Gongo la Mboto. 

Physical environment: 
Almast no impacts. 

Society: 
Bamboa is produced domestically and its use decreases the demand of scarce materials like 
cement and corrugated iron sheets. This is positive tor the policies and economics. 
Bamboe houses are of a high quality (or permanent). So a bamboe housing project has 
positive impacts on the quality of the housing stock, which is required by the government. 
Housing production with bamboa is more labour-intensive, so it has a positive effect on 
unemployment. 
Bambeo houses are cheap, safe and comfortable, so a project increases the welfare and the 
housing need decreases. 
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Part G: 

Conclusions and recommendations 
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Part G: Conclusions and recommendations 

1 Conclusions 

1 .1 Introduetion 

The conclusions are split up into four parts: 
section 1.2: conclusions on macro level (mainly based on part C); 

- section 1.3: conclusions on sectorallevel (mainly based on part D); 
section 1 .4: conclusions on micro level (mainly based on part E), and 
section 1. 5: conclusions of adding newly introduced bamboa technologies (mainly based on 
part F). 

Per section the conclusions with respect to the main factors are described and their relation to 
bamboa as building materiaL 
In section 1.6 the overall conclusions are presented. 

1 .2 Conclusions on macro level 

The conclusions for the following factors are presented: 

Natura/ environment: 

Earthquakes: 
In Tanzania earthquakes occur, especially in the western part of the country. 

Soil erosion: 
Soil erosion is a major problem in the southern Highlands and especially around Kyela and on 
the slopes of Mt. Meru (Arusha). 

Rainfall: 
In Tanzania the annual rainfall is more than 800 mm, except on the dry plateaus (in the 
middle of the country). 

Climate: 
There are many different climates in Tanzania: 'Hot and humid' in the coastal zone and 
around the lakes; 'Temperature zone climates' in the mountains and 'Hot and dry' on the dry 
plateaus. 

Deforestation: 
In Tanzania deforestation is a major problem, which is ditticuit to controL 

- Termites: 
Below an altitude of 1300 m above sea level, termites occur and are active. 

Physical environment: 

Roads: 
There are only a few asphalted roads and those are even of a bad quality. 

Railways: 
There are only a tew railways. 
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Society: 

Policies: 
In the part 30 years Tanzania has been a politically stabie country. 
According to the policies only permanent houses may be built, but there is no financial 
support of the government to upgrade the temporary houses. 

Economics: 
Tanzania is a relatively poor country, with high intlation and a big foreign dept. 
In 1985, the economy was at the point of collapse. After 1985, Tanzania led a more strongly 
'tree market' economy, due to the Economie Recovery Programmes. 

Social aspects: 
Th ere is a shortage of houses of good quality. 

Religion: 
No data have been found about the relation of religion to this research. 

Construction industry: 

Construction: 
The biggast companies are owned by 'foreigners'. 
'Downward plundering' of work is a problem tor small contractors. 
Most of the houses are built by craftsmen. 

Materials: 
A lot of materials have to be imported. 
The demand of materials continues to increase. 
The price of materials increases annually quickly. 
In the past, there was a shortage of materials. After the Economie Recovery programmes, 
launched in 1985, this shortage has decreased. 

- Trade: 
Most materials are sold at depots, buyers buy there and transport the materials to the site 
themselves. 

- Transport: 
Distribution of materials is a problem and is expensive. 

- Whole industry: 
The history of the Tanzanian construction industry is a history showing an industry with an 
inadequate structure and a poor performance. 
The share of activities in the intermal sector is high. 
The total contribution of the industry to the GDP, in 1993, is 11.3 % (without trade, but 
inclusive of intermal sector activities). 

Bamboa as building material: 

Bamboa is produced domestically and locally. So, as a result of using bamboe, fewer 
materials have to be imported and the total transportation of materials decreases. 
Houses made of bamboa are cheap and of good quality. So, when making houses of 
bamboe, the housing need decreasas and the quality of the houses increases. 
Bambeo has a stabie netwerk of roots and is mature at an early age. So, through growing 
bamboa forests, soil erosion and deforestation are prevented. 
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Bamboa is a light-weight material, so houses made with bamboa have a great resistance to 
earthquakes. 
Bamboa is a light-weight material, so the internar elimate in 'hot and humid' zones is 
comfortable. 

- Termites occur in certain areasof Tanzania, so when using bamboa this aspect should be 
taken into account. 
Bamboa or plywood made of bamboa can be exported. This has positive impacts on foreign 
debt. 

1.3 Conclusions on a sectoral level 

Bamboo stock of Tanzania: 

- The sustainable bamboa areas are mainly located in the Southern Highlands, in the coastal 
zone and on the border with Burundi. 

- There is a lot of bamboa available in Tanzania. The sustainable annual harvest with the 
existing stock can be: 10 billion tonnes (or 10*109 tonnes). 
In many partsof the country bamboa can grow, except on the dry plateaus. 
In general bamboa can be cut at an age of four years. 

Housing production sector: 

- Technology: 
In rural areas only a few tools are used. These tools are all non-mechanica!. 
Intermation is mostly obtained trom experience, consultancy hardly occurs. 
Houses are mostly built by hired craftsmen. The owner mostry supervises and takes care of 
the materials. 

Materials: 
In the rural areas many traditional materials are used. 
In the urban areas many modern materials are 'imported'. 
The materials are mostly bought at selling points or are obtained trom nature. 

Plots: 
According to the policies, the plots can be acquired by 'leaseholds'. According to the 
literature this policy does not reach the villages and the plots are acquired by 'tree hold'. 
According to NCC, plots of low-cost houses cost between 70,000 and 1 50,000 Tsh. 

- Types of houses, according to the literature: 
In rural areas, the type of house depends on the environment. 
In urban areas, the type of house is mostly 'imported'. 

In rural areas 15 % of the roots are made of corrugated iron sheets. 
In urban areas 86 % of the roots are made of corrugated iron sheets. 

In rural areas 6 % of the walls are made of permanent materials. 
In urban areas 40 % of the walls are made of permanent materials. 

Ouality of the houses: 
According to the criteria of the Ministry of Lands, Housing and Urban Development: 
80 % of the houses is of a bad quality. 

Costs of houses: 
According to the literature low-cost houses cost between 130,000 and 850,000 Tsh (1995). 
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Bamboa as building material: 

Bamboa is used less as building material, although there is enough bamboa to build with. 
Areas of Tanzania with the greatest potential for building with bamboa are (from highest to 
high): Kyela, Mbeya, Dar es Salaam, lringa, Arusha and Moshi. 

1.4 Conclusions on a micro level 

In the four areas with the greatest potential: Kyela, Mbeya, Dar es Salaam and lringa, a study 
has been done on a micro level. 
Per area the conclusions are presented: 

Conclusions for Ndiuka: 
Environmental aspects: heavyweight walls, light-weight roof, good foundation. 

- Wall material most used: soil wall (72 %), which cost: 402 Tsh/m2
• 

Cheapest wall material: soil wall, which cast: 402 Tsh/m2
• 

Bamboa used: none. 

Conclusions for Uyole: 
Environmental aspects: heavyweight walls, light-weight roof, good foundation. 

- Wall material most used: soil blocks (46 %), which cost: 615 Tsh/m 2
• 

Cheapest wall material: soil blocks, which cost: 615 Tsh/m2
. 

Bamboa used: none. 

Conclusions for Kyela: 
Environmental aspects: Light-weight roof and walls, very strong and rigid foundation. 

- Wall material most used: burnt bricks (68 %), which cost: 1,894 Tsh/m 2
• 

Cheapest wall material: soil blocks, which cost: 600 Tsh/m 2
• 

Bamboa used: wall structure (20 % more expensive than soil blocks) 
roof structure (35 % less expensive than timber) 

Conclusions for Gongo la Mboto: 
Environmental aspects: Light-weight roof and walls, normal foundation. 
Wall material most used: cement/aggregate blocks (62 %), which cost: 
Cheapest wall material: 'mud and pol es', which co st: 
Bamboa used: none. 

General conclusions: 
Each area seems to have its own most 'popular' building materiaL 
Almast all houses are built with hired craftsmen. 
Only a few tools are used, the tools are all non-mechanica!. 
The owner mostly takes care of the organisation. 
More than 80 % of the roots consist of corrugated iron sheets. 
Less than 30 % of the walls are plastered. 
More than 50 % of the floors, foundations and walls are not strong enough. 

2,012 Tsh/m2
• 

1,147 Tsh/m 2
• 

Bamboa constructions occur only in Kyela. For the existing situation, bamboa is 20 % more 
expensive as wall material and 30 % less expensive as roof structure materiaL 

- The target group of the research objective has been reached, the data obtained and the 
calculation model present a realistic view. (Checked with data from literature in chapter 
5.7.11 of part E and checked with data obtained from contractors in chapter 3.3.2 of part F.) 
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1.5 Conclusions of adding newly introduced bamboo technologies 

1.5.1 Introduetion 

These conclusions are split up into two parts: 
section 1 .5.2: conclusions of possibilities in and impacts on housing production (these 
conclusions are presented per area), and 

- section 1.5.3: conclusions of impacts on environments (these are presented per different 
environment). 

1.5.2 Conclusions of possibilities and impacts of bamboo technologies in housing production: 

For Ndiuka: 

Possibilities: 

Impacts on internat climate: 
Impacts on construction: 

Impacts on casts: 

For Uyole: 

Possibilities: 

Impacts on internat climate: 
Impacts on construction: 

Impacts on casts: 

For Kyela: 

Possibilities: 

Impacts on internat climate: 
Impacts on construction: 

All bamboa technologies mentioned are appropriate, but the 
Costa Rican bamboa culms with bamboa infill from the most 
appropriate wall structure alternative. 
Bamboa walls may be toa cold in the night. 
Bamboa is appropriate, because of it is resistant to 
earthquakes. 
Soit blocks are the cheapest alternatives, but the ditterenee 
is less than 1 % in total house casts. 
Houses made of cement/aggregate blocks ar burnt bricks 
are about 1 5 % more expensive than the Costa Rican 
bamboa culms with bamboa infill. 
The casts of a roof structure made of bamboa are 35 % of 
the casts of a timber roof structure. 
The casts of a roof-tinishing made of bamboa are 23 % of 
the casts of corrugated iron sheets. 

All bamboa technologies mentioned are appropriate, but the 
Costa Rican bamboa culms with bamboa infill from the most 
appropriate walt structure alternative. 
Bamboa walls may be toa cold in the night. 
Bamboa is appropriate, because of it is resistant to 
earthquakes. 
Soit blocks are the cheapest alternatives, the difference in 
casts is about 8 % in total house casts. 
Houses made of cement/aggregate blocks ar burnt bricks 
are about 22 % more expensive than the Costa Rican 
bamboa culms with bamboa infill. 
The casts of a roof structure made of bamboa are 35 % of 
the casts of a timber roof structure. 
The casts of a roof-tinishing made of bamboa are 23 % of 
the casts of corrugated iron sheets. 

All bamboa technologies mentioned are appropriate, but the 
Costa Rican bamboa culms with bamboa infill from the most 
appropriate walt structure alternative. 
Bamboa walls are very appropriate for this climate. 
Bamboa is appropriate. 
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Impacts on casts: 

For Gongo la Mboto: 

Possibilities: 

Impacts on internal climate: 
Impacts on construction: 

Impacts on casts: 

The Costa Rican bamboa wall culms with bamboa infill are 
the cheapest alternative, the ditterenee is about 1 % with 
the soil blocks, in total house casts. 
Houses made of cement/aggregate blocks or burnt bricks 
are about 12 % more expensive than the Costa Rican 
bamboa culms with bamboa infill. 
The casts of a roof structure made of bamboa are 35 % of 
the casts of a timber roof structure. 
The costs of a roof-tinishing made of bamboa are 40 % of 
the casts of corrugated iron sheets. 

All bamboa technologies mentioned are appropriate, but the 
Costa Rican bamboa culms with bamboa infill trom the most 
appropriate wall structure alternative. 
Bamboa walls are very appropriate for this climate. 
Bamboa is appropriate, because it is resistant to 
earthquakes. 
The Costa Rican bamboa wall culms with bamboa infill are 
the cheapest alternative, the ditterenee is about 4 % with 
the 'mud and poles', in total house casts. 
Houses made of cement/aggregate blocks or burnt bricks 
are about 11 % more expensive than the Costa Rican 
bambeo culms with bamboa infill. 
The casts of a roof structure made of bamboa are 35 % of 
the casts of a timber roof structure. 
The costs of a roof-tinishing made of bamboa are 45 % of 
the casts of corrugated iron sheets. 

1.5.3 Conclusions of impacts of bamboa technologies on environments 

Natura/ environment: 

- A bamboe wall creates 16 times less deforestation than a burnt-brick wall. 
Bamboe houses are of a high quality (or permanent). So a bamboe housing project has 
positive impacts on the quality of the housing stock, which is required by the government. 

- A preproduction of bamboa is less polluting than the cement industry, so a bamboa 
structure, which contains less cement, is less polluting. 

- A bamboe roof structure creates 3 times less deforestation than a timber roof structure. 
- A bamboa wall structure creates 115 times less deforestation than the 'mud and mangrove 

poles' of Gongo la Mboto. 

Physical environment: 

Almest no impacts. 

Society: 

Bamboe is produced domestically and its use decreasas the demand of scarce materials, like 
cement and corrugated iron sheets. This is positive for the policies and economics. 
Housing production with bamboe is more labour-intensive, so it has a positive effect on 
unemployment. 

Bamboa houses are cheap, safe and comfortable, so a project increases the welfare and the 
housing need decreases. 
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1.6 Overall conclusions 

Evaluation of the backgrounds of this study and the environmental aspects 

The eva/uation of the backgrounds of the study 

- The target group of the study has been reached. (Checked in chapter 5. 7.11 of part E.) 
- The research instrument, data obtained and the calculation model in this study present a 

realistic view. These have been checked with literature and with data obtained from 
contractors in chapter 3.3.2 of part F. 

The environmental aspects 

- There is a shortage of building materials in Tanzania, especially up-country. 
- About 50 % of the urban houses is of a bad quality. (80 % of the total houses are of a bad 

quality.) 
- Transport casts are high. 

In Tanzania there are major problems of earthquakes, soil erosion and deforestation. 
Areas of Tanzania with the greatest potential for building with bamboa are (from highest to 
high): Kyela, Mbeya, Dar es Salaam, lringa, Arusha and Moshi. 

The answer to the research question 

The research question of this study is (see also chapter 3.3 of part BI: 

Can bamboo, compared with other bwYding materials, be an appropriate building material in the 
Tanzanian housing production in bamboo areas? 

This research question deals with two situations: 

The answer to the research question, for the state of the art 

Bamboa is not an appropriate building material in the bamboo areas for the state of the art. 
There are many advantages of bamboo used as building material, but in the state of the art 
bamboo is not preserved, so its lifetime is too short. 

The answer to the research question, in the case in which newly introduced technologies are 
added 

Bamboa is an appropriate building material in the bamboa areas when newly introduced 
technologies are added, because: 

- earthquake-resistant housescan be made of bamboa (for Ndiuka, Uyole and Kyela); 
in 'hot and humid' zones a comfortable internal elimate can be created (for Kyela and Gongo 
la Mboto), in the temperature elimate zones the light bamboa construction might be toa cold 
(Ndiuka and Uyole); 
bamboa is available or can grow in many partsof the country, so transport casts are low; 
bamboa forests prevent soil erosion and deforestation; 
bamboa constructions are labour-intensive, so the unemployment rate decreases; 
houses which are safe and have a long lifetime can be made of bamboo, and 

- the casts of safe bamboa houses are low. This final argument is also made clear by an 
overview of the casts of different components in the following tables. (The cheapest 
alternatives are printed bold.) 
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Table: G-1-1 
Casts of total wall structures (66 m2

) plus foundations (22 m), tor the sample areas in Tsh 

Wall structure plus foundation types, the I Ndiuka I 
Uyole I Kyela I G'Mboto I state of the art made safe: 

Soil blocks 54,000 59,000 125,000 -

Soil wall 52,000 - - -

Cement/ aggregate blocks 162,000 152,000 224,000 178,000 

Burnt bricks 157,000 199,000 223,000 -

'Mud and mangrove poles' - - - 133,000 

Wall structure plus foundation types, with I I I I I added bamboo technologies: 

'Mud and bamboo poles' 74,000 80,000 142,000 129,000 

Costa Rican timber wall structure with 126,000 125,000 209,000 169,000 
bamboa infill 

Costa Rican bamboo wall structure with 58,000 69,000 69,000 98,000 
bamboo infill 

Source: Personaf survey, 1995. 

Table: G-1-11 
Casts of roof structures and roof-finishing, tor roof of 77 m2 in Tsh 

I I 
Safe bamboo Timber and 

alternative sheets 

Roof structure 14,284 31,801 

Roof-tinishing 57,673 180,248 

Source: Personaf survey, 1995. 
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2 Recommendations 

In the following sections the recommendations are presented for several different factors: 

Recommendations with respect to the environments 

Oefarestation and soil erosion should be reduced. This can be realised by creating bamboa 
plantations. These plantations should be set up on the slopes. The plantations should be 
managed by adequate people. These people need education or training about: annual marking, 
harvesting of the sterns, fertilisers, etc. (All aspects for proper management.) 

Totransport the bamboo, the plantations must be accessible by roads, railways or big rivers. 
The roads should be of a higher quality and more roads should be built. In this way the up
county areas can be reached more cheaply and more easily and the price of building materials 
will decrease. 

The possibilities of exporting bamboa or plywood made of bamboa should be researched. Export 
is a good medium to stop the increasing foreign debt. 

Bamboa should be marked as 'permanent materia I' by the government, when it has been 
preserved and is used correctly. 

Recommendations with respect to the construction industry 

lt should become easier and cheaper for craftsmen to get legalised and for companies to be 
upgraded. In this way a big potential of small companies is created and the sector will grow 
more easily and the influence of 'Tanzanian companies' will increase. 

Scarce materials have to be produced in greater quantities or replaced by other materials, like 
bamboo. Further research has to be done in this field. 

Recommendations with respect to the bamboa stock 

The existing stock should be used more. The dissemination of knowledge is essential for the 
production of bamboa in a sustainable manner. In the coastal zone, bamboa plantations should 
be set up, to reduce the use of mangrove poles (see also 'Recommendations with respect to the 
environments'). 

Recommendations with respect to the housing production and the use of bamboa 

Knowledge should be provided to the Tanzanian inhabitants, especially craftsmen and 
contractors, about the possibilities of using bamboa as a permanent materiaL This can be done 
through a (pilot) project and/or through training the craftsmen and contactars in the schools. 

Knowledge should be provided to the Tanzanian inhabitants, especially the craftsmen and house 
owners, about: 
- the amount of materials needed in the different components of a house; 
- the kind of materials needed in the different components of a house; 
- the (constructional) design of the houses, and 
- the casts of the houses. 
This should be based on the BRU-criteria, for different areas. 
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Recommendations for a bamboa housing project in Tanzania 

The main conclusion of this study is: 'bamboo is an appropriate building material in the 
Tanzanian housing production in the bamboa areas when newly introduced technologies are 
added'. 

So, according to this study, a housing project with bamboa as building material should be 
started. 

The areas Kyela and Gongo la Mboto (Dar es Salaam) have the graatest potential, foliowed by 
Uyole (Mbeya) and Ndiuka (lringa). Todetermine the potential of a bamboa housing project in 
other areas, further research has to be done. 
Starting a housing project, specific houses have to be designed for each specific area. The data 
of this report can be used to design those houses. Further information can be obtained at the 
'National Construction Council' in Dar es Salaam and from dr. Lipangile in lringa. 

Recommendations for a bamboa housing project in other countries 

This report used a calculation model based on material and technology costs. A house is made 
of a specific amount of components. Each component requires an amount of material and 
technology for each sub-component. The amount of technology required depends on the 
productivity. 
Th is can be made clear with the following equations (see a lso part E chapter 5. 7. 2): 

Total casts of house = Lm (Component casts * Amount of units of component) 
with: m = Amount of components 

Component casts = L" (Material on the site casts + Technology costs * Productivity) 
with: n = Amount of sub-components per component 

This calculation model can also be used in other countries, to quickly determine the casts of 
bamboa as building material versus other materials. 
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Review 

This study took about 14 months altogether. To obtain the data for this study, fieldwork in 
Tanzania has been done. This fieldwork took almast seven months. In this fieldwork I travelled 
up-country to collect the data at the households, environments and key-persons. The key
persons in the villages were very helpful, in introducing and in translating the questions and 
answers. lf I had to do such research again, I would approach such persons again. 
The main problems of the fieldwork were: transportation, my own habitation, health and safety. 
Especially the last-mentioned issue was a big problem. At night some places were notsafe and 
there were no alternatives. 

In this study the model of housing production in its environments has been used. The data for 
the environments were obtained through interviews and observation. The check-lists which I 
made were very helpful. In this way the data for all necessary factors can be obtained and 
nothing is missing. 

The housing production is scheduled into a process of transforming materials by means of 
technology. This way of scheduling was very useful and created a realistic view on the housing 
production. This instrument was clear, easy to handle and made it possible to obtain all the 
required data. This approach to the housing production makes it possible to judge the 
appropriateness of newly introduced technologies. lf I had to do the same kind of research, I 
would use this instrument again to asses the appropriateness of the existing materials and the 
appropriateness of newly introduced materials. 

165 



ALAF 
BHESCO 
BRU 
BS 
CICA 
CTB 
ERP 
EUT 
GDP 
GNP 
I SIC 
ILO 
IMF 
I TOS 
MECCO 
NBAOSBC 

NCC 
NEDCO 
NHC 
RTB 
RTC 
SfB 

TABCA 
THB 
Tsh 
TANESCO 
TAN-ZAM (highway) 
TAZARA 
TRC 
TWICO 
UN 
UNI DO 
USD 
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Abbreviations and acronyms 

Aluminium Africa Limited 
Building Hardware and Electrical Supply Company 
Building Research Unit 
British Standard 
Centre of International Corporatien Activities 
Central Tender Board 
Economie Recovery Programme 
Eindhoven Univarsity of Technology 
Gross Dornestic Product 
Gross National Product 
International Standard lndustrial Classification of all Economie activities 
International Labour Organisation 
International Monetary Fund 
International Technological Developing Science 
Mwananchi Engineering and Construction Company 
National Board of Architects, Ouantity Surveyars and Building 
Contractors 
National Construction Council 
National Estates and Design Company 
National Housing Corporatien 
Regional Tender Board 
Regionar Tender Company 
Samarbetskommitten for Byggnadsfragor (swedish) 
(or in english: Corporatien for Constructional Problems) 
Tanzania Building Contractors Association 
Tanzania Housing Bank 
Tanzanian Shillings 
Tanzanian Electrical Supply Company Limited 
Tanzanian Zambian highway 
Tanzanian Zambian Railway Corporatien 
Tanzanian Railway Corporatien 
Tanzanian Wood Industries Company 
United Nations 
United Nations lndustrial Development Organisation 
United Statas Dollar 
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