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Appendices 

List of tables, graphs and pictures 

The following code system is used to categorise the different tables, graphs and pictures. 
For each category of tables, graphs and pictures the parts of the main report are presented 
together. After those the parts of the appendices are presented. 
The code system: part- chapter- number. 

For example:" Table: C-5-11 " means: 
- list of tables; 
- part C; 
- chapter 5, and 
- the second table. 

In the following sections the three different lists are presented. Each list is divided into two 
parts: a list of the main report and a list of the appendices. 
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Appendix C-1 

Map of Tanzania with its surrounding countries. 

Picture: Appendix C-1-1 
Map of Tanzania with its surrounding countries 
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The rifts in Tanzania 

Picture: Appendix C-2-1 
The rifts, marked by the cracks in the surface in Tanzania 
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The earthquake zones of Tanzania. 

Picture: Appendix C-3-1 
The earthquake zones of Tanzania 
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The reliet of Tanzania 

Picture: Appendix C-4-1 
The reliet of Tanzania 
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Soil erosion in Tanzania 

Picture: Appendix C-5-1 
Map of Tanzania soil erosion 
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The annual rainfall of Tanzania 

Picture: Appendix C-6-1 
The annual rainfall of Tanzania 
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Appendix C-7 

The temperature and monthly rainfall of four cities 

The temperature and monthly rainfall of four cities: 
- Dodoma: example of 'lnland plateaus', hot and dry. 
- Mwanza: example of 'Areas around the lakes', warmand humid. 
- Songea: example of 'Southern Highlands', temparate zone. 
- Zanzibar: example of 'Coastal plateau', warm and humid. 

These graphs show: 
- The mean daily maximum and minimum temperature; presented by the lines with the right 

scale. 
- The monthly rainfall, and the alevation of the city (in metres); presented by blocks with the left 

scale. 

Graphs: Appendix C-7-I..IV 
Temperature and Humidity of four cities 

Dodoma 1120 m. 
~-.,-~-.~~~-..oe 
~~~~~-r+-~~40 

~~~~~-r+-~~36 

P00?RSS%l32 28 
24 ·.·.·.·.·.·.·.·.···'20 

16 
~~~~~,_~~12 

8 
4 

JFMAMJJASOND O 

Songea 1067 m. 0 mm .. _,~,_"_,,_,_"~e 
AN~~~+-~~4-~-+~40 

~~f~-+4-~-+4-~-+~36 

~~f~-+4-~-+4-~~~32 

28 
24 
20 
16 
12 
8 
4 

JFMAMJJASONDO 

Source: Mmbando, 1989: 17. 

Mwanza 1140 m. 
nnn~~~~~~~~~~oe 
~-r+-~-+4-~-+4-~40 

~-r+-~-+4-~-+4-~36 

32Q~~~=C~~~32 
28 
24 
20 
16 
12 
8 
4 

JFMAMJJASONDO 

Zanzibar 18 m. 
~~~~~~~~~oe 

~-r+-~~4-~-+~~40 

---t-4-t-+-+-+-+---1 36 
;:::::t:±::t~~3 32 

28 
24 

k: 202f!HibJ 20 
~ 16 

12 
8 
4 

JFMAMJJASONDO 

17 



Technology for the production of bamboa housingin Tanzania 

Appendix C-8 

The elimate zones in Tanzania. 

Picture: Appendix C-8-1 
The elimate zones in Tanzania 
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Appendix C-9 

Exchange Rates and Minimum wages 

Table: Appendix C-9-1 .. 11 
Exchange Rates and Minimum wages 

End of Year 

1960-1974 
1975-1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995* 
( * : Projected) 

Ra te 

1 USO = Tsh. 7 
1 USO = Tsh. 8 
1 USO = Tsh. 8 
1 USO = Tsh. 8 
1 USO = Tsh. 10 
1 USO= Tsh. 12 
1 uso = Tsh. 14 
1 USO = Tsh. 16.5 
1 USO = Tsh. 51.7 
1 USO = Tsh. 83.7 
1 USO = Tsh. 125.0 
1 USO = Tsh. 192.3 
1 USO = Tsh. 196.6 
1 USO = Tsh. 233.9 
1 USO = Tsh. 335.0 
1 USO = Tsh. 479.8 
1 USO = Tsh. 535.0 
1 USO = Tsh. 566.0 

Minimum wage (Tsh.) 

480/= 
600/= 
600/= 
600/= 
810/= 
810/= 

1 ,053/= 
1 ,260/= 
1 ,644/= 

10,000/= 

Sou rees: Bank of Tanzania, 1994-2: 57; Anders, 1992: 1 0; Gender Networking 
Programme, 1993: 173. 
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Appendix C-1 0 

The physical environment of Tanzania 

Picture: Appendix C-1 0-1 
The physical environment of Tanzania 
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Appendix C-11 

Electricity tariffs 

TANESCO (Tanzanian Electrical Supply Company) 

Electricity tariffs with effect July, 1993. 
'There are no changes in the prices up to May 1995' (personal interview, 1995). 

Tariff-group number 1: residential. 

Table: Appendix C-11-1 
Electricity tariffs, 1993, residential 

Consumption range: 
(kWh/Month) 

0- 100 

101-7500 

>7500 

Price over: 

0- 100 

0-1000 
1001-2500 
2501-7500 

0-1000 
1001-7500 

>7500 

Service charge per reading meter period: 

0-1000 kWh 
>1000 kWh 

2001= 
1,000/= 

Source: TANESCO, 1993. 

Price: 
(Tsh.per KWH) 

10/= 

15/ = 

38/= 
601= 

38/= 
601= 

100/= 
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Appendix C-12 

Table: Appendix C-12-I..VI 
Price-lists building materials in Tsh (December 1994) Ex-factory 

Price-list: Part I 

No Material group Specificatien Trade sizes souree Price Price 
(I ringal (DSM) 

FORMED MATERIALS 

e: Natura! stone 

f: Artificial blocks (non-fired) 

f2 Concrete products 

Roofing tiles 1 piece DSM 300 250 

Aidges 1 piece DSM 300 275 

Sand cement blocks 1 solid 457x229x152mm - 315 

2 solid 45 7x229x1 02mm - 380 

3 hollow 457x229x152mm - 235 

Concrete blocks 1 sa lid 457x229x152mm - 350 

2 hollow 45 7x229x 1 02mm - 255 

g: Bricks 

g2 Fired clay 

Ceramic wall tiles 150x150mm BAESCO 110 95 

200x200mm BAESCO - 495 

300x150mm BAESCO - 595 

200x100mm BAESCO - 595 

h: Metal 

h2 Steel 

Mild steel bars 1 25 mmdiam. 12 metre DSM - 13800 

2 20 mm diam. 12 metre DSM - 8820 

3 16 mm diam. 12 metre DSM 6500 5650 

4 12 mm diam. 12 metre DSM 6000 3175 

5 10 mmdiam. 12 metre DSM 4500 2205 

6 8 mmdiam. 12 metre DSM 3600 1505 

7 6 mmdiam. 12 metre DSM 2200 850 

Price-list: Part 11 
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No Material group Specification Trade sizes souree Price Price 
(lringa) (OSM) 

High tensile 1 25 mm diam. 12 metre DSM - 13800 

Steel bars 2 20 mmdiam. 12 metre DSM - 8820 

3 16 mm diam. 12 metre DSM 6700 5650 

4 12 mmdiam. 12 metre DSM 4600 3175 

5 10 mmdiam. 12 metre DSM 3700 2205 

6 8 mmdiam. 12 metre DSM 2200 1505 

7 6 mmdiam. 12 metre DSM 1400 850 

Iron sheets 1 32 gauge 3.0 metra DSM 4000 3600 

Galvanised 2.5 metre DSM 3500 3000 

Corrugated 2.0 metre DSM 2800 2400 

(GALCO) 2 30 gauge 3.0 metre DSM 4500 4620 

2.5 metra DSM 4000 3850 

2.0 metre DSM 3200 3080 

3 28 gauge 3.0 metre DSM 6300 5850 

2.5 metre DSM 5200 4875 

2.0 metre DSM 4600 3900 

4 26 gauge 3.0 metre DSM - 7260 

2.5 metre DSM - 6050 

2.0 metre DSM - 4840 

Aidges 1 32 gauge STD pieces DSM 800 760 

2 30 gauge STD pieces DSM 1800 910 

3 28 gauge STD pieces DSM 1500 1230 

4 26 gauge STD pieces DSM 1700 1360 
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Price-list: Part 111 

No Material group Specificatien Trade sizes souree Price Price 
(I ringal (DSM) 

h4 Aluminium 

Corrugated sheets 1 26 gauge 3.0 metre DSM - 6660 

2.5 metre DSM - 5550 

2.0 metre DSM - 4440 

2 24 gauge 3.0 metre DSM - 8160 

2.5 metre DSM - 6800 

2.0 metre DSM - 5440 

3 22 gauge 3.0 metre DSM - 10380 

' 2.5 metre DSM - 8650 

2.0 metra DSM - 6920 

4 20 gauge 3.0 metre DSM 4000 13320 

2.5 metra DSM 3300 11100 

2.0 metra DSM 2700 8880 

Gauge ridging 1 26 gauge 1.8 metre DSM 1700 -

24 gauge 1.8 metra DSM - -

22 gauge 1.8 metra DSM - -

lndustrial trough 1 22 gauge 3.0 metre - 12360 
sheets 

2.5 metre - 10300 

2.0 metre - 8240 

2 20 gauge 3.0 metre - 15900 

2.5 metra - 13250 

2.0 metre - 10600 

Aidging 1 26 gauge 300x1800mm DSM 1700 2160 

2 24 gauge 450x1800mm - 3960 

3 22 gauge 550x1800mm - 6228 
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Price-list: Part IV 

No Material group Specificatien Trade sizes souree Price Price 
(I ringal (DSM) 

i: Wood 

i2 Softwood 

Timber 1 Untreated cubic metre local 81175 74100 

2 Treated cubic metre SAO Hili 120785 102900 

i3 Hardwood 

Ti mb er Beams cubic metre local 131450 166000 

Floor tiles 305x305mm - 600 

Mangrove 1 Roof tiles piece Ex-India - 480 

2 Ridges piece Ex-India - 150 

i4 Plywood 

Sheeting 1200x2400x12mm DSM 12000 5500 

1200x2400x9mm DSM 10000 4200 

1 200x2400x4mm DSM 8000 3500 

j: Organic materials 

j7 Chipboards 1 200x2400x8mm loc al 4500 6000 

sheeting 1 200x2400x9mm loc al 4500 7000 

1200x2400x1 Omm loc al 5000 7500 

Fibreboard 1200x2400x3.5mm local 5000 7500 

m: An-organic materials 

m3 Asbestos products 

Corrugated 1 3.0 metra DSM 4440 -
sheets 

2 2.5 metra DSM 3700 4000 

3 2.0 metra DSM 2960 3500 

4 1.5 metra DSM 2220 2500 

Adjust. ridges 2 STD sheet DSM - 900 

Valley gutters 3 pcs - -

Galv. hook bolts 4 pcs DSM 90 200 

Drive screw set 5 set 1 0 pieces DSM 750 850 
compl.w. 
washers 
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Price-list: Part V 

No Material group Specification Trade sizes souree Price Price 
(lringa) (OSM) 

n: Synthetic materials and rubber 

n8 Synthetic materials 

PVC floor tiles 300x300mm 320 250 

250x250mm 320 250 

o: Glass 

Ordinary clear sheet 3 mm thick square feet 550 525 

5 mm thick square feet 1085 650 

6 mm thick square feet 1290 750 

150 mm wide Iouvre glass 4 mm thick 606 mm 1000 525 

5 mm thick 606mm 1200 650 

6 mm thick 606mm 1400 750 

UNFORMED MATERIALS 

p: Filling materials 

p1 Natura! materials 

Terrazzo aggregate Red bag 18 kg DSM - 5000 

White bag 18 kg DSM 17500 5000 

Black bag 18 kg DSM 21000 5000 

Normal aggregates all sizes 1000 kg loc al 3125 3000 

Sand 1000 kg loc al 1500 -

Stones over 50 mm 1000 kg loc al 2250 

Chippings cubic metra 5000 -

q: Binding materials: Chalk and Cement 

q1 Lime bag 10 kg. DSM 600 500 

q2 Cement 1 Portland bag 50 kg. loc al 5000 3150 
cement 

2 White cement bag 50 kg. DSM 13000 8000 
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Price-list: Part VI 

Material group Specificatien Trade sizes souree Price Price 
(I ringal (DSM) 

r: Binding materials: other than Chalk and Cement 

s: Bitumen 

FUNCTIONAL MATERIALS 

t: Fixing and filling materials 

t6 Nails 

Wire nails bag 50 kg DSM 25000 16500 

Roofing nails Galvanised bag 25 kg DSM 30000 25650 

u: Protecting materials 

v: Paint 

Oil paint Average 4 litres DSM 4300 -

Emulsion paint Average 4 litres DSM 2460 -

Source: NCC- price-lists, 1995. 
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Appendix D-1 

Botanical descriptions bamboa species 

Botanical descriptions bamboo species by Clayton (1970: 9-12): 

Arundinaria Alpina: 

A gregarious bamboo withstout woody rhizomes. Culms 2,000-9,500 mm high and 50-125 mm 
in diameter, erect, evenly spaced, green becoming yellow or brown, downy when young, thick 
walled, with several branches trom each of the upper nodes; culm-sheats clothed with reddish
brown bristly hairs or glabrescent, tippet with a linear acute blade and fimbriate lateral auricles. 
Leaf blades linear-lanceolate or narrowly lanceolate, 50-200 mm long and 60-150 mm wide, 
glabrous, with conspicuous transverse veins, narrowed to a fine bristle up to 20 mm long, rarely 
only pungent; leaf sheats with small deciduous auricles bearing long smooth setae. Panicles 
terminal on the branches and branchlets, 50-150 mm long, loose to compact; lateral pedicels 1-
3 mm long, the terminal much longer. Spikalets 1 5-40 mm long en 3-4 mm wide, 5-1 0 flowered; 
glumes 4-8 mm long, 5-9 nerved; lemmas ovate, mostly 7-10 mm long, 7-9 nerved, minutely 
hairy or glabrescent, acute; palea about as long; lodicules ciliate; stigmas 2, rarely 3. 

Description Oxytenanthera abbyssinica: 

Bamboo in dense clumps; culms 3,000-10,000 mm high, 50-100 mm in diameter, erect, at first 
densely silky with appressed hairs, solid or thick walled, culm-sheaths with dark brown bristly 
hairs tippet with an involute pungent blade 1 0-20 mm long, Leaf-blades linear-lanceolate to 
lanceolate, 50-250 mm long and 1 0-30 mm wide, somewhat glaucous with inconspicuous 
transverse veins, gradually narrowed to a fine pungent tip; leaf sheats with a few deciduous 
setae 2-5 mm long on the shoulders, without auricles, spikelet-clusters globose, somatimes 
confluent 40-80 mm across, spiny; bracts ovate, up to 4 mm long, rounded on the back (except 
the lowest which is two keeled). Spikeiets very narrowly lanceolate, 1 5-40 mm long, 1-4-
flowered, 1 or somatimes 2 upper florets hermaphrodite, the rest reduced to lemmas, glumes 
ovate to oblong, shortly hispidulous, obtuse to acute, the lower 5-8 mm long, the upper 8-1 0 
mm long, lemmas narrowly lanceolate, the lowest 12-20 mm long the uppermost about as long 
as the spikelet, hispid on the back, tipped by a rigid spine, up to 7 mm long, palea narrowly 
lanceolate, a little shorter than the lemma. 

29 



Technology for the production of bamboa housingin Tanzania 

Appendix D-2 

Measurements strength bamboa species. 

According to Janssen, 1988: 13, the allowable compression, bending and shear tensionscan be 
calculated via the density and moisture content. 
The allowable tensions of different bamboa species depend directly on the density of the 
bamboa tor different amounts of moisture content in the bamboo. 
In the following table the ratio mass per volume in kg/m3 and the allowable tension in N/mm2 is 
presented. 

The ratios are given for two different moisture contents: 
- dry bamboo: 12 % moisture, (this is the equilibrium with air with a relative 

humidity of 70 %), and 
- wet or green bamboo: > 12 % moisture. 

Table: Appendix D-2-1 
Ratios between density (kg/m3

) and allowable tensions (N/mm2
) of bamboa 

I I Campression Bending 
(na buckling!) 

Dry bamboa 

I 0.0131 0.020 I 
Wet ar green bamboa 0.011 0.015 

Source: Janssen, 1988: 13. 

To calculate the density dr. Janssen describes an easy method: 
Cut a piece between two internodes. 
Calculate the volume and measure the mass (for example at a Post Office). 
The shape of the piece is assumed to be a hollow cone. 
To calculate the volume of this cone one should measure: 
- the wall thickness ( = w), the average of eight pi aces; 
- the outer diameter ( = d), the average of tour places, and 
- the height ( = h). 

The Volume = h * 3,14 * (d- w) * w. 

Shear 

00031 

To calculate the density another methad is also possible (this methad the author of this report 
found out himself): 
Cut a piece of bamboo between two internodes. 
Put the bamboo vertical into a barrel of water. 
Measure the height of bamboa sticking out of the water. 
Turn the bamboa upside down and measure again the height sticking out of the water. 
Calculate the average height which is sticking out of the water and divide this by the total 
height. The ratio is the density of the bamboo in grammes per cubic centimetres. 
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For each species the author of this report measured the density by using bath techniques. 
In the following table the results are presented for the different species calculated by the two 
different techniques. 

Table: Appendix D-2-11 
Results measurements and density of dry bamboa species in two different ways 

Results of personal Methad following Janssen, 1988: 14-15 My own methad 
measurements of density (hollow cone). (under water) 
of dry bamboa species. 

Density (kg/m3
) Mass (kg) Volume Density 

(*10·6 m3) (kg/m3) 

0. Macrothyrsus1 - - - 890 

0. Braunii 0.073 109 670 720 

A. Alpina 0.301 383 790 780 

A. Tolange 0.046 60 770 770 

B. Vulgaris 1 - - - 850 

Note 1: These two species I cut myself. After drying the surface shrivelled, the sample was nat langer a 
cone and therefore the methad of dr. Janssen was not useable. 

To calculate the allowable bending tensionsof the bamboa species, the density figures of table 
11 have to multiplied with the ratio figures of table I. 
The allowable dry bending strength in N/mm2 (average of two methods) of the different species 
are, for example: 

0. Macrothyrsus 
0. Braunii 
A. Alpina 
A. Tolange 
B. Vulgaris 

18 N/mm2 

14 N/mm2 

16 N/mm2 

15 N/mm2 

17 N/mm2 
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Appendix D-3 

Amount of A. Alpina in sustainable forests 

Table: Appendix D-3-1 
Amount of A. Alpina in sustainable forests 

Region District Amount 
(hectares) 

Kigoma Kibondo 12,000 

Kigoma 6,500 

Mbeya Mbeya 40,000 

Rungwe 40,000 

Lindi Nachingwea 10,752 

Kilwa 38,400 

Moragora Mahenge many 

lfakara many 

Morogoro many 

Kilosa 36 

lringa Nyaligembe 71 

Chuvwi 66 

lringa 58 

I Total: I I > 147,8831 

Source: Lipangile, 1991: 9; personal interview with dr. Lipangile, 1995; Ministry of Forestry. 
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Appendix D-4 

Amount of B. Vulgaris in sustainable forests 

Table: Appendix D-4-1 
Amount of B. Vulgaris in sustainable forests 

Place Amount 
(clumps) 

Kyela: 

Mwaya 905 

I ka ma 682 

lpinda 608 

Kyela 933 

Ngana 81 

Busale 553 

Katumbusongwe 730 

lpande 168 

Makwale 267 

Bujonde 611 

Ik oio 2,232 

Lajunjumele 1,472 

Rungwe: 

Kambasegera 436 

Masukulu 83 

Bujela 89 

Kisiba 313 

Kisondela 489 

ltete 191 

Lupata 180 

I Total: I 11,0241 

Source: Lipangile, 1991 :9; personal interview with dr. Lipangile, 1995; Ministry of Forestry. 
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Appendix D-5 

SfB-code matrix 

Table: Appendix D-5-1 
SfB-code matrix 

(1-) (2-) 
lower upper 
structure structure 

(11) (21) 
soil external-
provisions walls 

(22) 
internal-walis 

(13) (23) 
ground floor storey-floors 
on the soil 

(24) 
construction 
stairs 

(16) 
construction 
foundation 

(17) (27) 
pile- roots 
foundations 

(28) 
main 
construction 
structure 

(3-) 
openings 

(31) 
external-
wall-
openings 

(32) 
internal-
wall-
openings 

(33) 
floor-
openings 

(34) 
handrails 

(37) 
roof-
openings 

(38) 
pre-
fabricated 
pre-tinishing 

I CIVIL WORKS 

Source: Poortman, 1992: 12 
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(4-) 
finishing 

(41) 
external-
wall 
ti nishing 

(42) 
internal-
wall 
ti nishing 

(43) 
floor 
ti nishing 

(44) 
stairs 
finishing 

(45) 
ceilings 

(47) 
roof 
finishing 

(48) 
pre-
fabricated 
finishing 

(5-) (6-) (7-) 
machanical electronica! permanent 
installations installations inventory 

(51) (61) (71) 
heath- central permanent 
creation electricity traffic 

supply facilities 

(52) (62) (72) 

outlet-pipes electric power permanent 
380 Volts user 

facilities 

(53) (63) (73) 
water lightning permanent 

kitchen 
facilities 

(54) (64) (74) 
gasses commu nication permanent 

sanitary 
facilities 

(55) (65) (75) 
cold-eraation security permanent 
and maintenance 
distribution facilities 

(56) (66) 
heath- transportation 
distribution 

(57) 
air-
conditioning 

(58) 
regulation 
elimate and 
sanitary 
fittings 

11 I PERMANENT 
IN ST ALLATIONS INVENTORY 
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Appendix D-6 

Deduction SfB-code system for Tanzanian houses out of general SfB-code system 

The relevanee of the elements in the general matrix can be grouped. For each group is the 
relevancy given for Tanzanian houses. 
A Tanzanian house consist mainly of a house and an outhouse. Sametimes in this outhouse the 
sanitary provisions are included. 
In this study the house is the central study point. In the outhouse the sanitary provisions are not 
included. That assumption creates three groups: 
- the house itself; 
- the sanitary provisions and 
- the outhouse (without sanitary provisions). 
In the following the elements and its relevanee for the house itself and for the sanitary 
provisions are described. At the end the outhouse will be added. 

Group 1: soit provisions 

Elements: (11) 

For Tanzanian houses soil provisions are needed, for that reason it is relevant to describe this 
element. 

Group 2: ground floors 

Elements: (13) and (43) 
Ground floors are somatimes used in the Tanzanian houses, for that reason it is relevant to 
describe this element. The finishing of the ground floor is also an element which is somatimes 
used. 

Group 3: foundations 

Elements: (16) and (17) 
Foundations in Tanzanian houses in Tanzania consistsof strip-foundations, excavated poles or 
none (Mpuya, 1990: 48). 
Pila-foundations are only seldom used in these houses. 
For that reason it is not necessary to create an apart group for this type of foundation. lf it 
occurs, it will be described in group (16) foundations. 

Group 4: wa/Is 

Elements: (21),(31) and (41) plus (22),(32) and (42). 
Walls (internal and externall are often used in Tanzanian houses, for that reason it is relevant to 
describe these elements of the houses. 

Group -: storey-floors 

Elements: (23),(33) and (43). 
Tanzanian houses hardly have a storey-floor which can be used as living-space. 
For that reason storey-floors are not described any further. 
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Group 5: ceilings 

Elements: (45). 
There are houses which have a ceiling (Edvarsen, 1973: 60-65). The finishing of this ceilings are 
included. 

Group -: stairs 

Elements: (24),(34) and (44). 
Because of the lack of the storey-floors, there are no stairs. To reach a starage floor one can 
use a stepladder, but this is of less importance for the description of a house. For that reason 
stairs are nat described any further. 

Group 6: roofs 

Elements: (27),(37) and (47). 
Roots are aften used in Tanzanian houses, for that reason it is relevant to describe these 
elements of the houses. The support for the roof, other than the walls, is also included in this 
element. 

Group -: main construction structure 

Elements: (28). 
The main construction structure is included in the groups: 'walls' and 'roots'. For that reason 
this element is nat used any further. 

Group 8: pre-fabricated finishing 

Elements: (38) and (48). 
Pre-fabricated finishing is never used in Tanzanian houses, for that reason it is nat relevant to 
describe these elements further. 

Group 9: mechanica/ installations 

Elements: (51) up to (58). 
All these elements are mechanica! installations. The biggast part of this group are the water 
installations. The other installation hardly occurs. For that reason all can be grouped into one. 

Group 10: electronica/ installations 

Elements: (61) up to (68). 
All these elements are used seldom in Tanzanian houses. For that reason all these elementscan 
be categorised in one group. 

Group 11: sanitary installations 

Elements: (74). 
Permanent sanitary provisions are sametimes used in Tanzanian houses, for that reason it is 
relevant to describe this element of the houses. 

36 



Appendices 

Group 12: permanent user provisions 

Elements: (71 ),(72),(73) and (75). 
All these elements have a relationship with element: permanent user provisions (72). These 
elements are studied in another part of the overall project: 'Housing needs and demands'. 

The elements of the buildingparts installations do not have a direct relationship with the target 
of the overall research objective: lnventory of the necessary factor endowments for the 
production of bamboo housing, in bamboo areas in Tanzania. Those elements arealso used very 
seldom in a low/middle cost house. These elements are not described in much details, but one 
fixed cost-price is taken into account if it is a need following the studies: 'Housing needs and 
demands'. 

The elementsof the buildingpart: permanent inventory, will be researched in the study 'Housing 
needs and demands', which is done by other researchers. 

Adding this information and assumptions to the general SfB-code matrix, the following schema 
can be produced. 

Table: Appendix 0-6-1 
SfB-code system for Tanzanian houses. 

(1-) (2-) (3-) 
lower structure upper structure openings 

( 11 ) (21) (31) 

soil provisions external-walis external-wall-
openings 

(22) (32) 
internal-walis internal-wall-

openings 

(13) 
ground floor 

(16) 

foundation 

(27) (37) 

roots roof openings 

I CIVIL WORKS 

And: (5-) Machanical installations 
(6-) Electrical installations 
(74) Sanitary installations and 

Outhouse 

(4-) 
ti nishing 

(41) 

external-wall 
ti nishing 

(42) 
internal-wall 
ti nishing 

(45) 
ceilings 

(47) 
roof-tinishing 

I 
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Definition building elements 

In general building elements have two characteristics: 
- kind of function, and 
- place in the building. 

In the SfB-matrix elements with the same tunetion are placed underneath each other in columns. 
The elements with the same place in the building are placed next to each other in the same 
rows. 

Different functions of the elements 

A house has the primary tunetion of creating an internal space. This internal space protects a 
human being against his environment. 
To create an internal space one need dividing elements. 
Dividing element: a (mostly plate or disk shaped) element which divides to spaces. 
These dividing elements need mostly to be beard. To bear the dividing elements a structure is 
needed. 

Structure: 

In SfB-matrix: 

all elements of a house with the primary tunetion of supporting diving 
elements. 
(-1) and (-2). 

Toentry the internal space, entrances are needed. To create an entrance an opening in the 
dividing elements are needed. 

Openings: 

In SfB-matrix: 

All elements of a house which create a planned entrance to a internal space 
for light, air, animals or human beings. 
(-3). 

To create a better looking or proteetion against environmental influences of other elements, 
finishings are needed. 

Finishings: 

In SfB-matrix: 

all elements of a house with the primary tunetion of creating a better looking 
or proteetion against environmental influences of other elements. 
(-4). 

ad 2) Different places of the elements 

Group 1: soil provisions (11) 

Soil provisions: all provisions to the natural ground which are needed to create the 
necessary space for the house . 

Natural ground: . the existing surface and soil before starting the building process. 

Group 2: ground floor (13) 

F/oor: a plate shaped (curved or un-curved) element of a house, with two major functions: 
1) hearing loads, always its own death-load and somatimes also external loads. 
2) horizontal dividing of spaces which are situated above each other. 
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lt is possible to distinguish three different kind of floors, depending on the kind of spaces the 
floor divides: storey-floor, ceiling and ground floor on the soil. 

Storey-floor: a floor which divides two internar spaces. 

Ceiling: a floor which divides two internar spaces, one living space and one starage 
space. 

Ground floor: a floor which divides the soil and the innerspace or the verandah. 

Storey-floors hardly occur in the Tanzanian houses. 

Group 3: foundation (16) 

The definition for the foundation in this study can be deducted from the definition used in 
"foundations for simple buildings" .(Mtui, 1990:7). Foundation: That part of the substructure in 
direct contact with and transmitting loads to the ground. 
Adding information about the shape and place in the building, the definition for foundation for 
this study can be made. 

Foundation: A block, beam or column shaped element of a house in direct contact with and 
transmitting loads to the soil. 
A foundation is mainly used to support walls or the main construction structure. 
The ground floor on the soil is not included in the foundation. 

Group 4: wa/Is (-1) and (-2) 

Wal/: a disk shaped (curved or un-curved) element of a house, with two major functions: 
1) bearing loads, always its own death-load and sametimes also externalloads. 
2) vertical dividing of spaces which are situated next to each other. 

lt is possible to distinguish two different kind of walls, depending on the kind of spaces the wall 
divides: internal and external walls. 

Internat wal/ (-1 ): a wall which divides two internar spaces. 

External wal/ (-2): a wall which divides one internarspace and one external space. 

Group 5: ceilings(-3) 

See Ground floor. 

Group 6: roofs (-7) 

Roof: a (sloping) plate shaped or curved 20-element at the top of (a part of) a house, with 
two major functions: 
1) bearing loads, always its own death-load and externalloads. 
2) dividing always horizontal and sametimes also vertical the upper internar space or 

verandah and the outer space. 
The supports of the roof, other than the walls are also included in this element. 

39 



Appendices of part E 

40 



Appendix E-1 

Checklists for three environments 

Check list for: Natural environment 

Table: Appendix E-1-1 
Checklist natural environment 

Sample area: 
Date: 

Factors 

Geographical situation: 
Place 
Altitude 

Rivers: 
amount 
kind 

Cl i mate: 
Ra in 

Amount per year (mm) 
Range over months 

Temperature 
Minimum (degrees) 
Maximum (degrees) 
Range over months 
Diurnal range 

Wind 
General max.speed (m/s) 
Direction 
Hurricane max. speed 

Frequency (years) 
Humidity 

Soil: 
Kind 
Appropriateness to foundation (N/mm2) 
Earthquakes 

lntensity (Richter) 
Frequency (years) 

Groundwater table 

lnsects and termites: 

Appendices 

Amount 
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Checklist for: Bamboo as natura! material 

Table: Appendix E-1-11 
Checklist bamboa as natural material 

Sample area: 
date: 

I Factors 

Maintenance costs 

Property rights 

Amount of Iabour 
Kind of Iabour 
Labour costs 
Management plantation 

Kind of poles: 
Bamboa species 
Straightness 
Trade sizes 

length 
diameter bottorn 

top 
wall thickness bottorn 

top 
Density 
Allowable stress 
Durability 

Annual production 

Casts poles unendangered species 

Conservation: 
Methad 
Costs Labour: 
Casts Material: 

Transportation: 
Organisation: 
Actor: 
Medium: 
Costs 

Casts poles as building material on the site = 
total 
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Check list for: Physical environment 

Table: Appendix E-1-111 
Checklist physical environment 

Sample area: 
Date: 

I Factors 

lnfrastructure: 
Roads 

number 
kind 

Bridges 
number 
kind 

Railways 
number 
kind 

Electricity 

Wat er supply 

Checklist for: Society 

Table: Appendix E-1-IV 
Checklist society 

Sample area: 
Date: 

I Factors 

Structure: 
Total of people 

Density (per km2) 

Rural/urban (%) 
Minimum income (shilling) 
Labour force workless 

Appendices 

Amount 

I Amount I 
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Appendix E-2 

Questionnaire for finished houses. 

The house owner of a finished house could provide information about the product factors and 
mostly also about the aarlier process. 
The questionnaire was put into an exercise book. (The list had a line space the same as the 
exercise book). 

The interview consisted of two parts: 
Al The first list deals with general questions and questions about the overall house or process. 
8) The second list deals with questions for each component of the house. (For each component 

there was a tree page in the exercise book.) 

Al Ouestions a bout the whole house or process: 

Th is list consists of two pages: One as introduetion and one as conclusion of the interview. 

lntroductory questionnaire: 

General: Wil/ vou sign the visitors book?11 

1 Name village: 
2 Sample number: 
3 Name house owner: 
4 Work owner: 
5 Age owner: 
6 In which year and month did you make the house? 
7 How long did it take to build? 
Labour /organisation: 
8 How many workers were working on your house? 
9 What kind of workers were they? 
10 Who was in charge? 
11 Was he always there? 
12 What is the relationship of the workers with the owner of the house? 
13 What was the normal job of the workers? 
14 How much did you pay the workers per day? 
1 5 Did you provide them with lunches and dinner? 
16 Who made this, what is their normal job? 
17 Did you provide them with drinks, beer/soda, how many? 
lnformation: 
18 Where did they learn how to build? 
19 Why did you use these materials? 

Note 1: only used for finished houses; at the sites this was not possible. 
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Concluding questionnaire: 

General: 
20 How many people live in this house? 
21 How many rooms has this house? 
Transport: 
22 Who organised the transport of the building materials to the site? 
23 Who transported it? 
24 How did he do that? 
Capita I: 
25 Did you buy tools to make your product? (wheelbarrow, stepladder?) 
26 Did you borrow tools? 
27 Did you hire tools?, For what price? 
28 Did the workers u se their own tools? 
Building and plot costs: 
29 How much money do you think your house has cost? 
30 Wh at a bout the plot, the costs? 
31 How long is the plot your property? 
32 From whom did you buy the plot? 
Nature: 
33* Have you had: Earthquakes, termites/ants, wind? 
Flexibility: 
34 * Did you make your house bigger? 
35 * Wh i eh parts did you make later? 
36 * In which year did you do that? 

The questions with an '*' differ from the list of the 'questionnaire for sites'. 

Appendices 
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B) Ouestions tor each component: 

Between the introductory questionnaire and the concluding questionnaire, this questionnaire was 
used: 

Materials: 
Can /look at the materials which you have used? 

1 Building materials: 
2 Fixing building materials: 
3 Supporting building materials: 
4 Finish materials: 
Dimensions: Can I make a few drawings? 

Can I measure the dimensions of the materials? 
Can I measure the dimensions of the rooms? 

5 Dimensions? width, height, length, slope: 
Origin/transport: 
6 Did you make this material yourself? 
7 Where did you buy this material? 
8 How did you transport it? 
9 Who transported it? 
Ouality: 
1 0 Did you repair a part of your house? 
11 Do you know the year? 
12 Do you know why you repaired it? 
Ouality of the construction: Why is this damaged? 
13 cracks: 
14 extreme bending: 
1 5 rot/eerrosion 
16 broken surface: 
17 moisture height: 
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Appendix E-3 

Questionnaire for sites 

The site owner could provide information about the process. 
The questionnaire was put into an exercise book. (The list had a line space the same as the 
exercise book). 

The interview consistedof two parts: 
A) The first list deals with general questions and questions about the overall process. 
BI The second list deals with questions for each different product. 

A) Questions about the whole process: 

This list consistsof two pages: One as introduetion and one as conclusion of the interview. 

lntroductory questionnaire: 

Genera!: 
1 Name village: 
2 Sample number: 
3 Name house owner/company: 
4 Work owner: 
5 Age owner: 
6 In which year and month did you make the house? 
7 How long did it take to build? 
Labour /organisation: 
8 How many workers are werking on your house? 
9 What kind of workers are they? 
10 Who is in charge? 
11 Is he always there? 
12 What is the relationship of the workers with the owner? 
13 What is the normal job of the werkers? 
14 How much do you pay the workers per day? 
1 5 Do you provide them with lunches and dinner? 
16 Who makes this, what is their normal job? 
17 Do you provide them with drinks, beer/soda, how many? 
lnformation: 
18 Where did they learn how to build? 
19 Why do you use these materials? 
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Concluding questionnaire: 

Genera I: 
1 How many people live in this house? 
2 How many rooms has this house? 
Transport: 
3 Who organised the transport of the building materia Is to the site? 
4 Who transported it? 
5 How did he do that? 
Capital: 
30 Did you buy tools to make your product? (wheelbarrow, stepladder?) 
31 Did you borrow tools? 
32 Did you hire tools?, For what price? 
33 Did the workers use their own tools? 
Building and plot casts: 
9 How much money do you think your house has cast? 
1 0 Wh at a bout the plot, the casts? 
11 How long is the plot your property? 
12 From whom did you buy the plot? 
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B) Ouestions for each product: 

Between the introductory questionnaire and the concluding questionnaire, this questionnaire was 
used: 

1 Technology type: 
2 Name material group: 
3 Dimensions component: 

Can /look at the materials which you have been used? 
Can I measure the dimensions of the materials? 

Material: Origin: who/how Transported: 
468 Material name: 1 /2/3/ ... : 
579 Dimensions: 1 /2/3/ ... : 
10 What are the proportions, how much do you use? 
11 Did you make this or did you buy this material? 
Capita!: Bought/hired/borrowed from whom price 

What tools do you use to make this product? 
12 Tooi 1/2/3/ ... : 

Did you borrow tools? From whom? 
Did you hire tools?, For what price? 
Did the workers use their own tools? 

15 Do you use auxiliary materials? 
16 Do you use them again? How often? 
Labour /Organisation: 
17 Whomade this? 
18 How many workers made this? 
1 9 How long did it last? 
20 Where did they learn it? 
21 Stage of experience: 
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Appendix E-4 

Checklist prices at building material or hardware shops 

Table: Appendix E-4-1 
Checklist prices at building material or hardware shops 

Village: 
Place: 
Date: 

Material: Origin: Unit: Price/unit: 
(Tsh) 
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Appendix E-5 

Description soil tests 

Testing the soil could be split up into several steps: 

1) Sampling 

The sample was taken from the component of the house in which it was used, for example out 
of a wall. In case that was not possible the sample was taken from of a heap of soil, which 
would be used in future. The sample was taken from the centre at the middle of the heap. In 
case even this was not possible, the sample was taken from the natura! position. For each test 
the sample sizes are presented in the table (Appendix E-5-1) at the end of this chapter. 
(Note: the wet sieving procedures had to be put under water for a long time and had to be dried 
again, for those reasans the sample sizes of wet sieving are mostly smaller) 

2) Sieving 

The procedure of sieving is described in two parts: the sieves and the sieving itself: 

Sieves 

Totest the soil, sieves were used. The rnazes of the sieves determine the limits of the 
categories in the test results. 
From lack of money only two, non-professional sieves were used: 
1) A mesh of wire: this was normally used in windows, to prevent insects from flying into the 

house. 
2) A sieve for tea-leaves. 

ad 1) This mesh was bought at a hardware shop in lringa. The mesh was laid down on a 
slice of paper. Across one row, in 90 mazes, a mark with a pen was made. The length 
of the row with points was: 177 mm. This means that one maze plus one wire 
thickness was 1 .97 mm. The thickness of the wires was estimated to be 10 % of the 
maze. So the width of the rnazes was: 
width (mesh of wire) = (1.0/1.1) * 1.97 = 1.8 mm. 

ad 2) On this sieve a distance was marked of 20 mm. There were 29 holesacross the whole 
distance. So the lengthof one maze plus one wire thickness was 0.69 mm. The width 
of a maze was estimated to be 3 times the thickness of a wire. The width of rnazes 
was: 
width (tea-leave sieve) = 0. 76 * 0. 75 = 0.5 mm. 

Sieving 

There were mainly two ways of sieving: 1: dry sieving and 2: wet sieving. In the table 
(Appendix E-5-1) at the end of this chapter the sieve procedure for each test is presented. 

ad 1 ) Dry sieving 

This is only possible when the soil does not stick together, but falls apart. 
The samples were put into a pan and put on a charcoal fire. In this way the samples became 
dry and feil completely apart. 
The meshof the first sieve was 1.8 mm. The residue was put into a box, the rest was put into 
the second sieve. 
The meshof the second sieve was 0.5 mm. The material which passed the sieve was put into 
a box and the material which did not pass into another box. 
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ad 2) Wet sieving 

This is always possible but takes a longer time. 
The sample was put under water until it feil apart. At that stage the soil/water mixture was put 
on the sieve. Water was added when the mixture was to stiff too pass. For wet sieving the 
same sieves and boxes were used as tor dry sieving. Only for wet sieving one has to put the 
material into the sun and let it dry. 

3) Assorting biggest grains 

From lack of sieves, the biggest grains we re each measured by hand. Therefore the biggest 
grains were taken from the sample. For each grain the two smallest dimensions were measured 
and noted. Two targets are aimed at by this procedure: 

- Determining the biggest grain size. This size is presented for each test in the table (Appendix 
E-5-1) at the end of this chapter. 

- Determining the share of the biggest grain category in the sample. There are several categories 
of grind (sizes in millimetres): (1.8-4), (4-8), (8-16), (16-32), (32-64) and ( > 64). The grains of 
the two highest categories were taken from the sample to be measured. The grains of the 
biggest size category were weighed, the others were put back into the sample. In this way it is 
possible to determine the share of the biggest category in the sample with a high significanee 
and without specific sieves. The results of this test are presented in the main report. 

4) weighing 

The four boxes with content were weighted and the boxes without content were weighed at the 
local post office on a weighing device with a maximum of two kilograms. 
The difference between both gives the weight of the proportion. 

5) Testing the fine material 

All the material which passed the tea-Ieave sieve with a meshof 0.5 mm is called: 'fine 
material'. This material has been tested according to the procedure of Stulz, 1981: 15-23. 
According to this procedure fine material is smaller than 1/64" ( = 0.4 mm). The difference 
between both limits is assumed to be irrelevant. 
The test procedure consists of nine steps, described by the main questions of each step: 

1) Wet shaking test: how quick does inside get water out? 
2) Thread test: how tough is the material? 
3) Ribbon test: how strong is the wet material? 
4) Dry strength test: how strong is the dry material? 
5) Odour test: how does the material smell? 
6) Bite test: how smooth is the material? 
7) Shine test: how shiny is the material? 
8) Try washing your hands test: how quick does the material run off the hands? 
9) Sedimentation test: approximately the most significant test; the material is put in a jar which 

is tilled up with water. After shaking, the jar is left for an hour. First the sand sinks to the 
bottom, then the silt and finally the clay. By measuring the thickness of the layers the share 
of the proportions can be calculated. 
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Soil test characteristics 

Table: Appendix E-5-1 
Soil test characteristics of different soils 

Sample size sieving biggest grain (two smallest 
(kg) procedure dimensions in mml 

Ndiuka: 'soil' 0.504 dry 3 x 13 

Ndiuka: 'river sand' 0.605 dry 7x6 

Uyole: 'first layer' 0.163 wet 9x7 

Uyole: 'white sand' 0.617 dry 30 x 35 

Uyole: 'black sand' 1.364 dry 20 x 20 

Kyela: 'first layer' 0.403 wet 7x6 

Kyela: 'construction sand' 0.652 dry 20 x 15 

G'Mboto: 'red soil' 0.251 wet < 1.811 

G'Mboto: 'river sand' 0.566 dry 3x4 

Note 1: all of this passed through the 1.8 mm sieve, no single measurement. 

Source: personal survey, 1995. 
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Appendix E-6 

Minimum walt thickness and roof slopes 

The minimum wall thickness tor single-storey houses depends on the tunetion of the wall and on 
the materials used in the wall. In the following table an overview is presented. 

Table: Appendix E-6-1 
Minimum wall thickness 

Material 

Burnt bricks or cement/ aggregate 
blocks 

Soil blocks 

Soil walls 

Mud and poles 

Stones 

external walls (and load-
bearing internal walls) 

0.14 metre 

0.29 metre 

0.29 metre 

0.17 metre 

0.20 metre 

Source: BRU -Technica! Guideline Number 1, 1982 

internal walls (non-load-
bearing) 

0.10 metre 

0.14 metre 

0.30 metre 

0.17 metre 

0.20 metre 

The minimum slope of the roots depends on the roof-tinishing materials. In the following table 
an overview is presented of the minimum roof slopes for different roof-tinishing materials. 

Table: Appendix E-6-11 
Minimum roof slopas 

Roof-tinishing material 

Leaves, reads, grass etc. 

Tiles, shingles etc. 

Sheets with lap joints of minimum 0.2 metre 

Single sheets 

Soil roots 

Source: BRU - Technica! Guideline Number 1, 1982 
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Appendix E-7 

Minimum house sizes 

In this appendix the number of units components per house is presented. This chapter is based 
on the study of 'qualitative housing needs' which is part of the overall project (Abma, 1995:39-
89). The house taken is L-shaped. (Type I of Abma, 1995: 39). 
This house is used in all tour areas and is used tor economical reasons. (This house is not an 
example of a safe construction tor all areas, so it should not be used tor constructional aspects.) 

Picture: Appendix E-7-1 
Plan house tor calculating 
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The main house: 

One livingroom: 
One children's bedroom: 

4.0 x 3.0 = 12 m2 

4.0 x 2.4 10m2 

4.0 x 2.8 = 11 m2 One master bedroom: 

The outhouse: 

One kitchen: 
One store: 

1.6 x 3.8 = 6 m2 

1.6 x 1.9 = 3 m2 

The height of the walls is 2.2 metres for the long walls, and an average of 2.6 metres for the 
short walls of the main house. 
The average height of the kitchen and store is 1.9 metre. 
The walls are 0.2 metre thick. 
The roof slope is 21 °. 

Component areas 

- floor area: 
- wall area: 
- plaster area: 
- roof area: 
- foundation wall: 
- footing: 

And: 

- four doors: 
- four windows: 
- one pit latrine. 
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132m2
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Appendix E-8 

Costs soil provisions 

No materials are needed. Average productivity is 3.8 man/hour per m3
• For existing houses the 

foundation is excavated fora foundation wallof 0.2 metre and the top soil is not removed. The 
total amount of excavation and backfilling is 2.6 m3

• 

A foundation wall in a safe house has a width of 0.3 metre and the 0.2 metre topsoil is 
removed. So the excavation and backfilling of a safe house of the example consists of: 
- foundation: 4 m3

, and 
- top soil: 9 m3

• 

Out of this the following table can be made: 

Table: Appendix E-8-1 
Costs soil provisions in m3 in the sample areas 

[] costs costs Total costs Total costs safe costs safe 
materials techno. per unit costs in alternative per alternative in 

component house unit (m3
) house (13 

(ma) (2.7 m3
) ma) 

Ndiuka 0!= 376/= 3761= 1,053/ = idem 4,888/= 

Uyole 0!= 528/= 528/= 1,372/ = 
" 6,864/ = 

Kyela OI= 500/= 500/= 1·,299/ = 
" 6,500/= 

G'Mboto OI= 834/= 834/= 2,169/ = " 10,842/= 

I Average 11 0!= I 555/= I 555/= 11 1,442/ = 11 .. I 6,052/= 

Source: personal survey, 1995. 

I 
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Appendix E-9 

Costs ground floor structure and finishing ( 13 + 43) 

Most of the existing ground floors have a good levelling, height and finish. 
So the existing floor contains: 

- 175 mm soil, (0.57 man/hour per m2
), and 

- 25 mm cement plaster, (0. 77 man/hour per m2
). 

The topsoil is not removed (see also 'appendix E-8 soil provisions') so to create a height above 
the plot level of 200 mm, 150 mm sand plus a cement sereed of 25 mm is needed. 

To create a good floor, a structure should be used, such as a hardcore layer of 80 mm. 
In total a safe floor consists of: 

- 300 mm soil, (1.0 man/hour per m2
); 

- 80 mm stones, (2.0 man/hour per m2
), and 

- 25 mm cement plaster (0.77 man/hour per m2
). 

Using these data, the following table can be made. 

Table: Appendix E-9-1 
Casts of a ground floor plus finish in m2 in the sample areas 

EJ casts casts Total casts Total casts casts safe casts safe 
materials techno. per unit in house alternative alternative in 

component (45m2) per unit house (45 
(m2) (m2) m2) 

Ndiuka 825/= 133/= 958/= 43,110/= 1,308/= 58,860/= 

Uyole 7001= 186/= 886/= 39,870/= 1,633/= 73,485/= 

Kyela 800/= 176/= 976/= 43,920/= 1 ,304/= 56,680/= 

G'Mboto 730/= 294/= 1 ,024/= 46,080/= 1 ,700/= 76,500/= 

Average 764/= 196/= 960/= I 43,200/= 
11 1 ,486/= I 66,870/= 

Source: personal survey, 1995. 
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Appendix E-1 0 

Costs foundations 

Most foundations in the sample areas consist of a foundation wall, without a footing. This 
foundation wallis mostly about 0.2 metre wide and 0.5 metre high. 
The foundation wall is made of: 
- stones in mortar; 
- soil blocks with mud mortar; 
- soil walls; 
- cement/ aggregate blocks with mortar; 
- burnt bricks with mortar, or 
- poles. 

For each type the costs are calculated: 
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Stones in mortar 

One m3 foundation consists of: 
- 0. 7 m3 stones, and 
- 0.3 m3 mortar. 
(These figures are estimated, based on personal survey, 1995: n = 3). 

Productivity is 0.12 m3 per man/hour, or 8.3 man/hour per m3
• The prices of the stones is 

almost the same as the price of sand. There is one exception, the stones of Ndiuka have to be 
transported from a distance of 5 km, these stones will coston the site: 1375 Tsh per m3

• The 
costs of the mortar are only technology costs, because the soil is used. 
Each area has a different type of safe foundation (see also 5.7.5 of part E of the main report). 
To create a safe foundation in Ndiuka and Uyole, the mortar should be stabilised with cement. 
To create a safe foundation in Kyela one should use a cement mortar in the foundation wall and 
a concrete footing (0.3 x 0.2 metre with 3 x (/) 10 reinforcement steel). 
In G'Mboto the use of only a cement sereed could be enough to prevent moisture seeping into 
the wall structure. 
A foundation wall should be a least 0.3 metre wide. 
Using these data the following table can be made. 

Table: Appendix E-1 0-1 
Costs of a stone foundation in m in the sample areas 

(16) casts casts Total casts 
stanes in materia Is techno. per unit 

mud component 
mortar (m) 

Ndiuka 96/= 123/= 219/= 

Uyole 361/= 173/= 534/= 

Kyela 6/= 164/= 170/= 

G'Mboto 140/= 2771= 417/= 

I Average 11 151/= I 184/= I 335/= 11 

Total casts 
in house 

(22 ml 

4,818/= 

11,748/= 

3,740/= 

9,174/= 

7,376/= 

Note 1: inclusive of 3,060 Tsh per metre of concrete footing. 

casts safe casts safe 
alternative alternative in 

per unit (m) house (22 m) 

1 '705/ = 37,510/= 

1 '794/ = 39,468/= 

4,187/= 11 92, 114/= l) 

904/= 21 19,888/= 21 

11 2, 148/= I 47,2425/= 

Note 2: inclusive of a cement sereed of 25 mm thick, which casts 487 Tsh per metre extra. 

Source: personal survey, 1995. 
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Soil blocks 

The soil blocks are made of the local soil. Productivity is 0.65 m2 per man/hour or 1.5 man/hour 
per m2

• The material costs per block differ for the different areas (see 5.3.8 of part E of the main 
report). 
The soil blocks are not used in G'Mboto. 
The walls areabout 0.2 metre wide. 
To create a safe foundation for Ndiuka and Uyole, the soil should have a good granulation (see 
also 5.3.8 of part E of the main report) and a width of 0.30 metre and a cement sereed should 
be used. (Soil stabilised with cement is even better. This type is discussed in the sectien 
'Cement/ aggregate blocks'). 
To create a safe foundation for Kyela, the foundation wall should have a good granulation (see 
also 5.3.8 of part E of the main report) and a width of 0.30 metre, a cement sereed should be 
used and a concrete footing is necessary. 
Using these data the following table can be made. 

Table: Appendix E-1 0-11 
Casts of a soil block foundation in m in the sample areas 

(16) casts casts Total casts Total casts casts safe casts safe 
soil blocks materials techno. per unit in house alternative alternative in 

component (22 m) per unit (m) house (22 m) 
(m) 

Ndiuka 105/= 73/= 178/= 3,916/ = 1 ,230/= 11 27,060/= 

Uyole 97/= 104/= 201/= 4,422/= 834/= 21 18,348/= 

Kyela 971= 99/= 196/= 4,312/= 3,887/= 31 85,514/= 11 

G'Mboto - - - - - -

I Average ll 100/= I 91/= I 191/= 11 
4,202/= 

11 
1 ,984/= I 43,641/= 

Note 1: with 5 % clay added trom river bank (casts on site 2, 750 Tsh per m3
) and a cement sereed of 

25 mm thick, which casts 550 Tsh per metre. 
Note 2: with a cement sereed of 25 mm thick which casts 532 Tsh per metre. 
Note 3: inclusive of 3,060 Tsh per metre, concrete footing and a cement sereed of 25 mm thick, which 

casts 533 Tsh per metre extra. 

Source: personal survey, 1995. 

I 
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Soil wall 

This soil wall only occurs in Ndiuka. 
The soil walls are made of the local soil, with a thickness of 0.26 metre. Productivity is 0.26 m2 

per man/hour or 3.8 man/hour per m2
• 

To create a safe foundation for Ndiuka, the soil should have a good granulation (see also 5.3.8 
of part E of the main report) and a width of 0.30 metre and a cement sereed should be used. 

Using these data the following table can be made. 

Table: Appendix E-1 0-111 
Costs of a soil wall foundation in m in Ndiuka 

(16) costs costs Total costs Total costs safe costs safe 
soil materia Is techno. per unit costs in alternative alternative 

walls component house per unit (m) in house 
(m) (22 m) (22 m) 

I Ndiuka 11 OI= I 187/= I 187/= 11 4121/= 11 1 I 178/= 11 I 25,922/= I 
Note 1: with 5 % clay added trom river bank (costs on site 2, 750 Tsh per m3

) and a cement sereed of 
25 mm thick, which costs 550 Tsh per metre. 

Source: personal survey, 1995. 
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Cement/ aggregate blocks with mortar 

These blocks are made of cement with aggregates, like sand or gravel. The mortar is mostly is 
cement mortar. 
Productivity is 0.46 m2 per man/hour tor a wall with a width of 152 mm. So tor a wall with 229 
mm, width productivity is 3.2 man/hour per m2

• The average joint is 20 mm and the blocks are 
457x229x1 52 mm. 
So 1 m2 foundation, with a width of 229 mm consists of: 
- 12.1 blocks, and 
- 0.037 m3 mortar. 
A cheaper alternative might be blocks made of cement with soil, with a width of 300 mm and a 
joint of 10 mm. So 13.2 blocks per m2 plus 0.024 m3 mortar. 
For Kyela a reinforeed footing is needed (see 'stones in mortar'). 
Using these data, the following table can be made. 

Table: Appendix E-1 0-IV 
Casts of a cement/ aggregate blocks foundation in m in the sample areas 

(16) casts casts Total casts Total casts casts safe casts safe 
cement/ materia Is techno. per unit in house alternative alternative 

aggregate component (22 m) per unit (m) in house 
blocks (m) (22 m) 

Ndiuka 1 ,574/= 158/= 1,732/= 38, 104/= 1 ,927/= 42,394/= 

Uyole 2,540/ = 2221= 2, 762/= 60,764/= 1 ,770/= 38,940/= 

Kyela 2, 180/= 211/= 2,391/= 52,602/= 4,455/= ,, 98,01 0/= 11 

G'Mboto 1,673/= 344/= 2,017/= 44,374/= 2,034/= 44,748/= 

Average I 1 ,992/= I 234/= I 2,2261= 11 48,972/= 11 2,547/= I 56,025/= I 
Note 1: inclusive of 3,060 Tsh per metre of concrete footing. 

Source: personal survey, 1995. 
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Burnt bricks 

These blocks are made of burnt soil. The mortar is mostly mud. 

In Ndiuka the bricks are 215x102x69. A foundation is mostly 300 mm wide and 500 mm high. 
Productivity is 25 bricks per man/hour (see also 5.3.9 of this part). The average joint is 20 mm. 
So 1 m2 foundation contains: 
- 1 38 bricks, and 
- 0.091 m3 mortar. 

In Uyole and Kyela the bricks are bigger 301 x201 x113 mm. Productivity is 0.46 m2 per 
man/hour or 3.2 man/hour per m2

• The average joint is 20 mm. So 1 m2 foundation, with a 
width of 301 mm consists of: 
- 34 bricks, and 
- 0.068 m3 mortar. 

For Ndiuka and Uyole the mortar should be stabilised with cement. The joint should be 10 mm. 
So in Ndiuka 1 m2 is 169 bricks and 0.045 m3 mortar and in Uyole 1 m2 is 38.5 bricks and 
0.038 m3 mortar. 

For Kyela the mortar should be stabilised with cement, the joint should be 10 mm and a 
reinforeed footing is needed (see 'stones in mortar'). 

In G'Mboto these bricks hardly occur. 
Using these data, the following table can be made. 

Table: Appendix E-1 0-V 
Costs of a burnt brick foundation in m in the sample areas 

(16) casts casts Total casts Total casts casts safe casts safe 
burnt materials techno. per unit in house alternative alternative 
bricks component (22 m) per unit (m) in house 

(m) (22 m) 

Ndiuka 414/= 158/= 572/= 12,584/= 1 ,410/= 31 ,020/= 

Uyole 1 ,020/= 222/= 1 ,242/= 27,324/= 1 ,905/= 41,910/= 

Kyela 1,020/ 211 /= 1,231/= 27,082/= 4,438/= 11 97,636/= 11 

G'Mboto - - - - - -

I Average 11 818/= I 197/= I 1 ,015/= 11 22,330/= 11 2,584/= I 56,848/= 

Note 1: inclusive of 3,060 Tsh per metre of concrete footing. 

Source: personal survey, 1995. 
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Poles 

A foundation of poles occurs in Kyela and in Gongo la Mboto. The poles are dug into the 
ground, without any protection. In Kyela the poles are made of bamboa and in G'Mboto the 
poles are made of mangrove. 
There are 5.9 poles per metre of foundation. 
The price of Iabour is calculated in the component 'soil provisions'. 
T o create a good foundation the po les should be protected with stanes in a cement mortar. For 
Kyela a concrete footing is also necessary (see also 'stones in mortar'). 
Using these data, the following table can be made. 

Table: Appendix E-1 0-VI 
Casts of a pole foundation in m in the sample areas 

(16) casts casts Total casts Total casts 
pol es materia Is techno. per unit in house 

component (22 m) 
(m) 

Kyela 100/= 01= 100/= 2,200/= 

G'Mboto 395/= 01= 395/= 8,697/= 

I Average 11 248/= I 01= I 248/= 11 5445/= 

Note 1: inclusive of 3,060 Tsh per metre of concrete footing. 
Note 2: a cement mortar is necessary 

Source: personal survey, 1995. 

casts safe casts safe 
alternative alternative in 

per unit (m) house 
(22 m) 

4,287/= l) 94,314/= l) 

2,613/= 2) 57,486/= 

11 3,450/= I 75,900/= I 
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Appendix E-11 

Costs wall structure external (21) and internal (22) 

The walls are made of: 
- soil blocks with mud mortar; 
- soil walls; 
- cement/ aggregate blocks with mortar; 
- burnt bricks with mortar, or 
- mud and poles. 
For each type the casts are calculated: 

Soil blocks 

The soil blocks are made of the local soil. Productivity is 0.65 m2 per man/hour or 1.5 man/hour 
per m2

• The material casts per block differ for the different areas (see 5.3.8 of part E of the main 
report). 
The soil blocks are not used in G'Mboto. 
The walls areabout 0.2 metre wide. 
To create a safe wall, the granulation should be good (Soil stabilised with cement is even better. 
This type is discussed in the section 'Cement/ aggregate blocks'). The width should be 290 mm 
(see a lso appendix E-6). 
Using these data, the following table can be made. 

Table: Appendix E-11-1 
Casts of a soil block wall structure in m2 in the sample areas 

(21 +22) casts casts Total casts Total casts costs safe 
soil blocks materia Is techno. per unit in house alternative 

component (66m2) per unit 
(m2) (m) 

Ndiuka 210/= 149/= 356/= 23,496/= 402/= 11 

Uyole 194/= 209/= 410/= 27,060/= 615/= 

Kyela 194/= 198/= 392/= 25,872/= 600/= 21 

G'Mboto - - - - -

Average 199/= 185/= 384/= I 25,344/= 11 539/= 

Note 1: 
Note 2: 

with 5 o/o clay added trom river bank (costs on site 2,750 Tsh per m3
). 

with 50 o/o sand added. 

Source: personal survey, 1995. 
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Soil wall 

This soil wallis only used in Ndiuka. 
The soil walls are made of the local soil, with a thickness of 0.26 metre. Productivity is 0.26 m2 

per man/hour or 3.8 man/hour per m2
• 

To create a safe wall for Ndiuka, the soil should have a good granulation (see also 5.3.8 of part 
E of the main report) and a width of 0.30 metre (see appendix E-6). 
Using these data the following table can be made. 

Table: Appendix E-11-11 
Casts of a soil wall structure in m2 in Ndiuka 

(21 +22) casts casts Total casts Total casts casts safe casts safe 
soil walls materials techno. per unit in house alternative alternative 

component (66m2
) per unit in house 

(m2) component (66m2) 

(m2) 

I Ndiuka I OI= 361/= 361/= I 23,843/= 11 
402/= ,, 1 26,549/= 

Note 1: with 5 % clay added trom river bank (casts on site 2,750 Tsh per m3
). 

Source: personal survey, 1995. 

Cement/ aggregate blocks with mortar 

These blocks are made of cement with aggregates such as sand or gravel. The mortar is mostly 
is cement mortar. The productivity is 0.46 m2 per man/hour laying or 2.2 man/hour per m2

• The 
wall thickness is 152 mm. The average joint is 20 mm and the blocks are 457x229x152 mm. 
So 1 m2 wall, with a width of 1 52 mm contents of: 
- 8.4 blocks, and 
- 0.018 m3 mortar. 

A cheaper alternative might be the blocks made of cement with soil, with a thickness of 140 
mm and a joint of 10 mm. So 9.0 blocks per m2 plus 0.009 m3 mortar (see also appendix E-6). 
Using these data, the following table can be made. 

Table: Appendix E-11-111 
Costs of a cement/ aggregate block wall structure in m2 in the sample areas 

(21 + 22) casts casts Total casts Total casts casts safe casts safe 
cement/ materia Is techno per unit in house alternative alternative in 

aggregate component (66m2
) per unit house (66 

blocks (m2) (m2) m2) 

Ndiuka 1,905/= 218/= 2,123/= 140,118/= 1,823/= 119,658/= 

Uyole 2,423/= 306/= 2,729/= 180,114/= 1,713/= 113,058/= 

Kyela 1,922/= 290/= 2,212/= 145,992/= 1,911/= 126, 126/= 

G'Mboto 2, 103/= 473/= 2,576/= 170,016/= 2,012/= 132, 792/= 

I Average 11 2,088/= I 322/= I 2,4 10/= 11 159,060/= 11 1,864/= I 123,074/= 

Source: personal survey, 1995. 

I 

I 
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Burnt bricks 

These blocks are made of burnt soil. The mortar is mostly mud. 
In Ndiuka the bricks are 215x102x69. A wallis mostly 215 mm wide. Productivity is 25 bricks 
per man/hour (see also 5.3.9 of this part). The average joint is 20 mm. 
So 1 m2 wall contains: 
- 94 bricks, and 
- 0.073 m3 mortar. 

Productivity is 3.76 man/hour per m2 and price is 2.5 Tsh. 
In Uyole and Kyela the bricks are bigger: 301 x201 x113 mm. Productivity is 0.46 m2 per 
man/hour or 2.2 man/hour per m2

• The average joint is 20 mm. So 1 m2 wall, with a width of 
201 mm consists of: 
- 23.4 bricks, and 
- 0.041 m3 mortar. 

For Ndiuka and Uyole the mortar should be stabilised with cement. The wall thickness should be 
140 mm (see appendix E-6) and the joint should be 1 0 mm. 
So in Ndiuka stones should have another size. A better size would be: 140x65x69, so 1 m2 

contains 169 bricks and 0.034 m3 mortar, assuming that productivity is still 3. 76 man/hour per 
m2. 
In Uyole the bricks can be smaller: 301 x140x113 and the joints can be 10 mm. So 1 m2 

contains 26 bricks and 0.016 m3 mortar. 
For Kyela the mortar should be stabilised with cement, the joint should be 10 mm and the 
dimensions identical as those used in Uyole. 
In G'Mboto these bricks are hardly used at all. 
Using these data, the following table can be made. 

Table: Appendix E-11-IV 
Costs of a burnt bricks wall structure in m2 in the sample areas 

(21 + 22) casts casts Total costs Total costs casts safe casts safe 
burnt materia Is techno per unit in house alternative alternative in 
bricks component (66m2) per unit (m 2

) house 
(m2) (66m2) 

Ndiuka 564/= 372/= 936/= 61,776/= 1,915/ = 126.374/= 

Uyole 1 ,404/= 306/= 1,710/= 112,860/= 1,846/= 121,836/= 

Kyela 1,404/ = 290/= 1,694/ = 111,804/= 1,894/ = 125,004/= 

G'Mboto - - - - - -

I Average 11 874/= I 323/= I 1,447/= 11 95,480/= I 1,885/ = 124,410/= 

Source: personal survey, 1995. 
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Mud and poles 

Walls of 'mud and poles' are used in Kyela and in Gongo la Mboto. In Kyela the poles are made 
of bamboa and in G'Mboto the poles are made of mangrove. 
There are 5.9 m culms per metre of wall plus 6.0 m wall sticks. 
For Kyela the wall sticks are made of split bamboe: 6 wall sticks out of one pole. 
Productivity is 0.3 m2 per man/hour or 3.3 man/hour per m2

• 

The lifetime of the bambeo construction in K yela is a bout 5-1 0 years when the foundation is 
good (see also 'foundations poles'). The ways to attain a lifetime of more than 20 years of this 
bamboa construction are discussed in part F. 
The lifetime of the mangrove in G'Mboto is more than 20 years if the foundation is good and the 
walls are plastered with a cement plaster. 

Using these data, the following table can be made. 

Table: Appendix E-11-V 
Casts of a 'mud and poles' wall in m2 in the sample areas 

(21 + 22) costs costs Total costs Total costs costs safe costs safe 
'mud and materials techno. per unit in house alternative alternative 

po les' component (66m2) per unit in house 
(m2) component (66m2) 

(m2) 

Kyela 2301= 436/= 666/= 43,956/= see part F see part F 

G'Mboto 437/= 710/= 1,147/= 75,702/= - -

I Average 11 334/= I 573/= I 907/= 11 59,862/= 11 -I -I 
Source: personal survey, 1995. 
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Appendix E-12 

Costs wall-finishing external (41) and internat (42) 

Only one type of plastering is described in this report: the cement plaster. 
The layer is 13 mm thick and 1 m2 consists of: 
- 4 kg cement, and 
- 0.01 m3 fine sand ( < 1.8 mm). 
Productivity is 1.3 m2 per man/hour or 0.77 man/hour per m2

• The existing plaster is good. 
Using this data, the following table can be made. 

Table: Appendix E-1 2-1 
Casts of plastering in m2 in the sample areas 

u casts casts Total casts Total casts casts safe casts safe 
materia Is techno. per unit in house alternative alternative 

component (132m2) per unit in house 
(m2) (m2) (132m2) 

Ndiuka 351/= 76/= 427/= 56,364/ = -

Uyole 349/= 107/= 456/= 60, 192/= -

Kyela 341 /= 102/= 443/= 58,476/ = -

G'Mboto 365/= 166/= 531/= 70,092/= -

I Average I 352/= 113/= 465/= 
. 

61,380/= I - I 
Source: personal survey, 1995. 

-

-

-

-

- I 

Wall structures with a rougher surface might need a thicker plaster. This has not been taken into 
account. 

70 



Appendix E-13 

Costs roof structure (27) 

There are mainly two types of roof structures: 
- truss-based structures, and 
- non-truss-based structures. 

Appendices 

Truss-based structures can be cheaper if the distance between the walls is big. The dimensions 
of the beams depends on the loads and on the dimensions of the house. 

Beams made of timber 

In this calculation the house of appendix E-7 is used, with a non-truss-based roof structure. 
The dimensions of the beams are also assumed, and are: 
- for the ridge beam: 75x50 mm; 
- for the rafters: 50x50 mm, with a distance of 1 ,400 mm; 
- for the purlins: 50x25 mm, with a distance of 670 mm, and 
- for theeave beam: 50x50 mm. 
These dimensions and distances occurred in many cases. 

The total house consists of: 
- ridge beam: 10 m; 
- rafters: 6 x 5.6 m + 4 x 3.2 m; 
- purlins: 8 x 10 m + 4 x 6.8 m, and 
- eave beam: 2 x 1 0 + 2 x 6.8 m. 

In total: 0.0375 + 0.116 + 0.134 + 0.084 = 0.37 m3
• 

For the attachment about 120 nails are needed. 
Productivity is 1.5 m2 per man/hour or 0.67 man/hour per m2

• 

The lifetime of the timber can be extended by preservation. The price of treated timber is about 
45 %higher (see also appendix C-12). 
Using this data the following table can be made. 

Table: Appendix E-13-1 
Costs of roof structure (non-truss-based) in m2 in the sample areas 

(27) costs costs Total costs Total costs costs safe costs safe 
non-truss materia Is,, techno. per unit in house alternative alternative 

based component (77m2) per unit in house 
(m21,, component (77m2) 

(m2) 

Ndiuka 190/= 66/= 256/= 19,712/= 341/= 26,257/= 

Uyole 188/= 93/= 281/= 21 ,637/= 366/= 28,182/ = 

Kyela 277/= 88/= 365/= 28,105/= 490/= 37.730/= 

G'Mboto 214/= 144/= 358/= 27,566/= 454/= 34,958/= 

I Average 11 
217/= I 98/= I 315/= 11 24,255/= 11 413/= I 31,801/= 

Note 1 : based on total costs. 

Source: personal survey, 1995. 

I 
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Beams made of bamboa 

Bamboa can be used insteadof timber, in Kyela. The equivalents for the timber beam 
dimensions and their prices (see 4.4 of part El are: 

75x50: 10 m = > 
50x50: 80 m = > 
25x50: 107 m = > 

cp 100: 10 m, (40 Tsh/m), so in total: 
cp 70: 80 m, (44 Tsh/m), so in total: 
cp 50: 107 m, (42 Tsh/m), so in total: 

These bamboa beams are connected with sisal rope, which costs: 
The technology used for the whole roof is: 

400 Tsh. 
3,520 Tsh. 
4,495 Tsh. 

600 Tsh. 
6,776 Tsh. 

So in total the costs of a roof structure made of bamboa in Kyela amount to: 15,791 Tsh. 
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Costs roof-tinishing (4 7) 

There are two types of roof-finishing: 
- corrugated iron sheets, and 
- 'grass'. 

Corrugated iron sheets 

Appendices 

The sheets are 880 mm wide and 3,000 mm long. The longitudinal overlap is 200 mm. The 
transversal overlap is 76 mm (one lambda). 
For the house of appendix E-7: 25 + 7 = 32 sheets are needed. This house has a roof area of 
77 m2

• So per m2 0.42 sheet is needed. 
(Another calculation method is: one sheet has an overlap of 200 and 76 mm. The covering 
surface of one sheet is: 2.25 m2

• Or tor 1 m2 roof 0.44 sheet is needed. In this calculation the 
economie design of a roof has notbeen taken into account.) 
To fix one sheet 11 nails are needed. Sopersheet 110 Tsh should be added, or per m2 46 Tsh 
should be added. 
For the house ridge, capping is needed. In total 6 cappings are needed. These cost 9,000 Tsh 
altogether. 
Productivity is 3.6 m2 per man/hour or 0.28 man/hour per m2

• 

The sheets last long enough in this way (when painted the sheets have a longer lifetime, but this 
is not calculated). 
Using this data, the following table can be made. 

Table: Appendix E-14-1 
Costs of roof-tinishing (corrugated iron sheets) in m2 in the sample areas 

(47) casts casts Total casts Total casts casts safe casts safe 
corrugated materials techno. per unit in house alternative alternative 
iron sheets component (77m2),, per unit in house 

(m2) (m2) (77m2) 

Ndiuka 2,440/= 28/= 2,468/= 199,036/= - -

Uyole 2,188/= 39/= 2,2271= 180,479/= - -

Kyela 2, 104/= 37/= 2,141/= 173,857/= - -

G'Mboto 1,999/= 60/= 2,059/= 167,543/= - -

I Average 11 2,183/= I 41/= I 2,224/= 11 180,248/= 11 -I -I 
Note 1: inclusive capping of 9,000 Tsh. 

Source: personal survey, 1995. 
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Grass 

Productivity is 0.85 m2 per man/hour, or 1.2 man/hour per m2
• The costs per m2 of grass are 

500 Tsh (see 5.3.1 0 of part E of the main report). 
No data have been found about the lifetime of this material. 
This material only occurs in Kyela and in Gongo la Mboto. 
Using this data, the following table can be made. 

Table: Appendix E-14-11 
Costs of roof-tinishing (grass) in m2 in the sample areas 

(47) 
'grass' 

casts 
materials 

casts 
techno. 

Total casts 
per unit 

component 
(m2) 

Total casts 
in house 
(77m2) 

Kyela 500/= 158/= 658/= 

G'Mboto 500/= 258/= 758/= 

50.666/~ I 
58,366/= 

I Average 11 500/= 1 208/= 1 708/= 11 54,516/= 11 

Source: personal survey, 1995. 
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Appendix E-1 5 

Total costs houses: two limits 

The total costs of the houses vary per type and per area. 
To present the extreme limits of the different types of houses, one of the cheapest houses and 
of the most expensive houses are calculated, both tor the existing situation and tor a long
lasting safe alternative. The prices are average costs of the areas. 
Cheapest alternative: a plastered ground floor, mud block wall and foundation, a grass roof, no 
wall plastering, two flush doors plus windows, pit latrine. 
Most expensive alternative: a plastered ground floor, cement/ aggregate blocks in the wall and 
foundation, corrugated iron sheets, walls all plastered, two panelled and two flush doors, luxury 
windows and a pit latrine. 

Table: Appendix E-15-1 
Costs total houses tor two examples 

Cheapest alternative Most expensive 
alternative 

existing safe existing safe 

Soil provisions 2,000 6,000 2,000 6,000 

Ground floor 78,000 101,000 78,000 101,000 

Foundation 4,000 44,000 49,000 56,000 

Wall structure 25,000 36,000 159,000 123,000 

Wall-finishing 0 0 62,000 62,000 

Roof structure 24,000 30,000 24,000 30,000 

Roof-tinishing 50,000 50,000 180,000 180,000 

Doors 64,000 64,000 153,000 153,000 

Windows 37,000 37,000 56,000 56,000 

Pit latrine 64,000 64,000 64,000 64,000 

I Total I 348,000 1 432,000 11 827,000 1 831 .ooo 1 
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-------------------------------------------------------A-~_e_nd_k_~ ~ 
Appendix F-1 

Flat bamboo used as wall plates 

Source: Stulz, 1981: 180. 

BAHAREQUE WALL 
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Appendix F-2 

Split bamboo woven into a wall plate 

Source: Stulz, 1981 : 176. 
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Split bamboo on a frame as wall sticks 

Source: Stulz, 1981: 180. 

BAMBOC-MUD WALL 

Appendices 

79 



Technology for the production of bamboa housingin Tanzania 

Appendix F-4 

Bamboa poles used in constructions 

Source: Stulz, 1981: 300-305. 
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A Colombian coffee plant: construction phases 3 and 4. 
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A Colombian house 
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Appendix F-5 

Bamboo joints 

Source: Stulz, 1981: 184-1 88. 

Joints made with wire. 

Appendices 

83 



Technology for the production of bamboo housingin Tanzania 

Joints made with ropes. 

b 
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--------------------------------------------------------------~A~p~p~~~d~fu~~ ~ 
Rooms for rats' nests 

Source: Royal Dutch-lndian Medical Services, 1935: 36-40. 
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.WRONG 

86 

SIDE PURLIN 

RIGHT 

i 

1 bambeo é:eiling 
joists, room. for 
ratsnests in the ends 

'\at least 100 mm(4") 
~---· 

not single or double 
double bambeo more than I bambeo wall without 
wall with'space -30 mm (I") space inbetween, 
inbetween · !: ~ ·45o slant. ~ , 1 fastened tagether by · 

~~laths at intervals 
of 250 mm ( 10") 
otherwise ISO mm 

I 

(6"> I 

(4") 

I 
I 

I 
I 

' 
' I 
I 
I 
I 
I 

I 
__ j 



0 

WRONG 

RIGHT 

TROUGH GUTTER 

RIGHT 

bambDo 
rafter~ 

____ _::.A~pp~e111Cndices ~ 

u 

87 



Techno/ogy tor the production of bamboa housing in Tanzania 
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Drawings Costa Rican bamboo house 
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Appendix F-7 

Timber wall panels with bamboa infill 

The panels consist of timber beams with bamboa infill. 
One panel consists of two horizontal beams, one at the bottorn and one at the top of the panel. 
In between bath beams, vertical beams are placed. The distance between two vertical beams is 
900 mm. 
Between the vertical beams, bamboa can be used. This bamboa is placed horizontally on the 
beams. The bamboa sticks should be 0.9, 1.8 or 2.7 metres long. 
The dimensions and casts are presented in two parts: 
a) bamboa infill, and 
b) timber structure. 
In c) the total casts are presented. 

a) Bamboo infill 

The thickness of bamboa sticks depends on the loads per area. 
The ma in loads on the wall infill are the wind loads. Below, the loads and dimensions of the 
sticks are calculated. 

Windloads on the walls and the dimensions of the bamboa sticks: 

Based on 'Loads for Structural Design - BRU Technica! Guideline number 2'. 

At the corners of the houses the wind loads are highest. Between the windows and the corners 
the sticks are short: 1.8 m. So one stick covers two 'fields'. 
So the highest moment of force is equal to 1 /8 *laad* (distance between culms) 2

• 

The wind load consist of two parts, with the maximum laad factors: 
- External suction ( 1.1 ), and 
- lnternal pressure (0.3) (normal ventilation). 

All the areas are situated in a strong wind area. 
This means a maximum wind speed of 37 m/s. (Cyclones are not calculated). 
The equivalent static wind laad is: 
q. (0.3+1.1)*0.6*(37)2 

q. 11 50 (N/m 2
) 

q. 1.1 5 (kN/m2
) 

So the maximum moment of force is: 
Mmax = 1/8*q.*(0.9)2 

Mmax = 0.116 (kNm) 
This moment is one horizontal metre plate. 

To calculate the dimensions for the ultimate limit stage, safety factors should be added. 
These safety factors are for combination A: 
- Permanent loads: r1 1.2, and 
- Accidental loads: r1 = 1 . 6. 

So the design moment of force is: 

Mdesign = 0.116*1.6 = 0.186 (kNm). 
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The allowable bending strength of bamboa is 15 (N/mm2
). (See also chapter 3.3.8 of part 0.) 

50 % may be added for wind loads. 
So the allowable bending strength is = 22.5 (N/mm2

). 

So the required modulus of cross section of one metre plate is: 
(0, 186* 1 0 6)/22.5 = 8267 (mm3

). 

The split bamboa is assumed to be a rectangular lat (safe alternative I. 
The thickness of the bamboa should be at least 7 mm. 

The permanent loads: 

The bamboa sticks have to bear the vertical permanent loads also. 
(The tensions of the horizontal loads and the vertical loads should be added and should be 
smaller than the allowable tension). 

The permanent loads consist of: 
- plaster, and 
- bamboa sticks. 

The weight of the bamboa sticks is negligible. 
The plaster is 26 mm thick. 

Per m2 wall the permanent loads are: 0.026*20 = 0.52 (kN). 
The safety factor of permanent loads in combination A, is: r1 = 1.2. 

So the design moment of force is 0.063 (kNm) per metre plate, assuming split bamboa of 40x7 
mm. 
The extra tension in the vertical direction is 1.4 (N/mm2

). 

This is negligible. 

In total: 

Split bamboa with a minimum thickness of 7 mm (at a width of 40 mm) is appropriate. 

Costs of bamboa infill 

The casts of this split bamboa is different for each area. Per area the casts are calculated. 
The casts of the bamboa are derived trom chapter 4 of part E and the casts of technology are 
derived trom chapter 5.7.2 of part E. 
The bamboa should be treated with Borax. The treatment with Borax casts 7.06 Tsh per kg 
bamboa (see also chapter 2.3.3 of part F). The bamboos which are used are 7 mm thick, so 1 
m2 wall contains 5.6 kg of bamboo. The casts of treatment are 40 Tsh. 
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Ndiuka 

0. Braunii: 130 Tsh per 8 m. 
This is 18 Tsh per metre. 
These sterns are cp 75 mm. So these sterns can be cut into 6 pieces. 
Dimensions split bamboe: 40x7 mm. 
So 1 m of split bamboa costs: 2. 7 Tsh. 
The costs of treatment with Borax are 40 Tsh. 

1 m2 of wall consists of: 
- 25 split bamboos = 
- 4.5 man/hour technology 

Uyole 

A. Alpina: 84 Tsh per 8 m. 
This is 11 Tsh per metre. 

108 Tsh. 
446 Tsh. 

These sterns are cp 65 mm. So these sterns can be cut into 4 pieces. 
Dimensions split bamboe: 51 x7 mm. 
So 1 m of split bamboa costs: 2.6 Tsh. 
The costs of treatment with Borax are 40 Tsh. 

1 m2 of wall consists of: 
- 20 split bamboos = 
- 3.6 man/hour technology 

Kyela 

B. Vulgaris: 220 Tsh per 5 m. 
This is 44 Tsh per metre. 

92 Tsh. 
500 Tsh. 

These sterns are cp 85 mm. So these sterns can be cut into 6 pieces. 
Dimensions split bamboo: 45x7 mm. 
So 1 mof split bambeo costs: 7.3 Tsh. 
The costs of treatment with Borax are 40 Tsh. 

1 m2 of wall consists of: 
- 22 split bamboos = 

- 4.0 man/hour technology 

Gongo la Mboto 

B. Vulgaris: 250 Tsh per 6 m. 
This is 42 Tsh per metre. 

201 Tsh. 
528 Tsh. 

These sterns are (/) 65 mm. So these sterns can be cut into 4 pieces. 
Dimensions split bamboe: 51 x7 mm. 
So 1 m split bamboa costs: 10.4 Tsh. 
The costs of treatment with Borax are 40 Tsh. 

1 m2 of wall consists of: 
- 20 split bamboos = 

- 3.6 man/hour technology 
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b) Timber structure 

The dimensions of the timber structure are assumed to be the same as those in Costa Rica. 
The dimensions are: 
- Ground-beam: 50x50 mm; 51 m; 
- Lower beam: 25x50 mm; 51 m; 
- Upper beam: 50x50 mm; 51 m, and 
- Vertical culms: 50x50 mm; 188 m. 

These beams are connected with nails, wire and bolts. In total 7 kg is needed. 
The conneetion between the lower beam and the foundation consists of mild steel anchors, 
these anchors are q, 8 mm and 800 mm long. In total the costs for the anchors are 16,000 Tsh. 

Productivity is 5.5 metres of beam per man/hour. 

Costs timber structure 

The costs of the structure are basedon 96 m2 wall. (This is the area of the Costa Rican wall.) 
The costs of the treated timber structure consist of materialand technology costs. Both parts 
depend on the area. The total required is: 
- 0. 79 m3 treated timber; 
- 7 kg nails, bolts or wire; 
- anchors: 16,000 Tsh, and 
- 62 man/hour. 

For each area the costs are presented in the following table: 

Table: Appendix F-7-1 
Casts Costa Rican timber wall structure (without bamboa infill) in total for 96 m2

• 

I I 
Costs Casts 

I 
Total costs 

I material technology 

Ndiuka 62,714/= 6, 138/= 68,852/= 

Uyole 62, 141/= 6,818/= 68,959/= 

Kyela 83,333/= 8,184/= 91 ,517/= 

G'Mboto 68,442/= 13,330/= 81,772/= 

Source: personal survey, 1995. 
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c) Total costs per m2 

In a) the costs of bamboo are presented per m2
• In b) the total costs are presented. These total 

costs are divided by 96 m2 to get an estimated total price for one m2
• 

In the following table the total price per m2 is presented. 

Table: Appendix F-7-11 
Total costs Costa Rican wall structure in Tanzania per m2 

Costs Costs I Total costs I material technology 

Ndiuka 761/= 510/= 1 ,271/= 

Uyole 739/= 571/= 1,310/= 

Kyela 1 ,069/= 613/= 1,682/= 

G'Mboto 961/= 913/= 1,874/= 

Average I 932/= I 652/= 
11 

1,584/= I 
Source: personaf survey, 1995. 
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Appendix F-8 

Costa Rican case made in Tanzania by craftsmen 

The calculation of the Costa Rican house fellows the calculations described in chapter 5. 7 of 
part E. The prices are the average safe prices of chapter 5 of part E, except for a few 
components: 
- the foundation: a concrete footing of 156,000 Tsh should be added; 
- the wall structure: this price is the average price of appendix F-7, and 
- the roof structure: the price should be taken three times, because of trusses instead of single-

beam roof structure. 

An overview of the amount of components is shown below: 

- Soil provisions ( 11): 
- Ground floor ( 1 3 + 43): 
- Foundation (16): 
- Wall structure (21 + 22): 
- Wall-finishing (41 + 42): 
- Roof structure (82): 
- Roof-tinishing (47): 

and: 
- Doors panelled: 
- Windows glazed and painted: 
- Pit latrine: 

Total: 

26m3
: 

64m2
: 

51 m: 
96m2

: 

132m2
: 

82m2
: 

82m2
: 

57,720; 
1 07,904; 
376,320; 
152,064; 

89,280; 
100,860; 
191,634; 

267,000; 
108,000; 

64,000. 

1,514,800 Tsh. 

The average contraetar's price is 2,823,300 Tsh, according to my own interviews with three 
contractors in lringa, Mbeya and Dar es Salaam. 

The contractor price is 86 o/o higher than the craftsman price. 
Th is is in conformity with the literature: 'contractors produce 50 to 100 o/o more expensive than 
artisans' (see chapter 3.2.5 of part D). 
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Appendix F-9 

Costs Costa Rican bamboo wall culms with concrete extension pieces for foundation in 
Tanzania 

According to chapter 3.3.2 of part F of the main report, the concrete extension pieces have the 
following dimensions: 
- Diameter: liJ 60 mm. 
- Length: 500 mm (for Ndiuka, Uyole and Gongo la Mbotol, and 

800 mm (for Kyela). 
- Reinforcement steel: liJ 6 mm. 
- Distance: 900 mm. 

The foundation wall should consist of stones in mud mortar, with a cement sereed of 25 mm. 
See also appendix E-1 0: 'Stones in mud mortar'. 

The wall structure consists of bamboo culms with a diameter of 60 mm and a distance of 900 
mm with a bamboo infill. The costs of this bamboo infill are presented in appendix E-7. 

Casts concrete extension pieces in the different areas 

One metre of concrete extension piece, with a diameter of 60 mm, consists of: 
- 0.0028 m3 concrete (0.9 kg cement and 5.6 kg aggregates); 
- 1 m liJ 6 mm 'High Tensile Reinforcement steel' (see also appendix C-12), and 
- 0.028 man/hour (see also 5.2.6 of part E: 'Ground floor'). 
The costs of formwork is assumed to be nil. 

The total costs per m are presented in the following table. 

Table: Appendix F-9-1 
Casts concrete extension piece 'fJ 60 mm per m, in the different areas 

I I Casts Casts Casts piece f/J 
material technology 60 perm 

Ndiuka 2071= 31= 210/= 

Uyale 215/= 4/= 219/= 

Kyela 211/= 4/= 215/= 

G'Mbato 156/= 6/= 162/= 

I Average I 197/= 4/= 201/= 

Source: personal survey, 1995. 
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Costs foundation 

The foundation consists of stones with mud mortar, a cement sereed and the concrete extension 
pieces. The costs of 'stones with mud mortar' are described in appendix E-10. The foundation 
wall has to be 200 mm wide. A cement sereed is necessary to prevent moisture seeping into the 
wall. 
The costs of concrete extension pieces are described above, the length of the pieces and the 
distance of the pieces for the different areas are taken into account. 

The total costs for a Tanzanian house are based on the drawings of appendix E-7. The total 
foundation has a length of 22 m. 
Using these data, the following table can be made. 

Table: Appendix F-9-11 
Costs concrete pile foundation with stones in mud mortar in the different areas 

(16) Casts Casts Casts Casts total 
concrete material technology foundation foundation 

pil es perm (22 m) 

Ndiuka 365/= 140/= 505/= 11,110/ = 

Uyole 643/= 196/= 839/= 18,458/= 

Kyela 345/= 186/= 531/= 11 ,682/= 

G'Mboto 377/= 313/.= 690/= 15, 180/= 

I Average 11 433/= I 209/= I 642/= 14,124/= 

Source: personar survey, 1995. 

Costs wal/ structure 

The wall structure consists of treated bamboo poles, with a diameter of 60 and a distance of 
900 mm. Between the culms the bamboo infill is attached. 
The costs of the bamboo poles are presented in chapter 3.2.5 of part F. 
The costs of the bamboo infill are presented in appendix F-7, point a): 'costs bamboo infill'. 
The technology costs are presented in appendix F-7, point c): 'total costs'. 
The attaching material costs are assumed 50 Tsh per m2

. 

Using these data, the following table can be made. 
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Table: Appendix F-9-111 
Total costs Costa Rican bamboo wall structure with bamboo infill in Tanzania per m2 

(21+22) Casts Casts Casts per m2 Total casts Costa 
Costa Rican material technology Costa Rican Rican alternative (66 
bamboa wall alternative m2) 

Ndiuka 205/= 510/= 715/= 47, 190/= 

Uyole 189/= 571/= 760/= 50, 160/= 

Kyela 253/= 613/= 866/= 57, 156/= 

G'Mboto 336/= 913/= 1 ,249/= 82,434/= 

I Average I 246/= 652/= 11 898/= I 59,268/= I 
Source: personal survey, 1995. 
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