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Abstract 
Nakuru, Kenya suffers from a lack of decent and affordable 
houses. The high costs of decent housing can be attributed to 
the use of expensive materials and the rising material prices. A 
salution for this problem could be found in the use of alternative 
locally available materials and new designs. 

For the walling there are several "new" designs working with 
alternative materials. Interlocking stabilized soil blocks is an 
upcoming technique favourable for its use of locally available 
materials and the need of relatively unskilled Iabour. 

For the roofing there is the choice between expensive roofing 
tiles and cheaper corrugated sheets (in terms of purchasing 
costs) which are not appropriate and are becoming more 
expensive due to the rising wood prices. 

This thesis deals with this problem by introducing a design 
for an alternative roofing solution. This salution is based on 
the Timbrel vaulting technique and the use of stabilized soil, 
improving sound and heat insulation. Costs are minimized while 
the lifespan is stretched greatly. 

The roofing methad is tested through a full scale load test 
complemented with further calculations. 
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1 
Kenya 

1.1 Geography 
1.2 Population 
1.3 Etnicity 
1.4 Economy 
1.5 History 



1.1 Geography 
Geographic coordinates: 
Location: 

Area : 

Terrain : 

Land use: 

Elevation extremes: 

Natural resources: 

1 00 N, 38 00 E [Centra! In elligence Agency, 2009) 
Eastern Afrlca, berdering the Indian Ocean, between Et iopia, 
Somalia Sudan Tanzania and U anda [Centr111 I elligence Agency, 2009] 
total : 582,650 sq km 
land: 569,250 sq km 
water : 13 400 s km 
plains: 9.4 % 
lowlands : 10.3% 
Plateaus: 10.7% 
hills : 3.3% 
mountains: 66.4 % 
arabie land: 8.2% 
torest land: 6.2% 2007 
lowest point: Indlan Ocean 0 m 
highest point: Mount Kenya 5,199 m [Centra! In~elligence Agency, 2009] 
limestone, soda ash, salt, gemstones, tluorspar, zinc, diatomite, gypsum, 
wildllfe, hydrapower [Centrpt Ijelligence Agency, 2009] 

The Kenyan elimate varles widely, from humid temperatures at the coast tofreezing at the top of Mount Kenya. Mostpartsof the 
country have two rain seasons. The so called ' long-rains' from March to May, and the 'short-rains' from October to December. 

Provinces: Central, Coast, Eastern, Nairobi Area, North Eastern, 
Nyanza, Rift Valley, Western [Centrpt Irtelligence Agency, 2009] 

Kenya is divided into 7 provinces and 1 area (Nairobi Area). These provinces are further divided into districts (map 1). When talking 
about administration levels, these districts are further divided into divisions which are again divided into locations. 



1.2 Popuiatien 
Total Populatlon: 
Capital: 
National average distance to 
capital city: ~ 
Populatlon large ~lties 
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Graph. 1 - Population growth of Kenya through the years 

Kenya Urban % Urban growth Number of urban 
('000) ('000) urban rate (%) eentres 

1948 5,406 285 5.2 --- 17 

1962 8,636 671 7.8 6.3 34 

1969 10,943 1,082 9.9 7.1 47 

1979 15,334 2,314 15.1 7.9 91 

1989 21,444 3,864 18.0 5.3 139 

1999 28,686 9,997* 34.8* 10.0* ---
Table 1 - Urbanization trends in Kenya, 1948-1999 

[ Central Intelligence Agency, 2009] 
[ Central Intelligence Agency, 2009] 

[The Wortd Bank Group] 

[U.S. Department öf State] 

[The Wortd Bank Group] 

Source: Compiled from the 1948, 1962, 1969, 1979, 
1989 and 1999 Kenya Population Census Reports. "' 
These figures might not reflect the existing core urban 
population since the 1999 Census compiled data for 201 
local authorities, regardless of the size of the towns and 
their limits. It is therefore not easy to determine the 
~official" number of urban eentres in 1999. 

[U.S. Department of State] 



Urban populatlon: 
Po ulatlon densl 
Age structure 

Medlan age: 

Uve expectancy at birth 

Popuiatien grow rate: 
Birth rate: 
Death rate: 
HIV/AIDS-adult prevalenee rate: 
Major infectieus diseases: 

1[The World Bank Groupl 
The World Bank Grou 
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Graph. 2 - Age spread of the kenyan population (2009) 

total: 18.7 years 
male: 18.6 years 
female: 18.8 ears 2008 est. 
total population: 57.86 years 
male: 57.49 years 
female: 58.24 years (2009 est.) 
2.691% (2009 est.) 
37.89 births/1,000 popuiatien (2008 est.) 
10.3 deaths/1,000 popuiatien (2008 est.) 
6.7% (2003 est.) 
degree of risk: high 

0 0.8 1 .6 2 .4 3 .2 4 

[U.S. Census Bureau] 

[Centra! l ntelllgence Agency, 2009) 
[Central Tntell1gence Agency, 2009) 
[Central Intelligence Agency, 2009] 
[ Central Intelligence Agency, 2009] 
[ Central Intelllgence Agency, 2009] 

food or waterborne diseases: bacterial and protozoa! diarrhea, hepatitis A, and typhoid fever 
vectorborne disease: malaria 
water contact dlsease: schistosomiasis (2008) [Centra! In!f=lligence Agency, 2009) 



1.3 Ethnicity 
Ethnic groups : Kikuyu 22%, Luhya 14%, Luo 13%, Kalenjin 12%, Kam ba 11%, Kisii 6%, Meru 6%, other 

African 15%, non-African (Asian, European, and Arab) 1% 

Religîons.: Protestant 45%, Roman Catholic 33%, Musli rn 10%, indigenous bellef's 
note: a large majority of Kenyans are Christian, but estimates for the 
percentage of the population that adheres to Islam or indigenous beliefs vary widely 

[Centra! Intelligence Agency, 2009] 
English (official), Kiswahili (official), numerous indigenous languages 

Languages: 

Kenya is inhabited by three large races, divided by the language 
they speak, namely the Bantu-, Cushitic-, and Nilotic-speaking 
tribes. Most Kenyans speak at least three languages, their tribal 
language, Kiswahili and English (of which the last two are the 
official languages of Kenya). 
In Kenya there are between 40 and 70 tribes, depending on 
how you count. One of the reasons of these dissimilar countings 
is that tribes are not closed units; there is an overlap between 
the different tribes. Another reason is that some tribes consist 
of sub-tribes which are not always counted. Because of the 
adoption of Western life styles the separation between the 
different tribes is even more diminishing. (Tribes in Kenya] 

Bantu-speaking tribes: 
Central Bantu : Kikuyu, Akamba, Meru, Embu, Tharaka, Mbere 
Western Bantu: Gussi, Kuria, Luhya 
Coastal Bantu : Mikikenda, Swahili, Pokomo, Segeju, Taveta, 
Taita 
Nilotic-speaking tribes: 
Plains Nilotic: Maasai, Samburu, Teso, Turkana, Elmolo, Njemps 
Highland Nilotic: Kalenjin, Marakwet, Tugen, Pokot, Elkony, 
Kipsigis 
Lake River Nilotic: Luo 
Cushitic-speaking tribes: 
Eastern Cushitic : Rendille, Somali, Boran, Gabbra, Orma 
Southern Cushitic: Boni 

{Centra! Intelligence AgencYt 2009] 

ETHIOPIA 
--LAllee Turlcana 

EAS'TERN 

KENYA 

TANZANIA 

NORTH 
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Population: 37m (2007} 
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Map 2 - Distibution of Ethnic groups in Kenya (2007) [Mynott] 



1.4 Economy 
GDP - composition by 
sector: 

Labor force: 
Labor force - by occupation: 

Industries: 

agriculture: 23.8% 
lndu : 16.7% 
services: 59.5% (2007 est.) 
16.94 mlllion 2008 est. 
agriculture: 75% 
indust and services: 25% (2003 est. 
40% (2001 est.) 
lowest 10%: 2% 

elllgence Agency, 2009} 
elligence Agency, 2009] 

elligence Agency, 2009] 
elligence Agency, 2009] 

tea, coffee, corn, wheat, sugarcane, fruit, vegetables; dairy products, bee , 
ork oult e s ( Central I elli ence Agency, 2009] 

smali-scale consumer goeds (plastic, furniture, batteries, textlles, clothin soap, cigarettes, 
flour}, agricultural products, horticulture, oil refining; 
aluminum, steel, lead; cement, commercial ship repair, tourism 

-· 
A large part of the agricultural production, for local consumption Product Percentage of total 
as well as for export, comes from small scale farmers. Small 
scale farming accounts for 75% of the total agricultural 
production. Large scale farming accounts for 30% of marketed 
agricultural production. 

Maize 70% 

Coffee 65% 

Tea 50% 
Sugar 90% 

Milk 80% 

Fish 85% 

Beef 70% 
Table 2 - Small scale agncultural production compared to the total produe~on. 

[U.f:i. Department of State] 

Leading area : defined as the area with the highest measure of welfare The World Bank Group] 
Area name: 
Area : 
Population density 
Area s welfare measure as a % 
of country's average welfare 
measure: 

Nairobi Province The World Bank GrOIJP] 
684sq km I The World Bank Grot~p] 
3133 people per sq km The World Bank Group] 

244 (1995-2006) (The World Bank Group] 



I 

I 

Census date: 1964 1969 1979 1989 1999 2001 

Population (in millions) 9.2* 10.9 15.3 21.4 28.7 30.4* 

Inter-census population growth rate ( 0/o) 3.4 3.4 3.4 3.4 3.0 2.9* 

Inter-census 15-59 population growth rate --- 3.9 3.6 3.5 3.8 3.9* 

GDP current prices (in Billion KSh.) 6.6 9.5 39.6 149.0 639.1 772.9 

GDP constant prices in Billion KSh. of 1964 6.6 9.1 15.7 24.3 31.1 31.4 

Intlation ( 0/o annual)** --- 0.9 9.8 9.7 13.2 9.5 

Per capita GDP constant prices KSh. of 1964 720 836 1024 1134 1038 1032 

GDP annual growth constant prices (%) --- 6.6 5.6 4.5 2.5 0.5 

Per capita GDP growth constant prices ( 0/o) --- 3.0 2.0 1.0 -0.5 -2.4 

Source : Agwanda et al. (forthcoming) who relied on Kenya Popuiatien Census Reports (1969, 1979, 1989, 1999) and Economie 
Surveys (1970 to 2001). * Agwanda et al.'s estimates. ** Mean difference between GDP at constant and current prices. 

Table 3 - Kenya: Gross Dornestic Product (GDP), 1964-2001 [Owuor, 2006] 

Gross National Income (GNI) per capita 1985-2007 : 

Map 3 - GNI per capita 1985 [The World Bank Group] 
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Map 4- GNI per capita 1990 [The World Bank Group] 
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Map 5 - GNI per capita 1995 [The World Bank Group] 

Map 7- GNI per capita 2003 [The World Bank Group] 
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Map 6 - GNI per capita 2000 [The World Bank Group] 

Map B - GNI per capita 2007 [The World Bank Grou~] 
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1.5 History 
In 1498 the Portuguese first came to Kenya. At the end of the 
16th century they controlled most of Kenya (including Mombasa, 
with the country's chief port). In 1729 the Portuguese were 
expelled trom Mombasa, and the city was regained by the Arabs 
(who owned it befare the Portuguese came to Kenya). 
From the mid-19th century European explorers mapped parts 
of the interior. In 1886 the British and German governments 
agreed upon spheres of influence in Eastern Africa. This included 
most of Kenya passing to the British. To increase the trading 
possibilities with the interior of Kenya and Uganda a railraad was 
built farm Mombasa to Kisumu starting in 1895 and completed in 
1901. [Encyclopedia.com, 2008] 
In 1903 large-scale farmers trom Europe came to the Highlands 
called 'white highlands'. The 'white highlands' was an area 
where European settlers put up lotsof large farms. One of the 
problems these European farmers encountered was the lack of 
labor force. They solved this problem by hampering the local 
small scale farmers to produce for the export which toreed them 
to seek tor work on the large European farms [Dietz, Foeken, & 
Haastrecht, 1988]. They took the land trom various native tribes 
(Kikuyu, Masai and ethers). The Kenyan people grew cash crops 
such as catfee and catton on a small scale or were laborers. In 
1920 Kenya officially became a colony of Great Britain. From 
the 1920s to 40s European settlers controlled the government 
and owned extensive farm lands. From 1895 on, the different 
tribes revolted during many 'shorter periods' because of the 
establishment of British rule and the inferior status of the 
natives. The protests reached a peak between 1952 and 1956; 
Kenya was under a state of emergency because of the "Mau 
Mau" insurgency (a revelt led by the Kikuyu) . [Encyclopedia. 
com, 2008] During this state of emergency thousands Kikuyu 
were killed [U.S. Department of State], ten thousands of Kikuyu 
were imprisoned of which many nationalist leaders, including 
Kenyatta who became president in 1963. After the revelt, Britain 
increased African representation in the colony's legislative 
council until, in 1961, there was an African majority. Finallyin 
1963 (on the 12th of December), Kenya became independent. 
Kenya became a republic in 1964 with Kenyatta as president. 
During the first decade of independenee many Europeans 
and Asians left the country. In this period of time there were 
many disputes among the different ethnic groups, in particular 
between Kikuyu and Luo. 
Kenyattas period of office was a turbulent one characterized by 

boundary disputes with Somalia (1963-68), the assassination 
of Tom Mobya (a possible successar to Kenyatta)(1969), a huge 
drought affecting more than 70% of the country (early 1970s) 
and deteriorating relations with neighboring countries (1970s). 
Kenyatta died in 1978; he was succeeded by Vice President 
Daniel arap Moi. 
Moi rejected demands tor democratization. He fiercely 
suppressed opposition. After rumars of a coup Moi dismantled 
the air force. Outspoken proponents of a multipary democracy 
were arrested. But in 1991 the legislature passed a 
constitutional amendment lega lizing multiparty democracy. Moi 
was reelected in 1992, but opponents denounced the election 
as fraudulent and the government was accused of human-rights 
violations. Moi was reelected tor the secend time in 1997 but 
had to retire (constitutionally) in 2002. 
Uhuru Kenyatta (son of Kenya's first leader) of the Kenya African 
national Union (KANU), supported by Moi ran tor the available 
position. Mwai Kibaki of the National Rainbow Coalition (NARC), 
who had ran against Moi in 1992 and 1997, won with 62% of 
the votes. Kibaki wanted to alter the constitution and reduce the 
president's powers. But the government withdrew in January 
2004 and appointed a new committee to continue the work in 
July. He expanded his cabinet, bringing representatives of KANU 
and another opposition party into the government. 
When the British came to Kenya they leased land from several 
tribes. In August 2004 the Masai started to protested aga inst 
these leases, saying they had expired. The government didn't 
agree to the assertions. 
Kibaki promised to attack the corruption in Kenya, but the British 
ambassador accused Kenyan officials of "massive looting" in 
2004-2005. 

In 2005 the government was accused of responding slowly 
to the problem of drought and erop failures which led to food 
shortages, even resulting in deaths. The scarcity of water 
resources led to fighting between Masai herders and Kikuyu 
farmers. 
Because of the fighting in Somalia (2006) many people fled to 
Kenya. About 30,000 refugees came to Kenya in this period, this 
on top of the 130,000 refugees which came to Kenya since 1991. 
In December 2007, President Kibaki was reelected, but his main 
opponent Raila Odinga of the Orange Demoeratic Movement 
(ODM) accused him of vote fraud. Also dornestic and foreign 
observers questioned the result. [Encyclopedia.com, 2008] Riots and 
violence broke out in many parts of Kenya resu lting in about 



1,500 deaths and 500,000 displaced. lU.!> [Jepartmcnr or Statel It 
is the question if the election fraud and ethnical division are 
the primal reason of the riots. Farmer UN Secretary General 
Kofi Annan thinks the deep rooted inequity is the real problem . 
Many assault were executed by Luo or Kalenjin with Kikuyu's 
as victims. This makes it look like ethnical assaults, but it is 
essentially a bout land, housing and water. 1 "1ushtd4 .2009] 
In negotiations (January to April 2008), led by Kofi Annan, the 
two sides agreed on a coalition government with Odinga as 
prime minister. IE:nryLiopedJe.corn . 200~1 







2 
Na1kuru 
district 

2.1 Rift Valley province 
2.2 Nakuru district 

2.1 Rift Valley province 
The Rift Valley Province is (as mentioned in chapter 1 Kenya -
Geographic- page 008) one of the 7 provinces of Kenya. Rift 
Valley is bordered by all but the North Eastern Province. Nakuru 
District is part of the Rift Valley Province. 

2.2 Nakuru district 
The Nakuru district is bordered by 8 other districts. 
Namely: 
- Baringa district 

Kericho district 
Bomet district 
Narok district 
Kajiado district 
Kiambu district 
Nyandarua district 
Laikipia district 

The Nakuru district is known for the famous Lake Nakuru, with 
thousands of flamingoes nesting, and the Menengai Crater. The 
population of the district is about 1,580,782 people on an area 
of 7,242 sq. km. 

Provincel Kenya Growth Nakuru Growth 
District Percentage Percentage 

1999 28,696,607 1,187,039 

2000 30,202,564 5.25 1,254,551 5.69 

2001 30,849,933 2.14 1,287,281 2.61 

2002 31,491,130 2.08 1,320,089 2.55 

2003 32,125,315 2.01 1,352,940 2.49 

2004 32,751,523 1.95 1,385,794 2.43 

2005 33,368,802 1.88 1,418,614 2.37 

2006 33,947,066 1.73 1,450,116 2.22 

2007 34,528,249 1.71 1,482,084 2.20 

2008 35,112,181 1.69 1,514,517 2.19 

2009 35,698,640 1.67 1,547,417 2.17 

2010 36,287,423 1.65 1,580,782 2.16 

Table 4 - Population and growth percentage of Kenya and Nakuru district [KCBS] 
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3 
Nakuru 
Town 

3.1 General information 
3.2 Building in Nakuru 
3.2.1 Mahony Tables 

3.2.2 Conclusion 

3.1 General information 
Nakuru town lies in the Nakuru district and is the provincial 
capita I of the Rift Valley Province. When we speak of Nakuru 
further on in this chapter we refer to Nakuru Town. 
Nakuru lies 148km northwest of Kenya's capita! city Nairobi 
[Maps] . 

Fig. 2 - Signpost at the top of the Menengai erater (Nakuru) Nairobi 148km. 

It lies at an altitude between 1,700 and 1,859 (on the 
slopes of the Menengai Crater) meters [Owuor, 2006] . Nakuru 
is 'sandwiched' between Lake Nakuru in the south and the 
Menengai erater in the North (see map 10). Because of its 
geographical position, Nakuru has a stretched town plan. 

The·area of Nakuru was originally occupied by nomadie pasteral 
communities, mainly the Maasai. They named the place Nakurro 
which means "place of winds" or "dusty place". In 1904 Nakuru 
came into existence as a railway station along the Kenya-Uganda 
railway. Because of its strategie place on the White Highlands it 
grew out to an important regional trading and market centre. 
Nowadays Nakuru is a mix of almest all 42 ethnic groups present 
in Kenya. The Kikuyu form the majority (just like in Kenya as a 



whole) [Owuor, 2006] . 
In 1999 Nakuru had a population of 239,000 which is more than 
5 times the size of the population of 47,000 in 1969 [Foeken, 
Owuor, & Klaver, 2002] . In the year 2000 the population had grown 
to slightly more than 300,000 inhabitants [Post & Mwangi, 2006] . 
This makes Nakuru the fourth largest town of Kenya. The size 
of Nakuru is estimated on 760,000 inhabitants in 2015 [Post & 
Mwangi, 2006] . Map 2.2 shows the growth of Nakuru municipality 
between 1923 and 1992. The municipality covers an area of 300 
sq km including Lake Nakuru (of 40 sq km). During the colonial 
period the town was planned in a square grid. 
"During the 1920s, the town began to grow outside its original 
boundary. In the zoning plan of 1929, Nakuru's further 
expansion was laid down in accordance with the then generally 
accepted principlesof functional zoning, i.e. with an industrial 
quarter, residential districts for the various soda/ classes, 
a suitable /ocation fora hospita/ and cemetery, recreational 
facilities, a site for the airfield, etc (Foeken & Owuor 2000a)." 
[Owuor, 2006] 
"The spatial structure of housing has evolved from racially 
based differentiation to zoning based on socio-economie status. " 
[Owuor, 2006] 

Menengei Crater 

-- Boundary Lake 
Nakuru Nation I Park 

- 1923 

- 1930 

C]1963 
D 1e12 

D 1992 

Map 11- Municipality of Nakuru: Boundary changes, 1923-1992[0wuor, 2006] 



The growth of Nakuru can be explained by several factors. lts 
location along the Kenya-Uganda railway and the Trvans-African 
highway is one of them. Other factors are the elimate of the 
region and the "rich agricultural hinterland" [Owuor, 2006] 
Because of the speed of the population growth, the development 
of (for example) the infrastructure failed to keep up [Owuor, 
2006] . This is one of the reasons that Nakuru suffers from a 
serious water supply deficit. The deficit is "running up to more 
than half the projected demand" [Post & Mwangi, 2006] . In a small 
survey carried out in 2009 is stated that "the pressure in the 
waterworks is not sufficient". Also the availability of water is 
a problem. Half of the eight estates in the survey haven't got 
water to their disposal during all the days of the week [Bruggema, 
2009] . 
Another result of the rapid growth is the rise of "informal, 
unregulated and poorly serviced settlements". "Public housing, 
which consists of central government and Municipal Council 
houses forms about 40% of the officially recognized housing 
stock in Nakuru and takes up only 5% of the total residential 
area in the municipality." [Owuor, 2006] . · 

Nakuru has a rich agricultural hinterland and is famous for 
its agro-based industries. This gives it the name 'farmers 
capita/'[Foeken, Owuor, & Klaver, 2002]. 
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Map 12 Municipality of Nakuru: Settiement structure [Owuor, 2006] 

Map 13 Municipality of Nakuru: Shelter types [Maps]+[Kenlnfo, 2009] 



3.2 Building in Nakuru 
3.2.1 Mahony Tables . 

Annual mean temp > 20oC 15-20oC < 15oC 

Average relative humidity Day Night Day Night Day Night 

0 - 30 0/o 26-34 17-25 23-32 14-23 21-30 12-21 

30 - 50 % 25-31 17-24 22-30 14-22 20-27 12-20 

50- 70 % 23-29 17-23 21-28 14-21 19-26 12-19 

70- 100% 22-27 17-21 20-25 14-20 18-24 12-18 
.. Table 5 -Human comforts hm1ts [Egmond, Erkelens, & Janssen, 2002] 

Air temperature ( 0C) 

J F M A M J J A s 0 N D Highest AMT 

Monthly mean max. 27.3 27.9 28.0 25.8 24.8 24.4 23.8 24.1 25.5 25.3 24.4 25.8 25.6 17.7 

Monthly mean min. 8.7 9.2 9.9 11.6 11.2 10.2 10.1 9.8 8.9 9.1 10.0 8.9 9.8 15.8 

Mont hly mean range 18.6 18.7 18.1 14.2 13.6 14.2 13.7 14.3 16.6 16.2 14.4 16.9 Lowest AMR 

Table 6 - Mahoney tables: Air temperature [Egmond, Erkelens, & Janssen, 2002] data:[WMO, 2007] 

Humidity, rain and wind 

RH (percentage) J F M A M J J A s 0 N D 

Monthly mean max a.m. 94 91 90 95 96 95 93 93 94 95 96 94 

min. p.m 37 32 40 54 55 50 50 51 49 50 55 48 

average 65.5 61.5 65 74.5 75.5 72.5 71.5 72 71.5 72.5 75.5 71 

Humidity group 3 3 3 4 4 4 4 4 4 4 4 4 Total 

Rainfall (mm) 45 30 55 120 110 80 90 110 75 80 115 55 965 

Wind : Prevai ling NW NW NW N N NW NW SE SE SE N N 

secondary N N N NE s SE SE E N NE NW NW 

Table 7 - Mahoney tables: Humldity, rain and wind (RH=Relative Humidity) [Egmond, Erkelens, & Janssen, 2002] 



Diagnosis 

J F M A M J J A 5 0 N D 

Humidit y group 3 3 3 4 4 4 4 4 4 4 4 4 

Temperature (OC) 

Monthly mean max. 27.3 27.9 28.0 25.8 24.8 24.4 23.8 24.1 25.5 25.3 24.4 25.8 

Day comfort: Max. 28 28 28 25 25 25 25 25 25 25 25 25 

Min. 21 21 21 20 20 20 20 20 20 20 20 20 

Monthly mean min. 8.7 9.2 9.9 11.6 11.2 10.2 10.1 9.8 8.9 9.1 10.0 8.9 

Night comfort: Max. 21 21 21 20 20 20 20 20 20 20 20 20 

Min. 14 14 14 14 14 14 14 14 14 14 14 14 

Thermal stress 

Day -- -- -- H -- -- -- -- H H -- H 

Night c c c c c c c c c c c c 
Table 8- Mahoney tables: Diagnoses [Egmond, Erkelens, & Janssen, 2002] 

Indicators 

Humid 

J F M A M J J A 5 0 N D Totals 

H 1 Air movement V V V 3 

H2 Air movement V V V V V V 6 

H3 Rain proteetion 0 

Arid 

J F M A M J J A 5 0 N D Totals 

Al Thermal storage V V V 3 

A2 Outdoor sleeping 0 

A3 Cold season problems 0 

Table 9 - Mahoney tables: Indicators [Egmond, Erkelens, & Janssen, 2002] 



Sketch Design Recommendations 

Indicator totals Recommendations 

Humid Arid 

Hl H2 H3 Al A2 A3 

3 6 0 3 0 0 Layout 

0- 10 1. Buildings orientated in east-west axis to reduce 

11 or 12 5- 12 exposure to sun 

0-4 2. Compact courtyard planning 

Spacing 

11 or 12 3. Open spacing for breeze penetration 

2- 10 4. As 3, but proteet from cold/hot wind 

0 or 1 5. Compact Planning 

Air movement 

3- 12 6. Rooms single banked. Permanent provision for air 

1 or 2 0-5 movement 

6- 12 7. Double-banked rooms with temporary 

0 2- 12 provision for air movement 

0 or 1 8. No air movement requirement 

Openings 

0 or 1 0 9. Large openings, 40-80% of N and 5 walls 

11 or 12 0 or 1 10. Very small openings, 10-20% 

Any other condition 11. Medium openings, 20-40% 

Walls 

0-2 12. Light walls; short time lag 
3- 12 13. Heavy external an internal walls 

Roofs 

0-5 14. Light insulated roofs 

6- 12 15. Heavy roots; over 8 hours' time lag 

Outdoor sleeping 

2- 12 16. Space for outdoor sleeping required 

Rain proteetion 

3- 12 17. Proteetion form heavy rain needed 

Table 10- Mahony tables: Sketch design recommendations [Egmond, Erkelens, & Janssen, 2002]) 



3.2.2 Conclusion 
According to the tables a design fora house in 
Nakuru should meet the following recommendations. 
- The bui ldings are orientated in east-west axis to reduce 

exposure to sun. 
- Open spacing for breeze penetration, but protected from cold/ 

hot wind. 
- The rooms are single banked. There is permanent provision 

for air movement. 
- The openings are of a medium size, 20 to 40% of the surface. 
- The internal and external walls are heavy 
- The roof is light insulated 
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4.1 Housing need 
4.2 Traditional housing 
4.3 Building with Earth 
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4.1 Housing need 
Squatter units are mainly illegal units build on illegal plots. 
The unitsoften consist of a single room subdived by a curtain. 
They are mostly made out of nondurable materials. Slums can 
be legal or illegal units placed on a legal plot. The quality of 
the slums is in general camparabie with that of the squatters. 
Sametimes the slums have been constructed out of durable 
materials which are degraded because of a lack of maintenance 
and overcrowding. Next to the squatters and slums there are 
many different kinds of fully legal building types (legal unit and 
plot). [Erkelens P. A., 1991 pg.31] 

"Needs 
The need for housing is determined by a number of factors. 
1. the climatological circumstances; in extreme climates the 

need forshelter is higher than in moderate climates, 
2. socio-economie circumstances; once people areaware of 

better housing possibilities and are able to afford them, they 
may want to imprave their housing, 

3. cu/tural circumstances; a tribe, for example, can inherit 
certain housing needs (e.g. separate huts for wamen and 
men). 

All these factors are the basis for the feit needs, which 
are based on the requirements of individuals. They exist 
independently of the market and the government [Turner, 1972, 
p. 75] and, for the /ower-income groups, are aften below the 
level of the ascertained needs. The ascertained needs are 
established by third parties like governments in order to ensure 
certain minimum acceptab/e standards. Building legislation, 
including the housing standards, is based on ascertained needs. 

Demand 
The effective demand for housing is demand at existing 
prices which can be met. Wilingness and the ability to pay for 
housing depend mainly on the household income and factors, 
as a/ready specified. Effective demand is therefore economically 
determined. When people have more to spend, they wil/ 
demand for housing of a higher standard [Verbeek, 1978, p. 2]. 
Potential demand is a need that is not now being satisfied but 
is expected to be satisfied when some condition is met in the 
future [Moffat, 1976, p. 310]. " [Erkelens P.A., 1991 pg.Sl] 



4.2 Traditional housing 
When building a house, the building materials account for the 
largest part of the total building casts. For residential buildings 
this is 68% and for non-residential buildings even 76%. The 
rest of the money is needed for labor, technology and ether 
overheads. [SYAGGA, 1993 pg.126J This makes it interesting tolook 
for alternative cheaper building materials. First we take a look 
at materials traditionally used in African houses. Subsequent we 
take a look at materials used in current construction. Lastly we 
take a look at alternative materials and building methods. 

Traditional housing in Africa 
There are many kinds of housing structures but they can be 
divided into 3 types. 
" 
1. Those composed of rigid elements. 
2. Those with flexible elements which are planted into the 

ground at one end. 
3. Those whose flexible elements are planted into the ground at 

both ends. 
" [Andersen, 1977 pg. 35] 

Same houses are a mixture of the housing types described 
above. Most houses are built in a circular shape. 

When taking a closer look at the traditional houses. There could 
be stated that most of the houses are built up out of natural 
materials. Most of the materia Is are applied without extra 
treatment. 

Traditional materials 
Roof: 

- Grass 
- Reeds 
- Skins 
- Leaves 
- Wood 

Walls: 
- Poles 
- Brushwood 
- Mud 
- Cow dung 
- Ashes 
- White chalk 

- Lime 

Sametimes materials are mixed to obtain better qualities. Same 
examptes of these half products are: 

- Mats 
- Sun dried bricks 
- Plaster 

With an increasing need for safety, doors and padJacks became 
more important. These new doors are sametimes made out 
of flattened tin cans. These doors are placed in the traditional 
'doorpóst'. 
[Andersen, 1977] 

When looking at the materials used in the Kenyan building 
industry of 1980 some materials could be added. This results in 
the following list. 

Foundations: 
- reinforeed concrete 
- plain concrete 
- stanes 
- murram 

Floers: 
- concrete sereed 
- cement sereed 
- concrete slabs 
- p. v.c. til es 
- timber 

Walls: 
- concrete bleeks 
- quarry stanes 
- burnt bricks 
- sun-baked bricks 
- sun-baked mud/cement bleeks 
- mud and wattie 
- sawn timber 
- timber aff-euts 
- timber poles 
- prefabricated panels 
- reinforeed concrete 
- structural steel 
- steel products 



Windows: 
- metal 
- timber 
- glass 
- concrete 

Doors: 
- Flush panels 
- Steel doors 
- Timber doors 

Roof: 
- structural materia ls 

- sawn timber 
- steel 
- poles 
- bamboa 

- cladding materials 
- galvanized corrugated iron sheets 
- corrugated asbestos cement sheets 
- clay tiles 
- concrete tiles 
- makuti 
- grass/reeds 
- tins 
- shingles 
- feit 
- mastic asphalt 
- Fiber concrete roofing (FCR) [SYAGGA, 1993 pg.126J 

Additional items: 
- electricity 
- street lighting 
- roads 
- drainage 
- sewers 
- water 

(Combination of [Erkelens P.A., 1991 pg.154] and [Erkelens P.A., 1980 pg.3]) 

Materials could be locally available or imported. Same (end-) 
products are manufactured from a mixture of bath. Most of 
the items listed above are locally manufactured. Items to be 
imported are steel, P.V.C., glass, sanitation, fixtures and fittings 
for electricity, sanitation and water."[Erkelens P.A., 1980 pg. 3] 
Local materials are relatively cheap to obtain, but could result in 

higher building and/or maintenance casts. 
Traditional materials like adobe, rammed earth, thatch and mud 
and wattie are nowadays "not being promoted in high density 
areas like towns for no plausible reasons other than professional 
bias and social acceptability" [Teerlink & Erkelens, 1980] . 
Using alternative materia Is instead of the conventional materials 
could lead to a great cast reduction. There have been projects in 
Kenya where they reached an overall cast reduction of 50%. To 
acquire such a cast reduction the following aspects were taken 
into account 

- use of stabilized soit blocks for wa/Is; 
- use of FCR ti/es for roofing; 
- use of stabilized earth for floors; 
- use of compacted hardcore in mesh cage formwork for 

foundations; 
- reduction or omission of finishes such as painting and ceilings 

or allowing fortheir future provision; 
- use of alternative binders such as pozzolanas from rice husk 

ash (RHA). 
" [SYAGGA, 1993 pg. 128] 

The study for new bu ilding methods and locally produced 
building products, preferably out of local materials, brought 
forward some interesting solutions. 
Sisal cement corrugated roofing materials and stabilized soil 
bleeks are examples of locally produced building products 
using mainly local materials [Erkelens P.A., 1980 pg. 10]. Another 
innovative salution is the use of sisal fiber in the joints combined 
with a plaster, this instead of the general used mortar. [Teertink & 
Erkelens, 1980 pg.7] 

Sisal cement corrugated roofing material : 
The sheets are made of cement (14.5 kg), sand (9.5 kg), water 
(5 liter) and sisal fibers (0.5 kg). The size of the sheets is 1.25 
meter long and 0.95 meter wide resulting in a cover width of 
0.87 meter. 
A part of the sisal fibers (0.185 kg) is chopped to a length of 1 
inch and dry mixed with the cement and sand after which water 
is added. A plywood board is placed on a corrugated sheet on 
top of the actual concrete mould. A part of the obtained mortar 
(40%) is spread on the bottam layer of a double plastic sheet 
(the envelope) lying on top of the plywood board. The sisal 
fibers are divided into four bundles. The first bundie is spread on 



top of the mortar, the second bundie is spread orthogonally on 
top of this layer. Subsequently a second mortar layer (30%) is 
spread on top of the package. Next the third sisal layer is added 
with the fourth layer orthogonal on top of it. The overhanging 
ends of the sisal are cut of and the remaining part of the mortar 
is added. Subsequently the envelope is closed after which a 
roller is used for smoothing and remaval of air bubbles. Next the 
plywood board is removed and at the same time, the package is 
pressed in the corrugations making use of two P.V.C. pipes. 
The package and the corrugated sheet are moved toa place 
where it is left to cure for 30 hours after which the corrugated 
sheets and the plastic sheet are removed and the sisal cement 
sheet is placed in water to allow curing for another seven days. 
[Teerlink & Erkelens, 1980 pg. 11-29] 

4.3 Building with earth 
There are several ways to build making use of earth. This could 
either be 'in situ' or by making use of some kind of prefabricated 
building blocks. Examples of ways to build in situ are 'COB 
construction', 'wattle and daub' and 'pisé de terre'/'rammed 
earth'. 

"Wattle and daub (in architecture) 
in building construction, method of constructing wa/Is in which 
vertical wooden stakes, or watt/es, are woven with horizontal 
twigs and branches, and then daubed with clay or mud. This 
method is one of the oldest known for making a weatherproof 
structure. In England, Iron Age sites have been discovered with 
remains of circular dwellings constructed in this way, the staves 
being driven into the earth. When this method is used as til/ing
in fora timber-framed structure the wattles are set into holes 
bored in a horizontal timber above and fitted into a groove in 
a corresponding timber below. Then the staves are woven with 
twigs and plastered with clay. The half-tirobered houses of 
roedieval Europe were frequently finished this way. The lath
and-plaster method of building up interior wa/Is, which was 
common before the introduetion of plasterboard and Sheetrock, 
is a more modern evafution of the wattie and daub technique, 
using standardized materials." [Britannica Encyclppedla, wattie and daub 
[architecture] -- Britannica Online Encyclopedia] 

"Rammed Earth (building material) 
building material made by compacting certain soils, used by 
many civilizations. The most durable of the earth-building forms, 
rammed earth may be used for making building blocks or for 
constructing whole wa/Is in place, layer by layer. In making 
building blocks, the soil is rammed into a box-shaped mold. 
In building up whole wa/Is, two wooden planks separated by 
a spaeer bolt are used as a form, and the earth is rammed 
into this in layers; when the form is filled, it is removed and 
superimposed on the top of the wal/ and more earth is rammed 
in until the desired height is reached. Ironheaded rammers, 
roller-mounted forms, pneumatic rammers, and hydraulic, 
rnass-production block presses have been used. The soil used 
must be high in sand and low in clay, 70 percent and 30 percent 
being the usual proportions. About 10 percent water is added 
in modern practice. Good compressive strength is characteristic 
of rammed earth. Wal/ thicknesses are usually at least 12 
inches (30 cm), a mass that results in a high thermal capacity, 



keeping the internal conditions uniform in climates having large 
variations in temperature from day to night. To give it increased 
resistance to weather, the wal/ surface is often treated with 
plaster, bitumen, or finseed oil. Stabilizers may be added to 
the soi/ to increase weather resistance and strength; portland 
cement and bitumen are commonly used. " [Britannica Encyclopedia, 
rammed earth [building material] -- Britannica Online Encyclopedla] 

Because the prefabricated buildings bleeks have already dried 
befere they are processed, there will be fewer cracks (due to 
shrinking during the drying process) in the final wall. 

Mud-bleeks are made of soil and some water. After compression 
of the soil the bleeks are laid to dry for three weeks [Teertink 
& Erkelens, 1980 pg. 31]. The problem with mud-bleeks is that 
they are sensit ive to water. This includes rain water and rising 
groundwater. There are a couple solutions for this problem. 
One way to deal with it is preventing water from reaching the 
bleeks, for example by adding a plaster to the Mud-block wall. 
Anot her solution is making the bleeks resistant to water. This is 
why stabilized soil bleeks are developed. Stabilized soil consists 
of local soil mixed with a stabil izer ( in a ratio between 12:1 and 
18: 1) and water. The exact mixture depends on the quality of 
the soil [Practical Action] . By cernpressing the mixture, making 
use of a (manual) press, the block gets its form and becomes 
strenger. 

Fora good quality of the stabilized soil bleeks, the proportions, 
good mixing and a good compression are of high importance. 

The bleeks could be produced by making use of a manual or a 
mechanica! press. Making use of a manual press a maximum 
of about 400 bleeks per day could be produced. Making use 
of a mechanica! press, this amount could be highly improved. 
Negative aspectsof making use of a mechanica! press are the 
higher costs, more transport (less work on site) and less work 
(which has a negative effect on the balance of payments). 

Stabilized soil bleeks consist of a mixture of soil, water and 
a stabilizer. The soil consists of several kinds of fractions as 
classified in table 11 (and figure 4). To provide enough cohesion, 
the soil needs a minimum proportion of silt and elay. 

Diameter of partiele (mm) Name of fraction 

60 - 20 Coarse gravel 

20 - 6.0 Medium gravel 

6.0 - 2.0 Fine gravel 

2.0 - 0.6 Coarse sand 

0.6 - 0.2 Medium sand 

0.2 - 0.06 Fine sand 

0.06 - 0.02 Coarse silt 

0.02 - 0.006 Medium silt 

0.006 - 0.002 Fine silt 

Less than - 0.002 Clay 
Table 11- Soil classification according to partiele slze 
[International Labour Organisation, 1987 pg. 13] 

There are several methods to test the composition of soil. A 
Iaberatory test is needed for reliable data, but a first indication 
could be made by the following tests: 
- Smell test 
- Colour appearance test 
- Shine test 
- Thread roll ing test 
- Hand moulding test 
Further tests, which need some more time and equipment are: 
- Partiele size distribution 
- Sedimentation bottie test 
- Linear shrinkage mould test 
The following Iaberatory tests are needed to provide enough 
information for the production of stabilized soil bui lding bleeks: 
- Optimum moisture content (OMC) 
- Liquid limit (LL) 
- Plastic limit (PL) 
- Plasticity index (PI) 
- Partiele size distribution 
- Chemica! tests 
- Organic matter testing 
- Chemica! analysis 
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5 
Starting 
point 

5.1 The stated problem 
5.2 The solution 

5.1 The stated problem 
Kenya 's popuiatien is growing at a rate of 2.691% per year 
(2009 est.) [Centra! Intelligence Agency, 2009] . The growth Of a town 
like Nakuru is even higher (5.68% per year (1999) [Action, 2003]) 
because of, amongst other things, rura l-urban migration. besides 
houses needed for the growing population, there are also houses 
needed to replace the current housing stock. Per year there are 
nationwide only 35,000 houses built in urban areas, this instead 
of the 150,000 needed. Only 20% of these houses are for law
ineome households [National Development and Vision 2030, 2008]. 

45% of the inhabitants of Nakuru Districts fall below the 
absolute poverty line [National Coordinating Agency for Population and 
Development, 2005], this means that their income is to low to be 
able to acquire the basic food and non-food items. Amongst 
other things because of the high prices of building materia Is 
most of them are not able to build decent, appropriate houses. 
To provide in their housing needs, they make use of low-cost 
materials. This results in so called 'mud houses' or houses 
of iron sheets. These houses are affordable, but can not be 
called decent and the iron sheets are not appropriate (e.g. high 
temperatures due to the sun) either. 

This leads to the fact that Nakuru has a big shortage of 
affordable, decent and appropriate houses. And what is more, 
this problem is only growing at the moment. To fight this 
problem the Kenyan government has the vision to increase the 
amount of houses to be constructed up to an annual production 
of 200,000 units by 2012. [National Development and Vision 2030, 2008] 

5.2 The solution 
One of the ways to achieve this goal is to enable low-income 
households to imprave or rebuilt their houses. This could for 
instanee be done by subsidizing bu ilding impravement or 
decreasing the building costs. 

As mentioned befare (paragraph 4.2) the building materials 
account for the largest part of the total building costs. Therefo re 
alternative, cheaper building materials can have a significant 
effect on the total building costs. 
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6.3 Local production 
6.4 Manual versus mechanized 

6.1 Housing types 
In Kenya there are several building techniques for walling. 
Generally you can divide them into quarry stone, soil/clay (mud 
houses, improved mud houses, sun dried mud blocks, (I)SSB 
and burnt bricks), steel (iron sheets) and wood. 

The wood prices increased significantly over the last couple of 
years. This could be explained by the long lasting drought and 
the accentuation of the laws concerning deforestation. This 
makes building with wood, but also with burnt bricks if the wood 
is used for burning the bricks, not only very costly but it has a 
big impact on the environment as well. 
The mud houses seen in Nakuru are so called "mud and wattle" 
houses. These houses consist of wood plastered with mud. 
This construction method again includes the use of wood, but 
it is less then in a wooden house. Because of the use of mud, 
which is gradually washed off by rains, the houses need a lot of 
maintenance. The lifespan of mud houses is already relatively 
short but bad maintenance will cause serious damage and poor 
appearance within a couple of years. Besides that the houses are 
not strong enough to proteet against animals and burglary. 

Iron sheet roofing has a relative ly short lifespan. It depends on 
the situation and quality of the sheets, but the cheaper sheets 
have an average lifespan of 5 years. Also in this case bad 
maintenance will lead to a shorter lifespan of the house. The 
iron sheet houses can't be called appropriate because of the 
bad indoor environment. Solar radiation will heat up the rooms 
under the roof like an oven. Rain will cause loud noise making it 
difficult to have a conversation. 

This leaves the quarry stone, the improved mud house and the 
(I)SSB house as more suitable solutions. 
The cutting of quarry stone is done in quarries which have a big 
impact on the landscape. The huge gaps remaining when the 
quarry is exhausted can be made into a water reservoir. 
The improved mud house is a collective term for higher quality 
houses with mud as main building materiaL Chapter 7 goes 
further into this housing type. 
Interlocking stabilized soil blocks have the positive quality 
over normal stabilized soil blocks that they don't need mortar 
for putting up the walls. This has the extra positive effect that 
plastering (on the outside of the building) isn't longer needed 
as well. The blocks only need a percentage of cement for 



stabi lization of the blocks. The exact amount of cement needed 
depends on the type of soil but ranges between 5 and 10 
percent. Chapter 8 goes further into ISSB and its production. 

The final quality of the houses depends on the used materials. 
Especially the lifespan of the different building types can differ. 
The three building types mentioned above can all be described 
as appropriate and decent. The costs of the building types 
however can differ according to the place where it is built. 
Chapter 9 handles the comparison made between these housing 
typesbasedon a price study carried out in Nakuru town. 

6.2 Building product prices 
The price survey has been carried out in Nakuru town amongst 
several active artisans and hardware stores. The full table with 
prices of the most common bui lding products can be found in 
appendix 1. 

6.2.1 Choice of building products 
The choice for the building products is made in consultatien with 
employees of the various hardware stores and artisans engaged 
in the building of low-cost houses. The most common building 
products for low-cost houses are included in the survey. To 
acquire a reliable cost survey the 3 biggest hardware stores of 
Nakuru town were asked to fill in the prices (and amounts) on 
a list of building materials and to complete the list if necessary. 
Notall products were available in every hardware store and the 
prices differ up to 5%. 
First the prices from literature were included in the comparison 
too, but due to big differences in material prices between towns 
and increasing prices over the years, these prices couldn't be 
taken as reliable. The price of sand was difficult to determine 
because next to the differences in transport cost also the quality 
of the sand differs per pit (see cost appendix 5). Furthermore 
the prices will decrease when working on a bigger project due to 
wholesale prices and decreasing transport costs. 

6.2.2 Compressed pricel ist 
The following compressed pricelist is used during the rest of 
the project. The prices in this list are without transport (if not 
mentioned differently) and averages from the prices derived 
from the survey. 



Material Price Currency Discription Si ze Souree 
Ballast 1 ton 450 Ksh 200 ballast+ 1 ton questionair 

250 transport quarry's 

Binding wire 1 kg 130 Ksh 

Ceiling boards 1 piece 400 Ksh hardboard 

Cement 1 bag 700 Ksh 

Chalk 1 bag 450 Ksh 

Concrete 1 ton Ksh 

Fisherbond 1 feet 40 Ksh 

Glas 1 piece 60 Ksh 

Hardcore 1 ton 714.3 Ksh 

Hing es 1 piece 40 Ksh 4 inch 

Iron sheets 1 piece 562.5 Ksh 225 per meter 

Labor skilied 1 day 500 Ksh 

Labor unskilled 1 day 200 Ksh 

Nails 2 inch 1 kg 100 Ksh 

Nails 2.5 inch 1 kg 100 Ksh 

Nails 3 inch 1 kg 100 Ksh 

Nails 4 inch 1 kg 100 Ksh 

Nails 5 inch 1 kg 100 Ksh 

Pad bolt 1 piece 80 Ksh 

Pa int 1 liter 125 Ksh 

Pat i 1 kg 50 Ksh 

Pesticide 1 liter 75 Ksh anti termite 

Pol es 1 piece 150 Ksh 10 feet artisan 

Quarry dust 1 ton 700 Ksh 450 dust + 1 ton questionair 
250 transport quarry's 

Quarry stones 1 feet 27 Ksh ? 

Rebar- R 6 1 piece 200 Ksh 

Rebar - V 10 1 piece 540 Ksh 

Ridges 1 piece 150 Ksh 6 feet long 12x24 
house 

Roofing nails 1 kg 130 Ksh 

Sand 1 ton 400 Ksh 150 sand + 1 ton questionair 
250 transport quarry's 



Sisal poles 1 piece 50 Ksh Horizonta ls artisans 

Timber 2x2 1 feet 26 Ksh 12x24 
house 

Timber 3x2 1 feet 30 Ksh 

Timber 4x2 1 feet 45 Ksh 

Tower bolt 1 piece 70 Ksh 

Tower bolt 0 type 1 piece 20 Ksh 

VPC 1 meter 70 Ksh I 

Water 1 liter 0.5 Ksh artisans 

Window 1 piece 3000 Ksh 4x3 feet 

Woodendoor 1 piece 3200 Ksh inc. frame 2000+1200 

Table 12- Results of inquiry on material prices in Nakuru town (October 2009- 1 Ksh = 0.009 Eur [Mataf]) 



6.3 Local production 
Besides the prices of the (raw) materials the processing of the 
materials plays a big role in the overall impact of the building 
process. Local production of building materials will provide for 
employment. Furthermore it is possible to use locally available 
raw materials. This will minimize the need for imported materials 
which will provide even more employment opportunities 
(through preparatien and transport of the raw materials) and 
reduce the transport costs (and C02 emission) . [UNCHS, 2006] 

Acquiring materials from other countries means that the money 
leaves the county instead of it having a posit ive effect on the 
countries own economy. By using locally available materials the 
economy of the country, or even own town or estate, will be 
stimulated and jobs will become available. 
In a country where a bout 40% [Centra! Intelligence Agency, 2009] of 
the population is unemployed (in Nakuru district this is about 
22% [NCAPD, 2005]) a boost of employment opportunities is very 
welcome. 
The sameaccounts for the equipment used. When purchased in 
Kenya it will positively effect the country's economy. 

6.4 Manual versus mechanized 
The transformation of raw materials into building products can 
be done either manually or mechanized. Manual production 
is generally slower than mechanized production and requires 
(per product) a larger amount of Iabour. At the other hand 
mechanized machines need fuel or electricity to run which is not 
(or less) the case for manual production. Manual production is so 
to speak Iabour intensive and mechanized production is capita! 
intensive. 
Manual production therefore has a positive effect on the amount 
of employment and reduces the amount of fossil fuels needed 
(which decreases the effect on the environment) . Since Kenya 
doesn't produce oil, it needs to be imported at relatively high 
costs. 





7 
Mud houses 

7.1 Types of mud houses 
7.2 Improved mud house 

"Advantages for earth as a building material: 
- It is inexpensive and readily available in most parts of the 

wor/d; 
- It has an excellent heat insulating effect which results in a 

comfortab/e interior elimate under extreme temperatures. The 
effect is better than that of other materia Is. 

- It is strong when compressed (is hard to press to pieces) and 
as a result produces solid wa/Is. " 

[Lageschaar, 1994, p. 22] 

According to Lageschaar earth, as a building material, has many 
qualities. These qualities elucidate why earth is aften used for 
low cost houses. 



7.1 Types of mud houses 
The main material used for mud houses is earth. There are 
several methods for building a mud house. The most camman 
ones are: 
Adobe bleeks 
- Block shaped sun dried mud 
- Simple methad based on block building 
- Sensitive to rain. 
Rammed earth 
- Earth is rammed (manual or pneumatically) in a waoden 

formwork 
- Skilis are needed for soil selection and ramming supervision 
- Manual ramming can be done by unskilled labourers, 

pneumatic ramming needs some skilis 
- Results in durable earth walls. 
Pressed Cor machjne made) bleeks 
- Bleeks are compacted making use of a press 
- Appl icable with or without stabilizers 

- With stabilizers (comparable with burnt bricks) 
- Without stabilizers (comparable with rammed earth) 

- Easy to operate 
- Crack free end result 

.c.a..b. 
- Balls of stiff mud are stacked in layers 
- Layers must harden befare the next layer is applied - the 

construction is therefore slow 
- Little construction equipment is needed 
- Serieus shrinkage cracks in the end result 
Wattie and daub 
- A waoden frame of vertical poles and horizontally woven 

branches is plastered with mud. 
- A lot of shrinkage cracks in the end result 
- Constant maintenance is advisable. 
[Corps, 1981] 

7.2 Improved mud house 
A mud house is known as the cheapest way of building, 
especially in rural areas. Wood and mud are freely available and 
making use of a thatch or mud based roof the house could be 
constructed without any purchased materials. 
The Maasai for example, use this building method . 

Fig. 8 - Maasai house 

One of the problems is that the lifespan of their houses is only 
a bout 9 years because of termites. After 9 years the Maasai 
move and build new houses (according toa Maasai villager) . 

"The most common way to build a house is to make it of mud 
and wood, these houses have a lifetime of ten years. " [Boer, 
Groeneweg, Leegwater, & Pieterse, 2004] 



Fig. 9 Maasai house (inside) 

"It was observed that the reason fortheshort lifespan (about 
8-10 years) of /ocal buildings was that, usually, it did nothave 
foundation or damp-proof course. So, a long with structural 
stability the local earthen construction techniques were 
improved to provide proteetion against rain and rising damp. 
Also to help prevent rats and other vermin from nesting in the 
wa/Is, briekwark masonry foundation, the PE damp proof course, 
compacting methods, and Ferro cement technique were used. " 
[kayes, 2009] 

To upgrade a mud-house into an improved mud house, the 
maintenance must be minimized and the quality of the house 
has to be comparable with or higher than the quality of a quarry 
stone house (a common, higher quality building method in 
Kenya). 

Thus to improve the quality of the mud-house the building needs 
a foundation to proteet the construction against rain, damp and 
vermin. 
To minimize maintenance, the outer walls need to be treated in 
such a way that rain doesn't effect it (e.g. painting, plasteringor 
stabilizing). 

The roof needs to be water tight, vermin resistant and must 
have a lifespan of at least 5 years (comparable with Corrugated 
Iron Sheets). Treating the thatch roofs might proof a suitable 
solution. 

e.-Q 

a. Vertical poles 
b. Horizontal branches 
c. Mud inside 
d. Mud outside 
e. Plaster 
f. Concrete foundation poured around the vertical poles 
Drawing 1 - Possible solution for mud house improvement 
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Interlocking 
stabilized 
SOti 11 b,locks 
8.1 Mixture 
8. 2 Block specifications 
8.3 Press comparison 
8.3.1 Background information 
8.3.2 Technical specifications 
8.3.3 Production methad 
8.3.4 Casts 

8.4 Encountered problems 
8.4.1 Block size deviation 
8.4.2 Need for different block sizes 
8.4.3 Corners 

During discussions about appropriate alternative building 
technologies, Kenyans active in this circuit generally talk about 
(interlocking) stabilized soil blocks ((I)SSB). But are these 
blocks appropriate and cheap enough to use for low-cost 
housing? 
For the production of the blocks a block press is needed. In 
Nakuru town two kinds of block presses were used. The first 
one is the manual "Ground breaker soil block press (GBSBP)" 
of Makiga. The second one is the mechanica! "Hydraform 
Interlocking Blockmaking machine" of Hydraform, which is 
promoted by the Kenyan Ministry of Housing. 



8.1 Mixture 
Stabilized soil blocks are made out of soil and cement, mixed 
with water and compressed making use of a block press. The 
composition of the mixture depends on the acquired strength 
and the type of soil used. 

Makiga prescribes the amount of cement needed based on the 
shrinkage of the used soil (For soil test see part A Appendix 1). 
The number of blocks is per bag of cement of 50kg. 

Shrinkage Cement to soil No. of Blocks 

up to 12mm 1:18 

12- 23mm 1:16 

24- 39mm 1:14 

Table 13 - Soit shrinkage indicting mixing ratio [Makiga] 

Average curing period : 14 days 
Minimum dry compressive strength : 2.5kN/mm2 

Maximum wet compressive strength: 1.5kN/mm2 

Maximum water absorption (after 28 days): 15% 
[Makiga] 

150 

93 

87 

Hydrafarm prescribes the amount of cement needed based on 
the final st rength of the blocks. 

Cement Typical Mix Ratio No. of blocks 
Strength 

5% 4 MPa 1:20 65 

10o/o 7 MPa 1:12 33 
Table 14 - Block strength 
The cement percentage is by volume. The number of blocks is based on wide 
interlocking soit blocks. 
[Hydraform, GuidetoProduce1500Biocks] 

Minimum curing period : 14 days 
After 14 days 85% of the final strength will be achieved . Langer 
curing (up to 28 days) will increase the strength of the blocks. 
[Hydraform, EnglishBrochure] 

8.2 Block specifications 
The several hydrafarm machines and Makiga presses are able to 
produce a couple of block sizes and shapes. The standard shapes 
are: 
- Straight interlocking soil blocks (standard makiga interlocking 

blocks) 
- Size: 290mm x 140mm x 115mm (LxWxH) 
[Makiga] 
- Weight: 8kg [Makiga] 

- Wide interlocking soil blocks [standard hydrafortn blocks] 
- Size 120-240 mm x 220mm x 115 mm [H~draform, 
EnglishBrochure] 
- Weight:+/- 12kg [Hydraform, EnglishBrochure) 

8.3 Press comparison 
A comparison between the Hydrafarm and Ground breaker soil 
block press. 

8.3.1 Background information 
Hydrafarm machine 
- M7 (EPU/ExM/MI) Mobile blockmaking machine (in this report 

called the Hydrafarm machine, the name often used by the 
Kenyan people) 
Developed by the Hydrafarm Group 
Machine producing (I)SSB 
Originating from South-Africa. 
Mounted on a trailer fortransport possibilities. 

Ground breaker soil block press 
- Developed by Makiga 
- Manual block press producing (I)SSB 
- Originating from Kenya. 
- Because of the lower weight no need to mount on a trailer. 



Fig. 11 - Hydraferm press M7 [countryroads, --] Fig. 13- Ground breaker soil block press at Naheco office 

Fig. 12- Hydraferm press with mixer M7MI 
[Hydraforrn, HYDRAFORM_Biockmaking_machines_l.jpg] 



8.3.2 Technica! Specifications 
Hydrafarm machine 
- Campression force: 100 bar = 100x10"5 N/m2 = 10 N/mm2 

Surface area of compression side = 140 mm x 115 mm = 
16100 mm2 
16100 mm2 x 10 N/mm2 = 161000 N = 161 kN 

- Weight: 820- 1400 kg (depends on the type) 
- Production 200-240 blocks per hour [Hydrafonn, EnglishBrochure] 
Ground breaker soil block press 
- Typical Campression force: 80-100 kN [Makiga] 
- Weight: 140 Kg [Makiga] 
- Typical daily production by 4 workers during an 8 hour 

workday : 400-500 blocks [Makiga] 

8.3.3 Production method 
Hydrafarm machine: 
- The bottam ram is returned to the very bottam position. The 

hopper is filled with mixture and pushed on the chamber and 
returned to its starting position to fill the chamber till the 
edge. The block is compressed until a pressure of lOObar is 
reached. The blockis lifted out of the press by the bottam 
ram. 

- The compression force is fixed to 100bar. This will result in a 
production of blocks with constant pressure strength, but the 
size of the blocks can differ. Differences in the mixture ratio 
will lead to measurement deviation. The blocks are produced 
lengthwise therefore deviations in the measurement will result 
in longer/shorter blocks. 

Ground breaker soil block press: 
- The bottam bolt is adjusted according to the used mixture. 

The press is opened and the mould filled with the mixture. The 
top plate is closed and the handle moved to its end position 
to compress the block. The mould is opened and the block 
is lifted out of the mould by moving the handle in the other 
direction. 

- The blocks are produced top-down. Deviations in the 
measurement will result in higher/lower blocks. One of the 
problems noticed, when observing the manually produced 
blocks at the Naheco office (Nakuru Housing and Environment 
Co-operative, an umbrella CBO with knowledge of (I)SSB 
production), was that the height of the blocks wasn't equal. 
Using these blocks for building, wouldn't result in a straight 
wall (while the blocks are stacked without the use of any 
mortar, there are no possibilities to catch the differences in 
measurement). 

Fig. 14 - Interlocking stabilized soil blocks with hight deviation 

8.3.4 Costs: 
Acquiring : 
- Hydrafarm machine: +/- 2,500,000 KSH 

Ground breaker soil block press: 
o Standard soil block press (SSBP) : 75,000 Ksh 
o Straight interlocking soil block press (SISBP) : 89,000 

Ksh 
o Wide interlocking soil block press (WISBP)* : 92.000 

Ksh 
o Curved interlocking soil block press (CISBP) : 99,000 

Ksh 



Fig. 15 - Straight inter1ocking soil block (SISB) 

Fig. 16 - Curved lnterlocking soit block press (CISBP)[Warwick, ---] 

Fig. 17- Wide inter1ocking soil block (WISB)* 
*the shape of these blocks is cernparabie to the blocks produced by the 
hydraferm machine 

It is possible to acquire machines which produce blocks with a 
different shape, but these have to be produced on order. Makiga 
also produced a block press which could produce both Standard 
and Interlocking blocks. 

Additional costs: 
- Single chambered Hydraferm machine: 1000 - 1500 blocks a 

day 
1500 blocks a day is the maximum achievable production 
[Hydraform, HydraformStandardManuaiHatzDieselengineMarch09Part3optim. 
pdf, 2009, p. 57] , but in several discussions people indicated that 
this amount isn't practically achievable and that 1000 - 1200 
blocks will be the average. 

o Fuel - 16 Litres a day [Sangori, 2009] 
o Labour- 8/day for eperating the 

machine and 2/day for sieving. [Hydraform, 
HydraformStandardManuaiHatzDieselengineMarch09Part3optim. 
pdf, 2009, p. 57] Digging the soil on site will require 
even more Iabour. If a pan mixer is being used 
about 7/day for eperating the machine. [Hydraform, 
HydraformStandardManuaiHatzDieselengineMarch09Part3optim.pdf, 
2009, p. 58] 

o Changing of wear plates: after the production 
of 40,000 - 80,000 blocks. [Hydraform, 
HydraformStandardManuaiHatzDieselengineMarch09Partl.pdf, 2009] 

- Ground breaker soil block press: 400- 500 blocks a day 
[Makiga] 

o Labour - 4/day for eperating the machine [Makiga] 
2/day for digging and sieving [David, 2009] 

Material costs - size of the blocks: 
- Hydraferm machine standard block (wide interlocking soil 

block): 
o Average size: 230 mm x 220 mm x 115 mm (LxWxH) 

(Hydraform, EnglishBrochure, ---) 
o Volume : 5,819,000 mm3 = 5.819L 
o Surface: 26450 mm2 = 2.645 dm2 
o Ratio: 2.2 L/dm2 

Ground breaker soil block press standard block (straight 
interlocking soil block): 

o Size : 290 mm x 140 mm x 115 (LxWxH) 
(Makiga, ---) 

o Volume : 
o Surface : 
o Ratio: 

4,669,000 mm3 4.669L 
33350 mm2 = 3.34 dm2 
1.4 L/dm2 



8.4 Encountered problems 
During site visits a couple of problems in the production process 
became clear through complains of the users or through visible 
flaws. 

8.4.1 Block size deviation 
It is important that the artisans operating the machine do this 
properly. lf the machine isn't operated in a proper way, the end 
products will differ or will be of an inferior quality. 
Operating in a proper way implies that amongst other things the 
blocks should be pressed until the prescribed pressure or size 
is reached. The composition of the mixture has an effect on the 
degree of compressibility. To ensure that all the blocks are of 
the same size, the amount of mixture used should be adjusted 
accordingly. 
Especially when operating a manual press, which makes blocks 
of a constant size, this could lead to difficulties. If the amount 
of mixture isn't adjusted properly it could become very hard to 
move the handle till it reaches its end position. If the operators 
stop prematurely, the block will be oversized. Because the 
Interlocking blocks are stacked without the use of mortar, these 

Fig. 18- Plate welded to the press for quality controle 

small deviations will directly affect the end product. This won't 
have big consequences for the final wall if this size deviation 
occurs in the longitudinal direction (Hydraform machine), there 
will just be a need for filling parts. But if the size deviation 
occurs in the height of the block (GBSBP), it will result in 
horizontal joints which are wavy and the final wall will be of a 
lower (visual) quality. 

Makiga's salution for the GBSBP 
To make sure the blocks have all the same height, there is a 
metal plate welded to the outside of the block press (figure 18). 
During production of the blocks, the handle must be moved till it 
reaches this plate. This is to make sure all the blocks are of an 
equal height of 115mm. 
The problem is that the people operating the machine 
sametimes stop campressing (because it is getting to heavy) 
befare the handle reaches the plate. This will result in a block 
which is not properly compressed and has a height exceeding 
115mm. 
Different mixtures require a different degree of compression 
(some mixtures are harder to compress than others). If there is 
too much of the mixture in the mould, it wiJl become very hard 
to move the handle towards the plate. With the "bolt" at the 
bottam of the machine (figure 19), you can adjust the size of 
the empty mould. This is to allow adjustment of the machine for 
different mixtures. 

Fig. 19 - Bolt for adjustment of empty mould volume 



8.4.2 Need for different block sizes 
For building a house apart from whole bleeks there is a need for 
half and quarter bleeks. These bleeks can be produced by cutting 
bleeks in two halves, but this won't be a real clean cut and the 
bleeks won't be interlocking at the cut edge. 
Solution for the Hydraform machine: 
A standard size bleek requires 10 litres of the mixture. By 
putting less mixture in the mould, the bleek length will be 
reduced. You can't put less than 4 litres of the mixture in the 
mould otherwise the machine will get damaged. [Hydraform, 
Blocklength) 
This result in the possibility to produce half bleeks, but the 
amount of mixture should be measured properly. (While for a full 
bleek the mould can be filled till the edge.) 
Solution for the GBSBP: 
To produce half bleeks, a manual machine has been made which 
can produce half bleeks by just putting a (special) metal plate 
in the mould. The disadvantage of this methad is that loose 
parts have a bigger change of theft or to get lost. It is preferabie 
to have all the parts fixed to the machine. This is why it is 
advisable to search foranother salution for making different 
bleek sizes. 

8.4.3 Corners 
On corners or places where inner walls join with the outer wall 
the normal Interlocking bleeks don't suffice. To make these 
joints, the upper part of the bleeks is cut off and they are cut to 
the desired size. 

Fig. 21 - Rough cut at wall endings and 
window openings. 
(Project in Nakuru) 

Fig. 22 - Holes in the wall where inner 
walls conneet to the outer wall . 
(Project in Nakuru) 

Makiga and Hydrafarm don't offer another salution than the one 
described above (for these machines). 





9 
Housing type 

• compar1son1 

9.1 Environmental impact 
9.2 Labour 
9.3 Costs of material 
9.4 Total costs 
9.5 Comparison 

A better insight in the positive and negative aspects of common 
building methods is needed to be able to make a well considered 
choice. A comparison is made between the following housing 
types: 

Improved mud house - IMH 
Interlocking stabilized soil blocks house - ISSBH 
Quarry stone blocks house - QSBH 

The ' Improved mud house' is included because of the seemingly 
low costs. The choice for an improved mud house, in stead of a 
traditional mud house, is because of the relatively high quality of 
the other two housing types. Including a traditional mud house 
would give a distorted view. 
The ' Interlocking stabilized soil blocks house' is included because 
of the potentially low building costs combined with a relatively 
high quality. 
The 'Quarry stone blocks house' serves as a reference because 
this housing type is a commonly used, higher quality, building 
method in Kenya. 
The comparison is based on a four by four meter house without 
inner walls. 
When reading the comparison table one should take into account 
that all the Iabour and material is accounted per building part. 
When constructing a whole building with the same people and 
camparabie materials, the stated amounts will be reduced due to 
tighter purchasing policy and better use of Iabour hours. 
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9.1 Environmental impact 
The environmental impact of the building process is getting more 
important since amongst other things deforestation is becoming 
a burning issue. Next to that the environment is very important 
for Kenya since tourism is one of its main industries [Central 
Intelligence Agency, 2009] . 
Although the environmental impact is not the main point of 
interest, it has to be taken into account especially for bigger 
projects (using large quantities of wood, cement, quarry stone, 
etcetera). 

IMH Wood needed - deforestation 
-For adobe blocks wood chips needed 
-For mud and wattie poles and branches needed 
(The mud and wattie technique is used for the 
comparison because this is the most common mud house 
in Kenya.) 

ISSBH Cement needed for blocks (ratio 1:12-1:20) 
No mortar is needed in the joints 
Only sub soit is used, this ensures that the land can be 
used after excavation. 

QSBH Mortar (cement) is needed 
Quarry's are limited sourees and have a big impact on 
the environment 

9.2 Labour 
The amount of Iabour needed for the construction of a house 
differs per construction type. High amounts of Iabour are a 
positive and a negative aspect at the same time. High amounts 
of Iabour are good against unemployment in the region, but 
brings along higher costs for the wages and more supervison. 
On regionat scale Iabour intensive designs are preferabie above 
capita! intensive ones. 
Building the ISSB house takes more days of Iabour than the QSB 
house, but the costs are lower because QSB needs more skilied 
Iabour. Unskilled Iabour is preferabie over skilied Iabour because 
of the lower costs and the opportunity for self help building. 

IMH 15 days skilied Iabour 
31 days unskilled Iabour 
13,700 Ksh 

ISSBH 20 days skilied Iabour 
44.5 days unskilled Iabour 
(including block production) 
18,900 Ksh 

QSBH 24.5 days skilied Iabour 
30.5 days unskilled Iabour 
(Excluding block production) 
21,518 Ksh 



9.3 Costs of material 
The material casts of the improved mud house are relatively 
high because of the more expensive finishing. This finishing 
is needed for the appearance of the house and impraves its 
lifespan. 

IMH 78,687 Ksh 
ISSBH 71,548 Ksh 
QSBH 91,087 Ksh 

9.4 Total costs 
Building part IMH 
Foundation 

31,450 
Walling 

Roof 20,630 

Finishing 40,307 

Total 92,387 

I SS BH 

17,941 

21,795 

19,280 

31,432 

90,448 

Table 15 - Building costs of three building types 

QSBH 
21,479 

32,914 

19,280 

38,932 

112,605 

Prices in Kenyan shillings (Ksh) (2009 - 1 Ksh = 0.009 Eur [Mataf]) 

A high percentage of the casts derive from the finishing of 
the house. To save on the total casts the finishing could be 
minimized. So could for example the ceiling board be left out. 

9.5 Comparison 
Rating the housing types from one to three on the above 
ment ioned points and attaching weights based on the 
importance of these points provides the following table. 

Weight IMH ISSBH 
Environmental impact 1 2 2 3 3 

Impact availability of labor 2 2 4 3 6 

Self build 1 3 3 2 2 

Lifespan 2 1 2 2 4 

Total casts 3 3 9 2 6 

Total points 20 21 

Table 16 - Comparison between three building types (red=rating) 

QSBH 
1 1 

1 2 

1 1 

3 6 

1 3 

13 

The ISSB house turns out to be the cheapest and best salution 
fora house of this quality, but a traditional mud house (IMH 
without foundation, waoden door, glass windows, ceiling boards 
and paint) will probably be under 60.000Ksh. This raises the 
question if this quality is affordable for the poorest. Further 
research should be carried out to answer this question, for 
instanee through interviews amongst low income households, 
but this fa lis outside the scope of this project. 



-- ----



10 
Roofing 

10.1 Iron sheets 
10.2 Roofing tiles 
10.3 Cost comparison 
10.4 Alternative methods 
10.5 Roofing types 
10.5.1 Flat roofs 
10.5.2 Truss and lean to roofs 
10.5.3 Vaults 
10.5.4. Domes 

10.6 Vaults and domes 
10.7 Timbrel va u lts 
10.8 Earth roofing? 
10.9 Adapting the technique 

In the comparison in Chapter 5 all housing types made use of 
a corrugated iron sheet roof (Mabati). This is the roofing type 
most used for low cast housing in Kenya. But is this really 
a good roofing methad or just the most suitable nowadays 
available method? 



10.1 Iron sheets 
There are several techniques for roofing, but the technique 
currently most used for low cost housing is based on the use of 
corrugated Iron Sheets (Mabati). 
The main reasons for the use of corrugated iron sheets in low 
cost housing are the relatively low purchasing costs and the 
low weight (low costs of the sub- structure). But there arealso 
disadvantages on this roofing method. Due to solar radiation 
the room underneath the roof will heat up greatly. Besides 
that rain will cause a lot of noise, making it difficult to have a 
conversatien during heavy rain. This in combination with the 
short lifespan of the sheets of a bout 1 to 5 years and the fact 
that iron has to be imported [Centra! Intelligence Agency, 2009] makes 
iron sheets not such an appropriate materiaL 

10.2 Roofing tiles 
Another technique, especially used in mid or high price 
buildings, is based on the use of roofing tiles. A disadvantage of 
the roofing tiles is that the cost of the wooden sub-structure is 
very high due to the relatively high weight of the tiles and their 
smaller size (compared to the iron sheets). 

10.3 Cost comparison 
Practical Action made a price comparison of four roofing types 
(mabati), coloured micro concrete roofing tiles (mcr tiles), 
clay tiles and concrete tiles. This table dates back from the 
year 2001. Especially due to the increasing wood prices the 
differences in prices of the sub structure only grew bigger .. Table 
17 shows the original table made by practical action (2001) 
table 18 shows the same table with up to date prices (for wood, 
polythene sheet, nails, and iron sheets). 

10.4 Alternative methods 
From this we can conclude that the current roofing methods are 
not appropriate or just too costly for low cost housing. This calls 
for an alternative roofing solution. 

'There are 30 types of cost effective technologies and building 
materials promoted and popularised by HUDCO. These are ... 
cocanut fibre and waoden chips roofing sheets, corrugated 
bamboa roofing sheets, guna tile roof, pyramidal brick roof, 
cement bonded fibre roofing sheets, micro concrete roofing tile, 

H 

Housing and Urban Development Corporatien Limited (HUDCO) 
is an enterprise of the Government of India which focuses on the 
social aspect of housing. One of their objectives is focused on 
building technology. They distinguish the following cost effective 
roofing methods. 

1. cocanut fibre and waoden chips roofing sheets 
2. corrugated bamboa roofing sheets 
3. guna tile roof 
4. pyramidal brick roof 
5. cement bonded fibre roofing sheets 
6. micro concrete roofing tile. 

To translate these methods to Nakuru - Kenya, the availability 
of the materials must be taken into account. Bamboa and 
coconuts aren't widely available and wood is very expensive 1 
the environmental impact is high. This is why method 1 and 2 
fall off. 

The micro concrete roofing tiles (6.) are also available in Kenya. 
But as previously described, the cost of the sub-structure is very 
high due to the weight of the tiles. 

Sheets made out of natura! fibres have a lifespan of 
approximately only 10 years. 
A Guna tile roof has a lifespan of about 50 years. [Ciay ceilings 1 

India Environment Portal, 1996] A downside of the Guna tile roof 
is that the tiles are made of terracotta which is a baked product 
which requires gas, wood or another type of fuel for the baking 
process. 

The available information on the guna roofing method is very 
scarce. Several attempts to get in touch with the developers of 
this method came to nothing. 



MABATI COLOURED 

Item Unit Unit cast 30 gauge MCR TILE 

No. Cast No. Cast 

TIMBERS: Ex.200 x 25 m 61 2.5 153 2.5 153 

200 x 25 m 55 2.5 138 2.5 138 

150 x 50 m 35 6 210 8.5 298 

100 x 50 m 48 17 840 32 1,536 

50 x 25 m 12 - - 25 300 

Assorted nails Kg 60 3.5 210 3.5 210 

Polythene sq.m 80 - - 10 800 

SUB-STRUCTURE Sub-Tatal 1,550 3,434 

MABATI 2.5 m sheet 312.5 4 1,250 

MCR TILE piece 23.7 130 3,081 

CLAY TILE piece 24.8 

CONCRETE TILE piece 18 

LABOUR* days 450 1.5 675 3 1,350 

TOTAL (for 10 sq.metres) 3,475 7,865 

* one skilied artisan @ 300 Ksh plus one labourer @ 150 Ksh 

Table 17- Cost Comparison of Four Alternative Roofing Technologles in Nakuru, Kenya (2001) 
Prices in Kenyan shillings (Ksh) 2001 - 1Ksh = 0.014 Eur [Mataf]) (10 sq. metres) 

CLAY CONCRETE 
TI LES TI LES 

No. Cast No. Cast. 

2.5 153 2.5 153 

2.5 138 2.5 138 

8.5 298 8.5 298 

36 1,728 36 

28 336 28 336 

4 240 4 240 

10 800 10 800 

3,692 3,692 

140 3,472 

250 4,500 

3 1,350 3 1,350 

8,514 9 ,542 



MABATI COLOURED CLAY CONCRETE 
Item Unit Unit cost 30 gauge MCR TILE TI LES TIL ES 

No. Co st No. Co st No. Co st No. Cost. 

TIMBERS: Ex.200 x 25 m 61 2.5 152.5 2.5 152.5 2.5 152.5 2.5 152.5 

200 x 25 m 72 2.5 180 2.5 180 2.5 180 2.5 180 

150 x 50 m 278.8 6 1672.8 8.5 2369.8 8.5 2369.8 8.5 2369.8 

100 x 50 m 164 17 2788 32 5248 36 5904 36 5904 

50 x 25 m 65.6 - 0 25 1640 28 1836.8 28 1836.8 

Assorted nails Kg 130 3.5 455 3.5 455 4 520 4 520 

Polythene sq.m 90 - 0 10 900 10 900 10 900 

SUB-STRUCTURE Sub-Total 5205.8 10902.8 11820.6 11820.6 

MABATI 2.5 m sheet 312.5 4 1900 

MCR TILE piece 23.7 130 3081 

CLAYTILE piece 24.8 140 3472 

CONCRETE TILE piece 18 250 4500 

LABOUR* days 450 1.5 1050 3 2100 3 2100 3 2100 

TOTAL (for 10 sq.metres) 8155.8 16083.8 17392.6 18420.6 

* one skilied artisan @ 300 Ksh plus one labourer@ 150 Ksh 
{The blue coloured parts are the renewed prices.) 

Table 18 - Updated Cost Comparison of Four Alternative Roofing Technologies in Nakuru, Kenya (2009) 
Prices in Kenyan shillings (Ksh) 2009- 1Ksh = 0.009 Eur [Mataf]) (10 sq. metres) 

The price of the sub-structure fora tile roof was already 0.988 to 1.062 times the price of a full iron sheet roof. Nowadays, due to 
increasing prices, the sub-structure of a tile roof will cost 1.335 to 1.447 times a full iron sheet roof of the same size. 

MABATI 30 gauge COLOURED MCR CLAY TILES CONCRETE TILES 
TILE 

SUB-STRUCTURE 2001 1,550 3,434 3,692 3,692 

SUB-STRUCTURE 2009 5,248 10,945 11,863 11,863 

Ditterenee 3,698 7,511 8,171 8,171 

Compared to mabati 2001 x 1 x 2.22 x 2.38 

Compared to mabati 2009 X1 x 2.09 x 2.26 

Table 19- Comparison between table 11 and 12 ·roofing prices 



10.5 Roofing types 
In a publication of UNESCO [Adam & Agib, 20021 the roofing types 
tor low cost housing were divided into flat roofs, Truss & lean 
to roofs, Vaults and Domes, following roofing types (with 
examples) are distinguished. 
10.5.1 Flat roofs 
- Traditional earth roof 

o Central joist (180 mm) 
o Rafters (100-120 mm) - every 500 mm 
o Reeds 
o Thatch or Hay 
o Stabilised earth (100 mm) 
o Zibla (mixture of earth, straw, animal dung and water) 

• Plaster coat lasting forabout 2 years. 
- Improved traditional earth roof 

o Bamboa poles (25-30 mm diameter) 
o Reed mats 
o Lateric soil mixture (70 mm) 
o Soil, lime, cement plaster (8:1 :1) 

- Shagig roof 
o Palm purlins (75x100 mm) - every 400 mm 
o Earth blocks (400x200x120 mm) 
o Soil (80 mm) 
o Zibla and white wash 

- Timber board roof 
o Central rolled steel joist 
o Timber rafters (100x100 mm) - every 400 mm 
o Timber boards (230x12 mm) 
o Thatch mats 
o Fired clay bricks 
o Sand, cement, mortar (8: 1) 

- Precast concrete element roof 
o Precast reinforeed concrete joists (300x200 mm) - every 

1.3 m 
o Precast re inforeed concrete slabs (300x7x400 mm) 
o Khafgi (7 mm) - Lime, Course sand, Crushed clay bricks 

10.5.2 Truss and lean-to roofs 
- Truss and lean-to roofs 

o Construction from 
• Timber 
• Steel 
• Large size bamboa (75-100 mm diameter) 

o Purlins- every 1-1.5 m 
o Roof covering 

• Corrugated zinc sheets 
• Corrugated fiber cement sheets 
• Timber boarding covered with rubberoid 
• Thatch 
• Fired Clay tiles 

- Thatched roof (lifespan +/- 20 years) 
o Rafters - every 300 mm 
o Thatch (300 mm) 

Fibre reinforeed roof 
o Waoden sub-construction 
o Kenaf sand corrugated sheets (1.2 x0.8 mand 24kg) 

10.5.3 Vaults 
- Vault roofs 

o (Temporary Steel formwork) 
o Reed mat 
o Sand cement mixture ( 4-6 soil :1 cement) (apex 20 mm -

spring 30 mm) 
o Fine wire mesh 
o Sand cement mixture (30 mm) 

- Jack arch roofs (lifespan over 30 years) 
o Rolled steel joist (140x60 mm for 4 m span) - every 800 

mm 
o Fired bricks arch laid with sand cement mortar (6: 1) 
o Khafgi (80 mm) 

10.5.4 Dornes 
- Thatched dames 

o Structure out of bamboa or thin waoden members 
o Thatch (200 mm) 
o Clay and animal dung (sometimes) 

- Brick domes 
o Bricks and sand lime mortar 

To bring down the casts of the above described building 
techniques, the amount of wood needed should be minimized. 
Examples of solutions are replacing the waoden structure with 
a nother material and using another fuel for burning the bricks or 
til es. 

The above described flat roofs make use of waoden or bamboa 
sub-structures, the same applies for the truss and lean to roofs. 
The vaults and domes can be made without such a sub-structure 
since the shape is selfsupporting (depending on the material 
used). 



10.6 Vaults and dornes 
A material avai lable on site is earth. This makes it an attractive 
building material to work with. The Aurovi lle Earh Inst itute does 
research on building with earth as basic material and already 
has numerous solutions for the construction of walls, floors and 
roots. 

The Auroville Earh I nstitute divides the building of domes, vaults 
and arches into the following techniques 
- Bucket pointed vault 

Catenary vault 
Conical vault 
Egypt ian Vault 
Equilateral pointed vault 
Nubian vault 
Octagonal pointed dome 
Segmental groined dome 
Semicircular vault 

[Auroville Earth Institute, Auroville Earth Institute] 

An advantages of using vaults is that they are selfsupporting, 
there is no need for a supporting structure. Another advantage 
is the thermal mass of the construction. The thermal mass of a 
stabilized soil vault is much higher than the thermal mass of an 
iron sheet roof. This mass also improves the sound insulation of 
the roof, reducing the noise caused by to rain. 

Downside of the vaults ment ioned above is the relative high rise. 
A construction of this type will not fit in t he architecture used in 
Nakuru, which makes it doubtful whether it will be accepted by 
the inhabitants of Nakuru. A vault with lower rise therefore has a 
higher chance of acceptance. 

Name Span (m) Rise (m) Length (m) Thickness ( cm) Weight ( ton) 

Bucket pointed vault 2.42 2.42 1.65 11 .5 36.5 

Catenary vault 6 3 4.5 7 14 

Egyptian catenary vault 5 3.55 9 14 17.7 

Equilateral (pointed) vault 3.6 3.12 8 7 34 

Nubian vault 10.35 2.25 6 14 17.7 30 

Octagonal pointed dome 6.4 4.4 - 7 

Segmental (groined) dome and vault 3.48 0.5 13 7 
Semicircular vault 6 3 11 7 36.5 40 

Table 20 - Characteristics of some build examples 



Fig. 25 - Bucket Pointed Vault - Construction phase 
[Aurovllle Earth Institute, Auroville Earth Institute] 

27-
Catenary vault -

ph a se 
Earth Institute, 

rov1lle Earth Institute] 

Fig. 26 - Bucket Pointed Vault - Finalized 
[Auroville Earth Institute, Auroville Earth Institute] 

F1g. 28-
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Fig. 29 - Equilateral Pointed Vault - Const ruction phase 
[Auroville Earth Institute, Auroville Earth Institute] 

Fig. 31 - Nubian Vault - Construction phase 
[Auroville Earth Institute, Auroville Earth Institute] 

Fig. 30 - Equilateral Pointed Vault- Finalized 
[Auroville Earth Institute, Auroville Earth Institute] 

Fig. 32 - Nubian Vault - Finalized 
[Auroville Earth Institute, Auroville Earth Institute] 



Fig. 33 - Octagonal Pointed Dome - Construction Phase 
[Aurovllle Earth Instltute, Auroville Earth Instltute] 

Fig. 35 - Segmental Groined Vault - Construction Phase 
[Auroville Earth Instltute, Auroville Earth Institute] 

Fig. 34 - Octagonal Pointed Dome - Finalized 
[Auroville Earth Institute, Auroville Earth Institute] 

Fig. 36 - Segmental Groined Vault - Finalized 
[Auroville Earth Institute, Auroville Earth Institute] 



Fig. 37 - Semicircular Vault - Construction Phase 
[Auroville Earth Institute, Auroville Earth Institute] 

Fig. 38 - Semicircular Vault - Finalized 
[Auroville Earth Instîtute, Auroville Earth Instltute] 



10.7 Timbrel vaults 
One of the vault/dome types nat described by the Auroville Earh 
I nstitute is the so called Timbre! vault. 

"The method of timbre/ vaulting was developed in the 14th 
century around the Mediterranean, although its precise origins 
are unknown. The timbre/ vault is also known as a "masonry 
vault'~ "Catalan vault'~ "tiled vault'~ "laminated vault'~ "flat 
vault" and "/ayered vault" (derived from Spanish, French, Italian 
and Catalonian descriptions)." [Decker, 2008] 

The methad of Timbrel vau lting is basedon multiple layers of 
terra cotta tiles of which the first layer is put tagether with fast 
setting mortar made of Plaster of Paris. The subsequent layers 
are laid in a thick layer of ordinary Portland cement. Because of 
the fast setting Plaster of Paris there is no need for a supporting 
farmwerk but only a light shape-guiding formwork. [Decker, 2008] 

~-P-

Fig. 39 - Patent for Timbrel vaulting [Decker, 2008] 
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also the slenderness of the construction and the relatively 
low rise (10%) are positive in termsof material use. Rafael 
Guastavino, a Spanish architect and builder, perfected the 
Timbrel vault and started a company which designed and 
constructed the vaults. [Ramage, 2006] Guastavino used one 
inch thick terra cotta tiles with a one inch thick mortar layer 
in between. He used the rules of thumb mentioned below to 
determine the amount of layers needed for the construction of 
the arches and dames. An arch with a span of 12 feet (3.66m) 
will, according to this information, result in a rise of 14.4 inch 
(36.6cm) and a shell thickness of 5 inches (12.7cm). A dame 
of the sa me span and rise requires a shell .thickness of only 3 
inches (7.62cm). 

STANDARD GUASTAVINO ARCHES 

SPAN #of Courses Safe Laad (per sq. ft.) 

5' 2 987 

5'-12' 3 615 

12'-16' 4 614 

16'-20' 5 614 

20'-24' 6 613 

Table 21 - Rules of tumb for arch construction (span in feet) [Atamturktur, 2006 
pg.152] 

STANDARD GUASTAVINO DOMES 

SPAN #of Courses Safe Laad (per sq. ft.) 

5'-12' 2 822 

12'-16' 3 924 

16'-20' 4 983 

20'-24' 5 1026 

Table 22 - Rules of tumb fordome construction (span in feet) [Atamturktur, 2006 
pg.152] 

When camparing this type of vault with the vaults tested by the 
Au roville Earh Institute, the relatively low rise and th ickness of 
the Timbrel vault result in a significantly lower need of materiaL 



In a test executed by Michael H. Ramage [Ramage, Guastavino. 
net, 2004] 4Skg (1001bs) of Plaster of Parisis used for the 
construction of a vault of approximately 2.5 m2. Fora vault 
of 12x12 feet this will result in approximately 250kg Plaster 
of Paris. This comes to 28000Ksh (hardware store price of 
2800Ksh/25kg [Appendix 4]) for only the Plaster of Paris. This 
is, especially when compared to the price of a full Iron sheet roof 
of 19,280Ksh [Appendix 6] too high. Therefore an alternative 
should be found for the Plaster of Pa ris. This could either be an 
alternative mortar or an alternative construction method. 

10.8 Earth roofing? 
Earth is a locally available material, but to make use of earth for 
roofing a suitable way of building should be applied. One of the 
ways to build making use of earth is through vaults built up out 
of stabilized earth blocks. In Auroville, India, several vault roofs 
are constructed making use of stabilized earth blocks. Dornes 
and vaults are not imbedded in the general way of building in 
Nakuru. This implies that introduetion of this building methad 
requires a change of thinking concerning construction. This a lso 
implies training for the new construction method. It is not clear 
if a vault as roofing would be favoured in Nakuru. There are 
projects in which vaults (Egyptian vaults) were used for roofing 
in Kenya where the people did not want to live in the houses 
because it reminded of a tomb. 
Making use of the Timbrel vault methad might not have this 
problem. The rise of the vault can be kept very small (10%). 
This might make the vault easier to blend in to the present 
attitude towards the shapes of roofs. Because of the minimal 
rise of the roof the appearance of the house will be less drastic 
influenced. 

During the building processof the test arches ( described in 
chapter 12), several people asked when they could build such 
a roof on their house. This indicates that at least some people 
living in Nakuru are willing to try sarnething new if it could mean 
a much better roof. 



10.9 Adapting the technique 
The Timbrel vault is constructed making use of Terra cotta 
tiles. Terra cotta tiles aren't a widely available building material 
in Kenya. Replacing the terra cotta tiles by stabilized soil tiles 
adjusts the methad to in Kenya available building products. 
The cast of the vault depends largely on the situation in which 
the vault is build. Sametimes the tiles can be made using locally 
available soil, but in areas with a high population density there 
won't be the possibility of winning the soil on site. Next to that 
not all types of soil are suitable for block/tile production. This 
will result in higher casts due to transport and acquiring of the 
sand. The type of soil also determines the amount of cement 
needed which determines largely the final prize. 

Plaster of Paris is relatively expensive in Kenya (2800Ksh per 
bag (25Kg) against 700Ksh for a bag of ordinary Portland 
cement (SOKg)) that is why in stead of using Plaster of Paris 
normal Portland cement might be a more appropriate solution. 
The Plaster of Paris made it possible to construct dames without 
formwork. Excluding the plaster of Paris introduces the need for 
a lightweight formwork. This formwork introduces extra casts as 
well, but can be used in multiple projects. 





11 
Optimized 
design 

11.1 Rammed earth foundation 
11.2 ISSB walls 
11.3 Stabilized soil tile roof 

Several things have to be kept in mind when talking about the 
optimization of the design of the house. Not only the final price 
of the building is important, but the lifespan of the house, the 
environmental impact and the impact on the local (/national) 
economy is of importance too. This could mean that the final 
solution is on purchase not the cheapest solution but that, for 
example because of a longer lifespan, the costsover a longer 
time span will be lower compared to the cheaper solutions. 
The impact on the local (/national) economy is important in 
terms of money flow and Iabour. lf there are two solutions of 
comparable quality of which the first implies local Iabour and the 
second a machine (purchased in anther country) then the former 
is preferabie above the second because it implies a boost of the 
local economy. 



Foundation Walls 

ISSBH 17 33 

QSBH 17.5 30 

IMH 34 22 

Table 23 - Cost breakdown in percentage 

10096 

8096 

6096 

4096 

2096 

096 

IS SB QSB IMH 

Graph 3 - Cost breakdown in percentage 

Roof Finishing 

19 31 

17.5 35 

44 

Finishing 

• Roof 

• Walls 

• Foundation 

• Foundation & 
Walls (IMH only) 

Table 23 and graph 3 show that the highest percentage of the 
costs lies in the finishing of the house. Not all of the finishing is 
a prerequisite, but it is taken into account because it is needed 
to attain the quality of a mid-income house. The paint is for 
example a requisite because it will expand the lifespan, but the 
ceiling boards are just to imprave the view and sound insulation. 
Even without the ceiling boards the house will fulfill the main 
function which is giving shelter, but it will decrease the quality of 
living. 

The costs of the finishing of the ISSB house (the percentage of 
the total costs as well as the actual costs) are lower than for the 
other types of housing. This lies in the fact that the blocks need 
less finishing. About 20% of the total costs of the ti nishing is due 
to the cei ling boards and supporting structure. If a roof would be 
used for which the ceil ing boards are unnecessary, a big saving 
could be gained on the finishing costs without decreasing the 
indoor quality. So by designing an alternative roofing salution 
not only the quality can be improved and the direct costs 
decreased, but a lso the costs of the ti nishing can be minimized. 

11.1 Rammed earth foundation 
At the Auroville Earth Institute they make use of a rammed 
earth foundation. For this foundation they use soil mixed with 
sand and cement. They use 500L (900kg) soil + 200L (340kg) 
sand in combination with one bag (50kg=16L) of cement (this 
mixture differs according to the situation, but will suffice for this 
example). Fora foundation of a 1 story building a foundation 
strip of 50x50cm would suffice. A building of 12x12feet will 
therefore need 3757L of the mixture. A team of 4 persons for 
digging, sieving, measuring, mixing and ramming can produce 
approximately 2 cubic meter of foundation in a day. [Auroville Earth 
Inst1tute, Auroville earth institute - Earth technologies - $tabilized rammed earth 
foundations) 
3757L implies a little more than 5 mixtures consisting of in total: 
- 4.5 ton of soil (1 day 3 persons digging and sieving (600Ksh 

Iabour costs)) 
- 1.7 ton of sand (+/-680 Ksh (if bought in bulk with the other 

construction sand) 
- 5 bags of cement (3500 Ksh) 
- 2 days with 4 labourers (2200 Ksh, 1 skilied 3 unskilled)) 
Excluding the water needed for the construction this comes to 
6980Ksh for the whole foundation. On top of this comes the cost 
for the rammed earth floor. 
The price for a common foundation including floor is between 
17.900 and 21.500Ksh [appendix 6.) . 

Fig. 41 - Rammed earth foundation - Ramming the foundation [Auroville Earth 
Institute, Auroville Earth Institute) 



STABII:ISBI fWI1Mll EARTH FOtNJAnON & COIIPOSITE PUNTH llfAM 
(Dinenlioa 11f grHnd 1loof nldi~g~) -·-

Fig. 42 - Cross sectien of rammed earth foundation [Aurovllle Earth Institute, 
Auroville earth institute- Earth technologies- Stabilized rammed earth 
foundations] 

11.2 ISSB walls 
When using ISSB for the walls, the need for cement will be 
smaller than for traditional constructions. On the other hand the 
amount of on site Iabour is much higher due to the production of 
the blocks. This implies higher Iabour casts but at the sametime 
building with ISSB will have a positive effect on the local Iabour 
market. 

The people I spoke to have the perception that building with 
ISSB is much faster than building with Quarry stone. But when 
making the comparison between the building types the artisans 
stated the following: 
Building the ISSB walls takes 6 days for 1 skilied and 1 unskilled 
labourer. (Excluding block production) 
Building the Quarry stone walls takes 3 days for 2 skilied and 2 
unskilled labourers. 
This would mean that the construction of the two walling types 
takes up the same amount of time. 

11.3 Stabilized soil tile roof 
To minimize the casts of the roof but at the sa me time to ensure 
a quality which will suffice, the salution should be searched 
in locally available materials. Using local materials leaves out 
transport cost, any taxes etc. Besides that the use of local 
materials stimulates the local Iabour market. 
ISSB is an appropriate walling salution making use of local 
materia Is. For a salution for the roofing could be searched in 
the same direction. For the Timbrel vault terra cotta tiles are 
used. Terra cotta is not a common product in Kenia. It might be 
possible to replace the terra cotta tiles with tiles made out of 
stabilized soil. This leaves out the need of burning the tiles which 
decreases the negative environmental effect. 
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12 
Test 

12.1 Adjusting the press 
12.1.1 Press choice 
12.1.2 The first idea 
12.1.3 Salution 

12.2 Production of the tiles 
12.2.1 The mixture 
12.2.2 Problems during the production 
12.2.3 The production 

12.3 Curing of the tiles 
12.3.1 Curing time 
12.3.2 Curing process 

12.4 Building of the arches 
12.4.1 Construction of the formwork 
12.4.2 Laying of the tiles 
12.4.3 Time schedule 

12.5 Removing the formwork 
12.5.1 Curing 
12.5.2 Remaval of the formwork 

12.6 Tests 

12.6.1 First observations 
12.6.2 Testing method 
12.6.3 Four layers test 
12.6.4 Three layers test 
12.6.5 Two layers test 
12.6.6 Material and transport costs 
12.6.7 Condusion and recommendations 

12.7 Calculations 

To test the possibilities of using stabilized soil in stead of terra 
cotta and Portland cement in stead of Plaster of Paris a test is 
carried out. The test consisted of producing stabilized soil tiles 
(including the production method), making formwork, building 3 
arches of differing thickness and testing these arches on bearing 
capacity. 



12.1 Adjusting the press 
To be a bie to produce stabilized soil tiles making use of the 
Ground breaker soil block press, the press needed some 
adjustments. 

12.1.1 Press choice 
The use of (I)SSB, for walls, is upcoming in Nakuru town. For 
the production of these blocks the people generally have two 
choices. They can choose for the manual or the mechanica! 
press. 
- The manual press comes from Makiga, a Kenyan company 

producing, amongst other things, Ground breaker soil block 
presses. 

- The mechanica! press is the Hydraform machine which comes 
from South Africa. It is acquired by Provincial Housing which 
is lending the machine out to people willing to build with this 
technique. 
(See chapter four for more information on these presses.) 

The Hydraform machine can not be used by untrained workers 
so there is always a need for trained artisans. To make the new 
technique available for everybody, it is necessary to come up 
with a production method focused on cheap Iabour and/or self 
employment. This is why the manual block press of Makiga (the 
Ground breaker soil block press) is the best option. 

12.1.2 The first idea 
By putting a metal insertion in the mould which decreases the 
height of the chamber by 80%, the produced blocks should 
become only one fifth of the normal height. The mould chamber 
has a size of 290x140x208mm. By making a metal insertion of 
290x140x166 the amount of soil in the mould is minimized to 
one fifth of the normal amount . The problem with this mould 
insertion is that the lever can not be moved to its endpoint 
anymore. This results in tiles which are not compressed properly. 

12.1.3 Solution 
By decreasing the height of the mould insertion to four fifth 
of the normal block height (of llSmm) the mould insertion 
became 290x140x92mm which solved the compression problem. 
However this adjustment introduced a new problem. Normally 
the mould chamber is completely filled to produce uniform sized 
blocks. In this case filling the mould chamber completely would 
result in blocks which are too high. To overcome this problem 
a measuring box was made to fill the mould with the proper 
amount of mixture. 

Fig. 44 - Tile on metal mold insertion 



12.2 Production of the ti les 
12.2.1 The mixture 
The used mixture is made by the Kenyan's. This means not 
really measuring but mixing until it "feels" and "looks" good. For 
the production of 333 tiles they needed approximately 1.5 bags 
of cement. The soil was ordinary sub soil won on site. 

12.2.2 Problems during the production 
Due to the very small thickness of the tiles they were very 
fragile during transportation, and while laying them down for 
curing. Even when transported on a piece of plywood. Already 
a very small unevenness caused the tiles to break in two. This 
breakage was diminished by putting the tiles upright, on the 
smallest side (see figure 46), and transporting them through 
holding them pressed between two hands on the long sides. 

Because of the poor condition of the waoden base, it broke down 
after the production of 18 proper tiles. This problem was solved 
by fixing the base with a big piece of wood. 

12.2.3 The production 
Due to the problems with the adjustment of the press on the 
first day only 18 tiles were produced during a full day of work. 
The rest of the production was carried out by the Kenyans under 
guidance of Geoffrey Esebwe (a highly motivated layman). 
They were able to produce 180 tiles in half a day on the first 
day. And the second day they only needed two hours to produce 
150 tiles. 



12.3 Curing of the tiles 
12.3.1 Curing time 
Because of the very short time span we had for the test we only 
let the tiles cure for two weeks. To reach the optima I strengthof 
the tiles, they should cure for four weeks in total. 

12.3.2 Curing process 
For proper curing the tiles have to be kept wet in the first week 
to minimize the amount of drying cracks. Next to that the effect 
of heat (from the sun) should be diminished. To proteet against 
dehydration the tiles are put in between a black polythene sheet. 
To pursue equal strength of all the tiles they are rearranged 
every day in the first week and the secend week every secend 
day, this to prevent the tiles from drying out on the upper side 
(and the side near the edge of the polythene sheet). To imprave 
the curing the tiles were placed lying down after one week. By 
then the strength of the tiles had increased enough to proteet 
against breakage due to small unevennesses of the curing 
ground. Because of the limited space they were partly put on top 
of each other (maximum of two layers). To move and turn and 
water the tiles 1 persen needed about one hour a day. 

12.4 Building of the arches 
12.4.1 Construction of the Formwork 
The original building methad with plaster of Paris had no need 
for formwork. For this project the plaster of Pa ris is replaced by 
ordinary Portland cement which introduces the need for a light 
formwork. 
The test includes three arches of differing thicknesses. Two 
of the formworks are made of plywood boards with distance 
holders. The formwork is covered with a polythene sheet to 
prevent the mortar from dropping in between the formwork. 

\ 

The third formwork is made out of cement bleeks covered with 
sand. In this way the formwork could be build with materials 
found on site, minimizing the casts. Using this technique might 
not be suitable for building roofs, but might be useful for the 
construction of other arch shaped constructions. 



Fig. 48 - Finished wooden formwork 

., 

Fig. 49 - Base of the sand formwork 

12.4.2 Laying of the tiles 
The first layer of tiles is laid in a straight curve with the short 
edges resting on the formwork. 

Fig. 50 - First layer of tiles 

Fig. 51 - Mortar joints 



The second layer is lain under an angle of about 30 degrees. 
This to make sure the joints will not overlap, increasing the 
strength of the construction. Originally this angle was 45 
degrees, but this would result in big gaps in the arch (see 
drawing 1) 

Fig. 52 - Second layer under an angle of 30 degrees, third layer same as ftrst 
layer 

Drawing 2 - Big gaps due to 45 degree angle 

The third layer (of the three and four layers arches) is laid like 
the first layer. The fourth layer (of the four layers arch) is again 
laid under an angle of 30 degrees, but in the other direction, 
maximizing the cohesion of the construction. 

12.4.3 Time schedule 
The production of the formwork was taken care of during the 
curing of the tiles. The production of the arches took us half a 
day of work while working on two arches simultaneously. 

Fig. 53 - Second and fourth layer both under 30 degrees, but mirrored 



12.5 Removing the formwork 
12.5.1 Curing 
Again because of the very short time span in which the project 
had to be realized, the curing of the arches was only given four 
days. The arches were built on Thursday afternoon and tested 
on Tuesday morning (The formwork of the four layers arch and 
a part of the formwork of the three layers arch was removed 
on Monday) . For the maximum strength the mortar should 
have cured for four weeks, but after four days the strength 
already reaches approximately 36 to 74% of its final strength 
(depending on the type of cement, see graph 4). 
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Graph. 4- Cement strength (%)over time 
[The Portland Cement Association] 

We planned to pour water over the construction daily, this to 
minimize shrinkage cracks, but on the first day there was a 
water problem which made this impossible. The other days we 
succeeded to pour water over all three arches. 

12.5.2 Removal of the formwork 
The wooden formwork could be removed by digging holes under 
the supporting stones which made it possible to lower the 
formwork a little. Removing the stone/sand formwork was easier 
bacause the arch was already loose from the formwork. The 
dry sand could be removed with a stick, making it possible to 
remove the blocks by hand. 

Fig. 54 - Removal of the wooden forrnwork in one piece 



12.6 Tests 
12.6.1 First observations 
Befare loading the arches, the arch with four layers already 
showed some cracks with one of them running through the lower 
three layers. 

Fig. 55 - Crack before loading 

When trying to "shake" the arches by hand power, only the arch 
of two layers showed movement. The arch showed a clearly 
visible wave motion. 

12.6.2 Testing method 
The arches are tested by putting bags filled with sand, each 
weighing 45kg, on top of the arches. The bags are put on top 
of the arches in equally distributed pairs. This to determine the 
maximum permitted equally spread laad and nat sa much point 
leads. 

12.6.3 Four layers test 
After putting five bags on the arch the crack mentioned befare 
started to widen visibly. 

Fig. 56 - Arch loaded with five bags 

Fig. 57 - Widened crack 



After loading the arch with six bags of sand (equal to 
approximately 270 kg in tota l). We started to move bags from 
the right side to the left side. The arch collapsed when two bags 
were moved to the left side. This results in 225 kg spread over 
the left side and 25 kg on the right side (near the top of the 
arch). 

Distribution of the cracks (distance in mm) 

500 600 400 400 

Fig. 60 - Crack pattem of the arch with four layers (side view) 

Fig. 58 - Collapsed arch 

800 1200 



12.6.4 Three layers test 
The three layers arch was tested by first putting a bag on each 
side of the arch (totally 90 kg) and then let 2 persons (each 
(including clothes) approximately 77 kg) walk towards each 
ether. This was to test a varying laad gradually rnaving the laad 
from the sides towards the middle of the arch. 

Fig. 61 - Start of test with moving loads 

Fig. 64- Moment before collapse 



Fig. 62 - First load displacement Fig. 63 - Approximate equally distributed load 

-Fig. 65 - Load distribution at collapsing point Fig. 66 - End of a successful test 



Fig. 67 - Crack near base Fig. 68 - Position of cracks 

Distribution of the cracks (distance in mm) 
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Fig. 70 - Crack pattern of the arch with three layers (side view) 



12.6.5 Two layers test 
The arch of two layers could withstand an equally spread load of 
90 kg (45 kg on each side) causing big cracks on the sides. 

Fig. 71 - Startlng crack near base Fig. 72 - Loading of the arch 

Distribution of the cracks +/- every two tiles 

Fig. 75 - Crack pattem of the arch with three layers (side view) 

When moving the bags, the left bag was lifted a bit earlier which 
led to collapsing of the arch. 

Fig. 73 - Crack near base (right) 



12.6.6 Material and transport costs 

Plywood 1650 KSH each 2 pieces 

Timber 2x1 21 KSH per feet 24 feet 

Nails 2" 90 KSH per kg 0.5 kg 

(Ceili ng board) nails 165 KSH per kg 2 x 0.5 kg 

Polythene sheet 80 KSH per meter 5 meters 

Cement ( rhino) 690 KSH per bag 3 bags 

Rental block press 3000 KSH - -
Transport press 310 KSH - -
Bolts 400 KSH - -
Material t ransport 550 KSH total -
Total 

Table 24 - Cost breakdown of test project (2009 - 1 Ksh = 0.009 Eur [Mataf]) 

Cement split into bags per arch, 
2 out of 9 layers tiles and 1 out of 6 layers mortar x1.5 = 3/9 + 3/12 = 21/36 = 402.5Ksh 
3 out of 9 layers tiles and 2 out of 6 layers mortar x1.5 = 9/18 + 3/6 = 36/36 = 690.0Ksh 
4 out of 9 layers tiles and 3 out of 6 layers mortar x1.5 = 6/9 + 9/12 = 51/36 = 977.5Ksh 

Arch 2 

Number of Layers of Tiles Amount 2 

Part 2/9 

Number of layers of Mortar Amount 1 

Part 1/6 

CementforTiles (a.) Costs 230Ksh 

Cement for Mortar (a.) Costs 172.5Ksh 

Block press (13. ) Costs 735.6Ksh 

Formwork (y.) Costs each 2207Ksh 

Transportand others (ö.) Costs 185Ksh 

Total 3530.1Ksh 
a.) 1.5 bags needed -1U35Ksh 

(13.) Rental and transport =3310Ksh 
(y.) Material costs 3300+504+45+165+400=4414Ksh 
(ö.)Ext ra costs 400+550=950Ksh 

Table 25 - Price per arch (2009 - 1 Ksh = 0.009 Eur [Mataf]) 

3 

3 

3/9 

2 

2/6 

345Ksh 

345.0Ksh 

1103.3Ksh 

2207Ksh 

317Ksh 

4317.3Ksh 

3300 KSH 

504KSH 

45 KSH 

165 KSH 

400 KSH 

2070 KSH 

3000 KSH 

310 KSH 

400 KSH 

550 KSH 

10744 KSH 

4 

4 

4/9 

3 

3/6 

460Ksh 

517.5Ksh 

1471.1Ksh 

2207Ksh 

449Ksh 

3774.6Ksh 



12.6.7 Condusion and recommendations 
To draw a conclusion more tests should be carried out. In these 
future tests a couple of things should be improved. 
Quality of the tiles 
.t:1W.rul 
The Kenyan way of mixing is on the eye and feeling. To produce 
tiles of a stabie quality the mixing ratio should be prescribed. 
This could be done by prescribing a mixing ratio based on bucket 
loads. 
.ûLJ:i.D.g 
In this test the tiles were only cured for 14 days. To reach the 
maximum strength the tiles should cure for 28 days. 
Furthermore the curing site should be optimised for the curing of 
the tiles meaning enough space and a totally flat area. 
Productjon methad 
Because the press was designed for blocks 5 times the thickness 
of the produced tiles, a measuring mould and a mould insertion 
were used to reach the proper size. By using the same mould 
insertion and raising the lowest stand of the press by 74mm the 
thickness and compression quality of the ti les should imprave 
greatly. 
The height of the (uncompressed) mould chamber is 208mm and 
the mould insertion is 92mm high. The mould chamber should 
be one fifth of the height: 208/5=42mm. Thus decreasing the 
height by 208-(92+42)=74mm would result in a press suitable 
for the production of these tiles. 

Quality of the arches 
.w.i.d.tb. . 
In this test the width of the arches was only one tile. When a tile 
has a flaw it would affect the strength of the arch greatly. There 
are no other tiles counterbalancing this flawing tile. lf the width 
of the arch would be increased to two or more tiles a flaw would 
be counterbalanced by the surrounding tiles. 
.ûLJ:i.D.g 
The arches are only cured for 4 days. To reach the maximum 
strength the arches should be cured for 28 days. 
Rjng beam 
To withstand the horizontal farces a ring beam should be used. 
In this project the horizontal movement was prevented by blocks 
placed against a wall, but the chance is that these blocks still 
were able to shift a little. 
Amount 
This test only included 3 arches of differing thickness. To acquire 
proper data more arches of equal thickness should be tested. 

Test 
~ 
For this test bags filed with approximately 45 kg of sand were 
used to test the strength of the arches. For a more accurate test 
the bags should be measured properly. More bags of smaller 
weight (for example a lot of bags of 10 kg) would increase the 
accuracy of the test. 
Placinq of the bags 
By placing the bags approximately equally distributed on the 
arch the arches were able to withstand a bigger laad than 
they would withstand with an unevenly distributed laad. To 
imprave the test every laad should be placed on designated (in 
advance measured) spots. These spots should be determined by 
calcu lations on the structural behaviour. 

Formwork 
The formwork used for the test stood for 41% of the total casts. 
In a project where a series of arches is constructed after one 
another, this percentage will be significantly lower. To minimize 
the casts of the formwork a close look should betaken at its 
design. 
The formwork for the test was based on two wooden sides with 
wooden spacers in between. The polythene layer tensed over 
the formwork was meant to keep the mortar in place during 
the placing of the ti les. The formwork was only one tile wide. A 
roof of about 3.5m long would acquire 12 pieces of formwork. 
An additional problem is that the mortar in between the arches · 
isn't taken into account in the design for this formwork. Also the 
remava l of the fo rmwork in a real project, with walls limiting the 
space to manoeuvre, might proof problematic. 
A way to imprave this formwork is enlarge the width to 0.9m 
(three tiles plus space for mortar). By using a thin piece of 
plywood fixed on top of the sides (under the polythene sheet) 
only two side pieces are needed (in stead of the 6 pieces 
needed for the narrow type of formwork) . Altering the shape 
of the formwork and making it consists of two pieces enables 
to remove the remave the formwork easily. Drawing 3 shows a 
possible shape. 



-----
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Drawing 3 - Possible shape for formwork. The red line indicates the movement of the formwork during removal. 



12.7 Calculations 
With the results form the test, assumptions can be made for 
the calculations of the reaction forces and the stresses in the 
construction. 

Generally counts: 
~H=O RAH = RBH (1) 
~V=O RAv + Rsv = ql (2) 
~Mt.o.v.A=O Rsv•L-ql Vz L = 0 (3) 

RBV = Vz ql 
in (2) RAV = Vz ql 

Part AS 
~Mt.o.v.s=O RAv Vz L- RAH•h- qVzLY4L = 0 (4) 
RAH = 1/8 q L2/h 
in (1) RBH =1/8 q L2/h 

For the test counts: 
L = 4m 
h = 0.4m 
q = 1.073KN/m 

28 tiles per layer over 3 layers 
A block is 8kg divided by 5 = 1.6 kg 
28•3•1.6=134.4 kg 

Cement has a weight of 1250kg/m3 
Lengthof the arch is 4100mm (4.1m) 

The width of the arch is 290mm (0.29m) 
Height of a cement layers 20mm (0.02m) over 2 layers 
1250•4.1•0.29•0.02•2=59.45kg 

134.4+59.45=193.99kg for the weight of the 3 layered arch. 

Figure 63 shows the situation in which the weight was equally 
spread, withstanding the forces. Therefore this equation 
assumes the weight to be an equally spread q load. 

Two bags with a weight of 45kg = 90kg 
Two persons with a weight of 77kg = 154kg 
90+154=244kg 

193.99+244=437.99kg 
437. 99/4= 109.4975kg/m 
109.4975•0.0098= 1.073kN/m 

cr=N/A 
N= v(5.3652+2.1462)=5.778kN 
A=height•width=0.13•0.29=0.0377 
5.778/0.0377=153.26kN/m2 

This means that the arch can withstand a compressive stress of 
153.26kN/m2 

Suction will not be normative because of the weight and shape 
of the construction. 

Load; 
tttlttttttttttttttlttttltfillliililllllllfililiilllillfilllllllllfllllittilttlll 

Weight 
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Drawing 4 - Simplified model of 3 layers laad test 





13 
Other 
Researches 

13.1 Own preceding research 
13.2 Timbrel vaulting 
13.3 What is new? 

31.1 Own preceding research 
The roof of the Sagrada Fa milia School, of the hands of Antoni 
Gaudi, has an undulating roof enabling the rainwater to flow of 
easily. Though the roof is curved in the longitudinal direction, the 
perpendicular direction can be described through straight lines. 
The roof is only supported by the walls and one central beam. 
Downsealing the design of this roof might proof to be a suitable 
solution for low cost housing since the shape can be reduced 
to straight elements. Fibre reinforeed cement is a material 
well suitable for this kind of shapes providing enough mass for 
heat insulation, but without the need fora heavy supporting 
structure. Producing the roof in one piece would complicate the 
building process. Loose sheets make it possible to produce the 
roof independent of the rest of the structure. 
Giving the sheets straight overlapping edges assures simple 
installation. The first design looked like figure 77. Problem with 
this solution is that the sheets are not stabie by themselves. The 
fixing mechanism would need to solve this problem which is not 
favourable. 

Fig. 77 - First design fibre cement roofing sheets 



The problem could also be solved by restricting the amount of 
supports to two or more. This is done by increasing the amount 
of curves, see figure 78. 

Fig. 78 - Increased amount of curves 

The idea behind this design was to be able to produce sheets 
which were easy to handle, which implies a weight of no more 
than SOkg. Concrete has a specific gravity of 2500 kg/m3, 

maximizing the volume of the sheet to 0.02m3 • With a span 
of 4m and a thickness of 0.02m this leads to a curve length 
of maximal 0.25m. This is too little fora sheet with at least 2 
waves and conneetion point at both sides. It would result in 
negligible curvature. 

13.2 Timbrel vaulting 
Several research projects handled the case of masonry vaults 
and timbrel vaulting in particular. These projects provide a base 
for further research. 

Someone very active on the field of timbrel vaulting is 'Michael 
H.Ramage'. In his paper 'Catalan Vaulting in Advanced 
Material: New Approaches To Contemporary Compressive 
Form' [Ramage, 2006] he handles the possibility of constructing 
timbrel vaults making use of AAC (aerated autoclaved concrete) 
a very lightweight building material (it floats in water). This 
material makes it possible to build with larger blocks increasing 
productivity and material effectiveness in the building process. 
He carried out tests and calculations proving the effectiveness of 
this materia I. Money could besavedon the costs of the material 
and next to that on the amount of Iabour needed. 

Fig. 79 - Construction of a vault out of AAC [Gould & Cla"'] 



Anne Susan Fitchett took another path for her paper 'VAULTS 
FROM STABILIZED EARTH TILES' [Fitchett, 2009] . She tested 
the possibility of producing timbrel vaults making use of 
stabilized earth ti les in stead of Terra cotta tiles. Further on in 
the project she also tested possibilities of producing stronger 
tiles using additives. She tested Zeolite, Fly Ash and Blast 
Furnace Slag (the last two are industrial waste products), 
all resulting in stronger tiles. The advantage of using these 
additives depends greatly on the acquiring costs and availability 
of them in close vicinity of the production site (transport costs). 
The costs of Zeolite are so high that the advantages are undone. 

Others focus on the traditional vaulting method. LikeManuel 
Fortea Luna & Vicente López Bernal do in their paper 'The 
timbrel vault (Extremaduran vault)' [Luna & Bemal, 2003], 
summarizing information about the method of timbrel vau lting. 

Several people went into the question of the mechanics of the 
timbrel vault, like Santiago Huerta'with 'The Mechanics of 
Timbrel Vaults: a Historica! Outline' [Huerta, 2003] or more 
general into masonry vault, like Philippe Block with 'Equilibrium 
systems Studies in Masonry Structure' [Biock, 2003]. Santiago 
Huerta focuses on the mechanics of the Timbrel vault. Timbrel 
vaults came to be known as "impossible to ca lculate", Huerta 
states that timbrel vaults can be calculated as normal masonry 
vaults. It owes the smaller thrust value to the smaller weight 
due to the slender construction. 

"Timbre/ vau/ts are masonry vaults, with a good strength 
in compression, a low tensile strength and the possibility of 
cracking, forming 'hinges~ due to the impossibility of sliding. In 
fact, in a hyperstatic masonry structure the formation of cracks 
is inevitable, and traditional timbre/ vaulting shows the same 
pathologies of stone or brick vaulting. " 
Philippe Block designed an interactive computational analysis 
tooi for masonry structures. This tooi enables designers 
to explore the equilibrium states for different geometrical 
parameters. 

The book 'The Baretoot architect (a Handbook for Green 
Building)' [Lengen, 200S]contains a description of a low-arch 
barrel-vauit construction making use of 3 cm thick bricks 
and a sand cement mixture between the layers. But no 
more explanation is given about the bricks or the rest of the 
construction method. 

13.3 What is new? 
Anne Susan Fitchett tries to minimize the costs of the Timbrel 
vaults in developing countries by using tiles out of stabilized 
earth. On the other hand she still uses the gypsum to produce 
a vault without the use of a formwork. Advantage of leaving out 
the gypsum and using a formwork instead is that the formwork 
could be used for several projects, minimizing the costs. 
The use of AAC is a cheap alternative for the originally used 
tiles, but the availability of this material in Kenya and its price 
advantage compared to the manually produced stabilized earth 
tiles is questionable. 
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Appendix 1 - Tribes and their characteristics 

Tribe Tribe specification Population [ in Kenya] Traditionally Weil know for: 
A weer also called Boni 4,000 Hunter-gathers 

Bajuni 4,000-10,000 Fisherman, sailors 

Bukusu sub-group of Luhya tribe Agricultural Not nomadie -
permanent vi llages 

Dahalo Almost extinct Language with clicking 
sounds 

Embu 500,000 Farmers 

Isukhu Sub-group of Luhya tribe Farmers 

Kalenjin Fusion of many small 3,000,000 [12% ] Running abilit ies (gold 
tribes medals) 

Kam ba Also called Akamba [11%] Cattie herding, farming, Wood carving and 
trading pottery 

Kikuyu (Gikuyu) Close related to Embu, 5,000,000-6,000,000 Agricultura l Largest ethnic group in 
Mbeere and Meru [22%] Kenya 

Kis i i [6%] Cash erop plantations Female circumcisions 

Kore Defeated by Masai, Almost extinct (few 
enslaved by Somali hundred) 

Kuria Closely related to Luhya Farmers, fishermen and Marriage with 2 
(but no sub-group) pastoral herders woman. 

Luhya 16-18 sub-groups within >5,000,000 [14%] Agrlculture Great ceremony after 
the tribe death ( 40 days, now 1 

week) 

Luo >3,000,000 [12%] 

Maragoli 200,000 Agricu lture 

Marama Sub-group of Luhya tribe 

Ma sa i 1,300,000 [half in Kenya 
1.5%] 

Meru 7 sub-groups 1,500,000 Demoeratic before 
cotonialism 

Mijikenda Consist of 9 tribes 

Ogiek Also called Okiek or 35,000 Hunter-gather Only a few hundred 
Akiek speak their traditional 

language 

Orma 70,000 Herders 



Tribe Tribe specification Population [ in Kenya] Traditionally Weil know for: 
Oromo 16 Sub-groups 25,000,000 

Pokomo Farmers Fishers 
(Originally also hippo 
and crocodile hunters) 

Rendille Camel herders 

Samburu Call themselves Loikop 150,000 [0,5%] Herderders 
or Lokop 

Sengwer 60,000 Hunter-gatherers Not legally recognized 

Somali Ajuran and Ogaden sub- 20,000,000-25,000,000 Most extreme farms of 
groups in Kenya [500,000] female circumcision 

Suba <30,000 Originally Hippo-hunters 

Swahili [>1%] Traders Their language is 
Swahili (Kiswahili) 
and has become an 
common tongue 

Tachoni Sub-group of the Luhya 
tribe 

Taita Also called Kitaita, 250,000 Thoroughly 
Dawida or Kidabida 6 modernized 
Sub-groups 

Taveta 15,000 Agriculture 

Watha Also called Sanye Hunters and Gatherers 
Yiaku 4 major clans within it Nearly extinct (4,000) Hunters and Gatherers Less then 10 people 

( now herders) speaking their Yiaku 
language 

Table 26 -Tribes and their charaderistics [Tribes m Kenya] 



Appendix 2 - Description of simple, on site, soil composition test 
Smell test 
Damp soil emitting a musty odeur indicates the presence of 
organic material and is therefore nat suitable for block making. 
Such soil should be discarded 

Colour appearance 
The dark brown crumbly humus in the soil is organic matter. 
Soil of this colour should in general be discarded. Light brown to 
black colouring indicates that the soil contains at least a small 
proportion of organic matter but that it may be suitable for 
stabilizing. The colour test does nat, however, work in all cases. 
For example, black catton soils are dark brown to black in colour 
but do nat contain much organic materiaL 

A reddish to dark brown colour indicates the presence of iron 
oxides which are acceptable for soil stabilization purposes. White 
to yellow colouring is an indication of the predominanee of lime
based compounds ar sand. This type of soil can be stabilized. 

Pale brown colouring is characteristic of the presence of clay; 
lime might be needed as a stabilizing agent for this type of soil. 

Shine test 
A small piece of dry soil is rubbed with the back of a finger nail 
in order to identify the main component in the sample. The soil 
surface is abrasive to the touch and the soil remains dull if sand 
ar silt is predominantly present. On the ether had, a sample 
containing clay shines and is smooth to the touch. 

Thread rolling test 
This test requires adding sufficient water to a small quantity of 
soil sa that the sample can be easily moulded by hand. The soil 
sample is then rolled out on a flat clean surface into a thread 
with the palm of the hand ar the fingers. The reduction of the 
thread to about 3mm in diameter indicates the presence of a 
high clay fraction. On the ether hand, the breaking of the thread 
at a larger diameter indicates the presence of a moderate sand 
fraction. This test is also used to determine the plastic limit of a 
soil. 

Hand moulding test 
After having removed stanes and any foreign bodies larger 
than about 6 mm diameter, the soil sample is moistened and 

formed into a cube with an edge of about 2.5 cm. If a cube is 
formed easily, a high clay fraction is present. Although good 
adhesion and mouldability of such soil are advantageous in the 
block making process, toa much clay will make the soil sticky to 
work with, and its high shrinkage may lead to cracks wit hin the 
manufactured soil bleeks. 

Next, the moulded test "cube" is allowed to dry out in the sun 
for one day. The occurrence of any surface cracks indicates a 
high clay fraction, which may give similar cracking problems 
in the bleeks. On the ether hand, the splitting of the cube into 
several pieces indicates the presence of toa much sand ar silt. 
Bleeks produced from such soil may also fall apart. 

[International Labour Organisatlon, 1987 pg. 23-26] 



Appendix 3 - Description of further on site tests 
Partiele size distribution 
This test gives a quantitative measure of the individual soil 
fraction. It requires four sieves and a tray, these sieves nest 
onto one another for proper site sieve analysis 

The four sieves must have different wire mesh sizes (e.g. 6 
mm, 2 mm, 0.2 mm and 0.06 mm). The 0.06 mm mesh may 
be difficult to obtain and could be replaced by an open weave 
cloth. The fifth container is a catchment tray. The test should be 
performed according to the steps noted below. 

A sun-dried soil sample of 2 kg is first weighed out and placed 
inside the 6 mm sieve located on top of the nest of sieves. By 
shaking the nest of sieves simultaneously, all the fine particles 
pass through this sieve and, depending on their fineness, some 
will rest on intermediate sieves, while those passing the 0.06 
mm sieve will fall into the catchment tray. 

Once the transfer of material from one sieve to another has 
ceased, the separated fractions of soil lying on top of each sieve 
and in the catchment tray are removed, weighed and recorded. 
A simple partiele size distribution is thus obtained for soil 
sampling. 

The fraction of soil retained on the sieves may be classified as 
fellows: 

Sieve mesh size Designation of the fraction retained 
on the sieve 

6mm Coarse and medium gravel 

2mm Fine gravel 

0.2 mm Coarse and medium sand 

0.06mm Fine sand 

Catchment tray Combined silt and clay 

The results of the sieve analysis give an indication of the type of 
stabilizing agent best suited for the soil. Ideally, there should be 
an even distribution of each soil fraction in order to manufacture 
good-quality stabilized soil building bleeks. If this were to be the 
case, about five per cent would be needed as a stabilizing agent. 
In practice, it is generally found that one fraction is larger than 

the ethers. For example, if there is a high fraction of coarse and 
medium sand and a low silt/clay fraction (e.g. less than about 
20 percent), about four to six per cent cement should be used to 
stabilize the soil. Conversely, if the silt/clay fraction is high, (e.g. 
above about 30per cent), about six to eight per cent lime can 
be used as a stabilizing agent. However, there may be a high 
proportion of silt present which would affect the linear shrinkage 
properties of soil; in this case, cement may be required. 

Sedimentation battle test 
This test gives more information on the finest particles contained 
within a soil sample. It is performed in the manner noted below. 

A wide-necked, straight-sided and flat-bottomed battle or jar 
is needed for this test. The battle is first tilled to one-third with 
clean, uncontaminated water. Approximately the same volume 
of dry soil (which has passed through the 6 mm sieve) and 
a teaspoontul of camman saltare added. Salt facilitates the 
dispersion of soil particles. 

The lid is then firmly fixed on the battle and the contents well 
shaken. Whyen the soil and water have been mixed, the battle 
is placed on a flat surface for about halfan hour. Then, the 
battle should be shaken again for two minutes and replaced 
on the level surface. Two ar three minutes later, the water will 
start clearing. The finer particles fall more slowly and are thus 
deposited on top of the larger size particles. Two ar three distinct 
central layer containing the sand fraction and the top layer 
containing the combined silt and clay fraction. The individual 
percentages can be determined by direct measurement of the 
depth of each layer. 

Linear shrinkage mould test 
This test indicates the linear shrinkage of a soil sample as 
it dries. This information will help determine the best type 
and amount of stabilizer required. This test requires first the 
construction of a linear shrinkage mould with the following 
internal dimension : 40 mm x 40 mm x 600 mm. 

The first step in this test is to lubricate the internal faces of the 
mould with some type of oil ar grease. Ideally, silicone grease is 
preterred but any type of mould release oil or grease could be 
used. The lubricant reduces soil drag on the internal faces of the 



mould occurring as the soil sample dries out and shrinks. 

The soil sample which passed through the 6 mm sieve is mixed 
with water until a wet puddingy mix is obtained (this occurs 
near the liquid limit). This mix is then packed into the mould 
cavity, ensuring that the mould is completely full (absence of 
air pockets) and the top open surface is smooth. The mould is 
then placed to dry either in the sun for about five days or under 
shading forabout ten days. In either case, it must be protected 
from rain. 

If the soil has a high clay content, the sample will shrink and 
hog up out of the mould. A soil sample which shrinks and cracks 
across the width of the mould indicates a high sand fraction and 
low silt and clay fractions. 

The linear shrinkage can be determined by subtracting the 
length of the dry soil sample trom the length of the mould 
cavity. This shrinkage is usually expressed as a percentage of 
the original mould cavity length. 

[International Labour Organisation, 1987 pg. 26-31] 



Appendix 4 - Material prices 
Group_ Material I buildina technlaue Brand / k ind Price Souree Per Tolal costs Par Pros/cons/remarks 
Concrete, Plaster Cement Rhino 690 Ksh 7 50kg 

Rhino 720 Ksh 8 50kg 

Rhino 700 Ksh 9 50kg 

Blue Triangle 740 Ksh 7 50kg 

Blue Triangle 725 Ksh 8 50kg 
Bamburi 765 Ksh 7 50kg 
Bamburi 770 Ksh 8 50kg 

Bamburi 780 Ksh 9 50 kg 

Mom ba sa 730 Ksh 7 50 kg 

Mom ba sa 720 Ksh 8 50 kg 

Mombasa 730 Ksh 9 50kg 

? 750 Ksh 6 50kg 
? 800 Ksh 5 50kg 

? 500 Ksh 3 50 kg 

? 780 Ksh 1 50kg 
Claysoil tree 5 . only labor costs 
Laterite as aggregate 

Pit sand mined sand 3500 Ksh 5 7tons including transpor1 to Nakuru 

Riversand 
Sand trom Kwa Rhonda 2.100 Ksh 3 7tons 
Clean sharp sand trom Kisumu 10.500 Ksh 3 7tons 

Gypsum 2800 Ksh 7 25 kg 
Foundation Concrete Plain 

Reinforeed 
Stone 
Murram 

Plythene sheets 170 Ksh 6 Square Meter 
Polythene Black 500g 70 Ksh 7 Meter 
Polythene Black 500g 5400 Ksh 7 Roti (1x100 meter) 
Polythene Black 500g 90 Ksh 8 
Polythene Black 500g 80 Ksh 9 Meter 
Potythene Black 1 OOOg 80 Ksh 7 Square Meter 
Polythene Black 1 OOOg 5400 Ksh 7 RoU (1x90 meter) 
Polythene Black 1 OOO_g . 100 Ksh 8 
Polythene Black 1 OOOg 90 Ksh 9 Meter 

Finishing Curiain boxes 250 Ksh 6 feet 
Plywood panels 3mm 490 Ksh 6 8x4 feet 

3mm 480 Ksh 7 8x4 feet 
3mm 500 Ksh 9 
6mm 1250 Ksh 6 8x4feet 
6mm 1200 Ksh 7 8x4 feet 
6mm 1000 Ksh 9 
9mm 1650 Ksh 7 8x4 feet 
12mm 2050 Ksh 7 8x4 feet 

General Nails 2"-6" 140 Ksh 6 Kg 
2"-6" 100 Ksh 7 Kg 
2"-6" 4500 Ksh 7 Bag (50 kg) 
2"-6" 110 Ksh 8 Kg 
2"-6" 100 Ksh 9 Kg 

Waste recycling 
Water 

Morlar Cement -
T ermite mounds 



Group Malaria I/ building tec:hnlaua Brand I kind Prica Souree Per Total costs Per Pros/con&/remarks 
Reinforcement Animal heir 

Bark 

Cereal straw 
Pine needies 
Rebar Y-16 1400 Ksh 7 40feet 

Y-16 1650 Ksh 8 
Y-16 1500 Ksh 9 40feel 
Y-12 750 Ksh 7 40feel 
Y-12 830 ksh 8 
Y-12 790 Ksh 9 40feet 
Y-10 540 Ksh 7 40 feet 

Y-10 590 Ksh 8 
Y-10 570 Ksh 9 40feet 
Y-8 405 Ksh 7 40feet 
Y-8 450 Ksh 8 
Y-8 425 Ksh 9 40feel 
R-6 190 Ksh 7 40feel 

R-6 200 Ksh 8 
R-6 215 Ksh 9 40feet 

Wire mesh ? 720 Ksh 6 
10.9 350 Ksh 7 8x4feet 
10.9 1500 Ksh 8 
8.9 500 Ksh 7 8x4feet 
8.9 580 Ksh 8 
14or4mm 1300 Ksh 7 8x4 feet 
14 or4 mm 950 Ksh 8 
Coffe Tray (Smm) 250 Ksh 7 Meter 
Coffe Tray (Smm) 600 Ksh 8 Meter 
Coffe Tray (Smm) 250 Ksh 9 Meter 
Chicken Wire 70 Ksh 7 Meter Wodemesh 
Chicken Wire 75 Ksh 8 Meter 
Chicken Wire 2200 Ksh 9 Rol (30 meter) 
Gauze W1re 70 Ksh 7 Meter 
Gauze Wire 60 Ksh 8 Meter Plastic 

Binding Wire 3250 Ksh 9 Rol (25kg) 
Hoop Iron 140 Ksh 9 Rol (25kg) 
Wood shaving 

Roots Bamboo 
Grass 
Ceiling boards Hardboard 450 Ksh 6 8x4 feet 

Hardboard 400 Ksh 7 8x4 feel 
Hardboard 425 Ksh 8 
Hardboard 400 Ksh 9 
Chipboard plain 9mm 760 Ksh 7 8x4feet 
Chipboard plain 9mm 830 Ksh 8 
Chipboard plain 9mm 750 Ksh 9 
Chipboard flowered 9mm 770 Ksh 7 8x4feet 
Chipboard flowered 9mm 850 Ksh 8 
Chipboard flowered 9mm 770 Ksh 9 
Softboard 12mm 850 Ksh 7 8x4feet 
Softboard 12mm 900 Ksh 8 
Softboard 12mm 780 Ksh 9 



Group Materlalt buildino technique Brand I kind Price Souree Per Total çosts Par Pros/çons/remarks 
Corrugated sheets Asbestos cement 'super seven' sheets 49 Ksh 4 Meter 62,75 Ksh sq.m. Other situation 

Sisal cement roof sheets 19,97 Ksh 4 Meter 28,70 Ksh sq.m. Other situation 

Fiber ooncrete roofing (FCR) 

Galvanised oorrugstad Iron Sheet 32 105-110 Ksh 3 Meter 
(mabeti) - by gauge 32 190 Ksh 8 Meter 

32 192 Ksh 9 Meter 
30 120-125 Ksh 3 Meter 3.475 Ksh 10sq.m. 

30 225 Ksh 8 Meter 
30 225 Ksh 9 Meter 
28 220 Ksh 3 Meter 

28 254 Ksh 8 Meter 
26 280 Ksh 3 Meter 

26 450 Ksh 8 Meter 
37 10,35 Ksh 4 Meter 21,00 Ksh sq.m. Other situation 
32 12,75 Ksh 4 Meter 25,90 Ksh sq.m. Other situation 
30 15,80 Ksh 4 Meter 32,10 Ksh sq.m. Other situation 

28 22,80 Ksh 4 Meter 46,30 Ksh sq.m. Other situation 
26 29,40 Ksh 4 Meter 59.40 Ksh sq.m. Other situation 

Coloured Iron sheet -- by gauge 30 378 Ksh 7 Meter Size is 212,5/3 meter 

30 381 Ksh 8 Meter 
30 375 Ksh 9 Meter 
28 480 Ksh 7 Meter 

28 500 Ksh 8 Meter 

26 999 Ksh 8 Meter Size is 2/2,5/3 meter 
DumvSaz Iron sheets - by gauge 32 193 Ksh 7 Meter Size is 212,5/3 meter 

30 217 Ksh 7 Meter Si ze is 212,5/3 meter 
Ridge Ordinmy 150 Ksh 7 Piea> 6 feet long 

Ordinary 160 Ksh 9 Pie<:e 6 feet long 

Fe~ 

Leafs Palmera 
Makuti 
Reeds 
RooflflQ Nails 250 Ksh 6 Kg 

140 Ksh 7 Kg 
5200 Ksh 7 Bag (50 kg) 
125 Ksh 8 Kg 

130 Ksh 9 Kg 
Shingles 
Skins 
TI les Clay 8.514 Ksh 10 sq.m. 

Concrete 450 Ksh 3 Square meter 9.542 Ksh 10 sq.m. 
Fibre Concrete Tiles 420 Ksh 3 Square meter 
Micro-Concrete Roofing tiles 207 Ksh 3 Square meter 7865 Ksh 10 SQ.m. 

Tins 

Timber Hardwood timber 6" x 2" 70 Ksh 3 Meter 
6" x 1" 35 Ksh 3 Meter 
4" x 2" 48 Ksh 3 Meter 
2" x 1" 12 Ksh 3 Meter 



Group Malerial i buildino technlaue Brand/kind Prlce Souree Par Total coste Per Prosicons/ramarks 
Cyprus a· x 1· 22 Ksh 7 Feet 

6" x2" 90 Ksh 6 Fe et 
6" x 2" 80 Ksh 7 Fee! 
6" x 1" 46 Ksh 6 Fe et 
6" x 1" 35 Ksh 7 Fe et 
4" x2" 63 Ksh 6 Fee! 
4" x2" 45 Ksh 7 Fee! 
2" x2" 26 Ksh 7 Feet 
2" x 1" 20 Ksh 6 Feet 
2" x 1" 20 Ksh 7 Feet 

Stabilizers Ashes 
Cow Dung 
Lime 250 Ksh 8 

460 Ksh 9 
Lulu oil 
Muna 
WhiteChalk 540 Ksh 6 25 Kg 

Kenia Cacium (lime white) 450 Ksh 7 25 Kg 
Walls Bamboo 

Blocks Bumt bricks 
Concrete blocks 6.63 Ksh 4 Bleek 15x23x46cm 109.65 Ksh sq.m. Other situation 
Laterite as block 
Quarry slones 28 Ksh 1 Feet (incl. transport) Cons- quarry's will gel exhausted 

3.8 4 Bleek (6"x9"x18") 81,15 Ksh sQ.m. Other situation 
Sun-baked bricks 
Sun-baked mudleement bleeks 
SSB 9.20 Ksh 1 Block of 6 inch 

4-5 Ksh 2 Only material costs 
IS SB 12 - 14Ksh 2 Manual/ Hydroform 

Mud and wattie 
Prefabricated panels 
Reinforeed concrete 
Steel Structural 

Produels 
Wood Sawn 

Oft-euts 
Brushwood 
Palmera timber 
Waoden poles 

Windows Glass 
Woremesh 

Souree number Souree Year 
1) Jeckson Mbutura 
2) Fundamental studles on ecological housing matenals in Kenya.pd1 2005 
3) Livelihoods among lhe roofing construction subsector in nakuru kenya.pd1 2001 
4) Appropriate building Technology 1980 1980 
5) Artisan - David Rotich 2009 
6) Hardwarestore 1 2009 
7) Hardwarestore 2 (Mache) 2009 
8) Hardwarestore 3 (CK Patall 2009 
9) Hardwarestore 4 (Meems) 2009 

Table 27 - Material prices in Nakuru town 
Red colored prices are unreliable (outdated) 



Appendix 5 Cost summary of quarry visits 
Quarry Product Amount Price Figure 

Maskio quarry Sand 7 ton 900 Ksh 76 

15 ton 15000 Ksh 76 

Course sand (big 7 ton 600 Ksh 
particles) 

Mukuru quarry Higher qualit y sand 21 ton 5000 Ksh 77 

Higher quality sand 7 ton 1000 Ksh 77 

Sand "without" clay 7 ton 1200 Ksh 78 

Sand "without" clay 10 ton 1800 Ksh 78 

Transport to town 14 ton 3500 Ksh 79 

Ndingi quarry 7 ton 1400 Ksh 80 

More big particles 7 ton 1000 Ksh 80 

Mechanized quarry 1f4 inch 1 ton 600 Ksh 81 

3,4 1 112 inch 1 ton 1000 Ksh 82 

3,4 inch plain 1 ton 1100 Ksh 83 

1 inch 1 ton 1100 Ksh 84 

Quarry dust 1 ton 600 Ksh 85 

Quarry 5 Ballast (crushed) 7 ton 1500 Ksh 

Hardcore 7 ton 400 Ksh 86 

6x9 inch 1 foot 13 Ksh 87 

9x9 inch 1 foot 19 Ksh 88 &89 

Lintel 6 feet 300 Ksh 90 

Table 28 - Prices at 5 quarry's in the vicinity of Nakuru town (site visit 20 November 2009) 



Fig. 80 - Sand Maskio quarry Fig. 81 - Higher quality sand Mukuru quarry Fig. 82 - Sand ~without" clay 

Fig . 83 - Transport from Mukuru quarry Fig. 84 - Ndinigi quarry 



Fig. 85 - 1/4 inch Fig. 86 - 3/4 I 1/2 inch 

Fig. 87 - 3/4 inch plain Fig. 88 - 1 inch Fig. 89 - Quarry dust 



Fig. 90 - Hardcore Fig. 91 - 6x9 inch quarry stone Fig. 92 - 9x9 inch quarry stone 

...: 
Fig. 93 - 9x9 inch quarry stone Fig. 94 - 6 feet tintel 



Appendix 6 Price comparison - Interlocking stabilized soil block house 
Interlockina Stablllzed Soli Block House 

Foundation 1 Labor 1 day Excavatton and bnndmg 
(cheaper) Skilied labor 1 pe~ 500.00 p.p./day 

Unskilled lebor 2 persons 200.00 p.p./dey 
Total 900.00 Ksh 
Labor 1 dey ISSB leundation 
Skilied labor 1 peraan 500.00 p.p./day 
Unskilled labor 1 person 200.00 p.p./day 
Total 700.00 Ksh 
Labor 1 dey Hardcore 
Skilied lebor 1 person 500.00 p.p./dey 
Unskilled lebor 2 persons 200.00 p.p./dey 
Tot at 900.00 Ksh 
Labor 1 day Slab 
Skilied labor 1 person 500.00 p.p./dey 
Unsktlled labor 3 ps~ns 200.00 p.p./dey 
Total 1 100.00 Ksh 

192 blocks Labor 1 day Productton of the btock'> 
3,700.0< Skilied labor 1 peraan 500.00 p.p./day 

Unskilled labor 3 persons 200.00 p.pJday 
Total (making) 1,100.00 Ksh 
LabO< deys Curlng of !he blocks 
Skilied labor persons 500.00 p.p./day 
Unskllied labor pe~ns 200.00 p.p./dey 
Totat (making) 0.00 Ksh 
cement 3 bags 50kg 700.00 each 2,100.00 Ksh 
water productio 200 Lilers 0.50 Liter 100.00 Ksh 
watercuring 400 Liters 0.50 Liter 200.00 Ksh 
Labor 1 day Oigging and sleving of14 !ons of clay soit 
Skilied labor 0 persons 500.00 p.p./day 
Unskilied labor 1 pe~n 200.00 p.p./dey 
Totallrnakinat 200.00 Ksh 
ballast 3 tons 450.00 1,350.00 Ksh 
hardcore S lons 714.291Dn 3,571.43 Ksh 
cement 5 bags 700.00 each 3,500.00 Ksh 
VPC 16 meter 70.00 meter 1,120.00 Ksh 
sand 2 1Dns 400.00 800.00 Ksh 
water 600 Liters 0.50 Liter 300.00 Ksh 

17,941.43 Ksh 
ISSBwall labor j days 

Skilied labor 1 peraan 500.00 p.p./day 
Unsktlted labor 1 person 200.00 p,p./day 
Total 2 100 00 Ksh 

Rooflng Labor 2 days 
Skilied labor 1 pe~ 500.00 p.p./dey 
Unskilled labor 1 person 200.00 p.p./day 
Total 1,400.00 Ksh 
Timbar4x2 114 !eet 45.00 per faal 5,130.00 Ksh 
Timbar3x2 101 lee! 30.00 per !eet 3,015.00 Ksh 
Iron Sheets 10 plecas 562.50 each 5,625.00 Ksh 
Ridges 3 plecea 150.00 each 450.00 Ksh 
Nails 5 inches 1 kg 100.00 per kg 100.00 Ksh 
Nails 4 inches 2 kg 100.00 per kg 200.00 Ksh 
Nails 3 inches 1.5 kg 100.00 per kg 150.00 Ksh 
Nails 2 Inches 1.5 kg 100.00 per kg 150.00 Ksh 
Roofing Nails 2 kg 130.00 per kg 260.00 Ksh 
Fisherbond 70 lee! 40.00 oer fee! 2.800.00 Ksh 

19,280.00 Ksh 
Flnlshlng Labor 4 days lnside plastering 

Sk•lied lebor 1 person 500.00 p.pJday 
Unsk1lled labor 1 per!lon 200.00 p.p./dey 
Total 2,800.00 Ksh 
Labor 2 deys Outside finishing 
Skilied labor 1 person 500.00 p.p./dey 
Unskilied labor 2 persons 200.00 p.p./dey 
Total 1,800.00 Ksh 
Labor 1 day Ceillng 
Skilied labor 1 person 500.00 p.p./dey 
Unskilled labor 1 person 200.00 p.p./dey 
Total 700.00 Ksh 

Plastering Cement 10 bags 50 kg 700.00 each 7,000.00 Ksh 
and floor Sand 5 tons 400.00 perton 2,000.00 Ksh 

Chalk 1 bag 25 kg 450.00 bag of 25 kg 450.00 Ksh 
Opening• Window 1 piece 4x3 feels 3,000.00 each 3,000.00 Ksh 

Towerbolt 1 piece Otype 20.00 each 20.00 Ksh 
Glass 9 pleces 60.00 each 540.00 Ksh 
Pati 2 kg 50.00 per kg 100.00 Ksh 
Waoden door 1 plece incl. frame 3,200.00 each 3,200.00 Ksh 
Hinges 3 pleces 4 inch 40.00 each 120.00 Ksh 
Pad bolt 1 piece door inside 80.00 each 80.00 Ksh 
Towerbolt 1 piece door outside 70.00 each 70.00 Ksh 
Paint 20 Liters Incl. fisherbond 125.00 per liter 2,500.00 Ksh 
Timber3x2 96 laat 30.00 per !eet 2,880.00 Ksh 
Tlmber2x2 72 !eet 26.00 per !eet 1,872.00 Ksh 
Ceillng boards 5 pleces 400.00 each 2,000.00 Ksh 
water 600 Lilers 0.50 Liter 300.00 Ksh 

1000 blocko Labor J days Produelion of tha block~ 
16,500.0< Skilied labor 1 pe~n 500.00 p.p./day 

Unskllled labor 3 persons 200.00 p,p./day 
T olal (maklng) 3,300.00 Ksh 

31 ,432.00 Ksh 

Labor 14 days Curing oflhe blocks 
Skilied labor 0 persons 500.00 p.p./day 
Unskilled labor 0.25 persons 200.00 p.p./dey 
Total (making) 700.00 Ksh 
quarry dus! 0 !ons 700.00 0.00 Ksh 
cement 14 bags 50kg 700.00 each 9,800.00 Ksh 
water produclio 1 000 Lilers 0.50 Liter 500.00 Ksh 
watercuring 2000 Liters 0.50 Liter 1,000.00 Ksh 

Total Skilied labor 20 days 500.00 p.p./dey 10,000.00 Ksh 
Unskilled labor 44.5 days 200.00 p.p./dey 8,900.00 Ksh 
Totallabar 18,900.00 Ksh 
Materia Is 71 ,548.43 Ksh 
Total price 90,448.43 Ksh 

Labor 2 days Oigging and slaving of14 !ons of cley soli 
Skilied labor 0 persons 500.00 p.p./day 
Unsk11ied labor 3 persons 200.00 p.p./dey 
T otal I mak•no t 1,200.00 Ksh 

Rlngbeam Rebar- Y 10 0 540.00 each 0.00 Ksh 
Rebar- R 6 8 200.00 each 1,600.00 Ksh 
Binding wire 1.5 kg 130.00 195.00 Ksh 
Cement 2 bags 50kQ 700.00 each 1.400.00 Ksh 

21 ,795.00 Ksh 

Table 29 - Pricelist Interlocking stabilized soil block house 



Appendix 6 Price comparison - Quarry stone house 
Qu~stone House 

Foundatlon2 Labor 1 day Excdvat101 1 

(otronger) 0KIIIf>_j_1 labor 1 person 500.00 p.p /day 
Ur 3klllelllabor 2 persons 200.00 p.p./day 

Flnlshlng Labor 'io days lnside plastering 
Sk1Ued labor 1 person 500.00 p.p./day 
Unc,k1l1ed labor 1 parson 200 oo p.p.lday 
Tata 3,500.00 Koh 

luta 900.00 Ksh Labor 6 days Oulllldo ftnlshlng 
Labor 0.5 days Brinding ~k11!ed labor 1 person 500.00 p.p/doy 
':>k.illed labor 1 persen 500.00 p.p /day 
Unskllle.d labor 3 persons 200.00 p.p./day 

Un~kiiiPd labor 1 pan10n 200.00 p p.lday 
r otdl 4,200.00 Ksh 

Töta. 550.00 Ksh 
Labor 1 day Quany stone Foondatton 

Labor 1 day Coillng 
Sk.1lled labor 1 parson 500.00 p.pldoy 

Skilied labor 1 person 500.00 p.p./doy 
LJnSI\IIIed labor 2 persons 200.00 p.p./dey 

Unsk1lled labor 1 parson 200.00 p.p./day 
Toteli 700.00 Ksh 

T Otal 900.00 Ksh Plootarlng Cement 15 bags 50 kg 700.00 aach 10.500.00 Ksh 
Labor 1 day Hardeoras 
Sk1l!ed labor 1 person 500 00 p.p./day 
Unsk1IIM labor 2 persons 200.00 p.p./day 

end ftoor Sand 7 !ons 400.00 par ton 2,800.00 Ksh 
Chalk 1 bag 50kg 450.00 bag of 25 kg 450.00 Ksh 

Openlngo Window 1 plece 4113 foolll 3,000.00 Hch 3,000.00 Ksh 
, , .d 900 00 Ksh Towerbolt 1 ploce Otypo 20.00 oach 20.00 Ksh 
Labor 1 day Slab Glass 9 ploces 60.00 each 540.00 Ksh 
Sk1lle• labor 1 parson 500.00 p.p./dey 
Unskilled labor 3 persons 200.00 p.p./day 
11 o a 1,100.00 Ksh 
quarry stanes 144 faal 27.00 faal 3,888.00 Ksh 

Pa ti 2 kg 50.00 par kg 100.00 Ksh 
Woodendoor 1 plece incl. frame 3,200.00 oach 3,200.00 Ksh 
Hing es 3 places 4inch 40.00 each 120.00 Ksh 
Pad bolt 1 ploca door inside 80.00 each 80.00 Ksh 

ballast 3 tons 450.00 1,350.00 Ksh Towerbolt 1 plece door outside 70.00 each 70.00 Ksh 
hardcore 5 tons 714.29 Ion 3,571.43 Ksh 
cement 7 bags 700.00 ... eh 4,900.00 Ksh 

Paint 20 Uiers incl. fisherbond 125.00 par !Kar 2,500.00 Ksh 
Timber 3x2 96 faal 30.00 par faal 2,880.00 Ksh 

VPC 16 meter 70.00 meter 1,120.00 Ksh 
sand 4 tons 400.00 Ion 1,600.00 Ksh 

Timber2x2 72 fee! 26.00 par- 1,872.00 Ksh 
Ceiling boards 5 pleces 400.00 each 2,000.00 Ksh 

water 14UU Liters 0.50 Liter 700.00 Ksh water 800 Uters 0.50 parliter 400.00 Ksh 
21 479 43 Ksh 

Quany stone wall labor -, days 

Sklll!:!d labor 2 persons 500.00 p.p./day 
UnsJ..1IIed labor 2 persons 200.00 p.p.lday 38 932 00 Ksh 
Totetl 4,200.00 Ksh 
dre':>Smq 528 feet 6.00 parfaal 3,188 00 Ksh 
quarry stanes 528 teel 11ony 27.00 par faal 14,256.00 Ksh 
cement 8 bags 700.00 each 5,800.00 Ksh 
sand 3 lon 400.00 ton 1,200.00 Ksh 
water 1200 Uters 0.50 LUer 600.00 Ksh 

Rlngbeom Rebar- Y 10 5 540.00 aach 2,700.00 Ksh 

Toto! Sk1tled labor 24.5 days 500.00 p.p./day 12,250.00 Ksh 
Unsk.llled labor 30.5 days 200.00 p.p./doy 6,100.00 Ksh 
Totallabor 21,518.00 Ks h 
Materîals 91 ,087.43 Ksh 

Rebar- R6 4 200.00 oach 800.00 Ksh 
Bindi~wire ~ kg 130 00 390 00 K>h 

Total price 112,605.43 Ksh 

3291400 Ksh 
Roofing Labor ... d:Jys 

Sk1l1~d labor 1 person 500.00 p.p./day 
Un ":>k.llled labor 1 persen 200.00 p.p /day 
r o'-"~ 1,400.00 Ksh 
Timber4x2 114 feot 45.00 par laat 5,130.00 Ksh 
Timber3x2 101 teel 30.00 per- 3.015.00 Ksh 
Iron Sheets 10 pleces 562.50 each 5,825.00 Ksh 
Ridges 3 plocos 150.00 oach 450.00 Ksh 
Nails 5 Inches 1 kg 100.00 par kg 100.00 Ksh 
Nails 4 Inches 2 kg 100.00 par kg 200.00 Ksh 
Nails 3 Inches 1.5 kg 100.00 par kg 150.00 Koh 
Nails 2 Inches 1.5 kg 100.00 par kg 150.00 Ksh 
Roofing Nails 2 kg 130.00 por kg 260.00 Ksh 
Fisherbond /t feet 40 00 per feet 2 600 00 Ksh 

19 280 00 Ksh 

Table 30 - Pricelist Quarry stone house 



Appendix 6 Price comparison Improved mud house 
lmprovod Mud Houoe Flnlahlng l abor '> days lnside plaslering 

Mud &wa~ le Labor c. days Fnu11dahon Sk•IIE'd Jabor 1 P8f50I1 500.00 p.pJ~ 

wall and foundation ~~tlled labor 1 pe1110!l 500.00 p.pJ~ Unsk1lled labor 1 person 200.00 p.pJday 

Unskrlled labor 2 pe<sons 200.00 p.pJday Total 3,500.00 Ksh 

Totar 1,800.00 Ksh Labor 2 dey& Outsiele finlahlng 

Labor 2 deyo Conslructlon Sk1lled labor 1 peroon 500.00 p.p./~ 

dkrlled Lebor 1 person 500.00 p.pJday Unsl\ttled labor 1 person 200.00 p.pJ~ 

Uns"-tlled labor 2 persons 200.00 p.pJday Total 1,400.00 Ksh 

Tot~ I 1,800.00 Ksh Labor 1 dey Ceiling 

Labor 1 day Mud S'illed labor 1 person 500.00 p.pJ~ 

Sktlled lilbar 0 persons 500.00 p.p./~ Unskllled labor 1 peroon 200.00 p.pJ~ 

Unsk!lled labor 10 persons 200.00 p.p./~ Total 700.00 Ksh 

TotiJl 2,000.00 Ksh Ploalering Cement 15 bags 50kg 700.00 eaeh 10,500.00 Ksh 

Lebor 1 day Slab •nd ftoor Sand 7 tons 400.00 perton 2,800.00 Ksh 

Sktlled labor 1 person 500.00 p.p.lday Chalk 1 bag 50kg 450.00 bag of 25 kg 450.00 Ksh 

UnsktUed labor 3 persons 200.00 p.p.lday Openinga Window 1 pleco 4x3- 3,000.00 IMICh 3,000.00 Ksh 

lotal 1,100.00 Ksh Towerbolt 1 pleco Otype 20.00 eaeh 20.00 Ksh 

Foundation Hardcore 7 tons 714.2857 per ton 5,000.00 Ksh Glass 9 plecea 60.00 each 540.00 Ksh 

Sand 5 tons 400.00 per ton 2,000.00 Ksh Pa ti 2 kg 50.00 per kg 100.00 Ksh 

Ballas1 3 tons 450.00 per ton 1,350.00 Ksh Woodendoor 1 pleco Incl. fnlme 3,200.00 each 3,200.00 Ksh 

Cement 10 bags 700.00 per 50 kg 7,000.00 Ksh Hinges 3 plecoa 41nch 40.00 each 120.00 Ksh 

Water 1000 Uiers 0.50 perifier 500.00 Ksh Pad bolt 1 pleco door inside 80.00 each 80.00 Ksh 

Poles 16 plecos 10fael 150.00 each 2,400.00 Ksh Tower bolt 1 pleco door outsiele 70.00 eaeh 70.00 Ksh 

Walllng Sisal poles 100 plecoa 50.00 eaeh 5,000.00 Ksh Paint 20 Lllero Incl. fisherbond 125.00 per liter 2,500.00 Ksh 

Naits 2.5 inch 5 kg 100.00 per kg 500.00 Ksh Timber 3x2 96 !eet 30.00 perieet 2,680.00 Ksh 

Nails 31nch 5 kg 100.00 per kg 500.00 Ksh Timber 2x2 72 !eet 26.00 per feet 1,872.00 Ksh 

water for mud 1000 Lltefl 0.50 per liter 500.00 Ksh Ceiling boards 5 plecos 400.00 eaeh 2,000.00 Ksh 

Mud in term& of labor water 800 Lllero 0.50 per liter 400.00 Ksh 

31.450.00 chickenwire 2,000.00 

Roofing labor days Pesticide 20 Lilers 75.00 per liter 1,500.00 Ksh 

Skrlled labor 1 pe~n 500.00 p.p.lday Timber4x2 ~ feet window frame 45.00 per feet 675.00 Ksh 

Unsk1lled 18bor 1 peraon 200.00 p.p./day 40 307 00 Ksh 

Tolal 1,400.00 Kah 
Tlmber4x2 144 teel 45.00 per fee! 6,480.00 Ksh 
Tlmber 3x2 101 teel 30.00 per faet 3,015.00 Ksh 
Iron Sheets 10 pieees 582.50 eeeh 5,825.00 Kah Total S'•lled labor 15 dayo 500.00 p.pJday 7,500.00 Ksh 

Ridges 3 pleceo 150.00 oach 450.00 Ksh UnskiUed labor 31 dayo 200.00 p.pJdey 6,200.00 Ksh 

Nalls 5 Inches 1 1<Q 100.00 per kg 100.00 Koh Totallabar 13,700.00 Ksh 

Nalls 4 Inches 2 kg 100.00 per kg 200.00 Kan Materials 78,687.00 Ksh 

Nalls 3 Inches 1.5 kg 100.00 per kg 150.00 Ksh Total price 92,387.00 Ksh 

Nails 2 Inches 1.5 kg 100.00 per kg 150.00 Ksh 
Roofing Nails 2 kg 130.00 per kg 260.00 Ksh 
Fisherbond ! J feet 40.00 oer foet 2 800 oo Ksh 

20 630 00 Ksh 

Table 31 - Pricelist Improved mud house 


