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ABSTRACT

Many African countries have experienced a largeease of urban population during
the last 50 years. The proportion of people livingnformal settlements is in some
cities as high as 60% (Muraguri 2011), which clke@émonstrates how the demand
for low cost housing has been urgent for a vergltime. The main aim of this thesis
is to analyse the slum upgrading situation in Kenfgecusing on house design,
implementation methods and alternative building enals, with the purpose to

present advantageous approaches that can be ehiforiteure development.

The project was carried out as a field study inrdl@i during September-November
2013. It evaluates four current or recently comgaetlum upgrading housing projects
in this region. It has a technical perspective,l@biher also important aspects, such
as political and economic influences, are not idelliin the scope.

The results show that many appropriate house dgsigmplementation methods and
building materials are available, but not alwaysapplicable or suitable in any given
housing project. Highrise concepts have provenetaévastating for the social and
commercial environment of its tenants, while snrafteulti-storey houses, with one
household living in each, represent an alternativdensely populated areas. Long-
term, incremental expansion can also be an advaotsgconcept.

Findings clearly confirm the importance of communinvolvement in slum
upgrading projects. This may create extensive séffciency to community
members, and bring wider sustainability within slupgrading development, thanks
to achieved self-help abilities that reduce thedrfee external support.

The results indicate how labour intensive consibacimethods and local production
of building materials can be very advantageousomsing projects. Approaches that
partially allow unskilled labour during construatican be very cost-effective, and
simultaneously brings employment and skill trainopgportunities.

The study found alternative, low cost building nniile being available, such as
stabilised solil blocks, but not yet fully estabksgh Certain alternative materials can be
advantageous in terms of cost, production, congstruamplementation, capacity
building and sustainability in terms of self-suiéiocy and raw material consumption.

Lean concrete floor slab elements, such as “larslajs or “waffle” slabs offer many
advantages in multi-storey house construction, stiscpossibilities for prefabrication,
a reduced use of concrete and reinforcement, dsawedimple, manual construction
methods that does not require any form work.

Key words: slum upgrading, implementation, inforreattiements, house design, low
cost, construction methods, planning approacheklibg materials
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SAMMANFATTNING

Manga afrikanska lander har upplevt en stor okangtadsbefolkning de senaste 50
aren. Andelen av befolkningen som bor i slumomr&genvissa stader sa hog som
60% (Muraguri 2011), vilket tydligt demonstrerat d&uta behov av bostader till Iaga
kostnader som lange existerat. Uppsatsens huvugsaklyfte &r att analysera
situationen for upprustning av slumomraden i Kemgal fokus pa hustyper, metoder
for genomférande samt alternativa byggnadsmatenah har som avsikt att
presentera fordelaktiga tillvagagangssatt for frdentitveckling.

Arbetet genomfordes som en faltstudie i Nairobeptember-november 2013. Det
utvarderar fyra pagaende eller nyligen avslutadgegt for slumupprustning i denna
region. Det har ett tekniskt perspektiv, och andspekter med stor inverkan pa
utvecklingen, s som politiska och ekonomiska #flser, ar ej inkluderade.

Resultaten visar att det finns manga lampliga mestymetoder for genomférande
och byggnadsmaterial tillgangliga, men att de ailid ar tillampliga for varje enskilt
projekt. Hoghus har visat sig forédande for denadacch kommersiella miljon for
sluminvanare, medan mindre flervaningshus for endtishushall representerar ett
alternativ i folktata omraden. Stegvis och langgikitbyggnad har ocksa varit ett
fordelaktigt koncept for manga hushall med myclegrinsad inkomst.

Studien bekréftar tydligt betydelsen av att invodvee lokala invanarna i projekten.
Detta kan skapa ¢kad sjalvstandighet hos dessaanwdach medféra en mer hallbar
utveckling tack vare okad formaga till sjalvhjalpket minskar behovet av externt
stod.

Resultaten indikerar att byggmetoder som innebaér sirbetsinsats och lokal
materialproduktion kan vara valdigt férdelaktiga fiusbyggnadsprojekt i samband
med slumupprustning. Metoder som delvis tillaterrfaven arbetskraft under
byggfasen kan vara valdigt kostnadseffektiva oahtsigt medféra mojligheter till
sysselsattning och praktisk utbildning.

Studien visade att alternativa relativt billiga gpgdsmaterial finns tillgangliga, men
att etableringen av dessa har varit valdigt lang34ssa alternativa byggnadsmaterial
kan vara fordelaktiga betraffande kostnad, produktutforande och hallbarhet.

Relativt sma betongelement for byggande av bjalklfigrvaningshus, s.k. "landie-
plattor” och "waffle-plattor”, kan medfora flera rdelar, sA som mojligheter till
prefabricering, minskad anvéandning av betong ocheang, samt enkla, manuella
byggmetoder som inte kraver temporara gjutformar.

Nyckelord: slumuppgradering, slumomraden, bost&ideagagangssatt, lag kostnad,
konstruktionsmetoder, byggnadsmaterial, designgsydausdesign
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Terminology

This section presents an overview to common temmasadbreviations in this thesis.

Organisations, institutions and programmes

GoK

IEK
KENSUP
KISIP
MuST
MwW
SIDA
UN-Habitat

Technical terms
ha

ISSB

km

m2

mm

MPa

N

RC

SSB

Other abbreviations

CBD
KSh

MFS
NGO
MDG
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Government of Kenya

Institution of Engineers of Kenya

Kenya Slum Upgrading Project

Kenya Informal Settlement Improvement Peagme
Muungano Support Trust

Swedish International Development Coordioathgency
United Nations Human Settlements Progne

hectare (1 ha = 10,000)m
Interlocking Stabilised Soil Block
kilometre

square metre

millimetre

Mega Pascal (N/nfin

Newton

Reinforced Concrete

Stabilised Solil Block

Central Business District

Kenyan Shilling (KSh 1,000US$ 11 per January 2014)
Minor Field Study

Non-Governmental Organisation

Millennium Development Goal
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1 Introduction
1.1 Background

Many African countries have experienced a largeeiase of urban population during
the last 50 years. Even though the shortage otlast housing in urban areas became
a problem in Kenya already during the 1960s, due&ssive urban migration, the
population living in informal settlements has iresed dramatically ever since. The
urban population is expected to reach 50% by 2@b8, the proportion of people
living in informal settlements is in some citiegywdigh, such as in Nairobi, with an
estimated 60% (Muraguri 2011). Despite numerousrefffrom non-governmental
organisations (NGOs) and recent governmental #etsyithe trend is yet to be
reversed.

In order to meet the accelerating demand of lowt bosising, and to improve the
living conditions in informal settlements, varioagyanisations are involved in slum
upgrading projects. Some are small-scale, communitiatives carried out with

support from NGOs, while others are large-scaleyegamental programmes.
Unfortunately, some projects provide new accommodathat is unaffordable to
many low income households, and thus failing iig ttause.

In many developing countries, building material pa®e the main part of the total
cost in residential construction projects. Reachangund 68% in Kenya (Syagga
1993), it is obviously a factor with great costuetion potential. Field demonstrations
and real life housing projects have proven certigigns to save up to 50% of the
building material cost, including material acquaitand labour. Nonetheless, the use
of alternative, low cost building materials and hwats is still very limited, and the
critical demand for affordable housing for low imee households continues.

1.2 Problem description

The general situation that creates the problemdysew in this thesis is the
accelerating prevalence of informal settlement&@mya. The demand for low cost
housing in urban areas has been critical sincel#6®s, with relatively little efforts

made to produce a sufficient supply. Although restdl construction costs are
extensively dependent on the choice of buildingemals, the dissemination of low
cost alternatives has been very slow.

1.3 Aim

The main aim of the thesis is to analyse the slpgrading situation in the Nairobi
region, from a structural engineering perspecfilee study focuses on house design,
implementation methods, alternative building maieriand effective structural
solutions with the purpose to present advantagappsoaches that can be enforced in
future development. The thesis also intends toridesthe general conditions that
make slum upgrading such a complex and difficutbpegm to resolve.

CHALMERS, Civil and Environmental Engineerindlaster’s Thesis 2014:9



1.4 Scope

The thesis focuses on current or recently complsh&th upgrading housing projects
in the Nairobi region. It has a technical perspegtiand other aspects that have
significant impact on the development, such astipaliand economic influences, are
not included in the scope. Similarly, other impattareas of physical infrastructure,
for instance roads, sanitation and drainage systars not integrated in the

evaluation.

The scope is further limited to the small timefraam& the actual data that could be
accessed during the thesis progress. Certain dasii@mation was unavailable due
to practical restrictions, like denied researchuings or non-existent documentation.

1.5 Thesis outline
This section presents the overall report structure.

Chapter 1 — Introduction
This chapter gives a brief overview of the projdéicpresents the background, the aim,
the problem description and the scope of the thesis

Chapter 2 — Method

This chapter explains the methodology chosen ferpitoject process, and describes
the different procedure phases. It intends to mféihe reader of how the thesis has
been realised.

Chapter 3 — Slum Upgrading Construction in Kenya
This chapter forms the literature review relatedhi® thesis scope. It aims to provide
the reader with a contextual background to theemsnt chapters.

Chapter 4 — Case studies

This chapter introduce the four housing projectalysed as case studies. They all
relate to slum upgrading in the Nairobi region, anel analysed in line with the thesis
scope.

Chapter 5 — Evaluation
This chapter constitute an assessment of the majed, in which the practical
situation represented by the case studies is recteh to the literature review.

Chapter 6 — Discussion
This chapter aims to interpret the results of thesis, and discuss it in terms of
relevance, validity and application.

Chapter 7 — Conclusions
This chapter summarise the major findings of thesity with the purpose to provide a
brief overview of the project outcome.

CHALMERS, Civil and Environmental Engineerind/laster’'s Thesis 2014:9



2 Method
2.1 Introduction

This chapter presents and evaluates the methodabtye thesis work. It explains
the overall conditions to the study and clarifies approach that was used to analyse
the various issues in line with the thesis aim. Tan factor that determined the
methodology for this thesis was the field studycapt, described below.

2.2 Procedure

The thesis work was carried out as a Minor Fieldd$t(MFS) project at the
Department of Civil and Environmental EngineerinGhalmers University of
Technology, Gothenburg. The MFS programme is mahalgg the Swedish
International Development Cooperation Agency (SIDa)d the concept of an MFS
project is to “study issues of importance to thivdrld countries’ economic, social,
political or scientific development.” (Internatidfee Programkontoret 2012). The
actual field study, where the main part of the da#s gathered, was carried out in
Nairobi, Kenya. The project was divided in threetgiathe planning phase, the field
study phase and the analysis phase, described .below

2.2.1 Planning phase

The planning phase focused on specifying the prdpsks, gathering background
information on slum upgrading in Kenya, establighicontacts in Nairobi, and
preparing documents and practicalities ahead offidlé study. The main areas of
work were:

- Determination of scope

- Literature review

- Establishment of contacts in Nairobi
- Problem formulations

- Field study practicalities

- Proposal for alternative approach

2.2.2 Field study phase

The field study phase was performed during eighiseoutive weeks in Nairobi with
surrounding areas, during the fall of 2013. Thesaesh topics were investigated
through interviews, site visits, access to projdocumentation, and continued
literature studies. Site visits and interviews wpesformed at various locations and
with various persons involved in slum upgradingchswas planners, contractors,
engineers, project managers, government officialsijding material producers,
labourers, slum dwellers, etc. (further presenteithé reference section).

The site visits were chosen to study different apphes to slum upgrading, such as
self-help housing, informal construction, governinprogrammes, and the use of
manual labour. Buildings currently under constctiwere studied, as well as
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recently completed projects, examining both impletagon and final results,
respectively.

2.2.3 Analysis phase

The analysis phase was mainly performed back ind8meafter completion of the
field study. The obtained information was suffi¢ciemorder to include and analyse a
few projects as case studies in the report, butldoave been much more extensive. It
was, however, adequate for the intention to pressuits that comply with the aim of
the project. Further data could have made additipnajects applicable as case
studies, but also would have improved the analgkihose presented. Nevertheless,
the remaining timeframe of the thesis work was \ented, and accordingly also an
influencing factor in the analysis phase.

2.3 Reflections on the method

The reason to why this thesis has been producgdhatées from the author’s personal
interest in development work in third world couesi The specific study has not been
requested by any organisation or institution, batheér created by the author to
represent an interesting subject for his mastesigheork, with the intention to
contribute to current research. Problem descriptom, scope and method have to a
very large extent been chosen by the author, wattessary assessment and approval
from his supervisor at Chalmers as well as acadeontacts in Nairobi.

The main project phases were determined by the MFgramme concept and

applied roughly according to the anticipated wonogpess. Apart from a few

guidelines and criteria, such as the field studyeframe, the methodology could be
decided as deemed appropriate. Because of manytaintes regarding the actual
data gathering work, prior to the field study, angml, adaptable approach was
chosen. The intention was to have certain flexipiin terms of areas of focus, data
gathering methods, and possible case studies, ibutf@a a specific range of

information to obtain on each case.

Because of the author’s limited prior knowledgetloa subject, the major issues to be
analysed were initially assumed, and at a lategestther confirmed or considered
less relevant. The field study phase was obviously rewarding in terms of an
overall understanding of the subject, and provided opportunity to partially
experience the context in which it exists.

The cultural and physical setting was very crucmalhow the field study phase was
carried out. Factors such as unpredictable commuisunderstandings, lacking

follow-up or deficient communications could complie or prevent intended work.

The reception from contacted persons and orgaosatianged from very helpful to

dismissive, and sometimes not even contactablerder to ease communications, the
author got support in his networking attempts fratocal Kenyan, which turned out

to be very advantageous.
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3 Slum Upgrading Construction in Kenya

3.1 Introduction

The aim of this chapter is to present the genevaipiexity of slum upgrading, by

describing the current and historical situatiorKenya. Structural engineering is just
one aspect that influences the development of umifaastructure, and is hardly the
most determining factor. It has to be studied bx@ader perspective, including social,
political and economic issues. The mere existerigeew, appropriate technology is
not sufficient for its dissemination; it often neaablitical backing, but also profitable
qualities in order to get fully established.

Housing is, in a similar manner, only one area ihamger context of physical

infrastructure, among roads, sanitation and actessater. These aspects are all
essential for successful slum improvement, butnateincluded in the scope of this
thesis. It is, however, important to understand rawthose factors influence and
determine the outcome of upgrading activities.

3.2 Background

3.2.1 History

In their reportAn Inventory of the Slums in Nairplbhe NGO Pamoja Trust (2009)
describes the inception of informal settlementKenya. When the British colonial
government established urban centres in Kenyayrdbilential areas were divided
with regard to ethnic origin of the inhabitants.tiMes required a pass to visit the
white residential areas, and native travel to titye was restricted. Thus, population
increase within the city was controlled, and pubkevices such as schools, hospitals
and roads were maintained in all residential ssctor

Following the independence in 1963, the urban eemtanagement changed from a
colonial to a national administration. The plannisgandards were, however,
practically unchanged, and the unfair distributadriand continued. Because people
now were able to freely move to any part of thentoy the urban migration
increased dramatically. The demand for residenéiatl was not met by the new
government, and informal settlements arose as secuence.

The urban population continued to grow rapidly dgrthe 1970s, and the housing
and public service situation became even worse. Oupolitical indifference and
insufficient public efforts, slums expanded and everot officially recognised.
Throughout the 80s and 90s, the change to multispavlitics created a patronage
system, and land ownership was becoming a poliidahntage. Slum dwellers were
forcefully evicted from their homes, leading to nea@sed protests by the general
public, demanding change.

Improved political recognition and governmental aattability, civil society
demands, international influences, and efforts rtamte collaboration between the
government departments, NGOs, and other establisismbave all supported the
development in slum areas since the end of th® @ntury. The problem is
nevertheless far from being solved, and many olestace left to overcome.
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3.2.2 Informal settlements

There are many conditions that can be used to ibesorformal settlements/slum
areas. Slums in Kenya are characterised by ovedingw high unemployment and
crime rates, unhealthy environmental conditions] amsufficient access to basic
infrastructure, such as water, sanitation, housing roads (UN-Habitat KENSUP
Team 2008). The United Nations Human SettlemerdagBmme (UN-Habitat) uses a
model to measure the degree of deprivation of hasiastructure for households in
urban areas. The model is designed to facilitaentjiative assessment of an area’s
living standards and is based on five conditions:

1. Durable housing of a permanent nature that protegasmst extreme climate
conditions.

2. Sufficient living space which means not more tHane¢ people sharing the
same room.

3. Easy access to safe water in sufficient amouras atffordable price.

4. Access to adequate sanitation in the form of agpeiwr public toilet shared by
a reasonable number of people.

5. Security of tenurkthat prevents forced evictions.

The model is applied on separate families, whocarssidered to be slum households
if they lack at least one of the conditions. Siseeurity of tenure is not directly
related to living standards, the household is @gghras being in a state of shelter
deprivation if it lacks at least one of the firsuf conditions. According to analyses
based on this model, the most deprived slums imtiréd are located in Sub-Saharan
Africa. In comparison with other regions, it regrats a 2-5 times larger proportion of
households lacking three or more conditions (UN-t4&l2006).

As stated by Mungai (2013), the most common hotsetsres in Kenyan slums

have mud or iron sheet walls, earth or concreter§l@and iron sheet roofs. The iron
sheet design is the easiest, quickest and cheaftestative, but results in very
uncomfortable indoor temperatures. Iron sheet raofsalso problematic during rain,
because it can become very noisy indoors. Both matgehave limited durability and

subsequently have to be replaced relatively oftaenti maintained regularly.

Slums are usually very congested, with many pesplking a limited area. The
shacks are often built with no or very little diste to adjacent structures, forming
long rows and large blocks separated by narrownalgs. Many homes consist of
only one room, commonly with the standard dimen&®8 nf, and it is not unusual
that large families share such a small space, lfagSoweto East, a village in the
Kibera slums, each household consist on averagewen people, according to Calas
& Fernandez (2011).

3.3 Main issues

The prevalence of informal settlements in Kenyacasitinuing, and the effort to
reverse the trend, and eventually provide the wipoleulation with decent housing
and living conditions, is complex and very longaterThe problem can be roughly

! Security of tenure: "The right of all individuals@groups to effective protection by the state @sjai
forced evictions” (Augustinus & Benschop 2003).
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divided in three decisive aspects: political, eqoiand technical. Considering that
informal settlements were not officially recognideyl the Kenyan government until
the 1990s, and that the republic still is strugglioc become self-sufficient, the slum
situation today is not very surprising.

While the political and economic climate slowly ieases its support of the
marginalised population, the technical developmbkas been more active, and
presents new technology as possible means to iraghay situation. Alternative low
cost materials, easy-to-implement construction wath and approved structural
designs are all technically available, but slum rowement is obstructed by many
complex issues, such as the socio-economic stdtidum dwellers, regulations,
physical conditions, land and structure ownershdgsemination of convenient
technology, and corruption.

3.3.1 General

One common issue in slum redevelopment is the ggaoir tenure. According to
Omondi (2013), the land and structure ownershippeetively, can sometimes be
uncertain, and resistance to redevelopment mag &asn structure owners, fearing
loss of their income. Some projects which are pgainto improve the living situation
for the whole neighbourhood are sometimes delayea few individuals, refusing to
relocate or claiming compensation. And as statedVieposa (2013), the inability to
provide land title to the inhabitants may creataatance to housing projects because
the new houses might be unaffordable and consdgusetome occupied by higher
income people instead.

Physical conditions, such as lack of appropriatel for new construction, congestion
and limited area access, make implementation dlfficSometimes temporary
relocation of the residents is required, which ¢tena very troublesome process
(further presented in case study 4). As mentione@ddas & Fernandez (2011), many
slum dwellers earn their incomes as vendors amhafse the fronts of their homes as
kiosks, and might lose necessary business condiifodisregarded in the planning
process.

In an article presenting the Kambi Moto slum upgrgdproject (World Habitat
Awards 2009), the enforcement of a bottom-up mamage approach is discussed as
essential in order to integrate community influenmginions and needs. Neglecting
this aspect may result in uncertainty and dissatisin among the residents, and
subsequently inability to reach set goals. A closéaboration between the residents,
local authorities and other stakeholders also ptenwapacity building within the
community, such as organisational, financial, pcattand self-help skills — abilities
all important for further development.

3.3.2 Maladjusted and inadequately enforced regulations

An evaluation of the Kenyan building code can banfb in a conference paper
published by the Institution of Engineers of Ker(yaK) (2011). The construction

regulations have to a large extent been basedeBritish building code, including

irrelevant regards to the environment, such as sfidwe climatic differences have
caused many structures to collapse, due to uneegbeuntterial performance. The
building code includes mostly conventional materiaind technologies, such as
concrete, steel reinforcement, sawn timber, clégstiand bricks. A few recent
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updates have introduced new technology, e.g. &adilsoil blocks, but use of other
methods has in general been discouraged.

As a result of the inadequately adopted buildingulations, Kenyan houses are to a
large extent in poor structural shape. Both tradal and new materials and
techniques have been neglected, even though theydwemarkably improve the
conditions to create new residential buildings. dlozulture and experience, regional
climate, natural resources, available tools anddatare all significant factors that
need to be considered and integrated in the plgmeigulations.

Efforts to revise the building codes emerged dutheg1990s. Updates such as Code
95, which introduced modifications of the old caodessulted in large reductions in
building costs, and an increased activity in resi@dé construction. According to the
Construction Business Review (2012), The Britislan8ards are currently being
replaced by Eurocodes, and in order to achieveniilennium development goal
(MDG) No 7 (ensure environmental sustainabilitgtttier revision and adaption to
Kenyan conditions are still needed. IEK recommetids building code review to
focus on the following, in short:

- Increased use of local materials and technologies.

- Accommodate new alternative technology.

- Compatibility between design and technology.

- Consideration of the entire life span of structures

- Various local conditions should influence the cleoat design and technology.

IEK (2011) states that other areas within the qoetibn industry also need
improvements. Building permits and other applicaiwocesses should be simplified,
and operations to make sure that the revisionseanbraced are also of great
importance.

Although the facilitation of new construction teajunes in the building code is an
important aspect for the renewal of the construcsector, the regulations are far
from being completely enforced in practice. Accaglito Namayi (2013), all
construction - in particular public buildings anglustures located in urban areas -
have to follow the regulations. This applies toaturonstruction as well, but it is
rarely enforced or controlled in that setting. Thelding code is thus not necessarily
a barrier to contractors or individuals who carmyt @onstruction work. A large
proportion of practitioners are either unawarehs tegulations, or simply disregard
them.

The division is mostly determined by geographicatam, rather than actual size of
the building. Structures such as hospitals and ghgpmalls have been constructed
without approval, and there have been several gs#ls, sometimes with human
casualties. It is often the consequence of havargprofessional contractors carry out
low quality construction, without inspections.

The situation is created both by the ignorancehef tegulations, as well as the
authorities’ incapability to inspect every singlmject. There has been a recent shift
of responsibility, from the former Ministry of Publ Works to the National
Construction Authority, which likely will lead to ane strict regulations and control.
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3.3.3 Application of appropriate technology

In his report Promoting the Use of Appropriate Building Materiails Shelter
Provision in KenyaSyagga (1993) analyses the dissemination of altiee building
materials with regards to the demand for low costising. Development of
innovative, cost saving technologies was initiathding the 70s, but little has
changed in the actual practice of the construcBentor. Conventional building
materials, as concrete and quarry stones, aredsiiflinating the sector, providing
insufficient alternatives for low income householdsocally produced building
materials, such as stabilised soil blocks (SSBs)y have an abundant supply of raw
material, create more job opportunities, requirss lakill, capital and means of
production, are more economically and environméntalstainable, and use smaller
amounts of imported products.

In many developing countries, building material pase the main part of the total

cost in residential housing construction projeBisaching around 68% in Kenya, it is
obviously a factor with great cost reduction potEnt-ield demonstrations and real

life housing projects have proven certain designsave up to 50% of the building

material cost, including material acquisition andbdur. Nonetheless, the

dissemination of alternative, low cost building erals and methods has been very
slow, and partially restrained, due to severaloras

The beneficiaries of low cost housing are in gelnkna income households, with
very limited economic conditions. The constructiomdustry, like most other
industries, is based on economic gain, making lowfitpactivities unfavourable. The
main constraint on the dissemination of approprmtéding technology, however, is
and has been insufficient political support. Sulbsedly, the development is inhibited
by the lack of institutional services, obsoletenpiag regulations and limited social
acceptance. Slum dwellers may additionally be caimsd by insufficient access to
credit, quality control and equipment.

According to Namayi (2013), some governmental hagisampaigns in Nairobi have
made use of SSBs, e.g. in Mathare and Kibera. Tilgodties have approved the
constructions, provided machines for SSB productias well as suggested
construction methods. Quality controls have beenezhout by government officers.

The technique has been around for about 20 yeairsids first since the last couple of
years been more accepted. Many public buildingeh sas schools, have been
constructed with SSBs, but baked bricks are stiéduto a large extent. The
accessibility of the SSBs is not meeting the demé#ud the technique, along with
other alternative building materials, will be mastablished when manufacturing in
the private sector increase, along with continuedagement from non-profit

organisations.

3.4 Upgrading activities

As mentioned in the introduction, the urban popatatn Kenya is expected to reach
50% by 2015, according to Muraguri (2011). The prtipn of people living in
informal settlements is in some cities very highchs as Nairobi, with an estimated
60%. Despite numerous efforts from NGOs and regenernmental activities, the
trend is yet to be reversed.
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3.4.1 Governmental

Anderson & Mwelu (2013) states, that even thougbrimal settlements were not
officially recognised in Kenya until the 1990s,damational influences and opinions
made the government to take action on slums alreathe 70s. Various approaches
to resolve the problem have been applied since, theinthe main strategy became
forced evictions. As deemed by the UN Office of High Commissioner for Human

Rights (2007), this is an unjustified strategy sincviolates several internationally
recognised human rights, such as “the human rightsoousing, food, water, health,
education, work, security of the person, freedoomfrcruel, inhuman and degrading
treatment, and freedom of movement”.

As further discussed by Anderson & Mwelu (2013 MDGs were established in
2000 by the UN member states, as an internatiamad ¢ffort towards a better and
more equal world. As defined by the UN (2000), gseventh MDG, “to ensure
environmental sustainability”, addresses in targed slum dwellers, and the
improvement of their living situation. This evenitiated the Government of Kenya
(GoK) to change its approach towards slum issues| mew strategies were
introduced to resolve the problem.

As presented in a strategy document by the UN-Hat{ENSUP Team (2008),
collaboration between GoK, UN-Habitat, the formeinigtry of Housing, and local
authorities and communities, has since establiglhvedmain initiatives; the Kenya
Slum Upgrading Project (KENSUP) and the Kenya Imfalr Settlement Improvement
Programme (KISIP). Anderson & Mwelu (2013) descsiltke differences between
the two initiatives. KENSUP is a long-term (2005202), nationwide strategy that
aims to “... improve the livelihoods of people livirgnd working in slums and
informal settlements in the urban areas of Kenyautdph the provision of security of
tenure and physical and social infrastructure, al as opportunities for housing
improvement and income generation”.

KISIP is a short-term (2011-2016) strategy, limitedl5 municipalities, and focuses
on security of tenure, infrastructure, urban manage strengthening and
participatory urban planning. In regards to houstogstruction, KENSUP provides
new residential buildings, while KISIP provides tipgerequisites for housing
development to the local communities, along witfrastructure services, such as
roads and access to water and sanitation.

Both strategies have encountered several problanimmplementation, even though
the government is fully involved. The general aggfoto include the targeted local
communities in the planning process has not beecessfully enforced, creating lack
of information, top-down decision making and distrtamong the beneficiaries.
Coordination between the strategies, and between ittvolved institutions,
respectively, has been insufficient, making thenpéd complementary collaboration
not fully utilised, which consequently complicateetprogress. Another main issue is
the unsustainable funding basis, which mostly va®red by donors.

3.4.2 Non-governmental

There are many non-governmental organisations wegbin slum development work
in Kenya. They range from small, private donoriatives, like school support and
savings groups, to larger national and internatiesablishments, such as UN-
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Habitat and various slum dweller networks, with emsive activities. Many are
community or faith based organisations, having elallaboration with the
communities in the areas in which they operate.

There are many examples on housing projects insskearried out by NGOs. Some
are immediate actions because of forced evictiastbers are neighbourhood
redevelopment projects; and some are large scatgrgnmes where slum dwellers
relocate to ad hoc towns set up on acquired larahyMhousing projects embrace the
concept of community coherence, facilitating safghthrough organisation, saving
schemes, and establishment of dialogue with loghlaaities.

Some of these NGOs have been around since the ,18@8smany new ones are
established continuously. E.g., in Kibera, withapplation of about 170,000 (Karanja
2010), estimates show that several thousand NGOsGive here, as discussed by
Mwaniki & Mwau (2012). These organisations haveiouas agendas, and their work
has very different actual impacts on the livesh&f beneficiaries. Unfortunately, and
obviously, with regards to the high number of erRptNGOs, many have little or no

impact in the end, due to various reasons. Somelame scams, set up only to bring
in donations, while others suffer from inefficiencsometimes making their work

outdated.

Although there also exist plenty of legitimate NGQ@sat accomplish great
improvements for many slum dwellers, there is aeganlack of coordination

amongst them. Instead of collaboration and tramsmar, sometimes a state of
competition may emerge, which clearly counterabts driginal goodwill intention.

This flaw makes many initiatives end up as one-sifbjective efforts, with little

follow-up potential. Lots of knowledge and expedencould be shared to a larger
extent, and thereby make planning and implemematid future projects more

effective.

There is also a need for better coordination whign government, in order to further
decrease the risk of unknowingly repeat alreadyopmed research, clarify separate
responsibilities and establish a joint forum foralesation and development work.
Even though every upgrading project is unique, wdlifferent conditions and
problems, the importance of sustainability, tramspay and efficiency has to be fully
emphasised.

3.5 Alternative construction techniques

3.5.1 Background

The high demand for low cost housing in Kenya tess,mentioned, pushed the
research on alternative construction techniquesduat since the 1970s. The research
has, however, had a relatively small impact ondbrestruction industry as of yet, as
stated by Syagga (1993). New materials and methaas get little attention even
though they have many advantages compared to ctonahdesign. This depends on
a number of reasons, further described in Sectidr3.3

Many different alternatives to conventional builglimaterials can be used for housing
construction. Among those are stabilised soil, bambean concrete elements and
recycled composites, as mentioned by Mungai (20C8)t, production simplicity,

raw materials availability, previous successfuligdtion and social acceptance all
affect the propagation of a new building materdternatives that have become more
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established in Kenya the last couple of years, stahilised soil blocks and “waffle”
slabs, are presented below.

3.5.2 Stabilised soll

Soil has been used as building material by sewarlres for thousands of years.
Unprocessed earth materials are very sensitiveasian, but developed forms, such
as sundried earth blocks (adobes) and kiln-firedkby can be very durable. Today,
brick construction is still common, but the prodontis considered unsustainable
because of deforestation related to the burningga®: Stabilised soil technology
offers an alternative in regions where this posegsrenmental degradation.

Stabilised soil is a technique using basicallyrearaterials, water and a small cement
content to create strong and durable constructiements, such as blocks, tiles and
foundations, as described by Andabati (2010). Ipresents an economically
favourable alternative to many conventional buiddmaterials, thanks to a number of
properties. The main raw material, soil, is cheapd the cement proportion is
relatively small. The products can be producedita) kence reducing transportation
costs, and possibly facilitating work opportunitieabour costs can be decreased, e.g.
by using interlocking stabilised soil blocks (ISSB®e Figures 3.1 and 3.2) for
walling, which require less mortar work and aret fes lay, compared to quarry
stones.

7 ‘I
E s e e

Figure 3.1 Left: demonstration building of ISSBsghR close-up showing
block assembly. Photos: author.
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Figure 3.2  Drawing showing details for a typicalraght double interlocking
stabilised soil block. Adapted from Andabati (2010)

Apart from economic and environmental benefits,tduhnique is favourable in many
other aspects as well, such as availability, veiityadind simplicity. Suitable soil can
be found in many places, often close to or sometieven on the actual construction
site, and means for production can be completelyuala although block presses can
be too expensive for small scale, individual use.

The wide extent of application makes the technigery flexible. Rammed soil can
make solid foundations and floors (see Figure 38y various block types can be
produced for many different purposes. Wide blocks compose load bearing walls,
thinner blocks for lighter partitions, or curvedobks for round structures, such as
water or septic tanks. Material production and tmiesion implementation can be
relatively simple, and does not necessarily regsiited labourers. The methods are
easy to learn, which facilitate self-help opporti@si and capacity building within the
local community.
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Figure 3.3 Section demonstrating rammed earth an@B Sfoundation.

Dimensions in mm. Distance ‘X' indicates varied elsions
depending on number of storeys. Adapted from Allgofdarth
Institute (2009).

As described in an ISSB publication by UN-Habita0@), manual block presses
only require little maintenance, and 2-4 workemns peoduce about 400-600 blocks in
an 8 hour work day. The machine uses leverage datera compressive force of
around 80-100 N. Cement is most commonly used asliser for sandy soils, and
one 50 kg bag gives about 130 blocks. The soil/o¢magio varies depending on the
soil properties. A sandy soil requires in average dcement as stabiliser, as specified
by Auroville Earth Institute (2004). Typical soitgportions can be 15% gravel, 50%
sand, 15% silt and 20% clay. The dry compressinangth after 28 days of curing is
in the range of 2-7 MPa.

Production can be initiated by performing testslétermine the properties of the soll
being used, as presented by Rigassi (1995). Sethtrean shrinkage, laboratory or
field analyses can be carried out depending on inements. The results will
determine the choice and amount of stabiliser taded. Soil preparations such as
pulverisation and screening can modify the graze slistribution and prevent lumps
and undesired materials in the mix.

The dry materials (earth, sand, gravel and censtrat)ild be thoroughly mixed before
adding the water. This can be carried out manumllputting all the dry materials in a
pile and then turn it over at least 2-3 times vdtshovel. The water should then be
added successively and carefully, e.g. througmklong, during further turning of the
pile at least 2-3 times. Optimal moisture conteant be tested by shaping a fistful of
the wet mix into a ball and drop it from about anetre onto a hard surface. The
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behaviour of the ball will then determine if thexns too dry, too wet or in a suitable
state. Another way of ensuring optimal moisturetenonis to produce blocks with
different amounts of added water, and proceed thighproportion that resulted in the
highest block density.

A proper amount of the finished mix is then addedtite block press mould for
compression. The force applied on the lever shbeldet with regards to the block
press specifications, and the removal should bfoqmeed carefully since the blocks
are still fragile. The freshly moulded blocks shibbe checked for weight, appearance
and dimensions (see Figure 3.4). The curing enment depends on the stabiliser
content. Cement or lime stabilised blocks requiesence of water within the blocks
during this stage for optimal strength, and highgeratures are also beneficial. These
blocks should subsequently be kept sheltered froettdsun and wind, in a hot and
humid environment. Stacked ISSBs can be seen uiré&i§ 4.

Figure 3.4  Left: freshly moulded ISSB ejected flaotk press. Source: Makiga
Engineering (2010). Right: ISSBs stacked for cudngng after
moulding. Photo: author.

Although relatively simple, the production must t&ried out with great care to
ensure sufficient quality, as further describedAndabati (2010). Appropriate mix
proportions for the material components, thoroughking, proper use of the block
press, and then curing under optimal conditions,adlrimportant in order to achieve
strong, well-shaped and durable blocks. If the blsarface holds sufficient quality,
finishing work might be reduced or even unnecessahich further reduce labour
and material costs.

The dissemination of the stabilised soil block ($8®hnique in Nairobi has mostly
been to middle income households, according to EE@13). The limited
propagation among low income households might be thu unawareness. As
mentioned in Section 3.3.3, an example of contearyouse of SSBs in Nairobi is
public buildings constructed by the government. Teehnique is gaining more
recognition, and will likely be more common in tlweure (Namayi 2013).

3.5.3 Concrete slabs

Reinforced concrete slabs are a common flooringgdes multi-storey houses in
Kenya. It is an expensive design, since it ususedlyuires lots of form work, raw
materials, steel and cement, machines, transpamts skilled labourers. Because of
both cost and potential complexity in implementatistandard concrete designs can
be unsuitable for low cost housing projects.
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As stated by Mungai (2013), neither wood nor s&el generally any alternatives in
construction in many regions of East Africa. Thalls for better, more material
efficient concrete designs. The use of concretee @kements for flooring is becoming
more established, thanks to many advantages. Theraetechnique is based on
relatively small sized concrete plate elements, uaby laid on top of floor beams,
and then covered by a layer of mortar or concrete.

One method uses pre-fabricated concrete units,aledc “waffles”, which are
assembled on and between completed floor beams Higeees 3.5 and 3.6), as
specified by Vista Concrete Works (2013). The vesfflre supported by temporary
props, while the reinforcement is placed; membéaisqul in recesses along the slab
borders and a top grid. A concrete layer is thest,cavering the waffles and the
reinforcement. Thus, the waffles functions as anaerent formwork, and the bottom
side of the assembly becomes the ceiling on tlee lelow.
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Figure 3.5 Multi-storey construction using wafflts floor design: waffles
supported by beams, reinforced concrete layer op #&nd
reinforcement members between the slabs. Photboaut
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Figure 3.6  Drawing showing general, square wafflabsdesign. Various forms
are available, including rectangular shapes, as idcated by the
dimension ranges. Adapted from Vista Concrete W@G%3).

A similar method, developed for slum upgrading ectg in India, uses so-called
“landie” slabs, as described by Chege (2013). Talessare reinforced and precast in
wood frames with an attached piece of heavy linethcmaking the concrete form a
small dome by its own weight (see Figures 3.7 a8l 3

Figure 3.7  Multi-storey construction using landidats floor design: landies
supported by inverted T-beams. Photo: author.
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Figure 3.8  Drawing showing details for landie sl@éft and bottom right) and RC
T-beam (top right). Adapted from J. M. Kariuki Cohants Ltd.
(2002).

The cured slabs are manually laid upon invertedfeeted concrete T-beams, and a
cement screed is then added to complete the flooctare (further demonstrated in
Section 4.2). This design consumes less concret@aed to a regular floor slab, and
saves a lot of labour since no individual moulds erquired for each floor. The
implementation is also cost and labour efficiemigduse the beams and the slabs are
put in place manually.

The main differences from the waffle design ard #ach landie is supported on at
least two parallel sides, no reinforcement is usedhe top layer, and no temporary
support is required. The landie design uses the @iiaciple only for load distribution
to the supporting T-beams, and the waffle desigs tise arch principle for the waffle
elements as formwork, while the permanent slabiesarthe loads mainly through
bending of the reinforced beams formed as an iatedrpart of the slab between each
waffle. In between the integrated beams, the st@brnacombined bending and arch
effect in transferring the loads to these beamsis€guently, the waffle elements acts
as permanent formwork, but does not contributentofinal load carrying capacity.
The waffle design allows, however, larger spansvbeh the main support beams,
since several waffles can be used between the Ipeaims.

Both designs are well suited for small scale ptsjeand waffle slabs are also being
used for larger buildings (Mungai 2013). Chege @dxplains how the landies have
been successfully utilised in the Kambi Moto hogsiproject in Nairobi, for
construction of 3-storey buildings (see Section).4The moulds for the concrete
plates and the floor beams can be assembled andoussite, creating employment
and capacity building within the community, as wadl offering very flexible and
adaptable production.
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4 Case Studies
4.1 Introduction

There are many housing projects related to slunraggg in the Nairobi region, as
described in Section 3.4.2. Some are small-scal@nwnity initiatives carried out

with support from NGOs, while others are large-scgovernmental programmes.
Since each project has unique conditions, ther@isptimal concept or design that
can be applied in general. Aspects such as fingng@hysical setting and access,
community participation, preferences and potentedbcation, as well as project
resistance and land ownership, are all determimirige planning process.

Due to the extent of the thesis, the number of saisdies had to be limited. Not only
time and scope were limiting factors, but alsoatarge extent, access to information
on potential case study projects, as describeceatié 1.4. Occasionally, available
data was insufficient, or even non-existing, ansiséance inquiries could at times be
ignored or denied. Limited follow-up opportunitieere also common.

The four case studies presented in this sectiojuate few out of many projects that
could be analysed, evaluated and compared in timgexgt. They represent, however,
various conditions that are common in slum upgmdiand, to a certain extent,
different concepts chosen for house design. A laveirview of the cases is shown in

Table 4.1 and the geographic locations are display&igure 4.1.

Table 4.1 Case studies overview
Kambi Moto' | Ngumo Mbegd | Nyamarutd" | Soweto East
Scope middle-scale, | small-scale, small-scale, large-scale,
143 houses 20 houses 40 houses 912 apartments
House vertical horizontal horizontal, highrises with
concept expansion expansion individual 1-3 room units
Relocation within area remote, within area remote,
permanent temporary
Implemen- | self-help contractor self-help contractor
tation
Organisation| community & | community & community & | governmental
NGO NGO NGO
Financing individual individual individual government and
saving scheme saving scheme | saving scheme donors
Land tenure | collective individual individual gavimental
House/unit | owned by owned by owned by owned/rented
tenure tenant tenant tenant by tenant

Sources.Chege (2013),Kiptoo et al. (2013),' Jemutai et al. (2013),0Omondi (2013)

CHALMERS, Civil and Environmental Engineerindlaster’s Thesis 2014:9

19



Hoad % >~
Kiambu i ’Ké'haw; =
2" North 7
P 98 > Kgahkawa
e Ruaka Tcr)tvn 1 H r; Gl ey L Ruai
Wangige -~ _ itisuru TN g
- et 2 <® Kasarani @
Gitaru / 4) & —\. . E =
P v Kitisuru Karura ~ T h -
Kikuyu ,_ Loresho Forest Dandora Koma Rock w -
P rary Highridge e
\l/llthml Kangemi Umoja ’;;00‘70 Rd
f Kawangware > a |
Riruta Nairobi : : Mihango
Industrial Embakasi
Karen AN Area |
Nairobi 7'\ :
/ NE -
B Kibera / Vest Hompasa Boay / ——
~. /
TR 5 [A109 ] / Nalc()uru
Ngong ™ < Mugumoini ,/ R
NS Langata ?ﬁ 4/0\ : \\?‘\\\\-
X -3 %
. Ongata Miolongo
‘RQ,"(J_?‘,_ e \
N 3 Nairobi©
-
(4
%
| Skm | & % | ||100 km
| S mi | = \ I 50 mi I
Figure 4.1 Map displaying Nairobi with the Hurum&pera and Ruai areas

from Google Maps (2014).

CHALMERS, Civil and Environmental Engineerinlaster’s Thesis 2014:9

20

shown. Bottom right: map displaying the locatiorNaikuru. Adapted




4.2 Case study 1 — Kambi Moto

4.2.1 Background

Kambi Moto is one out of six informal settlementsthe Huruma neighbourhood,
located about five kilometres northeast from thear®a city centre, consisting of

approximately 270 households, as stated by Che@&3}2 The area suffered from
several fires during the 1990s, and one particulsevere in 1999, destroying the
whole neighbourhood. The inhabitants subsequemtked the name “Kambi Moto”,

meaning “place of fire”, and decided to organisentkelves in order to improve their
living situation. A brief project overview is preged in Table 4.2, and a photo
displaying one of the completed units can be sedéigure 4.2.

Table 4.2 Project overview

Kambi Moto neighbourhood

Located 5 km northeast of Nairobi CB

Land area less than 1 ha

350 beneficiaries

143 new houses planned

Individually owned plot and house

House cost KSh 200,000-400,000

Individual savings plan for financing

Incremental, self-help construction

Implemented 2005 — ongoing

Three out of four phases completed

R

Source: Chege (2013) Figure 4.2 Completed 3-storey house.
Photo: author.

The NGO network Homeless International (2010) pressen an article how the
Kambi Moto residents were given the opportunityfittance and build their own
homes. This was carried out through collaborati@wben many stakeholders,
including local NGOs, the Nairobi City Planning Repnent, Nairobi universities,
and a team providing free technical support. Tisedemnts also received sectional title
over their respective land plots, each the siz€®®25 nf, significantly improving
their living situation.

was created in 2000, according to World Habitat Adsa(2009). It made loans
available for the residents to purchase buildindens and hire skilled labourers.
The technical team presented various house dekigrise residents to choose from,
and provided professional support during constouctA three storey house concept,
which can be built incrementally over time, was s#a
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4.2.2 House design and construction implementation

The main condition determining the house design thalot size, further described
by Chege (2013). Each household received equalgdglots, and the buildings were
dimensioned thereafter. Each unit was designedderdo be built incrementally over
time, letting the households progressing at thein pace (see Figure 4.3). The first
construction phase consisted of the ground fldwe,first floor staircase, and a toilet
on the second floor, being built for all 34 unithis made relatively fast occupancy
possible for all households, letting them continigh the subsequent floors when
affordable.

Each household was expected to participate witleast 80 hours of labour for the
ground floor, being supported by the technical temmwell as skilled labourers. The
subsequent floors were then supposed to be builhdyouseholds themselves, with
technical support. Finishings, like wall plastedgmaint, were also decided by the
households, according to preference and finanoadlitions.

The structural design includes so-called landiéssi@ee Section 3.5.3, and Figures
4.3 and 4.4). This has facilitated manual floor stauction without any machines or
formwork, saved on building material costs and Brhduemployment to the
community. The landies are also used for the toprfkeiling structure, creating a
roof terrace for additional space.

The excavation and foundation work for all housesenperformed simultaneously.
The foundation consists of an in-situ cast RC floorhardcore filling, quarry stones
and RC strips. The walls and chimney are made éuhachine-cut stones laid

manually with mortar, with additional RC beams penings. Landies, T-beams and
the additional beams were all prefabricated onlsitthe community.

4.2.3 Outcome

The first construction phase started in 2005, an@d97, 34 houses were completed,
according to Chege (2013). The second and thirdepbansisted of 28 and 24 units,
respectively, and each took only six months to detep As of November 2013, the

fourth and final phase, including 57 units, is ango with expected completion by

2014.

Each completed three-storey house cost initialguaiKSh 200,000, but has doubled
since then due to increases in material and labosis. E.g., the cost for one 50 kg
bag of cement has increased from KSh 400 to 750ttensalary for one labourer has
increased from KSh 350 to 800 per day. The costase has led to an extension of
the loan repayment period, from two years to a maxn of eight years.

The construction project has greatly improved tloenmunity’s living situation,
including security of tenure, increased living spaas well as access to electricity and
clean water. The successful outcome is evidenckoaf community organisation,
saving plans, and hard work can change things Her detter. Kambi Moto has
functioned as a pilot project in Huruma, buildingpacity and showing results that
have benefitted and inspired other neighbourhoodshe area, as well as other
informal settlements.
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4.3 Case study 2 — Ngumo Mbega
4.3.1 Background

Ngumo Mbega is a cooperative of former slum dwsltbat were evicted from their
homes in the Mitumba informal settlement in 201fhey had six months prior to the
eviction engaged in a savings plan, and could meaged to new houses in an area
outside Nairobi. A brief project overview is pressh in Table 4.3, and photos
displaying a temporary structure and a permaneunsdiarespectively, can be seen in
Figure 4.5.

Table 4.3 Project overview

Ngumo Mbega cooperative

Located in eastern Nairobi

Land area 2 ha

~100 beneficiaries

20 new houses

Individually owned plot and house

House cost KSh 441,000 / 462,000

Individual savings plan for financing

Possible individual expansion

Implemented 2012

Four families have initiated expansion

Source: NACHU (2013a) Figure 4.5 Above: temporary house
Below: basic 1-room house.
Source: NACHU (2013b).

The Mitumba informal settlement was located at shetheastern edge of Wilson
Airport, about three km south of the Nairobi citgntre. As described in a court
petition published by the High Court of Kenya (2D1fhe former residents were
relocated there in 1992 from another location ngaithey claim to have been
promised the land title of the area, and appliacse times for allocation, but never
received a response. Nevertheless, they stayedebndt their old settlement on the
new land, and 19 years later, the population hadigito 15,325 individuals.

On September 15 2011, the Kenya Airports AuthofitAA) gave the residents a
seven day notice to vacate the area. A represeatatithe community took the case
to court, and an order restraining the evictionl daither hearings was issued shortly.
The KAA proceeded in spite of the court order, andiated the eviction and

demolition of the structures a few weeks later. shated by Masaya (2012), the
affected residents had to behold their homes biatigned by bulldozers, and then
tried to gather what could be saved of their beloggy Some families returned and
rebuilt their houses, hoping that the KAA wouldpest the court order, but another
eviction occurred in January 2012. The case wasteally concluded in April 2013,
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and directed the respondents to resettle and caaferall the members of the
community, within 60 days, according to the couwtifpon (2013).

Kiptoo et al. (2013) describes how 20 householdsnfrMitumba formed a

cooperative called Ngumo Mbega, because of thetiemidhreat, and initiated a
community savings plan with support from the Natilo@ooperative Housing Union
(NACHU), a Kenyan NGO. The savings started abouthsonths before the eviction,
and the aim was to facilitate loans for the membesfford decent housing. A piece
of land was acquired in Ruali, located in the eastartskirts of Nairobi, on which

temporary houses were built for the families to manto, following the eviction.

Obtaining land title for their individual plots, @rhaving sufficient savings to afford
the loan mortgage, they could now proceed withdig their new, permanent
houses.

4.3.2 House design and construction implementation

In order to shelter the evicted families as soopassible, the temporary houses were
set up during about two weeks, Kiptoo et al. expgailhe structures are very simple,
consisting of a concrete floor and iron sheet wafld roof. The iron sheets have an
alternative box profile design, making them relalyv strong and durable, better
corrosion resistant, and provide higher reflegsivaif heat. The permanent houses
were constructed during June-October 2012, a tiemwog chosen to avoid rainy
weather. The area consists of black cotton soiickvhan be very difficult because of
its shrinking/swelling properties when in contadthwvater.

The permanent house layout is designed for potes®f@ansion, as shown in Figures
4.6 and 4.7. Initially, one room and a toilet wbrtalt, and then a kitchen; one, two or
three rooms; as well as an additional toilet canadéed to the building. The
foundation and walls were constructed using maguafid machine cut stones,
respectively, taken from a quarry close to the. sitee floor is a RC slab above
murram (laterite) blinding, hardcore filling andR& strip foundation. The box profile
iron sheet material was utilised for the roof stuwe, supported by pine wood rafters
and purlins. Each room is 16rand has a very basic interior. Both the temposany
the permanent houses have been constructed bytracton, and all work was carried
out on site.

Approval to build fully expanded four room housessvacquired for each household.
20 houses were constructed on a land area of dbhautacres, including roads,

community areas, and other infrastructure. Eacht ghares one wall with the

potential adjacent unit in order to save on buddimaterial and space.

4.3.3 Outcome

The beneficiaries were initially reluctant to redtiog, according to Mugwanga
(2014), but have eventually adapted well to the as¥a. Training sessions have been
held, emphasising on the importance of adequatsihguand the benefits it brings. It
iIs a confidence building process for the membergl a more positive attitude
towards the houses has been obtained. The bemefcare now proud of their new
accommodations, and the project is consideredat gahievement.
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The saving scheme has been operating smoothly prdimpt and sometimes even
faster than planned repayments. Some of the rdsid&ve turned their temporary
houses to rental units to increase their incomejewbthers use it as additional
bedrooms. Four households have initiated exparfidimeir houses. The cost for one
additional room is approximately KSh 250,000-300,00

Apart from some irregular rainfall, the project didt encounter any major problems.
It was, however, a very experiencing event for X#CHU team as well as for the
community. The importance of close collaboratiod transparency between planners
and beneficiaries has been apparent, and enfoocoeddingly, which has created trust
and confidence in the collaborative work.

1,0 2,0 3,0 4,0 (D) BASIC HOUSE ROOM
[m]\ N R R S (2) BASIC HOUSE TOILET
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® ) /

|

|
|
/ |
POSSIBLE EXPANSION V777 - - - - - 7

F&—
BASIC HOUSE RC FLOOR SLAB ADJACENT HOUSE
Figure 4.6 Typical floor plan showing the initialakic house and possible

extension (shaded). See Figure 4.7 for F-F sect®wurce: adapted
from the National Cooperative Housing Union (2013a)
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4.4 Case study 3 — Nyamarutu
4.4.1 Background

Nyamarutu is an informal settlement located abowg kilometres east of the city
centre of Nakuru, the fourth largest city in Kenyes described by Jemutai et al
(2013), the settlement has existed for 30 yead,istny November 2013 populated
by approximately 200 families. People of higher oime have successively
encroached on the land, due to its lucrative locatiorcing some households to
relocate. Consequently, the land area has beerceddwom 25 to 18 acres. The
residents lack basic infrastructure such as prbpesing, water and sanitation, and
have established a neighbourhood improvement groygb support from a local
NGO. A brief project overview is presented in Tahld, and a photo displaying one
of the completed houses can be seen in Figure 4.8.

Table 4.4 Project overview

Nyamarutu village

Located 5 km east of the Nakuru CBD

Land area 7,2 ha

320 beneficiaries

40 new houses planned

Individually owned plot and house

House cost around KSh 80,000

Individual savings plan for financing

Self-help construction

Implemented April 2012 — ongoing

12 out of 40 structures completed

Source: Jemutai et al. (2013) Figure 4.8 New house with old house
wall facade in fore-
ground. Photo: author.

With the aim to improve their living conditions e§horganised themselves and started
collaborating with the NGO Muungano wa WanavijiilyW), as further explained
by Jemutai et al. (2013). Dialogue with the govegntrwas initiated, and a savings
plan was established in 2003, to facilitate indixdfamilies to afford new houses.
The government has since allocated the land toctmmunity, and each family
obtained title to a 24x48 plot.

The families involved in the savings plan get asdesa loan for financing their new
houses, when they have saved 20% of the constnuctist. They can then build the
house, while paying off the loan successively owssiximum five years. The
organisation uses a rotating fund, which meansdabatyone has to repay their loan to
facilitate subsequent borrowings. The financer EELAVIP, a private foundation
supporting improvement projects in many developoagintries, while Muungano
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Support Trust (MuST), the technical secretariat MW, provide professional
assistance.

4.4.2 House design and construction implementation

Jemutai et al. (2013) explains how the communitywarked on the planning process
together with MWW and MuST, and that each familgides the layout of their new
house. Architectural drawings are then produced, submitted to the Municipal
Council for approval. The house size depends oh &auily, but a regular unit has
three rooms, a kitchen and a washroom, at a cagt@it KSh 80,000.

The labour is carried out by the community, witpgort from a local artisan, and one
house takes about two weeks to construct. The ftiordand walls consist of quarry
stones from a quarry nearby. The floors are madeobaoncrete, and the roofs are
assembled from wooden poles and iron sheets. Bétlashe concrete is produced
from the quarry stones, and locally available sangsed for the mortar.

4-5 units are being constructed at a time, in otddrave casual labour available, but
also to facilitate the rotating fund for the loaMghen all completed, the construction
of 4-5 new units can be initiated. If a family warid build a new house, but cannot
afford the quarry stone design, they can lay thmd@ation and build a temporary iron
sheet house. They can then proceed with the getomg house when affordable.

4.4.3 Outcome

Jemutai et al. (2013) informs that the first comstion phase was initiated in April
2012 and comprises 20 structures. 12 houses wenpleted by November 2013.
When the remaining eight houses are finished, @&nd&@ houses will be constructed,
during the second phase. Eventually, a total ofr@pmately 320 residents will

benefit from the housing project. Another achieveimis that the government has
planned to support the community with infrastruetiguch as roads.

The community has experienced great improvemendscapacity building through

the project, according to MwW (2012b). The memlzgesaware of their capability to
organise themselves, collaborate with support asgéions, interact with local

authorities, and impact their living situation. Mw\(2012a) describes how the
successful outcome in Nyamarutu is encouragingMerW's future development

projects in Nakuru. They are currently working orlasge scale housing project,
comprising 172 units. The planning and implemeatatoncept developed by MwW
has also received positive response from the MpalicCouncil of Nakuru, which

plans to enforce similar projects in its work todsthe goals of Kenya Vision 2030,
the official Kenyan development programme.
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4.5 Case study 4 — Soweto East Zone A

4.5.1 Background

Kibera is the largest informal settlement in Nair@nd one of the largest in Africa,
with a population of about 170,000 (Karanja 20BY)weto East is a village located in
the eastern part of the settlement, and has appately 19,000 inhabitants (Calas &
Fernandez 2011). As informed by Mutua (2013), thegnment of Kenya chose this
village as a pilot area for Kibera, as part of theational slum redevelopment
initiative, KENSUP (further described in Section43). The first planned
construction phase consists of 21 six-storey blogitls a total of 912 apartments. A
brief project overview is presented in Table 4.8d @ photo displaying two of the
completed apartment blocks can be seen in FigQre 4.

Table 4.5 Project overview

Soweto East — Zone A

Located 3 km southwest of Nairobi CBD

Land area 6,9 ha

6,288 beneficiarie's

912 new apartments plannéd

1-, 2-, and 3-room apartment blocks

Buying or renting of units, sublettirlg

Estimated KSh 1,000-3,000 rent/montH

Optional individual savings plan for
households interested in buyilg

Implemented March 2012 - ongoifig

Beneficiaries temporary relocated

NJ

70% complete, delayed since Dec 281

Sources: 'Calas & Fernandez (2011), Figure 4.9  New highrises with Kibera
"Omondi  (2013), "Nguiti  (2013), Soweto East in back-
*Comparable amount based on renting ground. Photo: author.
fees at Langata decanting site (Calas &

Fernandez 2011)

Physical mapping of the area and enumeration ofréisedents were carried out
initially, and the village was divided into four rzes, out of which Zone A was the
first to be redeveloped. Because the settlemenswaensely populated, an extensive
temporary relocation of the inhabitants was necgdsaorder to facilitate site access
for demolition of the existing structures, and neglepment in the area. A new
residential area, the Langata Decanting Site, wastoucted for this and subsequent
relocations. It is located at the southwestern @omf Kibera, about 2 km from
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Soweto East. The relocation started in Septemb@&9,2@nd 5,000 community
residents have since then moved into the 600 apattn

4.5.2 House design and construction implementation

Mutua (2013) informs that the area will consist19f2 and 3-roomed apartment
blocks, as well as corner shops, a community lalbrimary school and a youth
centre. Each household can either buy or rent thew apartment, and the tenants
may sublet one or two rooms, sharing kitchen andhwmms. Some units were
initially planned for two families, with shared fhites, according to Nguiti (2013).
This concept has proven to be troublesome at timgadta decanting site, and plans
have been changed so that those units will be ovengeénted by one family only.
They can then choose if they want to sublet theerotoom, to people of their
preference.

There will be eight 3-roomed blocks, seven 2-roontdocks and six 1-roomed

blocks, each six storeys high, and comprising 2886 and 288 apartments,
respectively. See Figures 4.10 and 4.11 for dematist of the 2-roomed. Each unit
has a kitchen, toilet, sink and shower, and willdhaccess to electricity. In order to
accommodate all 1,200 relocated households, at e apartments have to house
two families.

The construction work is carried out by a privatmtcactor. The site has been
excavated by both manual labour (for the red smkt} machines (for the rock). The
foundation, columns, beams and floors consist ioffgeced concrete, all cast in-situ.
Machine-cut stones are laid with mortar betweennthik columns. The floors are cast
with T-sections on top of the columns. The roolsture is made out of timber
trusses with iron sheets, assembled in-situ. Thé wgomainly carried out manually,
with machines to assist in excavation, concretérggand lifting of material.

4.5.3 Outcome

The project has encountered several problems aodivesl a lot of criticism,
described by Calas & Fernandez (2011). Many ressdame reluctant to the temporary
relocation and the vertical building concept, siiiceas a negative impact on job
activities and work places, as well as disturbing neighbourhood unity and social
networks. Many residents work as vendors, and \peegiously using the front of
their homes as commercial space, and have losindtisral marketing place along
with their customers. Mutua (2013) informs thatngldhave been made to build 236
market stalls along the access road, in order ngpemsate this loss.

Calas & Fernandez (2011) further describes thath@n@ource of criticism is the lack
of community influence on the project. The residegxperience the management as
top-down, contrary to the KENSUP strategy, with sndacisions being made without
actually asking the future tenants. Access to madion on the project is also
considered insufficient, creating uncertainty amepsicism among the community
members. The cost of buying an apartment, and é¢héng fees, respectively, are
unaffordable for most residents, which obviouslgslaot fulfil the beneficiary goals.
This is an apparent problem at Langata, where gefoeated households sublet their
apartments to people with higher income, and fimdtlaer place to stay in the
informal settlement instead. A reason to why thare not more 1-room units

32 CHALMERS, Civil and Environmental Engineerind/laster’'s Thesis 2014:9



constructed is that plumbing would have been diffito implement, according to
Mutua (2013).

Another issue, which in general is very commonlimsredevelopment projects, was
the resistance from the structure owners in thevipus informal settlement, as
explained by Omondi (2013). 83 individuals, claigito own land and structures in
the area, refused to support the project withomtensation, and took the matter to
court in August 2009. The case was eventually vesbln December 2011, but had
by then significantly delayed the project. Condiarc could finally be initiated in
March 2012.

The implementation started in March 2012 and cotigrlewas planned for March

2014, Mutua (2013) informs. Due to disputes witlto@al NGO, managing informal

schools in the Zone A area, the progress has beemupted. The NGO was given
notice to move and were supposed to be gone bertdeof December 2012. The
government has offered temporary space in Zoner Belocation of the schools, but
the NGO has refused to move. They claim to owntsigh the land, and the situation
is probably a result of governmental corruptiokelly collusion with members of the
SEC. Some deem the NGO to be acting for its owrefitemather than for the local

community, because they receive funds for the dohperation. If the conflict does

not settle, the government has to remove the irdbbuildings by force.

As of October 2013, about 70% of the construct®onampleted, but due to the NGO
dispute, the project is delayed since December 2Wt2en the Zone A project is
completed, the relocated residents can all mowe the new buildings, and the Zone
B project may be initiated.
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4.6 Comments

As mentioned in the introduction to this chaptée tnformation obtained on each
case study was restricting the extent of the araly® more economic specific
comparison was initially intended, but was notudggd due to insufficient data. It is,
in any case, difficult to credibly evaluate progeetith such different conditions, but
certain reflections on the various approaches rtithys interesting.

A rough comparison, demonstrated in Table 4.6, nmeyertheless, raise a few
thoughts. The last row presents information frorhoaising project in the Rhonda
settlement in Nakuru, called the Shikamoo self-hggipup. Insufficient information
was obtained on that project in order to constitufell case study, but some data is
presented here for comparison purposes.

Table 4.6 Rough comparison of case studies
Project House cost (KSh) House size Wall/floor material | Construction
Kambi Moto' | 200,000 (2005) | 3 rooms | machine-cut self-help
400,000 (2013) | 3rooms | stones/concrete
Ngumo 441,000 (temp.) | 1 room machine-cut contractor
Mbega" 462,000 (perm.) | 1 room stones/concrete
200,000 (expans.) +1 room
Nyamarutd" | 80,000 3rooms | quarrystones/ | self-help
concrete
Shikamod' | 200,000 3rooms | ISSBs and quarry self-help
stones/concrete

Sources!Chege (2013)'Kiptoo et al. (2013)"'Jemutai et al. (2013)

Although the starting point for the Ngumo Mbega pe@tive was forced eviction,
and hence required immediate relocation and cactgiruof temporary shelter, the
cost for the subsequent, permanent houses indieatee cost differences in
comparison with the other projects. The reasonsnaasay, such as location, site
conditions, cost increase due to inflation, implatagon and house standards, but it
clearly shows how much separate low cost housiogegts intended for marginalised
tenants may differ in total cost.

It would be interesting to know if the costs coblel reduced in the Ngumo Mbega
project, if it had enforced a self-help approacll amaybe used different building
materials. And, perhaps ISSBs could be an optiomprojects succeeding Kambi
Moto, in order to reduce the already doubled castg, through cheaper wall material
provision by on site block production, and lesdla#tilabourers needed due to easier
construction.
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5 Evaluation

The following chapter evaluates different aspestslum upgrading activities, based

on the literature review and the case studies.olilgih three main areas of focus have
been chosen to be presented in separate sectionse(llesign, implementation and
building materials), they are to a large extergrdépendent. While cost usually is the
determining factor in low cost housing projectsghe@roject has unique conditions,

which brings unique strategies in the overall appho Despite many appropriate

house designs, implementation methods and buildiatgrials being available, they

are not always all applicable or suitable in anyegihousing project.

5.1 House design

As mentioned in Section 4.1, there is no optimaldeodesign for slum upgrading
projects in general. A design concept can be deeelavith differing decisive factors,
such as affordability, simplicity or functionalitiput also durability and sustainability.
The economic aspect is, however, usually the megtrohining, and consequently
setting the boundaries for other influences.

In densely populated informal settlements, withitet space for redevelopment,
vertical construction might be necessary to proddeommodation for all residents,
without some having to relocate permanently. Higgnrconcepts have, however,
proven to be devastating for the social and comialeenvironment of its tenants,
breaking neighbourhood and business networks dsas/ebmplicating conditions for
income generation.

An alternative to highrise buildings is individuahulti-storey houses, with one
household living in each. Even a very small lanot glan be sufficient to contain a
horizontally limited house, with several storeyspimvide decent living space. A
concept that enables vertical expansion is obwowslvantageous, facilitating
flexibility to adapt the living space accordingitalividual preferences and abilities.
Multi-storey houses are, however, potentially maepensive and complex in
implementation, since they require a storey stmectand skilled labour to a larger
extent. They are moreover not suitable for peoptk physical challenges.

Horizontal construction can be an easier altereatov multi-storey houses in areas
with sufficient space. It allows more flexible lajtoand various opportunities for

expansion. The possibility to incrementally expand a long-term period of time

enhances the feasibility of both vertical and hamial construction concepts.

Temporary structures can be an option in evictibmasons, offering simple and

relatively cheap shelter that can be constructstl fEhis also applies in situations
when households wish to build a new house, but ataafiord the planned design

initially.

Considering the economic situation of most slum ltes® it is, obviously, essential

to realise their financial limitations. Long-terraving plans are not always possible
for everyone, and low cost, renting options shoaldo be available. If new

apartments built for slum dwellers are subleasepgetaple of higher income, and the
beneficiaries choose to move back to the slumsy their priorities are not in line

with the aims of the upgrading initiative. A diféa1t product is required.

Although accommodation providing basic conditiosach as decent living space,
clean water and private washrooms, should be dlail® everyone, lower standard
alternatives should not be completely rejectedh&es a very basic shelter with
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communal access to water and sanitation in a safromment can present an
affordable alternative that provides sufficientiliy conditions, and makes the
beneficiaries actually stay in the structures biokt them. This is, however, an
upgrading concept not included in the scope ofttiesis.

5.2 Implementation

An essential approach in slum upgrading projectsoigmphasise on community
involvement. For a housing project to be truly ®sstul, the opinions and
engagement of the beneficiaries are obviously aagrimportance. The closer
collaboration between community and support orgdrms, the better, and it should
involve all project stages, from planning througimstruction. This is nevertheless not
always attained, with several issues as potertisd@guence.

In addition to being a prerequisite for successfaplementation, community
involvement also brings extensive capacity builditg its members, such as
organising skills, long-term planning abilities, pexience of communications with
local authorities, and the knowledge of their ovapability to improve their living
situation. This aspect is essential in order toateresustainability within slum
upgrading development, because it brings self-hekdities that reduce the need for
external support.

Disregarding or insufficiently embracing communitynvolvement in the
implementation process may to a large extent impaih progress and results of a
housing project. Top-down management can be verscodraging for the
beneficiaries as it indicates a sense of indiffeeetowards their opinions, and may
lead up to improper decisions, lack of informatianfulfilled goals, and consequently
widespread discontent with the project.

In countries with high unemployment rates and im@give workforce, the use of
labour intensive construction methods can be adg®ous in slum upgrading

projects. Capital intensive methods, like employangontractor or renting machines,
are sometimes not even an option because of linas=ets. A house design that
partially allows unskilled labour during constructican be very cost-effective, and
simultaneously brings employment and skill trainogportunities to the members of
the community. Moreover, the abilities acquired thg community members may
subsequently entail future employment, and potenbasiness opportunities.

5.3 Building materials

Considering the great cost reducing possibilitied alternative building material can
provide, the slow dissemination and relatively texi utilisation may appear
unreasonable. The main reasons described in SextBo8, like the lack of political
backing, make the situation more comprehensiblel ahow how appropriate
technology can exist, even for a very long timehauit actually getting recognised. It
is obvious that the properties and qualities obw technology itself are not enough
for wide establishment; many other conditions aguired.

Although steel and reinforced concrete might beessary for certain structures,
many relatively small houses can be built to adaggtent using cheaper materials.
The capacity of ISSBs can be well sufficient foadobearing walls, and a rammed
earth floor might be an alternative to a concrée.dn situations where multi-storey
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houses are preferable, relatively simple and affblel concrete designs are available
for storey construction, as further described icti®a 5.4. Many low cost design
solutions exist, and the amount of real life prtgacsing these is increasing.

Some alternative building materials offer the plodisy for local production, which
may bring a more flexible supply, employment oppoities as well as lower costs. It
can, similarly to house designs that allow unsdillabour, provide community
members with new abilities that may be useful a#er the project completion.
While block presses required for ISSB-productiomgmibe unaffordable on a small
scale project, if not available for rent cheaply provided differently, other
construction means, such as the moulds used fdieleatabs, can be assembled at a
very low cost.

Apart from the advantages that facilitate bettasiiility to construction projects, the
provision of certain alternative building materialray also have a smaller
environmental impact. Transportations can be dipmtly reduced, and some raw
materials might be available in abundance, avoidiegletion to a larger extent.
While cement may be considered a less sustainaduierial, due to the energy intense
production, it can in some situations present diftgth option. Especially if lean
designs using relatively low cement content cantbised.

The choice of building material may also have giaefittence on the construction

implementation. ISSBs are compared to quarry st@asser to assemble thanks to
their relative small size, and require less skillgbour and mortar work, given that
the blocks hold high quality. Simplicity brings test opportunities for community

involvement, with many subsequent advantages.

5.4  Multi-storey floor structures

As presented in Section 3.5.3, landie and waffié séchniques offer an alternative to
regular floor slabs for multi-storey structures.eyhcan present comparatively lean
designs, with possible savings from the reduced akeboth concrete and
reinforcement steel. They also facilitate an easmmstruction of the whole floor
structure because it does not require any form wbhnks may save time and labour,
as well as require less skilled labourers.

The use of landie slabs in the Kambi Moto housingjget is great evidence of the
many advantages related to the technique. The dandind T-beams were
prefabricated on site by community members, in mewssembled from low cost
materials. The T-beams were put on the stone watid,then each landie could be
placed in position upon the beams. Thanks to tlaively limited sizes and weights
of the components, the work could be carried outualy.

The concept of prefabricating the load bearing rflooembers also reduces the
potential impact from weather during constructiorhe members are already
sufficiently cured when assembled to form the ffoa@nd won’t require any special

environment during and after construction. The ianslab design uses the arch
principle to carry the loads to its sides and fertto the beams, which eliminates the
need for reinforcement in the domes and also inflib@ screed. This brings the

possibility to add the screed whenever most comrgniand the construction can
proceed relatively fast without having to wait fory load bearing concrete members
to cure.
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Although both the landie and waffle slab methods bang many advantages to
construction of relatively small houses, the landiab design might be most
beneficial in terms of simplicity. The cheap anchgie provision of the moulds for
the landies and T-beams, the assembly that doesgiire any temporary supports,
and the complete floor structure that doesn’t negany additional reinforcement, are
all great qualities that facilitate relatively easyplementation.
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6 Discussion

This chapter aims to interpret the results of thesis, and discuss them in terms of
relevance, validity and application. It also prdsethe thesis in a wider context,
where aspects such as similar studies, choice ¢iiadelogy, work limitations and
possible future research are brought to attention.

6.1 Thesis work evaluation

This report may, despite many limitations, hopefskrve as a rough overview of the
current slum upgrading situation in the Nairobiioeg In a field where potential bias

may affect certain sources of information, it migkepresent an independent and
objective study with critically evaluated materi@he case studies may provide useful
information on recent and current upgrading prgjeend further emphasise on
important aspects in overall planning approaches.

Considering the complexity of slum upgrading, tlesgbility to actually produce a
report that may be useful in its research field suth a limited timeframe is
questionable. The thesis scope is hence of greadriance, but the magnitude of
available information on the subject indicates tibes overall comprehension sets the
levels of relevance and validity of the researche Tharrower scope, the larger
comprehension of the context in which it existsmige required.

Still, a relatively narrow scope does not necebsamply a complete overview of
available research on the subject. Further deltmmitamay be required, which
consequently affects the general validity. The ntith was to include a few
additional case studies in this thesis, but they twzabe omitted due to insufficient
obtained data. The lack of information also resdithe plans to evaluate the cases
more detailed in an economic perspective.

Although intended to be objective and source @itithe use of potentially biased
sources of information, such as personal interviehsiously affects the credibility
of the thesis. This has, however, been taken iotmunt, and official sources of
information have been consistently prioritised. fEhevere, unfortunately, several
occasions where reports or other documentation ueggailable or inaccessible.

6.2 Relevance to similar research

It is interesting to compare the technology dissetion situation in the early 1990s
described by Syagga (1993) with the situation dato Many then already existing
issues are still prevalent nowadays, with moreess limprovements achieved. The
official recognition of informal settlements, andnsequently also the since
independence ever increasing demand for low cassihg, represents a major event
in this development. It brought necessary politlwatking with attention to the needs
of slum dwellers, and has subsequently createdrminhditions in many areas related
to improvement activities, although much more dffemeeded.

Even though stabilised soil technology possessnsfiee assurance, has many
examples of successful application and is prombiedeveral organisations, lack of
acceptance can still be found, and was noted dsonge interviews. Limited quality
control, access to information and local availtypiire examples of reasons, but the
scepticism may seem unexpected considering the npatgntial cost reduction
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possibilities. While slowly becoming more recoguiséurther use and increasing
proof of functionality are likely to enhance théaddishment.

Community involvement in slum upgrading projectsvidely considered as essential,
but not always enforced. All case studies preseirtethis thesis represent actual
examples of both scenarios, with clear consequeidt®ugh the final results of the

Soweto East project cannot be evaluated until cetigpl, many reports indicate

significant lack of community influence and incloisi as of yet, with subsequent
iIssues. The other case studies, on the other sapd; examples of housing projects
that have emphasised on broad collaboration wethréspective communities, which
likely represents a major part of the successfttaue.

It is, nevertheless, important to realise the ktin with evaluating only four

housing projects. The extents of the compared caseslso very different, which

obviously affects conditions for community involvent. It should, in any case, be
sufficiently adjusted to each situation, in order improve the possibilities to

accomplish set goals.

6.3 Possible further research

In this section, possible topics for further resbaare presented. Some are directly
related to the thesis main subject, such as folipwie the case studies, while others
are taken from a larger context.

Follow-up on KENSUP

The Kibera Soweto East project was initially plachit@ be completed by March 2014.
The final results, including resident occupationtled apartments, their opinions on
the new accommodations, compliance with set gpalgntial subletting, comfort, the
market stall compensation for lost business spaeeall interesting to follow up on.
The project’s next phase, further highrises or geaaf approach, as well as other
KENSUP activities are also possible topics.

Follow-up on KISIP

The other governmental initiative, KISIP, is a tedaly short-term effort, with many
possible aspects to study and follow up when coteg@leThe main difference to
KENSUP, as described in Section 3.4.1, is that RI&Im to provide security of
tenure and infrastructure, except housing, whidhb@ up to individual communities
to decide on. How this approach turns out in refato KENSUP is an obvious topic
of future evaluation.

Follow-up on Kambi Moto and Huruma

The Kambi Moto housing project is planned to be plated during 2014. Other
neighbourhoods in the Huruma settlement have a&m linvolved in the upgrading
initiative, with various outcomes. Follow-up on tlvempletion of Kambi Moto,
further development in other neighbourhoods, as ashow the residents’ situation
has changed through the process and afterwardsl lseunteresting topics.

Dissemination of alternative building materials

- Further use of ISSBs in small and large-scalesimguprojects, also analysing the
actual durability of the technique in real lifeusttures.
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- Further use of landie and waffle slabs in smiadl Earge-scale housing projects.

- Opportunities given from recycled building ma#dsj and application in the
construction of low cost houses.

Further case studies

A few housing projects that could have been relef@nthe thesis were not included
due to insufficient obtained material. They might otentially interesting in further
research, as well as the unspecified projects egttain properties, described below.

- Kaputei Town
Large scale housing project carried out by JamiaBé new town built outside
Nairobi to house hundreds of households, mostiyfraformal settlements.

- Mlolongo
Self-help housing project implemented by UN-Habitetd another housing
project carried out by the Government of Kenya.

- Greenfield

locations.

- Shikamoo
Self-help housing project in Rhonda informal setiat in Nakuru. Supported

Other

- Evaluation of different projects/approaches wibus on specific costs of building
materials, labour, etc.

- Housing projects with very basic conditions (eape room, communal access to
clean water and washrooms).

- More detailed analysis of the load bearing cagaand sizing methods of landie
slabs. The possible range of application, suppornfregulations, and comparisons
with waffle slabs and conventional concrete slabs.
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7 Conclusions

This chapter presents the major findings of theitheseparated in three areas; house
design, implementation and building materialsutlhsarise the results evaluated and
discussed in Chapter 5 and 6, respectively, and torprovide a brief overview of the
project outcome. The results are mainly confirmaiof previous research, and
exemplify many essential aspects to slum upgrading.

While cost usually is the determining factor in lowst housing projects, each project
has unique conditions, which brings unique stra®gi the overall approach. Despite
many appropriate house designs, implementation adsttand building materials

being available, they are not always all applicatnlesuitable in any given housing

project.

House design

There is no optimal house design for slum upgragingects in general. A design
concept can be developed with differing decisivetdes, such as affordability,
simplicity or functionality, but also durability drsustainability.

Highrise concepts have proven to be devastatingttier social and commercial
environment of its tenants, breaking neighbourhawod business networks as well as
complicating conditions for income generation. indisal multi-storey houses, with
one household living in each, represent a possibeept in areas with limited plot
sizes. The possibility to incrementally expand dorgg-term period of time enhances
the feasibility of both vertical and horizontal struction concepts.

Temporary structures can be an option in evictiganes and in situations when
households wish to build a new house, but canriotcathe planned design initially.
Most slum dwellers are not capable of purchasifgpuase, so other, lower standard
alternatives should be considered, providing vasidshelter with communal access
to water and sanitation in a safe environment.

Implementation

For a housing project to be truly successful, tpéions and engagement of the
beneficiaries are essential in all project stagjep-down management may lead up to
improper decisions, lack of information, unfulfdle goals, and consequently
widespread discontent with the project. Communityolvement brings extensive
capacity building to its members, such as orgagiskills, long-term planning
abilities, experience of communications with loaathorities, and the knowledge of
their own capability to improve their living situan. This aspect is vital in order to
create sustainability within slum upgrading develent, because it brings self-help
qualities that reduce the need for external support

Labour intensive construction methods can be adg®maus in slum upgrading
projects. A house design that partially allows uitestk labour during construction can
be very cost-effective, and simultaneously bringspeyment and skill training
opportunities to the community members. Moreovke #bilities acquired by the
community members may subsequently entail futurgpleyment, and potential
business opportunities.
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Building materials

There are alternative, low cost building materalsilable, but the dissemination has
been very slow. Lack of political and economic bagkis a main reason to this, and
shows how appropriate technology can exist, evenafwery long time, without
actually getting recognised.

Relatively small houses can be constructed usimgdost building materials. The
capacity of interlocking stabilised soil blocks $8s) can be well sufficient for load
bearing walls, and a rammed earth floor might bealéernative to a concrete slab.
Relatively simple and affordable concrete designe available for storey
construction.

Some alternative building materials offer the plodisy for local production, which
may bring a more flexible supply, employment oppnities as well as lower costs. It
can, similarly to house designs that allow uns#illabour, provide community
members with new abilities that may be useful alter the project completion.

The provision of certain alternative building m#&ér may also have a smaller
environmental impact. Transportations can be dipmtly reduced, and some raw
materials might be available in abundance, avoidiegietion to a larger extent. Lean
concrete designs using relatively low cement cdntan be utilised.

Simplicity brings better opportunities for commuyniinvolvement, with many

subsequent advantages. ISSBs are easier to laypacedto quarry stones, and
require less skilled labour and mortar work, gitleat the blocks hold high quality. A
concrete plate design can be implemented with dessent, without formwork, and
only manual labour, compared to a regular floob sla

Multi-storey floor slabs

The landie and waffle slab techniques offer anradtive to regular floor slabs for
multi-storey structures. They can present compagitilean designs, with possible
savings from the reduced use of both concrete amdorcement steel. They also
facilitate an easier construction of the whole flstvucture because it does not require
any form work. This may save time and labour, adl we require less skilled
labourers.

The landie slab design uses the arch principletoydhe loads to its sides and further
to the beams, which eliminates the need for regefiorent in the domes and also in
the floor screed. This brings the possibility todathe screed whenever most
convenient, and the construction can proceed velgtiast without having to wait for
any load bearing concrete members to cure.

Although both the landie and waffle slab methods bang many advantages to
construction of relatively small houses, the landiab design might be most
beneficial in terms of simplicity. The cheap anchgie provision of the moulds for
the landies and T-beams, the assembly that doesguire any temporary supports,
and the achieved floor structure that doesn’t megany additional reinforcement, are
all great qualities that facilitate relatively easyplementation.
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