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47% of residents questioned in Tanzania, identified low durability to be the key issue
with their mud house. Design changes which address this issue therefore affect the largest
share of the population. Whilst further work is required to provide full recommendations
about material substitutions, the stabilised bricks rank well in terms of improved durability
compared to mud walls with lower financial and environmental costs than the concrete walls.
Whilst expensive, a concrete foundation is a common requirement for many of the other
upgrades suggested and has the potential to improve the durability of both the foundations and
the walls. As thatch is identified as the least durable material of all those studied, changing the
roof material is essential to improve the durability. Iron roofing has lower costs and lower
embodied energy than a tiled roof, but poor thermal properties. The analysis highlights the
need to consider smaller scale material changes with lower financial cost and embodied
energy that homeowners can adopt gradually, as most of the design changes require the
installation of a concrete foundation, for safety reasons, which is a huge financial and

environmental investment.

Whilst concrete blocks are commonly used for low income housing in Tanzania, the
stabilised bricks are identified as the key material substitution that should be adopted by local
people. They perform well in terms of improved durability, financial and environmental
considerations and have the potential to be socially beneficial as well. The project identifies
the social considerations to be key to understanding how local people will respond to the
suggested material substitutions and whether they are likely to be adopted in the future.
Whilst the environmental considerations are important, this is not a concept local people can
relate to and does not affect their day-to-day lives as much as financial and social
implications. It is extremely difficult and morally questionable, especially in communities
with people living close to poverty, to expect someone to adopt a design which requires more

effort/money on their part, just because it is better for the environment.
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1.2. PROJECT OUTLINE

The project consists of three distinct streams, each requiring varying considerations, as

outlined in Figure.1',

Structural/Materia!

Current House Dasign

b

Key problems with the
current housing

b

How problems with the
current housing can be
fixed using material
selection

Heusing
improvements

| Environmental |

e

Bath Database

¥

, Can the Database be
applied outside of The
UK?

¥

Embuodied Energy of
Potential Matertals
{Tanzania Specific)

\,

'

How does material
selaction affect the
local people?

Figure. 1. Project Outline, during
planning phases

STRUCTURAL/MATERIAL

This part of the project discusses current mud
house designs used in Tanzania. Through field
work a representative house design can be
identified and the problems associated with this
design and similar designs can be analysed.

Consideration is given to how material

substitutions can be used to address the key

problems with mud housing, outlined in
Figure.2., with a particular focus on addressing

the low durability of the traditional design.

ENVIRONMENTAL
The environmental impacts of construction
materials are analysed by studying the embodied
energy of certain materials through the Inventory
for Carbon and Energy (ICE) (aka The Bath
2011).

Database) (Hammond, Using this

database, design improvements are analysed in terms of their contribution to the total

embodied energy of a single house.

SOCIAL

These considerations ensure the design improvements suggested are beneficial to the local

people. This project aims to identify designs that work with the local community to suggest

ways of tackling durability, without creating/exacerbating existing problems and keeping in

mind their key needs. The project wishes to avoid imposing top down solutions upon

communities.

'Project outline compiled from: https://drive.draw.io/
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2. PRELIMINARY RESEARCH

2.1. BACKGROUND TO TANZANIA

Tanzania is located on the east coast of Africa bordering the Indian Ocean. It has a
land area of 945,203 km?, a population in July 2013 of 49,600,000 (World Fact Book, 2014)
with an average life expectancy of 61 years (birth rate of 36.8/1,000 and death rate 8/1,000)
(World Fact Book, 2014). In 2013 Tanzania ranked 159 out of 187 countries in the Human
Development Index with a score of 0.488, making it one of the least developed countries in
the world (World Fact Book, 2014).

The capital city, Dar es Salaam, located in the tropical region on the east coast of the
country, has a population of 3.6 million. In February, the hottest month, temperatures range
between 23°C and 32°C. In July, the coolest month, temperatures range between 18°C and
29°C. The humidity throughout the year is above 65%, reaching a maximum of 85% in April
(BBC Weather, 2014).

70% of the population of Tanzania live in rural areas (National Bureau of Statistics,
2013) and 78% of houses in Tanzania are built with mud walls (Tanzanian National Bureau of
Statistics, 2011), indicating that projects addressing problems associated with the mud house

designs carry potential to impact a large portion of the country’s population.

2.2. TRADITIONAL ARCHITECTURE

Low income housing in Tanzania has many forms. Traditionally mud and thatch were
used for house construction because the materials could be sourced locally for little or no
monetary cost. In recent years, especially in semi-rural areas of Tanzania, there has been a
move away from the traditional design (Figure.3.). This is due in part to the increased
difficulty associated with sourcing traditional materials paired with increased availability of
and desire for modern materials, as evidenced by the field work presented in this study. Mud
can be used in three key forms in house construction:
=  Mud and pole;

s Sun dried mud bricks;

= Baked mud bricks.
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The common construction materials have the following properties:
(Wells, 1998 and based on discussions in the field)

MANGROVE POLES

v Strong for weight-bearing and naturally resistant to rot and termite attack

x Expensive to buy and becoming increasingly more difficult to source locally, due to
environmental regulations

BAMBOO POLES

v" Lightweight and strong for linking vertical poles together

MUD

v Readily available and cheap

v" Ideal phase shift filter properties — keeps the inside of the house cool during the day

x Easily worn away during the rainy season

COCONUT PALM FRONDS

v Highly insulating with a low thermal capacity

v Compliments thermal properties of mud

% Low durability during the rainy season

% Difficult to obtain a strong seal between the two slopes of the roof

2.3. MATERIALS

As discussed, traditional Tanzanian low income housing is constructed from widely
available and affordable materials. However these materials fail to meet the needs of the local
population in innumerable ways, with shortcomings ranging from durability to homeowner
dissatisfaction. In order to accurately assess the requirements and design criteria of these
houses, a detailed analysis of the materials available for construction is performed. In the
following sections, these materials will be evaluated with their advantages and deficiencies

outlined.

MANGROVE POLE CONSERVATION

One of the key issues affecting material selection in low income communities along
the coast is the conservation of mangrove poles, under The Mangrove Management Plan
(Adams, 2015) set out in 1991. The main aim of the scheme is ‘protection and wise use of
mangrove trees for the benefit of villagers” (Drude de Lacerda, 2002) and hence the local
communities are brought on board to protect the mangrove tress, putting the responsibilities

on those with the ‘most to lose if the mangrove resource is depleted and most to gain from its
6
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The above research has identified two key issues surrounding low income housing in
Tanzania. Firstly, there are a range of problems associated with the materials used in the
traditional design, with the materials failing to meet the needs of the residents. Secondly there
is a severe lack of research studying low income housing in East Africa and specifically
Tanzania. The availability of photos and house dimensions for mud house designs is limited,
there is no clear identification of the key issue surrounding the traditional design and much of
the previous research does not discuss the social considerations of low income housing.
Hence there is a clear need to obtain primary data for the project. The primary data should
focus on obtaining information about a large range of mud houses and the views and opinions

of the residents whilst looking into material substitutions to be made to the traditional design.
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HOUSING SURVEYS

Housing surveys were completed to identify typical dimensions of traditional mud
houses in Tanzania. The floor plan and elevation dimensions were measured using a tape
measure and photos were taken of each house. Prior to this survey being completed there were

very few photos available to show the variations between different mud house designs.

HOUSING QUESTIONNAIRE

A questionnaire was used to establish how people use their houses in Tanzania and
what they identify as the main issues with their current house design. The questionnaire was
planned carefully to ensure key information was obtained through conversations with local
people without intruding significantly on people’s lives. The information was obtained from
semi-structured interviews and the narratives recorded. Not all questions were answered by all
interviewees, as it was sometimes deemed inappropriate to ask certain questions. Extra
information was obtained through more casual conversations with locals, documented and
summarised in Appendix.1. Each house/resident can be identified in this report by the ID

number assigned in Appendix.1.

TEMPERATURE MEASUREMENTS

Measurements were taken to provide information about temperature and humidity
variations inside mud houses. A Lascar Data Logger was used to measure the temperature and
humidity of different environments. The sensors were used to analyse House 1 and House 22,
placing one sensor inside the house and the other under the awning outside, allowing the
internal and external temperatures to be measured simultaneously. Each house was surveyed
for over 24 hours to study temperature variations throughout a full day. Comparisons of a
mud (House 22) and concrete (House 23) house were made by taking recording in each house
over the same 24 hour period. These houses were located approximately 200m to ensure
similar external conditions, allowing a direct comparison to be made.

The reliability of this data is low because temperatures were recorded for short periods
of time due to limitations in resources and time. Upon completion of the fieldwork the
direction of the project changed (Section.4.) and hence this temperature data forms a less
crucial part of the study than the photos and questionnaire results. Due to its unreliability the
Lascar data must be used alongside precise temperature modelling data compiled by a fellow
student (Eyre, 2015).

10
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maintenance and highlights an important concept that house design modifications should be
made using the skills of local people.

Studying this housing scheme brought to life the social implications arising from
attempts to improve people’s housing situation. Upfront the houses cost 3mill Tzs (£1,140).
All of the residents questioned are paying for the house in monthly instalments which amount
to 4.3mill Tzs (£1,634), which includes 43% interest. One resident was quoted saying: “It’s a
great achievement to own your own home”, an opinion shared by all other residents, but the
houses were far from ideal. The initial house is very small, but cannot be expanded until all
the money is paid back to the housing agency. The residents seem less financially stable than
they were before they moved. One resident used to have a small business selling food and
snacks in the centre of town, this business is not sustainable in these semi-rural communities
and so she has lost her main source of income as well as being in more debt. This scheme has
addressed the issue of overcrowding in the centre of a city whilst providing the residents with
many perks, such as house ownership and better quality housing, but has also increased the
issues of overcrowding within a single house and has placed some people in a financially

worse situation than before.

12
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Load Net Dry Saturated Ultimate Compression Average
Dimensions Area Weight Weight  Compression Strength Compression  Porosity
Block Type (mm) (mm?) Kg) (Kg) Load (KN) (N/mm?) Strength (%)
Stabilised Brick
200x150x100 20500
NHBRA
A 6.2 6.75 110 54 12.2
B 6.7 6.85 130 6.3 6.5 4.4
G | 6.2 6.15 160 7.8 78
Stabilised Brick
225x200x120 41000
{Other Source)
A 10.2 10.65 300 7.3 9.1
B 10.2 10.55 240 5.9 6.7 8.1
C 9.9 10.3 280 6.8 8.1
Cement Blocks
465x155x240 67500
A 28.6 32 70000 1.0 .y 21.9
B 29.6 32.6 80000 1.2 ' 19.3
29.2 32.7 Sample Broke Before Testing 225

C
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5. ENERGY ANALYSIS OF MATERIALS

5.1. EMBODIED ENERGY

Most current literature studied during this project looks at an embodied energy
analysis of a building over its lifetime (Paulsen, 2012). This study is not aiming to provide a
full embodied energy (EE) calculation for low income housing in Tanzania. The focus is on

the EE of different materials which make up certain elements of low income house designs.

5.1.1. LITERATURE REVIEW

Completion of a literature review was essential to find previous work detailing
embodied energy of construction materials in Tanzania. The main aim was to understand what
values of EE should be used for materials in Tanzania and whether there are any other key
considerations that this study should look at. Papers which support the idea that no database is
100% accurate, show that even countries with extensive research into EE values of materials,
do not have highly accurate or reliable values for all materials (Dixit, 2010). If reliable
information for developed countries is difficult to obtain, this reduces the likelihood of
finding usable values for Tanzania, due to significantly less research being conducted in this
field in developing countries.

The following resources were found to give values of EE in different countries. As expected,
there are limited resources for developing countries:

UK - ICE (Hammond, 2011}

New Zealand — Alcorn and Baird (Alcorn, 1996)

Canada — Canadian Architect (2015)

India — Various Reports (Reddy, 2003) (Shukla, 2008)

‘Embodied Energy and CO; Analyses of Mud-brick and Cement-block Houses’
(Abanda, 2014) looks at the embodied energy of a mud-brick and concrete house in
Cameroon. The values for embodied energy are taken from the ICE. The use of this database
in an African country, for this paper, suggests that assuming the values are applicable in
developing countries is valid and would suggest these values are therefore accurate estimates
of EE values in Tanzania.

‘Embodied Energy Analysis of Adobe House' (Shukla et al, 2008) shows the embodied
energy of constituent parts of an adobe house in India. The analysis assumes that the

embodied energy of mud is zero, because it is dug out of the ground on site and there is zero
16
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here have relatively large ranges and standard deviations, showing the large variation between
embodied energy of the same material within a single country. This highlights the difficulty in
pin pointing a single value of embodied energy for materials in a country where data it readily
available. In showing the difficulty associated with finding exact EE values for materials in
developed countries, it is assumed that in developing countries it will only be more difficult,
making it tricky to find reliable and precise EE data for Tanzania. It is likely that the value of
embodied energy for a material in Tanzania will fall somewhere inside the range of values
documented for that material in the ICE for the UK. And due to this huge range in data within
the UK, it is acceptable to assume that the EE values for these materials in Tanzania will fall
within the ranges in the ICE. Therefore the average embodied energy values given in the ICE

will be used for materials in Tanzania in this study.

Average
EE Noof  Standard
(MJ/kg) Samples Deviation Minimum Maximum Range
Cement 5.32 94 2.05 1.42 11.73 10.31
Sand 0.21 18 0.23 0.02 0.63 0.61
Iron 24.62 21 7.5 11.7 36.3 24.6
Concrete (General) 3.01 112 2.07 0.07 92.5 92.43
Steel* 21.60 - - - - -
Timber 7.11 55 4.8 0.72 21.3 20.58

*Uses World Typical Value (39% recycled)
Table.3. Embodied energy values of raw materials taken from ICE (Hammond, 2011)

This theory is further supported by the use of the cradle to gate method for EE analysis
in the ICE. The individual transportation techniques used to get processed materials to the
construction site will vary from project to project (and be specific to the individual project).
As the energy required for this stage is not incorporated into the EE values in Table.3. this
removes this highly variable and project-specific value from the EE analysis, increasing the
reliability of using the ICE values in Tanzania. Whilst it is important that the exact EE values
used for the different materials in this project are as accurate as possible, because the focus is
on comparisons between different materials used in the house designs, as long as information

from the same source is used for each material, this will provide a reliable comparison.
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2) The main problem identified with low income housing in Tanzania is low durability.
Residents resent having to repair and rebuild their houses after every rainy season, an activity
which requires a high input of human energy. The human energy input into a design
throughout its life, therefore affects the opinions people have about that design. The relatively
high human energy input needed to maintain a mud house, due to its low durability, makes it
less desirable than more durable designs, which require less human energy input but have a
higher embodied energy and financial cost.

In summary, whilst this project does not consider a life cycle analysis for embodied
energy of the different house designs, some sort of longer term human energy input for each
design must be considered as it relates so closely to the durability of the design and hence
people’s opinions relating to that design. The human energy input therefore falls under the

social considerations stream of the project.
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STABILISED BRICK
Solid block with two cylindrical voids down the centre and surrounded by a prismatic raised
section to allow interlocking and self-alighment. No mortar required for wall assembly due to

interlocking nature

Average Weight = 16.3kg p = _
. 100mm |
Cement: Soil = 1:12 |
Cost = 400Tzs/brick . 300mm © 150mm

EE Soil = 0MJ/kg
EE Cement = 5.32MJ/kg

. ) 532x1 .
EE Stabilised Brick = 3 - 0.41M]/kg = 6.67M]/brick

SISAL FIBRE ROOF TILES

Fibre made from sand and cement, with sisal fibres

Average Weight 1.8kg

Cement: Sand = 1:2. 2% Sisal Fibre.

Cost = 400Tzs/tile

EE Sand = 0.21 MJ/kg

EE Cement = 5.32 MJ/kg 500mm

532x1+0.21x2 ) 250mm
EE Tile = . = 1.91M]/kg = 3.44M]/tile -

TIMBER BEAM
Timber beam 4"x2" cross section
Cost = 850Tzs/m
EE Timber= 7.11MJ/kg
p=1680kg/m’
EE Timber = 7.11 x 1680 x 0.1016 x 0.0508 = 61.9M]/m

IRON ROOF SHEET
Corrugated Iron (Gauge 28) roof sheet 101t x 4ft
Cost 21,000Tzs/sheet
EE Iron = 24.62
p=3.052kg/m*
EE Iron Sheet = 24.62 % 3.052 x 3.05 x 1.22 = 279.59M]/sheet
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7. DISCUSSION

7.1. DURABILITY

Common sources of low durability in traditional low income housing are: rain water
eroding the mud walls, rain water eroding the thatch and leaking through into the house,
termite attack on the thatch and timber structure and difficulty in ensuring a watertight joint
between the two roof sections at the pitch of the roof. Theoretically, thatch is expected to last
2-7 years and the mangrove poles 5-15 years (Wells, 1998), with thatch therefore currently
limiting the lifetime of the traditional design. From the housing survey the mud and thatch
houses required repair every 1.8 years, on average, with the main cause for repair being
problems with the thatch roof. In the field, small-scale repairs and alternations were identified
in the mud/thatch houses to tackle some of the issues outlined above, these included: patching
up holes in the mud with plastic/metal, covering the thatch roof with plastic sections to
prevent water leaking into the house and installing a metal sheet across the pitch of the roof
(Figure.6.). Common variations on the traditional design, which also aim to increase the
lifetime of the building, look to use more resistant materials that require less continuous repair

but come with other issues.

The concrete blocks have cement to sand ratio of 1:16 and an ultimate compressive
strength (UCS) of 1.IMN/m?.The stabilised mud bricks have cement to soil ratio of 1:12 and
an UCS of 6.5MN/m?. The stabilised bricks have an UCS almost 6 times that of the concrete

blocks and carried an ultimate compressive load that was 1.7 times larger. Whilst compressive
strength loading is not a direct measure of durability, it is a way of measuring how the cement

paste in the bricks has aided their strength and gives an indication of how the brick may
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