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Disaster Relief Shelter Design
Executive Summary

This dissertation looks at developing a Hexayurt for people in need of relief in hot climates,
following natural disasters such as drought. My focus will be towards designing such a
Hexayurt, focussing on correct material selection so that it is suited to the Kenyan climate
and environment. My final design will be composed after exhaustive testing and analysis of
materials.
To this day there are no comprehensive procedures which tackle the problem of
homelessness in the surrounding areas of the refugee camp of Dadaab, with the use of
emergency relief shelters.
My hypothesis is therefore that emergency relief shelters could be a simple yet quick and

effective way of responding to the temporary shelter needs of thousands of people who have
been affected by hot climate catastrophes.
The aim of this dissertation is to improve the Hexayurt shelter so that is suitable for the

Kenyan climate, by focussing on material selection.
The brief outline for this dissertation follows as thus:
1. The rationale for this project addressing the aim and objectives that have been set
out, which will outline the physical environment which this project is aimed at.
2. The methodology for the development of the Hexayurt, focussing on material
selection, testing and modelling.
3. Development of the Hexayurt including analysis of results from testing, which will
be used to finalise a list of suitable materials with regard to the environmental
conditions that it will be subjected to.
4. And finally the conclusion, based on comparisons of the improved Hexayurt shelter
against the refugee counterpart.
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Chapter One - Introduction

1.1 Introduction:
“Humanitarian aid is material or logistical assistance provided for humanitarian purposes, typically in
response to humanitarian crises including natural disaster and man-made disaster. The primary objective of
humanitarian aid is to save lives, alleviate suffering, and maintain human dignity.” (Wikipedia, 2011) A
disaster relief shelter is a type of material humanitarian aid which is used in response to various crises. The
main purpose of the shelter is to provide cover at all times, whether it being long term or short term, without
compromising on quality or durability. This chapter will explain the reasoning and provide argumentation to
the material selection, in addition to the justifications. Also, a more in depth dissertation outline will be
included.
1.2 Project Rationale:
After life threatening disasters in hot climates, such as earthquakes, bush fires and drought, there have been
several concerns raised with regards to the provision of aid to the people affected. These include:


Cost of manufacturing and logistics associated with the shelters. (UNHCR, 2009)



Period of time that these shelters take to build and the period thereafter which they’ll be used.



Damage to the natural environment. (Gibert, 2008) (Delrue and Sexton, 2009)



Corruption which sees aid given to only the rich and sometimes, used for other purposes discounting
the needs of the ones affected. (Lipton, 1989) (Transparency, 2011)



And lastly, the technology which may prove to be ineffective if there are no ways of repair in the
instance of damage.
Some of these factors are apparent today with the
increasing crisis that troubles the largest refugee
camp in the world (Al Jazeera, 2011) (MSF, 2011),
which is located in Dadaab, Kenya.
Figure 1. Map of Kenya, Africa. (Google Maps, 2011)
The map to the left shows the location of Kenya,
Africa. Kenya is formally known as the Republic of
Kenya, situated in eastern Africa. The equatorial line
passes through the centre of Kenya, with the Indian
Ocean to its south-east.

6

Dharmesh Pankhania 2942496
The refugee camp, Dadaab, is sited in north-eastern Kenya. This is shown on the map below.
Figure 2. Map of Dadaab, Kenya.
(Google Maps, 2011) The map to the
left shows the location of Dadaab
(marker B), which is situated in the
north-eastern province of Kenya,
around 900km from bordering
Somalia (marker A).

The north-eastern province is classed as being semi-arid and hot. Semi-arid conditions are characterised by
low annual rainfall, typically in the region of 250mm-500mm/annum, with scrubby vegetation (short, coarse
grasses). Given the extension of the arid regions, the biggest part of Kenya's land consists of deserts or semideserted steppes. Rainfall is infrequent for this region, falling mostly during April or October. The region is
suited to nomadic pastoralism due to its hot temperatures and extreme evaporation. There are no significant
rivers, only tributaries (which rarely have water) of the Jubba River near the border of Somalia. Therefore,
irrigation based development is not possible, whilst the nomadic pastoralists have to rely on wells for water.
Dadaab itself is classed as having one of the roughest climates, with annual rainfalls around 350mm,
temperatures reaching 37°C in the day and not falling below 21°C at night. (Kenyalogy, 2011)

Figure 3. Weather chart for Dadaab, April 2011. (AccuWeather, 2011)
From the graph above, we can see that temperatures are as high as 39°C with an average low of 23°C.
Temperature charts from January 2011 – December 2011 are located in Appendix 1. According to
Dr.Kulbhusha Juneja and Dr.Manish Bhatia, “in hot environments, profuse sweating can result in heat
exhaustion/stroke. Heat stroke can prove to be a life-threatening emergency. Heat exhaustion and heat stroke
most commonly occur at around 40°C. Left untreated, heat stroke may progress to coma. Death may result due
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to kidney failure, acute heart failure, or direct heat induced damage to the brain.” (Juneja and Bhatia, 2006)
This has been evident in Dadaab where refugees are found dead/close to death due to the extreme heat.
(Actionaid, 2011) (Huffingtonpost, 2011) Therefore, it is critical to protect against these conditions by using
opaque boards, whilst assessing the thermal comfortability of the shelter.
The lack of rain and the soaring temperatures have further induced a drought crisis in Dadaab. The
Humanitarian Coalition, a network of Canadian NGOs, is responding to the crisis which is seeing 13million
people affected. With the population of the Dadaab camp overflowing, in addition to the worsening situation,
the humanitarian crisis is the largest in the world. Communities have collapsed, livelihoods have been
damaged beyond repair and families are facing severe malnutrition. The United Nations has raised its food
security alert level to its maximum, whilst the Humanitarian Coalition is concentrating on providing food,
drinking water and basic sanitation. (Humanitarian Coalition, 2011) Therefore there is a specific need for
humanitarian aid.
Dadaab consists of three UNHCR camps (Dagahaley, Hagadera and Ifo) spread over an area of 50km2. The
influx of new refugees from Somalia and neighbouring towns and villages were significantly diminished
during the December of 2006 when the Kenyan government decided to close its borders. With a total capacity
of around 90,000, the severe droughts of 2011 saw the arrival of as much as 1000 people per day, who were
in excessive need of food, water and most importantly shelter. Maalim Bahigow, a 50-year old new arrival
into Dadaab in May 2011 says, “I have no tent yet, so I’m making do with pieces of cloth and sticks. All that
matters is that my family gets some form of shelter.” (Oxfam, 2012) This has placed extreme strain on the
camp with it having to support 450,000 refugees by the end of July 2011, and will create further stresses as
this figure is set to rise by the end of 2011. (MSF, 2011)
Around two thirds of new arrivals are provided with a tent by the UNHCR within a month of arrival, but as
resources and funds dwindle, this has been reduced to a sheet of polythene or a thin rag. (MSF Somalia, 2011)
Neither provides adequate protection from the unrelenting sun, pushing temperatures up to and over 50°C
during the day. And at night, fear lies with attack from animals such as wild hyenas. Taking up to 12 days to
receive the first food rations, 34 days to receive cooking utensils and blankets, the refugees find themselves
fending for their lives without sufficient or sometimes no aid whatsoever in an environment that is best
described as hostile and desert like.. (MSF, 2011) Makeshift shelters are constructed by families that reside
outside the overflowing camps. These shelters are made from cardboard, polythene, sticks and anything else
that can be salvaged. (MSF, 2011)
Shelter wouldn’t have been such a problem if it weren’t for the halted construction of an extension to the Ifo
camp in January 2011, which would’ve housed a further 40,000 refugees. (MSF, 2011) This would have been
a short term solution to house new arrivals and help ease congestion in the overflowing camps. But even with
this extension, the other 300,000 odd people living in their makeshift shelters wouldn’t have been accounted
for. Therefore a great presence lies with providing a sufficient transitional shelter to those situated outside the
camps that are subject to intolerable conditions.
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1.3 Hypothesis:
Following the project rationale, my hypothesis for this dissertation is that:

Under specific conditions, a transitional shelter would be an effective and apposite response to the needs of
refugees in hot climates.
1.4 Aims and Objectives:
I will start by highlighting the main aim of this dissertation, which is as follows:

To improve the Hexayurt shelter (standard design) so that is suitable for the Kenyan climate, by focusing on
material selection.
The objectives for this project are therefore:


To verify the feasibility of the Hexayurt as a shelter for use in the surrounding areas of the Dadaab
camp.



To test materials in order to judge which will fair best in the north-eastern Kenyan environment.



To finalise a list of materials which are most suitable for use in a Hexayurt.

1.5 Scope:
This dissertation looks at the shelter needs of refugees in hot climates due to natural disasters, focussing
mainly on drought. The shelter will not protect refugees from conflict, but will only act as a source of
protection from sunlight and high temperatures.
1.6 Detailed Outline of Dissertation:
Chapter Two – Shelter
This chapter explains the problems involved with providing the correct types of shelters during emergencies.
The current UNHCR tent that is used within the Dadaab camp will be analysed, as well as the Hexayurt and its
refugee-built counterpart. The UK humanitarian policy and the humanitarian shelter needs will also be
explained, which will act as background information for explaining the viability of the Hexayurt as a shelter
solution for the refugees.
Chapter Three– Material Selection
This chapter looks at material selection, highlighting the pros and cons of each. The focus will be on
narrowing down the best materials which provide shelter and cooling in hot environments. The materials will
then be put under testing.
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Chapter Four – Methodology
Generally speaking, a methodology is “a documented process for management of projects that contains
procedures, definitions and explanations of techniques used to collect, store, analyse and present information
as part of a research process in a given discipline.” (IPRR, 2011) This chapter provides further research into
procedures of correctly selecting the materials, the different methods of lab testing that will be involved, and
also field testing. This will therefore support the Hexayurt that will be designed.
Chapter Five – Results and Analysis
This chapter will publish and analyse the results of the tests that will be performed on the materials. Tests in a
“real environment” will not be performed due to time pressures and therefore only laboratory tests will be
undertaken. From the analysis of these results, the best performing materials will be suggested for Hexayurts
for use in hot climates.
Chapter Six – Conclusion
This chapter explains the limitations that were encountered during the project, whilst outlining means of
addressing them in future projects. Most importantly this chapter will sum up the successfulness of the project
by comparing it against the specific aim, objectives and the hypothesis that have been formed.
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Chapter Two - Shelter

2.1 Introduction:
This chapter will provide an analysis of the shelter used in the Dadaab camp till this day, and an analysis of
the Hexayurt. It also discusses the policies involved with shelter provision and the problems associated with
them. The aim of this chapter is to provide background information on shelter as a whole, which will be used
as background information for explaining the viability of the Hexayurt as a shelter solution for the refugees.
2.2 What Is Shelter? :
A simple definition is “a structure that provides privacy and protection from danger.” (Definitions, 2011) A
shelter is defined as a structure (mainly man-made), but it can also be a natural habitable feature e.g. caves,
rocky crevices, clumps of bushes, small depressions, large rocks on leeward sides of hills, large trees with lowhanging limbs, and fallen trees with thick branches. (Wilderness Survival, 2011)
There are two different types of shelter, long term and short term.
Short term - Short term shelter mainly comes in the form of tents, made from tarpaulin, wooden planks and
plastic sheeting. But it also includes buildings, such as sports stadiums, school halls etc. This is designed to last
up until the recovery stage when the refugees can return back to their homes. The natural features listed
above also fall into this category.
Long Term - Long term shelter includes building permanent housing with all the necessary amenities, and its
purpose is to rebuild the livelihoods of those that have been affected. This improves the quality of living over
time through self-sustaining programs.
As with all shelters, they have to be carefully chosen and are mainly dependent upon the following:


The level of protection needed against the natural climate and cases of extreme weather



The materials that are readily available for use during construction and repair



Their specific use.

2.3 UK Humanitarian Policy:
The delivery of shelter aid is subject to different policies. The UK policy responds to the needs of victims
following conflict and natural disaster related emergencies, but still follows the codes of conduct that have
been set by DG ECHO. These are solidarity, respect for human dignity, equality and tolerance. (ECHO, 2011)
The DFID, Department for International Development have explained how the UK will administer its aid to
refugee countries and the main aims of the new UK Humanitarian Policy 2011, as shown in Appendix 2. The
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UK will act to administer and provide aid for those in need whilst following the principles that DG ECHO have
set. In addition to this, the UK aims to work with partners multilaterally to expand its donor base, thus
reducing the burden on each member. (DFID, 2011) (Branczik, 2004)
There are many problems associated with delivering and administering humanitarian aid, e.g. efficiency
issues, political problems, humanitarian organisation failures etc. But, this dissertation focuses on material
selection for the Hexayurt; therefore these problems will not be assessed and linked with the Hexayurt that
will be developed. They are usually seen to by relief agencies and governments.
2.4 Humanitarian Need for Shelter:
Shelters are needed for protection during crises and to retain one’s dignity whilst doing so. As our case study
shows in chapter one, there is a specific need for shelter in the surroundings of the Dadaab camp. The
refugee-built makeshift shelters provide inadequate protection from the environment, therefore other
solutions are needed.
Potential solutions include:


Resettlement



Return to Somalia



Provide other shelter

Resettlement – This process involves finding refugees a place to stay, which may be in bordering towns or
camps. With the fear of death from conflict, resettlement proves to be a difficult option. The process itself if
administratively onerous and protracted; time frames through the Nairobi office are the worlds slowest. CIC,
Citizen and Immigration Canada, has published statistics showing processing times of more than 42 months,
with a fifth of all families having to wait over 52 months. (Toronto News, 2011) The processing time for a
private sponsorship is shown in the table below:
Time (months)

Date

Details

0

November 2007

Application submitted

6

May 2008

Application received at Nairobi
visa office

Nairobi office send letter to
refugee stating “You can expect to
14

January 2009

hear from us in the next 36

months. We will not reply to any
correspondence or case enquiries
during this period.”

50

January 2012

Refugee should receive a predecision letter by this time.

Refugee undergoes interviews,
50+

January 2012

medicals, security checks and
receives final decision.

Figure 4. Table showing the processing time for private sponsorship. (Greenstone, 2011)
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As we can see from the table above, resettlement to westernised countries (UK, Canada, North America, France,
Germany etc.) is the only credible option for the handful that are willing to be relocated. From the agonisingly
long process times to the number that actually are relocated, resettlement seems to be an ambiguous dream.
Return to Somalia - From the constant influx of refugees from Somalia into Dadaab, returning to Somalia can
be easily ruled out. Somalia is experiencing widespread conflict, leaving only a small number of citizens
unaffected. Those who have tried to avoid the fighting, innocent civilians in particular, have been swept up by
a virtual dragnet, resulting in at least 88% of Somalis experiencing conflict in their area due to clan warfare.
One paramilitary member (FG, militiamen, Kismayo) has quoted, “ten years in constant fighting created a
situation in which every person has participated in war, be it practically or intentionally.” (Greenstone, 2011)

Figure 5. Bar chart showing how Somali refugees have been affected. (Greenstone, 2011)
The chart above shows the percentage of the population affected and specifically the way in which they were
affected. The situation is worsened by the fact that Somalia is experiencing an economic crisis; high food
prices, devalued currency, and a drop in remittance received. Therefore, the only viable option is to provide
shelter.
2.5 Disaster Recovery:
The International Strategy for Disaster Reduction, ISDR, defines recovery as the “decisions and actions taken
after a disaster with a view to restoring or improving the pre-disaster living conditions of the stricken
community, while encouraging and facilitating necessary adjustments to reduce disaster risk.” (UNDR, 2005)
Recovery following disasters focuses on restoring livelihoods of those who have been affected. In effect, it
harnesses conditions for future development. Therefore, before looking at the Hexayurt in detail, it is
imperative to define the recovery phase that Dadaab is in. This is to ensure that the right type of shelter is used
in the right phase of the disaster, for the reason that selecting the wrong phase could lead to money and time
wastage, worsening the current situation.
As with the shelter types, that were defined at the start of this chapter, disasters are also classed as being short
or long term. Short term disasters are mainly unexpected weather, whereas long term disasters are droughts
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and floods. The recovery phases associated with both types of disaster, as defined in the BRGov Basic Plan, is
shown below:
Figure 6. Recovery phases as

outlined in the B.R.Gov. Basic Plan.
(B.R.Gov, 2009)

With the refugees making their
way from Somalia into the
surrounding areas of the Dadaab
camps, preliminary thoughts may
lie with placing the disaster within
the first phase - initial response.
But, from the case study and
explicitly from the humanitarian
need for shelter section,
expatriates have been known to
stay for years. Therefore, the
recovery phase would be longterm construction. This also offers
a problem; refugees are actively
seeking to be relocated to regions
which have higher living standards and greater amenities. Given the shortage of resources, placing the
surrounding areas of Dadaab into this stage would be unfitting.
Therefore, the most suitable recovery phase would be mid-term planning. Quarantelli has identified housing
options which are appropriate to each disaster recovery stage. This is shown below.

Figure 7. Appropriate housing options at each recovery stage. (Lindell, 2006:349)
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For the refugees situated in the surrounding areas of Dadaab, the types of shelter that they’d benefit from
would be temporary shelter or temporary housing. But from the reasons explained above, with the addition of
material shortage in the area, temporary/transitional shelter is the most prominent solution.
Following BR Gov’s Basic Plan and the work of Quarantelli, the flow chart below has been developed to ensure
the correct selection of housing type during different recovery phases. The route to pin-pointing the suitable
housing type for the refugees in the surrounding areas of Dadaab has been highlighted in red.

Figure 8. Flow chart showing appropriate housing options at different recovery stages.
The flow chart above shows the main stages following a major disaster – starting with the disaster itself;
which leads to the recovery phase; which in turn calls for planning; which then finally follows with the
correct shelter solution. Below is a case study which explains the importance of providing transitional
(temporary) shelter.
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2.6 Case Study – Aceh Province, 26th December 2004:
A major earthquake, which measured 9.0 Richter occurred in the Indian Ocean off the coast of Sumatra,
Indonesia at 7.58am on the 26th December 2004. Due to the quake occurring in the ocean, a large amount of
water was displaced which resulted in a tsunami. The hardest hit was the coastal areas, mainly Indonesia, Sri
Lanka, India and Thailand. (Samek, Skole and Chomentowski, 2004:2)
Around 226,000 people were reported dead, including 166,000 in Indonesia; 38,000 in Sri Lanka; 16,000 in
India; 5300 in Thailand; and 5000 foreign tourists. In addition to this, over 500,000 were injured, and a
staggering 5 million lost their homes or access to food and water. (Pickrell, 2005) There was an obvious need
for shelter.
Whilst the government provided Beurangong Barracks (BRR, 2005:60), which were timber buildings that
accommodated 12-20 families in 20m2 rooms. They comprised of a porch area under which meals were
cooked. (Eye on Aceh, 2005) By the end of March, 686 barracks had been completed, providing
accommodation to over 8400 families. (UNHIC, 2005) But by the end of 2007, only 5200 families remained.
(EC, 2007) The barracks were used in accordance with tents as means of emergency shelter till permanent
housing was built. BRR’s target of 127,000 permanent houses was reached in December 2008, with the IFRC
building 20,000 of them. (da Silva, 2010) (IFRC, 2008) Around 290,000 people chose to stay with host
families, which included relatives and friends. (Oxfam International, 2005) With the time needed to build
permanent housing, the TSPA -Temporary Shelter Plan of Action was launched in September 2005. All 19,920
shelters were erected by December 2007. (van Dijk and van Leersum, 2009)
Although families did not receive transitional shelters until 18 months after the tsunami, they did make a
significant impact upon recovery. They enabled the refugees to return to their villages from the barracks and
tents, which helped rebuild a neighbourhood. When the building of permanent housing was completed,
families reused the shelter as extra living space or sold the materials for cash. Some even set up businesses.
Dijk and Leersum quote, “this demonstrates that transitional shelters are not just a temporary post-disaster
housing solution, but are a valuable asset which can be used by beneficiaries to further improve their lives.”
(van Dijk and van Leersum, 2009) ACARP, Dercon and Kusumawijaya, and, van Dijk and van Leersum quote:
“Those communities that received temporary housing allowing them to move out of barracks and back to their
village have fared better than those that did not receive similar assistance. All aspects of recovery have
advanced more successfully in these villages.” (ACARP, 2007:152)
“If IFRC transitional shelters were provided earlier within the original villages of the survivors, all the
permanent houses would have been completed earlier. Transitional shelters in original villages would have
given some time for proper planning and would have facilitated the participatory process.” (Dercon and
Kusumawijaya, 2007:2)
“Ms. Isrijal: Living in a tent made life really hard for the entire family. There was no privacy and it caused a
lot of stress. Receiving a transitional shelter has helped to get me and my family started again. It gave the
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family more comfort and relieved some pressure. My husband was more relaxed and more capable of taking
care of the family again.” (van Dijk and van Leersum, 2009)
As the construction of permanent housing in Aceh was slow, transitional shelters had a major impact on
recovery. They enabled the refugees that were living in tents and the barracks to stay in their shelters till they
returned home. Also, some set up these shelters outside their destroyed homes so they could be closer to their
families. It is possible that the Indonesian homes that were worst hit would have benefitted further from the
building of transitional than those that weren’t. This is due to the reconstruction of their homes taking longer
due to the greater damage. Therefore, the use of transitional shelters would have bridged the gap between
emergency shelter and permanent housing, maintaining the refugee’s dignity and providing safety.
From this case study, it can be learnt the transitional shelters could play a significant role during post-disaster
recovery by providing secure accommodation for displaced families. In Dadaab, tents (emergency shelters)
have already been pitched but with the shortage of space within the three camps, the refugees on the outskirts
of the camp are most at risk. As the refugee’s stay is indefinite, it is viable to provide transitional shelter whilst
aid agencies concentrate on building permanent homes. Therefore, the Hexayurt will be developed, focusing
on correct material selection, as it is a temporary (transitional) shelter.
2.7 Hexayurt:
“Hexayurt is a simplified disaster relief shelter design. It is based on a geodesic geometry adapted to
construction from standard 4x8 foot sheets of factory made construction material. It resembles a panel yurt,
hence the name.” (Appropedia 1, 2011) They are constructed from 4x8ft sheets of foam or hexacomb
cardboard and duct tape, and costing wise it has been calculated to around £100 each. (Wired, 2011) This
provides shelter for 2 individuals at the most, but larger yurts can be constructed but will obviously cost more.
Construction wise, typical Hexayurts will use tape to attach the cardboard pieces. The Hexayurt has no
internal frame as the walls itself provides the structural rigidity needed for it to stand and resist forces from
wind.
Figure 9. Image of a cardboard Hexayurt. (Yurt,
2011) The image on the left shows typical
Hexayurts which are used by desert-camping
enthusiasts during the “Burning Man” festivals,
which are based in the USA. The Hexayurt was
invented by Vinay Gupta in 2002 in response to
the Sustainable Settlements charrette hosted by
the Rocky Mountain Institute. The name
Hexayurt comes from the word yurt, which is a
portable, bent wood-framed dwelling structure
traditionally used by Turkic nomads in the
steppes of Central Asia. (Woodlandyurts, 2011) Yurts have been in use at least since the 13th century, and
there are indications that the design is much older. (Appropedia 2, 2011) This dissertation does not focus on
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the design of the Hexayurt, only the material selection; therefore a standard Hexayurt (height of 12ft) will be
used. But, for material testing, it is essential that the structure of the Hexayurt is detailed – in particular the
joints. Appendix 3 shows how a cardboard (hexacomb) Hexayurt is built. The structure is the same for
wooden Hexayurts, but obviously tape joints are replaced by blocks and screws.
Having outlined the Hexayurt structure itself in Appendix 3, it is necessary to highlight the comparisons
between the Hexayurt and the refugee built counterpart in relation to the humanitarian needs that have been
explained earlier in this chapter. This will provide further supporting evidence as to why the Hexayurt would
be the ideal shelter type to use in Dadaab.
Figure 10. Image of a
refugee built shelter
1. (International

Business Times, 2011)
The photo to the right
shows women
building a makeshift
shelter, while the
photo below shows
the end product.

Figure 11. Image of a

refugee built shelter 2.
(Frankel Family

Association, 2011)
As our case study

shows in addition to
the humanitarian need
section, there is a
specific need for
shelter in the
surroundings of the
Dadaab camp. The
makeshift shelters that
are built by the refugees provide inadequate protection from the environment. This can be seen in the images
above.
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Therefore during drought, a Hexayurt would be an appropriate response to the problem by tackling the needs
of the refugees by addressing the following:




Privacy
Health

Security

The table below shows how both structures relate to these needs:
Refugee built structure
Privacy

A low level of privacy as it is not

Hexayurt
A high level of security due to it

an enclosed structure and is only

being a fully enclosed structure,

covered with a sheet of tarpaulin;

covered with a roof which is made

be done to maintain refugee

walls. Refugee dignity is well

therefore there isn’t much that can
dignity.

from the same material as the

maintained as they can carry out
tasks such as changing clothes
without anyone seeing.

Health

A low level of protection from

A high level of protection from the

The single sheet of tarpaulin over

(hyenas) due to thick walls which

protection from the elements;

survival rates are likely to increase

therefore survival rates are still

adequately.

wind, sunlight, temperature etc.
the structure provides nominal

likely to increase, but only

elements and also from animals

are sufficiently sealed, therefore

marginally.

Security

It is not an enclosed structure with

Fully enclosed structure with solid

level of security and hardly a

level of security. Refugees are

less likely to keep children

unsupervised in the Hexayurt,

unsupervised in the shelter, and

enabling them to gather food and

solid walls; therefore there is a low
feeling of security. Refugees are

will not act as an area where they
can carry out essential activities.
Therefore it barely acts as a
support for livelihood.

2.8 Conclusion:

walls, therefore there is a high
more likely to keep children

fuel. It will also act as an area in
which essential activities can be

carried out, therefore the Hexayurt
will act as a substantial support for
livelihood.

Figure 12. Table showing comparisons between the refugee shelter and the hexayurt.

As we can see from the table above, the Maltby has obvious benefits over the refugee built shelter when
equated with important humanitarian needs that shelter must provide. From the project rationale, it is vital for
the Maltby to provide protection against soaring temperatures by assessing the thermal comfortability of the
shelter.
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Disaster Relief Shelter Design

Chapter Three – Material Selection
3.1 Introduction:
Having provided evidence for using the Maltby as a viable solution to the shelter problem in Dadaab, this
chapter will focus on determining the materials that will be put through testing. Maltby states “We think that
the most likely material is plywood, Maltby or a similar engineered wood product. This is based on two factors:
cost and strength. The polyiso insulation boards commonly used to make Maltby in the US are vulnerable to
wind and not suitable for long term use. Honeycomb panels are too expensive and are not available in large
enough quantities. This leaves one of the myriad of wood products. We suspect that plywood will handle
humidity better than Maltby, but there are a wide variety of possible candidate materials out there, and this is
an area we are actively seeking expert advice in.” (Maltby, 2010)
From Maltby, the two main candidates that will be subject to testing will be plywood and Maltby, but he also
highlights that similar engineered wood products will also be appropriate. Having negated the usage of
hexacomb (honeycomb) panels for Maltby construction, and as hexacomb is not suitable to be used with block
joints, they will not be analysed in this dissertation.
3.2 Materials:
Providing protection against the sun is vital to survival in hot climates, therefore opaque boards should be
used which minimise light transfer. Therefore the materials that will be analysed in this dissertation will be:


Chipboard



Maltby (high density fibreboard)



Maltby (medium density fibreboard)



Maltby (oriented strand board)



Plywood

These man-made boards are available from local DIY stores and will need to be shipped to Dadaab by aid
agencies. To see the main advantages of each board, the analyses are spread into three subsections – working,
fixing and finishing. These are related to Dadaab and are shown in detail in Appendix 4. It is difficult to
choose the correct board type from this analysis as each board has its fair share of advantages as well as
disadvantages. Therefore, testing will be carried out on each board type in order to gauge which will be most
suitable for use in Dadaab.
As with all shelters, the materials have to be tested structurally. The Maltby project in Haiti, written by
Benjamin Maltby, can be used to prove that the Maltby is structurally sound. Maltby quotes, “the Maltby can
be made structurally adequate, using only screwed timber block joints, for use as a transitional disaster relief
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shelter Haiti.” (Maltby, 2011:89) This conclusion has been made following structural testing which
determined the structural adequacy of the Maltby using only screwed timber block joints, without glue or
strapping. Code based joint design and tension tests were used to endorse the statement above. Shear testing
was also used but produced inconsistent results. As the climate and temperatures in Haiti are similar to those
in Maltby, excluding the possibility and effect of seismic activity in Dadaab, it is assumed for this dissertation
that the Maltby will be structurally adequate for use in Dadaab. If further analysis of the Maltby’s strength
through joints testing wishes to be undertaken, a full testing procedure has been produced to Maltby
specifications, and is shown in Appendix 5.
3.3 Conclusion:
Due to all five boards being similar in regard to workability, fixability and finishability, it is difficult to select
the most suited board at this stage. As some boards have already been tested structurally by Maltby, in this
dissertation each board will be tested thermally to determine which will produce the most comfortable indoor
conditions for the refugees in the Maltby. These are shown in the succeeding chapter.
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Disaster Relief Shelter Design
Chapter Four – Methodology

4.1 Introduction:
The types of boards and their respective fixings have been determined in the previous chapter and Appendix 3
and 4. This chapter will provide procedures and explanations of techniques that will be implemented to test
the boards that will be used for the Maltby. A thorough explanation will also be provided for the computer
software test.
As the Maltby is a semi-permanent shelter, refugees are not expected to return to their place of origin in the
short term. Therefore, the Maltby will have to be made durable as the time the shelter is used by a
person/family cannot be quantified; hence it will be required to resist short-long term use and should be
adapted for use by aid agencies. The thermal comfortability plays a significant role in ensuring the conditions
in the shelter are habitable. According to UNHCR shelter needs, staff accommodation may also be required
where accommodation isn’t readily available. (UNHCR, 2006) This is a logistical problem and an issue which
should be resolved by agencies. Therefore in this dissertation, the focus will remain on material selection, not
logistics.
From the Transitional Shelter Quality, Standards and Upgrading Guidelines that has also been published by
the UNHCR, they have noted a list of criteria that should be associated with short term shelters if upgrading
works are not needed. Upgrading works are, fundamentally, remedial fixing works on existing shelters in a
certain location. As with the surrounding areas of the Dadaab camps, the shelters that have been made by the
refugees are not in a salvageable condition, therefore remedial upgrading works will be of no use. Thus, the
following list of criteria for shelters is identified and should be used:


Around 200sq ft. of enclosed space



Shelter 6ft-8ft high



Adequate ventilation



Acceptable internal temperature



Durable roof and wall materials



Secure shelter



Adequate privacy and partitioning (UNHCR, 2005)

Due to time and testing facility restrictions, it is not possible to test the Maltby on all of the key criterions
identified, therefore only the highlighted condition will be analysed. This dissertation focuses on material
selection alone, with the roof and wall materials being constructed from the same board type. This testing will
be done through the thermal testing of the boards, and using computer software to gauge the internal
temperatures of the Maltby.
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4.2 Testing Categories:
There are two categories of testing, which are shown below:
1.

Environmental
– Laboratory tests which includes structural and thermal performance testing.
– Environmental chamber tests which include testing of thermal performance and condensation.
– Modelling tests which includes logistical criteria comparisons.

2.

Field
– Real environment shelter testing using several groups in a chosen area over a substantial time
period. These tests give results for buildability, usage patterns and material degradation.

In this dissertation, the thermal performance of the materials will be tested in the laboratory and is
highlighted above. Since this dissertation focuses on testing materials for their thermal properties, logistical
modelling will not be undertaken. Also, due to the lack of testing equipment, environmental chamber testing
cannot be undertaken, but instead computer software will be used to assess the internal temperatures (thermal
comfortability.)
Shelters are customarily tested in the real environment (field) with the aid of a relief agency programme. This
is done so that all assumptions and rationale associated with them hold true in reality. This type of testing is
carried out using several receipt groups so that averages can be evaluated and any changes can be seen to,
both of the shelter and the aid programme. But due to time pressures and the inability to travel to Dadaab to
test the Maltby materials, field testing will not be embarked upon in this dissertation.
4.3 IES – Apache Simulation:
Apache simulator will be used as the computer program to test how the different wooden boards affect the
internal temperatures inside the Maltby. Apache qualifies as a dynamic model in the CIBSE system of model
classification, and is based on the first principles of mathematical modelling of the heat transfer processes
occurring within and around a building. According to IES, “The program provides an environment for the
detailed evaluation of building and system designs, allowing them to be optimised with regard to comfort
criteria and energy use.” (Apache, 2011) For every element of the building, the processes of conduction,
convection and radiation heat transfer are modelled individually and integrated with models of room heat
gains, air exchanges and plant. Real weather data is used and covers periods of up to one year. The buildings
thermal conditions can be recorded in 60 second intervals also.
Apache will model the Maltby in a Kenyan climate, using the weather data present on the system. The Maltby
will be imported into Apache in an AutoCad drawing format to ensure the dimensions of the shelter remain
exact, therefore ensuring a more accurate analysis. The main aim of this test is to model the thermal climate
of Maltby to see how the internal temperatures of the shelter will fair in response to the changes in weather.
This will show if the shelter is habitable for refugees. The main aim of this dissertation is to improve the
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Maltby so that it is suitable for the Kenyan climate by focussing on material selection. The objectives stated in
chapter one were:


To verify the feasibility of the Maltby as a shelter for use in the surrounding areas of the Dadaab
camp.



To test materials in order to judge which will fair best in the north-eastern Kenyan environment.

Through performing the computer thermal analysis of the Maltby using the materials highlighted in the
previous chapter, it will be easier to gauge which of those materials are best suited to Dadaab and should be
used in transitional shelters. To model the Maltby on Apache accurately, the thermal conductivities (k-values)
of each material will have to be inputted into the program. The program will calculate the U-values of each
material which will then be used to calculate the thermal gains of the materials and the internal temperatures
due to solar gain and wind. Maltby recommends “18mm thick board” (Maltby, 2011:89) which will be used in
the model. To calculate the k-values of each material, each board will have to be testing separately in a
laboratory. The information on laboratory testing is shown below.
4.4 Laboratory Testing:
Thermal conductivity



is the intrinsic property of a material which relates its ability to conduct heat. Its

value is defined as the quantity of heat
surface of unit area

Q transmitted through a unit thickness  in a direction normal to a

 due to a unit temperature gradient t under steady state conditions and when the

heat transfer is dependent only on the temperature gradient.

Figure 13. Image showing the
apparatus setup for thermal
conductivity analysis.

The apparatus consists of two identical samples of the material to be tested sandwiched between two metal
heat sinks as shown above. An electrically conducting sheet is placed between the samples thus acting as a
heater. Thermocouples are placed on either side of each sample. Thin sheets of foam are used to take up small
irregularities in the surfaces of the samples, and to ensure good thermal contact between the thermocouples
and surfaces. Electrical power is supplied to the heater, causing the inner faces of samples to rise in
temperature. The rise in temperature is measured by the voltage output of the thermocouples, and this voltage
is plotted on a chart recorder. The moisture content will also be calculated after oven-drying of each board.
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The thermal conductivity will be calculated using the Fourier heat conduction equation shown below.

Q  t  , where thermal conductivity is expressed as  

Q
t .

4.5 Conclusion:
The results from these two tests are shown in the following chapter, with appropriate analyses carried out for
each test and using applicable literature to draw conclusions.
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Chapter Five – Results and Analysis
5.1 Introduction:
This chapter will describe the results and analysis of the five boards that were tested through the methods
shown in the methodology. Where possible, the results will be analysed against the climatic conditions of
Dadaab.
5.2 Laboratory Testing:
The thermal rig was used to gauge the temperature differences on the hot and cold faces of the boards. This
information, along with the board dimensions were inputted into the Fourier equation and the thermal
conductivity was calculated. The graphs from the tests are shown in Appendix 8.
Results:
Wood Type

Bottom
Voltage (mV)

Top Voltage
(mV)

Plywood
Chipboard
OSB
MDF
HDF

1.040
2.140
1.320
0.800
2.080

1.160
2.800
1.680
0.960
2.580

Wood Type

Average
Voltage
(mV)
1.100
2.470
1.500
0.880
2.330

Wet Weight (g)

Temperature
Difference (°C)

Area
(m2)

Depth (m)

5.500
12.350
7.500
4.400
11.650

0.250
0.250
0.212
0.250
0.250

0.010
0.015
0.010
0.006
0.018

Dry Weight (g)

Plywood
Chipboard

1
1506.400
2713.600

2
1212.900
2755.500

Average Wet (g)
1359.650
2734.550

1
1425.200
2587.300

2
1132.300
2630.700

Average Dry (g)
1278.750
2609.000

OSB
MDF

1301.600
1285.200

1534.200
1268.000

1417.900
1276.600

1233.400
1231.700

1467.400
1215.000

1350.400
1223.350

HDF

3033.300

2985.900

3009.600

2918.900

2867.400

2893.150

Wood Type

Average Moisture Content (%)

Thermal Conductivity λ (W/mK)

Plywood
Chipboard
OSB

6.326
4.812
4.999

0.039
0.026
0.034

MDF
HDF

4.353
4.025

0.029
0.033

Figure 14. Table showing the results from the laboratory tests.
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Analysis:
The thermal conductivity of structural woods is much less than that of metals, e.g. the conductivity of
structural softwood lumber at 12% moisture content is in the range of 0.1 to 1.4 W/mK compared to steel at
45 and aluminium at 216. (Simpson & TenWolde, 1999:15) These values will change dramatically due to
moisture content, density and temperature, with thermal conductivity increasing as these factors increase.
(Simpson & TenWolde, 1999:16) From the results, the moisture contents are far less than 12%, so the thermal
conductivities are less than that of structural lumber. While temperatures hit nearly 40 degrees in Dadaab, the
humidity is likely to be greater than that in the laboratory. Therefore the conductivities are expected to be
greater than from the test. But due to difficulty in predicting the expected conductivities, the values from the
test will be used in the IES model.
Thermal conductivity determines the rate of heat transfer across a material due to a temperature gradient;
heat transfer occurs at a higher rate for materials which have greater conductivities. For the Hexayurt to be
‘liveable’ (thermally comfortable) the heat transfer from the outer face, which is influenced by solar radiation,
to the inner face of the board should be kept to a minimum. Low thermal conductivities are analogous to high
insulating capabilities, which results in reduced heat flow to the inner part of the Hexayurt; thus maintaining
a temperature gradient and producing a more comfortable occupant environment when outside temperatures
are extremely hot.
From the research carried out by Loughnan-et-al, “in Mawson Lakes, the thermally comfortable range of
temperatures is from 25°C and 30.6°C.” (Loughnan-et-al, 2012:2) Since temperatures in Mawson Lakes are

similar to that of Dadaab, with temperatures reaching highs of around 42°C (MLA, 2012), it can be assumed
that the thermally comfortable zone within the Hexayurt should be between 25°C and 30.6°C. This can be

backed up by the psychometric chart shown in Appendix 7. As thorough weather data for Dadaab was not
available, the data for Garissa (only 199km from Dadaab) was used. The chart was produced using Climate
Consultant 5.1 which conforms to the adaptive approach to thermal comfort. It is a behavioural approach

whereby occupants tend to make themselves comfortable by adjusting clothing and activity in relation to their
thermal environment. (Humphreys and Nicol 1998:991-1004)
Many buildings in temperate climates during the summer months are not heated or cooled i.e. they are free
running. Thus the indoor temperatures change relatively to the outdoor weather. The type of clothing is likely
to change given certain weather conditions, i.e. cool clothing in the summertime and warm clothing during
winter months. According to deDear and Brager, “clothing changes due to weather even in buildings which
are air-conditioned.” (deDear and Brager, 2002:549-561) Humphreys argues that “as a result, the
temperature indoors which people find comfortable also changes with the weather.” (Humphreys, 1981)
Therefore, a comfortable climate will vary considerably with climate.
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Field studies or climatic chambers are used on subjects that are tested and required to quote their thermal
sensations based on the ASHRAE or Bedford scale, shown below.

Figure 15. Table showing the comparison between the
ASHRAE and Bedford scale. (Greenlux, 2005)

Figure 16. Psychometric graph showing the thermally comfortable zone in Dadaab.
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For this dissertation, the ASHRAE scale was used. From the psychometric chart shown above and in
Appendix7, it can be observed that the thermally comfortable zone is in the range of 23°C to 30°C. For the
Hexayurt in Dadaab, the boards with the lowest thermal conductivities should result in indoor temperatures
which are within the range shown above. From the results, chipboard and MDF have the lowest thermal
conductivities of 0.026 W/mK and 0.029 W/mK respectively; thus when the values are inputted into the IES
model, theoretically they should produce the most comfortable internal conditions.
5.3 IES – Apache Simulation:
The Apache simulator was used to determine the theoretical indoor temperatures for each board type, with 10
people inhabiting the available space. The results from the simulation for all wood types are shown in
Appendix 6.
Results:

Figure 17. Graph showing the air temperature change over 12 months within the hexayurt, when built with
Plywood.
Analysis:
The Apache simulation produced extremely similar results for all five board types, showing that the majority
of internal temperatures lie within the comfortable zone. This may be due to the thermal conductivities of the
boards. As the conductivities do not vary considerably, the U-values are also similar, which in turn provides
similar thermal masses. The thermal mass of a material is a variable which depends on multiplying its mass, its
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specific heat capacity, and the increase in temperature. The thermal properties related to thermal mass are its
U-value and their thermal admittance parameters. According to Thomas, “the heat loss from any building
element is related to its U-value.” (Thomas, 1999)
The U-value is the heat flow rate per unit area from the air on warm side of the material to the air on the cold
side. The admittance, Y, is the amount of energy entering the material’s surface for each degree of temperature
change occurring just outside the surface. It also has the same units as the U-value (W/m2K). A material’s
admittance depends on its thickness, thermal conductivity, density, specific heat and the frequency at which
heat is put into it.
The graph above shows the internal temperatures for Plywood over a period of 12 months. It can be seen that
the majority of the air temperatures are within the comfortable zone, as defined by the adaptive comfort chart
shown in Appendix 7. The results produced for Chipboard, HDF, MDF and OSB are near identical; the
majority of temperatures are also within the comfortable zone, and therefore the same analysis will apply.
As explained previously, the thermal properties of materials depend on their K-values, U-values and thermal
admittance parameters. The thermal admittance parameters change due to the position of the sun, which
alters the frequency at which heat hits the surface of the board of the Hexayurt. The specific heat depends on
the thermal conductivity and density, with the board thickness constant at 18mm. The admittance parameters
are controlled by the IES software.
The thermal conductivities (K-values) are similar, ranging from 0.026W/mK to 0.039W/mK, thus the Uvalues which are dependent on them and are calculated by the program are also very similar. According to
RIBA, “U-values are a measure of heat loss and are used to show how well building elements transfer heat.”
(RIBA, 2012) Instead of relying on individual material properties, they can be used to predict the composite
behaviour of an entire building element. Thus it can be assumed that the material’s ability store and release
heat depends on its U-value. With similar K-values, the U-values are also similar meaning the materials heat
storage capacities are presumed to be similar also. As heat storage is undesirable in hot climates such as in
Kenya, according to Greenlux the building materials should have “high U-values and low heat capacities.”
(Greenlux, 2012)
From the graph it is apparent that the indoor temperature is controlled effectively during the cooler months,
from May to September. But for the rest of the year when the climatic temperatures are much warmer, indoor
temperatures can reach 35°C. This is 5 degrees above the comfort zone which in the sweltering heat could
prove to be fatal, especially for young children. But, as not every member will be present in the shelter or the
actual number of habitants may be much less – around 5 members, the actual indoor temperatures may be
less. But the tests were executed using the extreme case scenario by using the maximum number of habitants
that the Hexayurt can hold, and no cooling or heating profiles, to determine whether the Hexayurt is suitable
for the Kenyan climate for use in Dadaab. As the refugees are likely to adapt the Hexayurt to their
surroundings, by cutting out windows for passive cooling or using mist sprays (provided by the relief
agencies) for active cooling, the 5 degrees can be accounted for. Furthermore, the refugee-made shelters that
are used now utilise rags, old clothes and tarpaulin for protection against the sun. This provides shade, which
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cools the inside of the shelter by limiting and slowing heat transfer through the structure. Judging from this, it
is likely that the same techniques will be implemented on the Hexayurt, which supports the views of
Humphreys and Nicol. If the refugees are to provide shading, the internal temperatures will fall to a more
comfortable level.
If shading materials are not available, insulation could be provided by pre-fixing it to the wooden panels
during manufacture. Insulation slows the transfer of energy, whilst materials with high thermal mass store the
energy. According to Graves and Wysocki, “the amplitude of the indoor air temperature oscillation during the
diurnal temperature cycle is reduced when the building envelope has mass inside and insulation outside.”
(Graves and Wysocki, 1991:314) This should dampen out daily temperature fluctuations within the building,
assuming the thermal mass of the material is great enough. (House, 2012) According to NZWood, “mass is
most effective when it is thermally connected to the building space. Thus for maximum effectiveness, the
insulation must be located on the external surface of the thermal mass material. Furthermore, by increasing
thermal mass by using wood, temperature fluctuations within a building space are also reduced.” (NZWood,
2012) This agrees with the research carried out by Graves and Wysocki. “The insulation isolates the internal
thermal mass (wooden boards) from external temperature variations as the mass becomes a thermal sink for
summer heat gain, consequently lowering indoor temperatures during the summer.” (Graves and Wysocki,
1991:314)
As external insulation reduces the heat transmission for the outside, the thermal lag of the building will
increase. This will allow the diffusion of heat from the external surfaces to the outdoor environment before
the heat is transmitted to the internal space. From the experiments carried out by the U.S. National Bureau of
Standards, where the high thermal mass is not utilised in the roof, “rooms with external insulation consumed
the lowest energy for cooling.” (Graves and Wysocki, 1991:314) It is also quoted that “in hot-arid climates,
insulation when coupled with thermal mass, there is a significant effect upon a room’s thermal behaviour due
to the higher angle of the sun in equatorial regions.” (Graves and Wysocki, 1991:314)
Thus in Dadaab where the climate is also hot-arid and the temperature oscillation is very high, external
insulation would theoretically reduce the temperature oscillation inside the Hexayurt by shielding against and
diffusing the solar heat before transmitting it into the living space. IsoSpray recommends using polyurethane
foam as insulation, which can be easily sprayed onto the external face of the Hexayurt’s wooden panels during
manufacture. IsoSpray explains that “under real world conditions, polyurethane foam is at least 5 times more
effective as an insulator than mineral wool. Also its insulating properties are largely unaffected due to air
movement and moist air, whereas mineral wool assumes the thermal conductivity of water and thus has no
thermal insulation qualities.” (IsoSpray, 2012) As a spray, it can be applied uniformly over the wooden boards,
whilst being lightweight, waterproof, weather resistant, and fire rated to BS476 Part 20. (Sitebox, 2012) Thus,
polyurethane foam is a likely choice for insulating the Hexayurt to make it suitable for use in Dadaab.
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5.4 Conclusion:
As each material produced the same result with regards to internal temperature, it is difficult to select a board
which can be stated as the best performing and thus the best suited. As the material’s ability store and release
heat depends on its U-value, which in turn depends on the K-value; whereby U=K/L, thus larger values of K
will give higher values of U when L=18mm. As aforementioned, the building materials should have high Uvalues, so the board with the highest K-value will give the highest U-value, which is plywood at 0.039W/mK.
Gupta states “We think that the most likely material is plywood, OSB or a similar engineered wood product.
This is based on two factors: cost and strength.” (Gupta, 2010) Based on the thermal properties that have been
analysed, it can be confirmed that plywood is the best performing wood board.
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Chapter Six – Conclusion

6.1 Introduction:
This dissertation began with the following hypothesis:

Under specific conditions, a transitional shelter would be an effective and apposite response to the needs of
refugees in hot climates.
The aim:

To improve the Hexayurt shelter (standard design) so that is suitable for the Kenyan climate, by focusing on
material selection.
And the objectives:


To verify the feasibility of the Hexayurt as a shelter for use in the surrounding areas of the Dadaab
camp.



To test materials in order to judge which will fair best in the north-eastern Kenyan environment.



To finalise a list of materials which are most suitable for use in a Hexayurt.

6.2 Conclusions:
The Hexayurt was chosen as a transitional shelter as it had obvious benefits over the refugee built shelter
when equated with important humanitarian needs that shelters must provide. From the project rationale, it
was vital that the Hexayurt provided protection against soaring temperatures through assessment of the
thermal comfortability.
From the material selection chapter and using Appendix 4 for material analysis, all five boards were deemed
similar in regard to workability, fixability and finishability; therefore it was difficult to select the most suited
board at that stage. As some boards were already tested structurally by Maltby, other methods of testing were
implemented.
It was researched that thermal comfortability plays a significant role in ensuring the conditions in the shelter
are habitable, so the different boards were tested thermally to see which would produce the most comfortable
internal conditions, making it easier to select the best suited materials for the Hexayurt for use in Dadaab. The
IES Apache simulation was used to model the Hexayurt using weather data closest to Dadaab, whilst the
thermal conductivities and other parameters that were needed for each board were gained through laboratory
testing. Appropriate analyses were carried out for each test whilst using applicable literature to draw
conclusions.
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Thus, by focusing on material selection only, the Hexayurt has been proven suitable for the Kenyan climate by
selecting the material with the highest thermal conductivity value, which translates to having the highest Uvalue, thus the greatest ability to store heat during the day and release it at night when temperatures drop.
Although the Apache simulation gave conclusive results to an extent, as the majority of temperatures for the
year were between the thermal comfort temperature range, it showed that all five boards produced similar
indoor temperatures within the Hexayurt. But from the analysis shown in the previous chapter, the most
suitable material is plywood. Through extensive literature review and testing, the hypothesis and objectives
have been satisfied by this dissertation.
With direct comparison to the aim of this dissertation, the Hexayurt is suitable as a shelter in Dadaab, Kenya
and has been improved through material selection.
However, this statement is based on the parameters shown below for it to stand true:


The structure of the shelter must follow the design that has been set by Gupta of the 12ft high
Hexayurt,



The boards are 18mm thick, with the roof and wall boards made of the same material.



Appropriate cooling, insulating or shading techniques are implemented to allow for the internal
temperatures of the Hexayurt to always stay within the comfort zone.

In order to reach the conclusions in this dissertation, the environmental conditions of Dadaab were
investigated. As discussed throughout the dissertation, the discovery of hard data with which to carry out
thermal analysis, in relation to accurate weather data for the region, proved difficult as no accurate and
reliable readings existed. Also, due to the lack of testing equipment and time, an environmental chamber test
was not performed. It is therefore anticipated that with the collaboration of further data that is necessary for a
full thermal analysis, this project will provide a useful reference for similar investigations in the future.
6.3 Recommendations:
The process of conducting the research included in this report has resulted in the identification of the
following recommendations for further research:


Investigate the effects of cooling, insulating and shading on the thermal comfortability of the
hexayurt in Dadaab.



Investigate how the change in thickness of the boards relates to its ability to store heat.



Take multiple readings of weather in Dadaab, including accurate temperature readings.



Perform environmental chamber tests to show how the internal temperatures are affected for
different climatic conditions.



Carry out field testing in order to see how the hexayurt is affected in ‘real’ conditions.

34

Dharmesh Pankhania 2942496

Disaster Relief Shelter Design
Bibliography

(ACARP, 2007:152) The Acehnese Gampong three years on: assessing local capacity and reconstruction assistance in post-

tsunami Aceh, ACARP report. [ONLINE] Available at: http://www.indo.ausaid.gov.au/featurestories/acarpreport.pdf [Accessed 10
January.2012]
(AccuWeather, 2011) Dadaab Month Weather - AccuWeather Forecast for North Eastern Kenya. 2012. Dadaab Month Weather -

AccuWeather Forecast for North Eastern Kenya. [ONLINE] Available at:
http://www.accuweather.com/en/ke/dadaab/224830/month/224830?monyr=4/01/2011. [Accessed 17 November, 2011].
(Actionaid, 2011) I was forced to abandon my wife and son in the bush. ActionAid. 2011. I was forced to abandon my wife and

son in the bush, ActionAid. [ONLINE] Available at: http://www.actionaid.org/activista/2011/09/i-was-forced-abandon-my-wifeand-son-bush. [Accessed 17 November 2011].
(Al Jazeera, 2011) Dadaab, the world's biggest refugee camp - Features - Al Jazeera English. 2011. Dadaab, the world's biggest

refugee camp - Features - Al Jazeera English. [ONLINE] Available at:
http://english.aljazeera.net/indepth/features/2011/07/201171182844876473.html. [Accessed 12 October 2011].
(Apache, 2011) Integrated Environmental Solutions Limited, IES, 2011. Virtual Environment 6.3. Apache Sim - Calculation

Methods, 1, 41.
(Appropedia 1, 2011) Hexayurt rapid deployment - Appropedia: The sustainability wiki. 2011. Hexayurt rapid deployment -

Appropedia: The sustainability wiki. [ONLINE] Available at: http://www.appropedia.org/Hexayurt_rapid_deployment. [Accessed
31 October 2011]
(Appropedia 2, 2011) Hexayurt Construction. 2011. [ONLINE] Available at:
http://www.appropedia.org/images/thumb/d/dc/All_hexayurts_web_dimensions.png/120px-All_hexayurts_web_dimensions.png.
[Accessed 24 November 2011]
(B.R.Gov, 2009) Baton Rouge Government, B.R.Gov, 2009. Disaster Recovery. Baton Rouge Government: Disaster Recovery - Basic

Plan, Appendix 7, 7, 5.
(Baradan, 2003) Baradan B, 2003. Materials for civil engineering. DEU Engg. Faculty Press, Izmir in Turkish.
(Branczik, 2004) Branczik, Amelia. "Humanitarian Aid and Development Assistance." Beyond Intractability. Eds. Guy Burgess and
Heidi Burgess. Conflict Research Consortium, University of Colorado, Boulder. February 2004
http://www.beyondintractability.org/essay/humanitarian_aid/ [Accessed 31 October 2011]
(BRR, 2005:60) BRR - Nad Nias, BRR, 2005. The executing agency of rehabilitation and reconstruction for Aceh and Nias. The

executing agency of rehabilitation and reconstruction for Aceh and Nias, 1, 134.
(BSW, 2012) BSW Timber - National Strength, Local Service, BSW, 2010. Timber Tables. C16 Strength Graded Construction -

Timber Span Tables, 1, 2.
(BSW, 2012) BSW Timber » Products » C16 Timber. 2012. BSW Timber » Products » C16 Timber. [ONLINE] Available at:
http://www.bsw.co.uk/products/c16-timber.html. [Accessed 05 January 2012].

35

Dharmesh Pankhania 2942496
(CF, 2011) MDF information page. 2011. MDF information page. [ONLINE] Available at:
http://www.childrensfurniture.co.uk/mdf.html. [Accessed 27 December 2011].
(CIC, 2011) Processing times for sponsorship of other members of the family class applications processed by visa offices outside
Canada. 2011. Processing times for sponsorship of other members of the family class applications processed by visa offices outside

Canada. [ONLINE] Available at: http://www.cic.gc.ca/english/information/times/perm/fc-other.asp#africa. [Accessed 21 November
2011]
(da Silva, 2010) Lessons from Aceh: key considerations in post-disaster reconstruction. [ONLINE] Available at:
http://www.arup.com/Publications/Lessons_from_Aceh.aspx [Accessed 18 January 2012]
(deDear and Brager, 2002:549-561) deDear, R.J. and Brager, G.S. 2002 Thermal comfort in naturally ventilated buildings:
revisions to ASHRAE Standard 55 Energy and Buildings, Volume 34, 6.
(Definitions, 2011) What does shelter mean? 2011. What does shelter mean? [ONLINE] Available at:
http://www.definitions.net/definition/shelter. [Accessed 31 October 2011]
(Delrue and Sexton, 2009) Powered by Google Docs. 2011. Powered by Google Docs. [ONLINE] Available at:
http://docs.google.com/viewer?a=v&q=cache:HIli9UyOxCIJ:oneresponse.info/crosscutting/environment/publicdocuments/Humanit
arian%2520Aid%2520on%2520the%2520move%2520%2520Mainstreaming%2520Environment%2520into%2520Humanitarian%2520Action.doc+humanitarian+aid+cause+damage+t
o+the+environment&hl=en&gl=uk&pid=bl&srcid=ADGEESi-tcre99Tp0rykRzBrs5eu3xpOlyvxUzXFPt5-FhHcPKKdazerj03SpF3HyxsIZ2yGzIvDIpc0KzO_uWabaF7ZDp10JPPG6YxmmiI0zv6jcB2i6gPtrjkZXQboQghwrL0aKA&sig=AHIEtbRNNxWcqdv40ZEtmH7LsEl8oY_rEg. [Accessed 24 October 2011].
(Dercon and Kusumawijaya, 2007:2) Two Years of Settlement and Recovery in Aceh and Nias: What Should the Planners Have

Learned? UN-Habitat Indonesia. [ONLINE] Available at: http://www.unhabitat-indonesia.org/publication/index.htm [Accessed 10
January 2012]
(DFID, 2011) DFID, UK Aid, 2011. The UK Government's Humanitarian Policy - September 2011. The Department for

International Development: Leading the UK Government's fight against world poverty, Final, 24.
(DIYinfo, 2011) Using Chip Board - DIYinfo.org. 2011. Using Chip Board - DIYinfo.org. [ONLINE] Available at:
http://www.diyinfo.org/wiki/Using_Chip_Board. [Accessed 26 December 2011].
(EC, 2007) 2007 Progress Report on the EC Post Tsunami Rehabilitation and Reconstruction Programme, Brussels: European
Commission. [ONLINE] Available at: http://ec.europa.eu/world/tsunami/docs/2007_report_final.pdf [Accessed 01 January 2021]
(ECHO, 2011) ECHO – Policies and Strategies , European Commission (Humanitarian Aid & Civil Protection) [ONLINE] Available
at: http://ec.europa.eu/echo/policies/strategy_en.htm [Accessed 31 October 2011]
(EFIG, 2005) Wood Products Industry, EFIG, 2005. Hardboard and Fibreboard Manufacturing. AP42 CH10 Wood Products

Industry - AP42 Vol I: 10.6.4, 1, 38.
(EPF, 2002) European Panel Federation, EPF, 2002. OSB User Guide - Fixing. OSB TDS Fixing - User Guide, 1, 2.
(Eye on Aceh, 2005) Responding to Aceh’s Tsunami: The first 40 days. [ONLINE] Available at: http://www.aceheye.org/data_files/english_format/ngo/ngo_eoa/ngo_eoa_2005_04_00.pdf [Accessed 24 December 2011]

36

Dharmesh Pankhania 2942496
(Fastenertips, 2011) Examining the Different Types of Deck Screws | FastenFinder Blog. 2011. Examining the Different Types of

Deck Screws | FastenFinder Blog. [ONLINE] Available at: http://fastenertips.fastenfinder.com/fasteners/examining-the-differenttypes-of-deck-screws-35/. [Accessed 12 December 2011]
(Feio, Lourenço and Machado, 2002) Artur O. Feio, Paulo B. Lourenço and José S. Machado, F.B.L, 2002. BOOK NA2002. Capacity

of a traditional timber mortise and tenon joint, 1, 9.
(Frankel Family Association, 2011) Frankel Family Association, Somali refugees in Dadaab. 2011, [ONLINE] Available at:
http://www.frankelfamilyfoundation.org/images/featured/somalirefugee.jpg. [Accessed 12 December 2011]
(Gibert, 2008) Florence Gibert, It is time for Aid to go green? Humanitarian Aid on the Move n°1, December 2008.
(Google Maps, 2011) Google Maps. 2011. Google Maps. [ONLINE] Available at: http://maps.google.co.uk/maps?hl=en&tab=wl.
[Accessed 17 November 2011].
(Google Maps, 2011) Google Maps. 2011. Google Maps. [ONLINE] Available at: http://maps.google.co.uk/maps?hl=en&tab=wl.
[Accessed 17 November 2011].
(Gorilla, 2011) Gorilla Glue UK | GLUES | GLUE LIST | Gorilla Glue (Original). 2011. Gorilla Glue UK | GLUES | GLUE LIST |

Gorilla Glue (Original). [ONLINE] Available at: http://uk.gorillaglue.com/eng/glues/glue-list/1/8/gorilla-glue-original.html.
[Accessed 28 November 2011]
(Grahn, 2007) Grahn, A.G, 2007. Build 508 - NT Method. Test Method – Load Bearing Mechanical Fasteners for Timber Frame

Sheeting, 1, 6.
(Graves and Wysocki, 1991:314) Ronald S. Graves, 1991. Insulation Materials: Testing and Applications (Astm Special Technical

Publication// Stp). Edition. Astm Intl.
(Greenlux, 2005) Subjective measures. 2005. Subjective measures. [ONLINE] Available at:
http://learn.greenlux.org/packages/clear/thermal/people/surveying/clomet.html. [Accessed 28 March 2012]
(Greenlux, 2012) Roof Materials, 2012. 17 - Roof Materials. [ONLINE] Available at:
http://learn.greenlux.org/packages/clear/interactive/matrix/level_17_roof_materials.html. [Accessed 29 April 2012]
(Greenstone, 2011) Conflict in Somalia - Chart. 2011. [ONLINE] Available at:
http://www.greenstone.org/greenstone3/sites/nzdl/collect/aedl/archives/HASHb854.dir/p01.jpg. [Accessed 21 November 2011]
(Greenstone, 2011) Widespread conflict. 2011. Widespread conflict. [ONLINE] Available at:
http://www.greenstone.org/greenstone3/nzdl;jsessionid=02148C627F2FBDF507E48DFAC87E6626?a=d&d=HASHb8549481c6c9
ead74bbf10.6.np&c=aedl&sib=1&dt=&ec=&et=&p.a=b&p.s=ClassifierBrowse&p.sa=. [Accessed 21 November 2011]
(Gupta, 2011) Vinay Gupta, V.G, 2010. Hexayurt Project. Hexayurt Project - Hexayurt in Haiti, 1, 16.
(House, 2012) Thermal Mass of Wood. 2012. Thermal Mass of Wood. [ONLINE] Available at:
http://myhouseinthewoods.com/htm_wood.htm. [Accessed 29 April 2012]
(Huffingtonpost, 2011) Somalia Drought Kills Children En Route To Refugee Camp. 2011. Somalia Drought Kills Children En

Route To Refugee Camp. [ONLINE] Available at: http://www.huffingtonpost.com/2011/07/11/somalia-drought-humanitariancrisis_n_894874.html#s306863. [Accessed 17 November 2011].

37

Dharmesh Pankhania 2942496
(Humanitarian Coalition, 2011) The Humanitarian Coalition | East Africa Drought Crisis. 2011. The Humanitarian Coalition |

East Africa Drought Crisis. [ONLINE] Available at:
http://humanitariancoalition.ca/index.php/site/pastAppealDetail/east_africa_drought_crisis/. [Accessed 17 November 2011].
(Humphreys and Nicol 1998:991-1004) Humphreys, M.A. and Nicol, J.F. 1998, Understanding the Adaptive Approach to
Thermal Comfort, ASHRAE Transactions 104, 1.
(Humphreys, 1981) Humphreys, M.A. 1981 The dependence of comfortable temperature upon indoor and outdoor climate In:
Bioengineering, Thermal Physiology and Comfort: K.Cena and J.A. Clark, Elsevier
(IFRC, 2008) Aceh rises again: How the Red Cross & Red Crescent helped provide the keys to a new future , IFRC/PMI. [ONLINE]
Available at: http://www.ifrc.org/what/disasters/response/ tsunamis/aceh.asp [Accessed 18 January 2012]
(International Business Times, 2011) International Business Times, Dadaab. 2011. [ONLINE] Available at:
http://img.ibtimes.com/www/data/images/full/2011/06/15/114348-dangerous-countries-for-women-5-of-5.jpg. [Accessed 12
December 2011]
(IPRR, 2011) Evaluating Investigation Methodologies. 2011. Evaluating Investigation Methodologies. [ONLINE] Available at:
http://www.iprr.org/evals/evalsintro.html. [Accessed 12 October 2011].
(IsoSpray, 2012) Thermal Conductivity - Roof Insulation | Foam Insulation | Roofing Contractors | Roof Repairs. 2012. [ONLINE]
Available at: http://www.foam-insulation.co.uk/insulation/thermal-conductivity.htm. [Accessed 30 April 2012]
(Juneja and Bhatia, 2006) Juneja, Juneja, Bhatia, K.J, R.J, M.B, 2006. Heat Exhaustion and Heat Stroke. Homeopathic Treatment,

Cure & Medicines: Heat Exhaustion and Heat Stroke, [Online]. 1, 6. Available at: http://health.hpathy.com/heatstroke-symptomstreatment-cure.asp [Accessed 01 November 2011].
(Kenyalogy, 2011) Kenya safari guide - Kenyalogy: Climate and vegetation. 2011. Kenya safari guide - Kenyalogy: Climate and

vegetation. [ONLINE] Available at: http://www.kenyalogy.com/eng/info/clima.html. [Accessed 17 November 2011].
(Lindell, 2006:349) Michael K. Lindell Ph.D. 2006: 349. Emergency Management. [BOOK] 1st Edition. Wiley.
(Linopan, 2011) Linopan, L.Nv, 2011. Safety Information Sheet. Safety Information Sheet - Chipboard, 1, 2.
(Lipton, 1989) Michael Lipton, 1989. [BOOK] Does Aid Work in India? A Country Study of the Impact of Official Development

Assistance. Edition. Routledge.
(Lloyd, 2012) Lloyd Instruments - SKU. 2012. Lloyd Instruments - SKU. [ONLINE] Available at: http://www.lloydinstruments.co.uk/products/sku.cfm?ProductCAtegory_Id=3755&Product_Id=160&SKU_Id=300. [Accessed 05 January 2012].
(Loughnan-et-al, 2012:2) Loughnan-et-al, L.EA, 2012. Thermal Comfort - Extended Abstract. Identifying summer temperature

ranges for human thermal comfort in two Australian cities. , 1, 2.
(Maltby, 2011) Coventry University Resources – Haiti Project, 1, 91
(Maltby, 2011:69) Maltby, 2011. Coventry University Resources – Haiti Project, 1, 91
(MLA, 2012) Mawson Lakes climate, averages and extreme weather record | Meat & Livestock Australia. 2012. [ONLINE]
Available at: http://weather.mla.com.au/climate-history/sa/mawson-lakes. [Accessed 19 March 2012].
(MSF Somalia, 2011) No way in. The Biggest Refugee Camp in the World is Full | MSF Somalia - Access to healthcare. 2011. No

way in. The Biggest Refugee Camp in the World is Full | MSF Somalia - Access to healthcare. [ONLINE] Available at:

38

Dharmesh Pankhania 2942496
http://www.somali.msf.org/2011/06/no-way-in-which-the-biggest-refugee-camp-in-the-world-is-full/. [Accessed 14 January
2012].
(MSF, 2011) Dadaab – No Way In PDF. 2011. [ONLINE] Available at:
http://www.msf.org/shadomx/apps/fms/fmsdownload.cfm?file_uuid=A3EC09E6-F725-4E25-B1556E4B7C2D901C&siteName=msf. [Accessed 12 October 2011].
(Mutharathod, 2011) The Plywood Manufacturing Process and Construction of Plywood. 2011. The Plywood Manufacturing

Process and Construction of Plywood. [ONLINE] Available at: http://www.mutharathod.com/plywood-manufacturing.html.
[Accessed 28 December 2011].
(NBS, 2012) NBS | National Building Specification | Building technologies: Wooden performance: moisture content of timber.
2012. NBS | National Building Specification | Building technologies: Wooden performance: moisture content of timber . [ONLINE]
Available at: http://www.thenbs.com/topics/constructionproducts/articles/woodenPerformance.asp. [Accessed 03 January 2012].
(NZWood, 2012) Thermal Mass: How Wood: NZWOOD. 2012. Thermal Mass: How Wood: NZWOOD. [ONLINE] Available at:
http://www.nzwood.co.nz/why-wood/thermal-performance/thermal-mass/. [Accessed 30 April 2012]
(OSBGuide, 2011) OSBGuide™ - OSB Manufacturing Process. 2011. OSBGuide™ - OSB Manufacturing Process. [ONLINE]
Available at: http://osbguide.tecotested.com/manufacturing. [Accessed 27 December 2011].
(Oxfam International, 2005) Targeting poor people: rebuilding lives after the Tsunami, Oxfam Briefing Note June 2005.
[ONLINE] Available at: http://www.oxfam.org.uk/resources/policy/confl ict_disasters/downloads/bn_tsunami_6months.pdf
[Accessed 19 January 2012]
(Oxfam, 2012) Somalia: Refugees in Dadaab search for shelter | Oxfam International Blogs. 2012. Somalia: Refugees in Dadaab

search for shelter | Oxfam International Blogs. [ONLINE] Available at: http://blogs.oxfam.org/en/blog/11-05-04-somaliarefugees-dadaab-search-shelter. [Accessed 14 January 2012].
(PBMDF, 2011) Hardboard / Engineered Wood Siding & Trim. 2011. Hardboard / Engineered Wood Siding & Trim. [ONLINE]
Available at: http://www.pbmdf.com/Hardboard-/-Engineered-Wood-Siding-Trim. [Accessed 26 December 2011].
(PBPLY, 2011) Moisture Resistant MDF (EN 622-H1) | Peter Benson Plywood Ltd. 2011. Moisture Resistant MDF (EN 622-H1) |

Peter Benson Plywood Ltd. [ONLINE] Available at: http://www.pbplywood.co.uk/moisture-resistant-mdf-en-622-h1.html.
[Accessed 27 December 2011].
(Pickrell, 2005) Facts and Figures: Asian Tsunami Disaster - environment - 20 January 2005 - New Scientist. 2012. Facts and

Figures: Asian Tsunami Disaster - environment - 20 January 2005 - New Scientist. [ONLINE] Available at:
http://www.newscientist.com/article/dn9931-facts-and-figures-asian-tsunami-disaster.html. [Accessed 02 February 2012]
(Premier, 2011) Medium Density Fibreboard - Premier Forest Products. 2011. Medium Density Fibreboard - Premier Forest

Products. [ONLINE] Available at: http://www.premierforest.co.uk/Products-Medium-Density-Fibreboard.html. [Accessed 27
December 2011].
(RIBA, 2012) U-values: definition and calculation. 2012. U-values: definition and calculation. [ONLINE] Available at:
http://www.architecture.com/SustainabilityHub/Designstrategies/Earth/1-1-1-10-Uvalues%28INCOMPLETE%29.aspx. [Accessed
28 April 2012]
(Samek, Skole and Chomentowski, 2004:2) Jay H. Samek, David L. Skole, and Walter Chomentowski, S.S.C, 2004. Centre for
Global Change and Earth Observations. Assessment of Impact of the December 26, 2004 Tsunami In Aceh Province Indonesia , 1,
16.

39

Dharmesh Pankhania 2942496
(SBA, 2007) OSB Industry, S.B.A, 2007. Technical Bulletin. Structural Board Association - Binders and Waxes in OSB, 1, 21.
(Simpson & TenWolde, 1999) Simpson & TenWolde, W.S & A.T, 1999. W ood Handbook - Chapter 3 - Physical Properties and

Moisture Relations of Wood, 1, 25.
(Sitebox, 2012) ITW Spit Ramset B2 Fire Rated Expanding Polyurethane Foam (750ml) » Product. 2012. ITW Spit Ramset B2 Fire

Rated Expanding Polyurethane Foam (750ml) » Product . [ONLINE] Available at:
http://www.sitebox.ltd.uk/product/ram921731/itw-spit-ramset-b2-fire-rated-expanding-polyurethane-foam750ml/?paid=googleproducts. [Accessed 30 April 2012]
(Taylor, 2001) G.D. Taylor, 2001. Materials in Construction (Chartered Institute of Building). 2nd Edition. Pearson Higher
Education.
(Thomas, 1999) Randall Thomas, 1999. Environmental Design: An Introduction for Architects and Engineers . 2nd Edition, Spon
Press.
(Toronto News, 2011) Toronto News: Nairobi office worst wait times of any Canadian visa office: report - thestar.com. 2011.

Toronto News: Nairobi office worst wait times of any Canadian visa office: report - thestar.com. [ONLINE] Available at:
http://www.thestar.com/news/gta/article/721207--nairobi-office-worst-wait-times-of-any-canadian-visa-office-report.
[Accessed 21 November 2011]
(Towood, 2011) Medium Density Fibreboard - MDF，Towood.com. 2011. Medium Density Fibreboard – MDF, Towood.com.
[ONLINE] Available at: http://www.towood.com/news_detail.php?id=401&title=Medium_Density_Fibreboard_-_MDF. [Accessed
27 December 2011].
(Trada, 2002:52) Trada, Trada, 2002. Joints and Joining. Wood Information - Fasteners for structural timber: nails, screws, bolts,

and dowels. 2, 52.
(Trada, 2008:24) Trada, T.V3, 2008. Fixing and Installation. Panel Guide - Section 4.5 TRADA V3, 4, 24.
(Transparency, 2011) Global priorities/other thematic issues/humanitarian assistance. 2011. Global priorities/other thematic

issues/humanitarian assistance. [ONLINE] Available at:
http://www.transparency.org/global_priorities/other_thematic_issues/humanitarian_assistance. [Accessed 24 October 2011].
(UNDR, 2005) United Nations Development Programme, U.N.D.P, 2005. Post Disaster Guidelines - Version 1. Bureau for Crisis

Prevention and Recovery-Disaster Reduction Unit: Post Disaster Guidelines , 1, 12.
(UNHCR, 2005) United Nations High Commissioner for Refugees, UNHCR, 2005. UNHCR Transitional Shelter Final. Transitional

Shelter Quality, Standards and Upgrading Guidelines, 1, 7.
(UNHCR, 2006) The UN Refugee Agency, UNHCR, 2006. UNHCR Shelter Needs. UNHCR Headquarters Geneva Technical Support

Section (TSS) and Supply Management Section (SMS), 1, 2.
(UNHCR, 2009) Summary of breakout groups on urban response at the humanitarian shelter and reconstruction forum Shelter
Meeting 09b, 13th November 2009. [ONLINE] Available at: http://www.unhcr.org/4b152b159.pdf. [Accessed 24 October 2011].
(UNHIC, 2005b) IDP Data Pack, Banda Aceh: UNHIC
(van Dijk and van Leersum, 2009) Measuring the socio-economic impact of post disaster shelter: Experiences from two Red Cross

programmes, Humanitarian Exchange Magazine, Issue 44, September 2009. [ONLINE] Available at
http://www.odihpn.org/report.asp?id=3026 [Accessed 19 January 2012]

40

Dharmesh Pankhania 2942496
(WG, 2012) Getting screws to hold in end grain. 2012. Getting screws to hold in end grain. [ONLINE] Available at:
http://woodgears.ca/shop-tricks/endgrain_screw.html. [Accessed 04 January 2012].
(Wickes, 2011) Exterior (WBP) Plywood - Plywood - Sheet Materials -Building Materials - Wickes. 2011. Exterior (WBP)

Plywood - Plywood - Sheet Materials -Building Materials - Wickes. [ONLINE] Available at: http://www.wickes.co.uk/exteriorwbp-plywood/invt/111736/. [Accessed 28 December 2011].
(Widehammar, 2004) Widehammar S, 2004. Stress-strain relationships for spruce wood: Influence of strain rate. Moisture
content and loading direction. Soc. Expt. Mechanics. 44(1), 44-48.
(Wikipedia, 2011) Humanitarian aid - Wikipedia, the free encyclopaedia. 2011. Humanitarian aid - Wikipedia, the free

encyclopaedia. [ONLINE] Available at: http://en.wikipedia.org/wiki/Humanitarian_aid. [Accessed 12 October 2011].
(Wilderness Survival, 2011) Wilderness Survival: Shelters - Types of Shelters. 2011. Wilderness Survival: Shelters - Types of

Shelters. [ONLINE] Available at: http://www.wilderness-survival.net/shelters-2.php. [Accessed 31 October 2011]
(Wired, 2011) Burning Man 2011. [ONLINE] Available at:
http://www.wired.com/images_blogs/wiredscience/2010/02/hexayurt_burning_man_2008.jpg. [Accessed 24 October 2011]
(Woodlandyurts, 2011) Yurt Building. 2011. Yurt Building. [ONLINE] Available at:
http://www.woodlandyurts.co.uk/Yurt_Facts/Build_Your_Own.html. [Accessed 24 November 2011]
(WWT, 2011) Driving Screws into MDF. 2011. Driving Screws into MDF. [ONLINE] Available at:
http://www.woodworkingtips.com/etips/etip090800sn.html. [Accessed 27 December 2011]
(Yurt, 2011) Yurt - Wikipedia, the free encyclopaedia. 2011. Yurt - Wikipedia, the free encyclopaedia. [ONLINE] Available at:
http://en.wikipedia.org/wiki/Yurt. [Accessed 24 November 2011]

41

Dharmesh Pankhania 2942496

Disaster Relief Shelter Design

Appendix 1 – Temperature Graphs
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Appendix 2 – Humanitarian Policy
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Disaster Relief Shelter Design

Appendix 3 – Standard Hexayurt Design

(Appropedia, 2011)

The main parts of the Hexayurt, as can be seen from the schematic above, are the walls and roof, and their
joints. The materials that will be used in the final yurt are specified in Chapter Three – Material Selection.
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Walls and Roof:
Gupta quotes “common construction materials” (Gupta, 2011) are to be used for the manufacture of the
Hexayurt. For the purpose of explaining the diagrams, they will simply be referred to as boards. The total
number of boards for a 6ft Hexayurt is 12, typically 4’x8’ (1.2m x 2.4m) – 6 boards are used for the walls and
the remaining 6 for the roof.

(Gupta, 2011)
(Gupta, 2011) The diagram above shows the placement of each board to form a Hexayurt, while the diagram
to the left shows how each board will be utilised to form the walls and roof. The boards for the walls will have
6 inches cut off and used as scrap. This is so that the walls fall inside the diameter of the roof causing a roof
overhang, resulting in better water run-off properties (essential for use in rainy periods).
Joints:
(Gupta, 2011)
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The figure above shows the top view of the wall joint and roof joint. The blocks themselves are shown below.
(Gupta, 2011)
The blocks are cut from dimensional lumber, 2”x4”
CLS (Canadian Lumber Standard). A 150° angle is
cut into the block which is used for joining the
roofing together, whereas the 120° angle cut
blocks are used for joining the walls. The angles
are to be cut using a table saw or power saw, with
one clean cut. Prefabricating these blocks before
shipping the Hexayurt materials to Kenya will save time. Also as power tools may not be available in the
surrounding areas of Dadaab, it will be beneficial to fabricate as much of the Hexayurt as possible, leaving the
refugees and aid workers to simply glue and screw the boards together. Also, as the refugees may have limited
knowledge in joinery and construction, pre-cut blocks (and boards) will negate material wastage as cutting of
any sort will not be required.
For the walls, the boards are glued onto blocks – slightly asymmetrically. The first board is glued slightly
behind the block edge, whilst the second board is positioned so it’s touching the edge of the first board and
then glued into place. The positioning of the boards is so to produce a more airtight seal. A steel strap is placed
over the two boards and screwed into place – screwing through the boards and into the blocks to provide a
substantively stronger joint.
Or the roof, the boards follow a similar procedure with only minor changes. Firstly, the second board is placed
so that it extends more over the first board. Secondly, a small hole is cut into the second board to allow the
steel strap to remain flush against both boards.
As with wall and roof joints, the same wood glue, steel strapping and screws are used. When different board
materials are tested, these things will remain the same. Therefore it is essential to highlight the wood glue type,
steel strapping type and screw type that is normally used and which type will be used for testing for the
purposes of this dissertation.
Glue:
There are thousands of glues available, but Gupta specifies using gorilla glue. Gorilla glue is polyurethane
glue. When exposed to moisture the adhesive reacts and creates a foaming action that fills while it sticks. From
the Gorilla Glue website, the following properties have been stated:


Versatile – ideal for most household fixes, building repairs and creative projects. (Ideal for joining
wood therefore suitable for the Hexayurt)



100% waterproof – does not break down when exposed to outdoor elements. Easily passes
ANSI/HPVA hp-1-2000 types 1 and 2. (Waterproof capabilities mean the glue can be used for the
Hexayurt which may be subjected to heavy rains from time to time)
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Temperature resistant – once it’s dry, gorilla glue is unaffected by extreme heat or cold. (Can be used
from 4.5°C to 55°C therefore suitable for use in the Kenyan climate)



Sandable, paintable, stainable – the invisible glue line makes finishing easy. (For refugees which may
use the shelter for longer than transitional periods, the glue can be painted and protected for a longer
shelf life) (Gorilla, 2011)

Original gorilla glue is recommended when constructing the Hexayurt.
Steel strapping:
Gupta has not provided any guidance as which type of steel strapping should be used, but does suggest
Signode produced strapping which are pre-drilled. There are a variety of steel strapping that could be used, in
all sizes and grades. But it is not appropriate to carry out research into which should be used at this stage.
Strapping with high tensile capacities is the likely option, but medium tensile steel would save on cost. But for
this dissertation and due to the constructability factor, a pre-drilled solution would be of most benefit. The
same type of strapping should be used to make each joint.
Screws:
Gupta states “Wood is easy to fasten. Nailing a Hexayurt together is inconvenient and nails pull out under
load, so the natural fastener is deck screws.” (Gupta, 2011) Typically, wood screws are used to fasten wood to
materials such as steel, board and also other woods, e.g. timber to timber. Screws perform better than nails in
tension, which is predominantly the case in most joints. This is because the aggressive screw thread itself grips
the fibres in the wood, giving them a higher holding strength than smooth nails. The gripping of the fibres
provides a pulling action, which forces the two pieces together, providing a stronger joint. This would be of
advantage in Dadaab where unexpected weather, such as high winds, may arise. Winds generate lift, which
may pry the roof off the walls on the Hexayurt if not attached with screws.

Another reason to use screws in place of nails is removal. If the yurt needs to be transported to a more ideal
location, the refugees must be able to dissemble the structure with ease. Glues joints will be damaged as they
have to be forced apart, in addition to more glue being needed to reassemble to yurt again. But with screws,
they can literally be ‘screwed out’ using a screwdriver, meaning less hassle and less damage. Following from
the topic of damage, during construction of the different joints, the wood is less likely to split when using
screws. This would increase bond strength, in turn making the whole structure more able to withstand higher
forces.
Gupta expresses the use of deck screws, which are available as a 2½” long option in sizes 7, 8 or 10. “Screws
for use on outdoor structures are most often driven with a square (or Robertson) head, a Phillips head or a
Torx head. Each of these has advantages over the other with regards to commonly used tools, less wear or
stripping and speed of installation.” (Fastenertips, 2011)
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Appendix 4 – Material Analysis
Chipboard:
Chipboard is composed of wood chips and ureumformaldehyde-glue. The chipboards are of the three-layer
type, compressed, and obtained through the separate gluing of coarse and fine fractions. (Linopan, 2011) The
layered effect is obtained by bonding wood particles with glue, under heat and pressure. Chipboard tends to
soak up water, swell and disintegrate, but higher density boards perform better. While standard chipboard is
not suitable for exterior use, high density chipboard is suitable. It is normally used within kitchens as the
material for table tops. It is extremely hard wearing when coated with specialist materials, which could be
suitable for the Hexayurt, but will cost more.
Working – Chipboard is made of wood chips, therefore when cutting, these wooden chips will tend to break
and rip off fragments surrounding the cut. This will result in a poor quality cut, and workability wise is not
very advantageous. With the Hexayurt, clean cuts will be needed, with straight edges so that the structure is
symmetrical and each part will bear equal weight. From personal experience, clean cuts are difficult to
achieve with chipboard, even when using a saw blade for increased accuracy. One way of reducing damage
will be to tape along the cut-line and then cut through the tape. But this could be a problem when
manufacturing these boards to fit the Hexayurt as it is very time and cost consuming. In Dadaab, cutting each
board to the relevant size may not be an option as there will be limited supplies of electricity and hardly any
power tools, in addition to the lack of carpentry skills.
Fixing – The use of nails, pins and screws is permitted on chipboard, but when fixed to a support (in the case
of the Hexayurt – the block joint) the fixing are found to pull out easily when loaded. The refugees in Dadaab
would benefit from a transitional shelter, so the Hexayurt should be built to last. If during high winds or
accidental knocks within or from outside the shelter, the screws may be pulled through and will be exposed.
This is not safe, and will cause the joint to lose strength and the whole shelter will be made structurally
unstable. The lifespan of the Hexayurt may be significantly reduced, and immediate repair may not be
available. Double-threaded or chipboard screws can be used, but the board may tend to split. Adhesive (gorilla
glue) can be used, but only in addition to screws, as outer wood chips will separate from the board during
failure.
Finishing – As chipboard is prone to swelling due to moisture, water based paints cannot be used for
protection. Providing it is kept dry, chipboard has an excellent resistance to warping and shrinkage, a bonus
in hot climates and today's centrally heated homes. (DIYinfo, 2011) Laminating the surface and edges provide
extra protection against the elements. The climate in Dadaab is normally dry-humid, with random bursts of
rain at the start of the year and towards the end, therefore this board will have to be carefully manufactured
with high protection if it is to be used in Kenya.
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HDF:
High density fibreboard or hardboard is a type of fibreboard which is formed using wood chips (inter-felted
ligno-cellulosic fibres) (PBMDF, 2011) and resin. During the production process, the wood chips are softened
using pressurised steam and then refined into wood fibres. These are then mixed with resin, whilst forming
them into mats and pressing them to form panels. EFIG quotes “Other materials may be added during
manufacture to improve certain properties such as stiffness, hardness, finishing properties, resistance to
abrasion and moisture, as well as to increase strength, durability and utility.” (EFIG, 2005) With such
properties, HDF would be an appropriate material to use for the Hexayurt.
Working – As a resistant board is needed for Dadaab, a tempered-treated HDF should be used. This is usually
treated with oil to give extra strength and water resistance, and it is particularly suitable for exterior use. From
the manufacturing process, HDF has no grain and therefore looks uniform. Table saws should be used to
produce a clean cut, which is easy with HDF as wood chips that are cut do not cause surrounding chips to lift
or break apart. Therefore it is very workable, meaning any shapes and designs can be produced by the
manufacturer. When cutting the material for the Hexayurt, the boards can be clean-cut to the right
dimensions without fear of the boards disintegrating along the line of cutting. Unlike chipboard, no additional
tape is required when cutting, saving time and cost.
Fixing – All types of fixings are permitted with HDF, including screws which will be used with the block joints
outlined in the previous chapter. Headboard pins could also be used, but they are a permanent solution
whereas screws can be removed when disassembly is needed for transport. This is useful when the refugees
may need to move their shelter to a different location, or when they repair damaged panels. Gorilla glue can
be used, aswell as woodworking PVA and resin, but screws will have to be used. This is because at failure, the
top sheet of the board may separate from the underlying board, exposing the formed fibres. Therefore screws
are needed to avoid separation. The top sheet acts as the protecting layer, which gives the hardboard its
moisture resistant properties.
Finishing – Strips of softwood should be fitting around the edges of the board to protect from damage, as with
any board the corners and edges are most prone to damage. Aluminium strips can also be fitted to provide
increased protection, which could be of advantage in Dadaab. They will mean the sheets can last longer, and
can withstand more wear and tear. In addition to fitting strips, the board can be primed then painted. But this
will increase costs. As the shelter will be for transitional use, aluminium strips may not be needed.
MDF:
Similar to HDF, MDF is also made from wood fibres with are bonded together under heat and pressure, with
the aid of a resin (ureumformaldehyde-glue or phenolformaldehyde-glue). Unlike hardboard, the process
through which it is created takes place at a lower temperature, additional resins are needed. Made up of fine
wood fibres, it does not have an easily recognisable surface grain, along with it being “dense, flat, stiff, and
contains no knots.” (Premier, 2011)
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Working – Bailie writes that, “the International Agency for Research on Cancer (IARC), part of the World
Health Organisation (WHO), quoted evidence that even short term exposure to formaldehyde, at far below the
legal limit allowable in Britain, could cause irritation to the eyes, nose and throat.” (CF, 2011) Therefore, when
cutting MDF, dust masks or professional respirators should be worn, aswell as safety goggles. As the resin used
in MDF can be harmful, it is best that the cutting is done during the manufacturing stage. And that spares
should be shipped out to agencies in Dadaab to avoid risking the health of the refugees. Just like hardboard,
MDF can be drilled, machined and tapped, resulting in a smooth edge along the cut-line. This is advantageous
to the manufacture of the Hexayurt as the boards can be cut to exact lengths without the fear of the edges or
the area surrounding the cut being damaged whilst cutting. The cuts will result in high quality edges which
are smooth, and can be tapered or rounded so that it is more user-friendly.
Fixing – MDF is prone to splitting, if the fixing is less than 25mm from the edge. Therefore pilot holes, that are
around 85% of the screw diameter, should be drilled first ensuring that the length of the pilot hole coincides
with the length of the screw that will be used. Screws which have a “straight shank” (WWT, 2011) are also
preferred. If the Hexayurt is to be constructed in Dadaab, this information may not be known to the refugees
or even the relief agency workers. Therefore pilot holes must be pre-drilled into the boards and also the block
joints prior to shipping to avoid damage to the wood. Splitting of the wood makes it weaker, and therefore,
with one failed joint it will be a liability to the whole shelter as each joint and board work in unison with each
other to provide stability and strength in a Hexayurt. Improving and maintaining the safety of the refugees is
crucial to humanitarian relief success, therefore this precaution must be taken. MDF can also be glued without
the fear of the top layer detaching itself, because the whole board is comprised of just one layer. Gap-filling
(gorilla glue), PVA, epoxy, or hot melt glues are suitable, meaning MDF will be suitable for the Hexayurt as the
block joint can be made to the same specifications as outlined by Gupta.
Finishing – “MDF can be used not only in dry conditions, but also in humid, high humid and even exterior
conditions,” (Towood, 2011) but the resin used in MDF releases harmful emissions gradually over a long
period; therefore suitable finishes should be applied to all exposed surfaces to minimise these emissions.
Finishes include laminates, vinyl and wooden veneers, but wax and oil could also be used. MDF can also be
primed and painted. With a variety of finishes that could be used, it is vital to choose one which will give the
highest level of protection in the Kenyan climate. An alternative is to use moisture resistant MDF panels which
are “designed for use in humid conditions in accordance with MDF.H1 as defined in EN 622 Part 5 so is ideal
for applications such as kitchen and bathroom furniture, window and skirting boards and architectural
mouldings.” (PBPLY, 2011)
OSB:
OSB is manufactured using softwood strands/wafers which are bonded using exterior-type water resistant
binders/resins (phenolic resin/isocyanate binder) (SBA, 2007) under heat and pressure. The strands have
uniform thickness and their dimensions are predetermined, with mill members of the SBA (Structural Board
Association) using strands that are up to “6inches (150mm) long and 1inch (25mm) wide.” (OSBGuide, 2011)
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OSB’s strength comes from the uninterrupted, interweaving wood strands, while the resins and binders
provide internal strength, as well as rigidity and moisture resistance.
Working – From personal experience, the strands on the reverse side of the cut will always lift no matter how
carefully the board is cut. This is known as delamination, and will occur even when using a power saw.
Therefore this will not be suitable when cutting these boards to size for the Hexayurt. With poor quality cuts,
the edges are more prone to swelling in the presence of moisture (Kenyan climate), and will disintegrate,
therefore decreasing its strength and rigidity. Boards like MDF or HDF are more preferable.
Fixing – Nails and screws can be used with OSB, while no countersinking of holes is needed, drilling pilot
holes is. As the screw is tightened, the strands in contact with the screw will compress, giving it a greater
holding strength. This would be useful for the Hexayurt as the strength of the joints will be increased, but if
the board is pried away from the joint using an external force such as an accidental push, then the screw will
crack the board or even pull through it. This causes permanent damage which would require the board to be
replaced. If the board is not screwed in properly, the same process is likely to take place. Glue alone is not
suitable for use with OSB as the layers of wood attached to the glue will separate at failure; therefore screws
have to be used. The OSB user guide quotes, “parallel core screws should be used because they have greater
holding power than conventional tapered wood screws.” (EPF, 2002)
Finishing – The untouched surface of OSB is unsuitable as a finished board as the strands are prone to lifting
and the edges are easily damaged. This surface is okay for use where aesthetics aren’t important, but there are
safety issues with the exposed strands as they can cause cuts to the refugees. Factory sanded boards are
available which can be primed and painted using oil-based timber paint. Water-based paints are not
permitted to be used on OSB as the moisture will cause swelling and the surface strands will peel away from
the rest of the board. If this board is to be used in Dadaab, it will have to be manufactured so that it is factory
sanded or wire-brushed to remove any loose strands or resin deposits, and will have to have a layer of oil
paint on all surfaces for protection against moisture.
Plywood:
Unlike the previous boards, plywood is made of thin timber veneers, which are free from knots, bark and
other defects. The veneers are dried so the moisture content falls to below 10%. This allows the bonding glue
to be absorbed into the wood, aiding strength and rigidity. Bonding glue is spread on both sides of the veneer,
and is usually in the form of phenol-phormaldihyde. (Mutharathod, 2011) After the veneers are glued, they
pass through a hot press to form slabs, which are then cut to size.
Working – If plywood sheets are subjected to heat, they have a tendency to shrink, therefore it is best to use
sheets that have been placed in rooms with similar temperatures and conditions as found in Dadaab before
they are to be shipped. Power saws should be used to produce an accurate cut, but it will still damage the
outer layer of the board. This is unavoidable but cutting the sheets in bulk together may induce less damage to
inner sheets. The outer layer is known to splinter, and this is a safety hazard, not only for the relief workers
who will be handling the boards but also the refugees who will live in the finished Hexayurt. Therefore it is
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vital that the plywood boards are sanded down to avoid any future mishaps. As with all sheet material,
swelling due to moisture should be avoided at all costs, therefore it is best that the pre-cut sheets are stored in
a low-moisture chamber before they are shipped.
Fixing – Screws, nail and adhesive can be used with plywood, but only small screws grip well in thicker sheets.
As plywood is made of several veneers, it is best to use bolts with washers and nuts, which will compress the
sheet thus improving the strength of that joint. But with the Hexayurt block joints, Gupta advises to use
screws as they provide a higher fixing strength, whilst being easily removed if needed. Trada quotes, “The
main types of screws used with wood based panels are conventional woodscrews, parallel shank woodscrews
and double threaded parallel shank woodscrews. For fixings into panels the parallel shank type screw is
generally preferable. When screws are used for panel to panel fixings, a slightly oversize hole should be
drilled in the uppermost panel.” (Trada, 2008:24) Therefore, parallel shank screws should be used when
attaching the plywood boards to the block joints. Gluing is permitted for plywood, but the surface should be
roughened using coarse abrasive paper before applying the glue. Mechanical fasteners (screws) should be
used in addition to glue to give a stronger hold, as “the mechanical fastener holds panels in position and
provides bonding pressure while the adhesive cures.” (Trada, 2008:24)
Finishing – Plywood is usually manufactured with a veneer with can be varnished or painted using oil-based
paint, although pre-painted sheets are available. For Dadaab, moisture resistant sheets are beneficial, therefore
exterior grade plywood (WBP – weather and boil proof) should be used. WBP is suitable for outdoor
construction and can withstand certain amounts of moisture. The veneer on the top and underside protects
against moisture, but for durability, it is advised that additional varnish or paint is needed. Panels that are CE
marked should be used which comply with “EN13986 governing panels for use in construction.” (Wickes,
2011)
Screw Type:
In addition to the board types, the screw type has to be established. Gupta quotes, “the screws should not be
countersunk screws; they should have a ﬂat head against the washer.” (Gupta, 2010) From the analysis of the
materials, parallel core screws with a flat head should be used. The flat head prevents it from being pulled
through the board, whilst the parallel core prevents the board from splitting. The screw should also be turned
into the joint, not hammered as the load bearing capacity will decrease significantly if hammered. BS 1210
1963 Standard should be used for the screws. Trada states that, “the main type of screw used in engineered
timber structures is the coach screw…which is generally produced in accordance with the German Standard
DIN 571.” (Trada, 2002:52) Coach screws are available in lengths of 25mm to 300mm and diameters of 6mm
to 20mm, which require a washer. Trada also states that, “screws with a diameter greater than 5mm should be
turned into pre-drilled holes to prevent splitting of the wood.” (Trada, 2002:52) Thus for Hexayurt
construction, coach screws (M6 x 90mm) should be used with washers under the head.
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Appendix 5 – Joint Testing Methodology
Testing Conditions:
Bolts (screws) can be loaded in three ways:


Shear



Tension



Combination of shear and tension

Screws are designed to hold components together whilst withstanding tensile loading, but they can also take
the shear load in a joint. The boards that have been highlighted in the previous section can be tested by
bending, but as they will be attached to block joints in the Hexayurt, it is vital that they are tested as part of the
joint to reflect real life situations. The boards will be attached to the block joint as explained in Appendix 3
using screws. The strength of the joint rests on the holding strength of the screw, which predominantly rests
on the strength of the board. As the screws can be loaded in shear and tension, it is best to examine the whole
joint using shear and tensile testing. Therefore, my prediction is that the boards with higher shear and tensile
strengths will produce a stronger joint, thus making them the suitable material for Dadaab.
The tests are designed in accordance with Chapters 7 and 8 of EN 26891:1991, whilst prioritising overall joint
strength instead of deformation. To aid analysis of these tests, the failure of each joint will be assessed using
Eurocode 5 Clause 8.7.2.
Therefore, the failure modes whilst assessing the load-carrying capacity of connections with axially loaded
screws are:


The withdrawal of the screwed-in part of the screw



The head of the screw being pulled through the board



The tensile failure of the screw

As timber blocks are to be used, shear failure of the block can also occur, thus this should be added to the
failure mode list.
In addition to this, the conditioning, fabrication and preparation of the test pieces are shown below.
Conditioning – As specified in Eurocode 5 and BS 5756, the test pieces should be kiln dried or of Class 2. Class
2 is, “characterised by a moisture content in the materials corresponding to a temperature of 20°C and the
relative humidity of the surround air only exceeding 85% for a few weeks each year. In such conditions, most
timber will attain an average moisture content not exceeding 20%.” (BS 5268 Part 2) The test boards will not
be kiln dried due to the lack of kiln drying equipment being unavailable. The Hexayurt should be tested using
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the worst case scenario, using Service Class 3. This would mean the boards are externally, exposed boards
with an average moisture content of 20% or more. But as the manufacture of these board joints will be inside
a lab, which is a covered and heated space, the UK national product standard of 15% (NBS, 2012) should be
used. According to Taylor, Baradan and Widehammar, “The strength of clear timber rises approximately
linearly as moisture content decreases from the fibre saturation point and may increase 3-fold when the
oven-dry state is reached. However, toughness decreases with drying. At moisture contents of around 15%, the
strength would be approximately 40% higher than that of the saturated state, depending on the type of wood.
The mechanism of the strength increase is similar to that of shrinkage in concrete; the contraction results in
decreased inter-fibre spacing and, therefore, stronger bonding between fibres.” (Taylor, 2001) (Baradan,
2003) (Widehammar, 2004) So when analysing the results, a reduction factor should be applied.
Fabrication – There are no special requirements for the production of the test joints, only that the boards
should be planed and each board should be of the same dimensions. The screws should be drilled in
perpendicular to the boards and the timber block. The timber blocks should be identical for each joint, along
with the screws to ensure a fair test with only one variable which is the board type for the roof and wall joints.
The boards should be cut using a table saw ensuring a clean and accurate cut, whilst using M6 90mm coach
screws and 4x2” sawn and kiln dried timber blocks throughout.
Preparation - Using Eurocode 5 Table 8.6, a minimum spacing and edge distance for the screws of 4d will be
used for every joint that is made and tested. This is to conform testing to the Eurocodes so that a viable analysis
can be made, whilst referring to the modes of failure. Due to this, steel strapping will not be used. This will
show how the boards react when they’re under force as there is room for lateral movement because the
fasteners aren’t restricted. According to Grahn, “the width of the wood-based plate should be chosen not less
than 200 mm in order to reduce bending of the plate member.” (Grahn, 2007) As only shear and tension will
be tested, the boards that will be tested will be 300mm x 300m. This provides a 50% increase in width over
what Grahn recommends, and will make it easier to highlight the specific modes of failure.
Testing Methods:
There are three tests that can be used, which have been developed by B.Maltby, to test the joints of a Hexayurt
in shear and tension. These are:


Pure shear test



Hydraulic jack tension test



JJ Lloyd tension test

It is difficult to test the joints through a combination of both shear and tensile testing on a Hexayurt whilst
conforming to the Eurocodes. Therefore separate tests will be performed.
Pure Shear Test:
To test the boards in shear, two identical 300mm x 300mm boards will be screwed to the 120° and 150°
block joints as outlined by Gupta. For clamping purposes, an additional length of 4x2” timber is to be attached
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to one of the boards. This additional clamping block will be clamped to a hollow steel section for added
clearance. The whole joint will then be clamped to an I-beam frame, whilst loading the unclamped board
using a hydraulic jack. Wandel explains that, “because wood is relatively weak perpendicular to its grain,
screws don't hold that well when screwed into the end grain. This is because the thread has a harder time
cutting into the grain from the side, and also because what it does grab shears out more easily, as the shear is
cross-grain.” (WG, 2012) So, for this test, the weakest part of the joint will be the joint at the board which is
screwed into the partial end grain of the timber block. This is where failure is likely to occur, therefore that
board will become the ‘free-board’ and will be loaded.
Maltby expresses that use of a load cell, which is “attached to a computer through a RDP modular interface
under the hydraulic jack. The load reading from the cell is logged at 1 second intervals using a Microsoft
Excel macro program.” (Maltby, 2011) Following Maltby’s test, the readings from the shear test for this
dissertation will be from an RDP modular interface and a load cell. As the hydraulic jack is will be placed over
the loading cell, it is necessitous to omit the weight of the jack when calculating the final readings.
EN 26891 Clause 8.2 explains that the loading rate on a test piece must be constant. Due to the lack of
computerised jacks, the load will be applied manually at regular intervals. This results in Clause 8.2 being
unattainable, although Clause 8.4 is attained as the load measuring equipment is to the needed accuracy.
From the tests carried out by Feio, Lourenço, and Machado to analyse the capacity of timber joints, LVDTs
(linear variable differential transducers) were used to measure any displacements. In their tests,
“displacements were measured using linear variable differential transducers, continuously recorded until
failure occurred. The measurements of the vertical and horizontal displacements in the specimens were done
by two pairs of LVDTs placed on opposite faces of the specimens to eliminate the effect of bending, if any.”
(Feio, Lourenço and Machado, 2002) However, with no suitable method of attaching them to the test joint,
linear movements cannot be measured in this shear test so will have to be “observed visually.” (Maltby,
2011:69)
Hydraulic Jack Tension Test:
As explained above, the ‘free-board’ is left unclamped and will be loaded from the side using the same
hydraulic jack. This is due to the joint on the free-board being the weakest theoretically. Therefore, for the
same reasons as above, this board is loaded to failure. The hydraulic jack will be attached to the I-beam frame,
but instead of resting on the bottom edge, it will be placed on the side to recreate a lateral force. For added
accuracy, a load cell and an RDP interface will be placed under the jack to measure the loading that will be
applied. The clamped board will have to be securely clamped without damaging the board itself; otherwise
failure could occur at the point where the clamp touches the board. So, a temporary 4x2” timber block will be
attached to the board which will clamp the whole board into place. To load the free-board, an additional
timber block will be screwed through the board directly above the block joint. This is so pressure can be
placed as close to the joint as possible whilst minimalising bending. This is important as the joint will be tested
in tension, so any other variables affecting this will be seen to.
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As with the shear test, EN 26891 Clause 8.2 explains that the loading rate on a test piece must be constant.
Due to the lack of computerised jacks, the load will be applied manually at regular intervals. This results in
Clause 8.2 being unattainable, although Clause 8.4 is attained as the load measuring equipment is to the
needed accuracy. For the same reasons stated in the shear test, LVDTs will not be used in this test.
JJ Lloyd Tension Test:
This is the final test, which will use a JJ Lloyd computer controlled tension machine, which has built in
extension measuring capabilities. Therefore, there will be no need for the use of LVDTs. The whole joint will
be tested, not just the weakest point, thus showing failures on both boards and the behaviour of the joint. For
attachment, both boards must be drilled with a 20mm hole in the upper part of the board. Maltby
recommends drilling the holes “40mm from the top edge and 150mm from the side.” (Maltby, 2011) This
ensures the board is attached at its central point without creating problems with attachment to the machine.
Steel pins will be used to secure the boards to the machine.
The JJ Lloyd machine was used as it complies with EN 26891 1991 Clause 7. The machine has a tensile
loading capacity of 100kN, in addition to loading speeds ranging from 0.001mm/min-101.6mm/min and a
data sampling rate of 8 kHz. (Lloyd, 2012) The loading rate for this test will be controlled at 5mm/min so that
the modes of failure can be visually analysed more easily.
Additional Notes:
As this dissertation focuses on material selection, specifically the material of the roof and wall boards, other
variables which could affect the testing of the boards will be minimalised. The main ain of these tests is to
analyse how the joint as a whole reacts to loading, but also how the board fails. To ensure board failure before
the timber block joint failure, a higher strength timber block joint should be used, such as C24. But, C16
timber is the most common and cheapest available source in the UK. (BSW, 2012) According to BSW Timber,
“softwoods are the most frequently used timbers for loadbearing situations. In order to comply with the
Building Regulations they must always be strength graded: they are then usually put into a Strength Class. In
the UK, softwoods are graded visually, in accordance with BS 4978 2007, or by machine to EN 14081 2005.
BSW Timber grade all load bearing construction timbers by a machine to achieve C16 strength Class and the
timber is stamped accordingly. BSW use BM TRADA as the independent body who audit and check the
strength grading machine to ensure that all C16 strength graded timber complies with current legislation and
guidelines.” (BSW, 2012) Therefore, the block joints will use C16 timber for testing.
Furthermore, no glue, strapping or washers will be used. This is so the tests can comply as closely with the
regulations set by the Eurocodes. The boards will be attached to the joints using only one fastener – the coach
screws. The failure modes will be more apparent as the screw is not restricted and has the ability to pull
through.
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Appendix 6 – IES Apache Graphs
Chipboard:

HDF:
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MDF:

OSB:
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Plywood:
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Appendix 7 – Psychometric Chart
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Appendix 8 – Laboratory Test Graphs
Chipboard:
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