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Drivers for this research BATH

Why are we domg this?

e e

|\/|I||I0nS dlsplaced >40° C iIn summer
<0°C in winter

Who is funding this?

Department for
International E PS R‘
Development

Global Challenges Research Fund
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Building Physics ﬂ e
Architectural Technology & Design . !‘

Project Management ﬂ

Mathematical Innovation ﬂ
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WP1 Surveys B ATH

Complete largest ever uniform linked thermal, air quality, and social study in
five camps. Collect the views of camp occupants and aid agencies on possible
shelter improvements and limitations.




WP2: Computer Modelling Solutions

Develop and enhance the science behind thermal modelling of shelters. Create an

optimisation process that will seek to improve living conditions in displacement.
175
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The Simple Shelter Tool
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Simple Shelter Development Tool

1- Inputs

The shelter is located in:

() Azrag, Jordan- Hot & dry clima
(0 Mersin, Turkey- Temperate cli

) Mekele, Ethiopia -Temperate c

O Kathmandu, Nepal- Warm & ht |

() Dhaka, Bangladesh- Warm & h
() Chittagong, Bangladesh- Warn

~ Trujillo, Peru- Subtropacal hot
"~ humid periods in summer

(2 Yanque, Peru- Cold climate

[JAdjacent unheated space |
e.g. sheltered exterior; storage... |

Shading elements?

|_|Equatorial facing wall

[ ]Roof - Summer
[ IRoof - Winter

Wind Exposure

Highly P
Sheltered

Build Fabric

Perfectly
Airtight 1

length [ m
breadth m
height m

window area m2 |

door ar
Ventilation
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Is there another opening? (ie. window, vent... opening area w2
height difference m
o) a) No (between the openings midpoints)
» b) Yes, same side and... or ¢) Yes, different side and...
~— (U same height () different height () same height ) a) different height
q /w I I \J1
Slngle side ventilation 5.;.549 side venmanon Cross ventilation Sta:k effect

& stack effect

Is the window(s) open?

During Summer During Winter
[ |Day time

[_INight-time

|_|Day time
["INight-time

Is the door open?

During Summer During Winter
[|Day time | Day time
_INight-time |_|Night-time



Simple Shelter Development Tool

Uvale| O w/maK
2 Wall Input Vales Thichness Om
Density 0 kg/m3
Specific heat capacity 0 1xg/k
OwallA Owallp O Wall E

() Roof A

250mr

Roof F

(") Polyestercotton 4mm; Air gap

(’Roof B

=

150mm S&n"

o) Roof G

100mm; Polyestercotton 4mm

~ Roof |

) Iron sheet (CGI) 3.5mm

elter helter Shelter
Wall ; Raof F; Floor Wall L; Roof G; Floor F Wall M; Roof H; Floor F walm Roof ; Floor G w.no Roof I; Floor 6 Wall O; Roof J; Floor G Wl P Roof K; Floor G
Shetlter Case Study
u CASE2 CASES CASE4 CASES CASE6 CASET CASES.
Sl y Evaporative Cooling i y &Roof i Cavity Fill Increased Insulation Al Options:
CASEL @9 Wall U; Roof M; Floar | Wall V; Roof M Floae | Wall W Roof N; Flcor | Wall V; Roof M; Floor | (Thermal Mass) Wall Y; Rool O; Floor | Shatiow Earth Tube.
Controlled One - No Intervention

‘Wall U; Raof M; Floor |

Wail X; Roof M: Flaor |

‘Wall Z; Roof M; Fioor |

Roof

Polyolefin foam panels Smm

J
“lron sheet (CGI) 3.5mm;
Thatch 100mm

Shelter Design Catalogue 8
Wall Q; Roof I; Floor G

‘Wall U; Roof P; Fioor |

'y
et

Shelter Design Catslogue 3
WallR; Roof L; Floor G

CASE 10

CASE 3
Internal Skin Thermal Mass New Design V2

(sand Bags)
Wall A%; Roof M; Floar |
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0 w/m2/k

il

Roof H
CJUNHCR plastic sheeting
2mm

Roof K
~ Iron sheet (CGI) 3.5mm;
= Thatch 100mm;
Polyestercotton 4mm

Shelter 1
Walls; Roof |; Fioor |

Shelter2
Wall T; Roof I Floor |

CASE 12
Earth Tube.

Wall W; Roof Q; Flor | Wall U Roof M; Flaor |



WP3: Prototyping & Physical solutions
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Prototype, measure, and develop novel combinations of conventional and non-
conventional materials appropriate for a range of climatic, social, political, and
economic conditions.

Room 1 “Indoor”

Temp.range:  +40C +5C
RH%range:  10% 95%

Room 2 “Outdoor”

Temp.range:  +40 -20C
RH%range:  10% 95%
Pressurisation <250 Nim’ (not with humidity)
range

Rain simulation Approx. 0.1 L/min

IR radiation 1,200 Wim’ @ 1m
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WP4: PDWs and SAM BATH

Shelter Assessment Matrix (SAM) should be Ianguage—localised, extreme climate
building physics-based, culturally sensitive, through Participatory Design Workshops.
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WP5: Material supply BATH

Examine the material supply networks in the construction of disaster relief
shelters. Identify the purchasing patterns of the families and key influencing
factors on family decision making in relation to procurement. This will help to

speed up the delivery of novel solutions.
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Origins of SAM BATH

Ciimats Safety
Location(s) Sile data: Semsonal | Diurnal | Extremes Indivudualls
Families|
Fire risk|
Criminal activiy
Visinilty (women in isolation
Generations [ Groups | Mixed [ Childcare [ Education [Cutural |
Saiamic riak| Design [Muit-crieia Design Too [ Prorise key components 11D care common ekments [Adaptiv Kit o pars |
Privacy Construction Onsie  [Offsite
= i :a, vea around
— Visibity (safaly within &mp) ™) e sttt
Privacyiparitioning within sheltor Cost|Eishalter \npermuinqumn'edC Transport
Guslomisablal _ (e ! Stabiify|Wind load |Stomload  |Send storms [Flood [Earthquakes w
dor| Washi Sociallsing safo areas R - |sepet. R 7
g g Speed of feaberign, S22 el Saged
Comfort Matorll " Weateright (ol Dusble  |Wealeright [ Tamporate
Targul lemperature range(s) 4] Seasenal | Glumal :
Adaptive comfor|_Amblent | Radiant __Reuseabigl0io? 510107
Ventiation| ; ¢h, iher Life-expectancy|0-6yrs |5-10yrs
AlrQually|  VoE Cooking | Sanitalon | Incidental | Carcnogens | Maintenance|Cleaning | Repair
Acoustic| Atienualion | Guiet spacas | Priv Securlty | Mask ve attony lﬂnn
1 of_| Seaty | ¢ Mapabietedtenciiayald  Fucira  Dided  Elaed |Cusorise e
Lighting| Daylight Suniight arificial | nightime? |G Amsibiilyh‘oung Oid Disabled  |Imured | Groups
Uar frigndly
ErgonemigiAnthrapometric soocs Adapiabie spaoe
Peychologal] o | Naram | SRy Intestucture |San‘rtaﬁun ‘Semioes? ‘LMREQS ‘m‘. ‘

Output parameters from 15t Industrial Steering Committee meeting



Shelter Input Details

Shelter Assessment Matrix (SAM)

This is a tool is in its test stage and under construction - your feedback

will help us to improve it by completing the survey below:
google. /f fd/e/1FAIpQLSe’ P
_link

This is tool is designed to help you consider the key issues in shelter design and how well any shelter
meets the needs of the occupants and the limitations of the location.

It lists the issues we have identified from our field work and, where possible, provides guidance in the form
of a tool or a pointer to a report or academic paper.

It does not provide an overall score for a shelter. This is because the criticality of any issue will be location
or population dependent, however it does allow a series of shelters to be compared issue by issue.

Sheiter data (3)
Raadmer Climatic dat Site dat Shelter data (1) Shelter data (2) safet
e Sl pde oo Practicality and Bulldability omfart & Sustainability R

NOT a design solution
but an assessment tool

UNIVERSITY OF
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Please insert a short overview of
the camp and population, and,
where posslbll include

Since 2011 the Syrian crisis has resulted in a mass displacement of people,
and Jordan currently hosts 654,100 Syrian refugees: around 80,000 of
thi housed in the Zaatari camp and 54,000 in the Azraq camp [26]. In

This will be useful when

Zaatari the mean maximum outdoor temperature is 32.7 °C amnh:z mean
minimum is 1.9 °C. In Azraq the mean maximum outdoor temperature s 36

reflecting upon the issues and “C and the mean is2.8°C. This Is done considering the
salutions on the next sheet Jordania/Syerian context
Country Jordan Site Location Zatari/Azraq
Kdppen Climate Classification 5 - -
A Tropical/megathermal TropicH Wk B E B. Desert (Sometimes, Jordan can be affected
B:bry Ba by a strong and hot wind blowing from the
© ] Egyptian Desert, which brings dust and sand
GiEs i e e . storms; this happens more easily in spring
E_' s — and autumn)
Temperatures (°C) Max. | Min
21 1

Annual rainfall (by cimate)

Wet season

Rainfall is generally scarce, and occurs from

November to April, with a maximum in winter,

between December and February, Total annual

Nov Mar  rainfall ranges between 250 and 450 millimeters (10
to 18 inches} in the north-western area, and it

From To decreases to a desert level, below 100 mm (4 in) per

year In the rest of the country.

30-50 Hurricanes, Cyclones,  From To



Shelter Input Details

Population Narrative:
Nature of displacement Displaced by civil war
Rural or urban populations Equal numbers of rural and urban population
Religious mix Mostly Istlamic
Age distribution Normal distribution of ages
Gender distribution Equal distribution of male & female
Site Name Azraq and Zatari camp
That housing should look temporary, so no use of brick or
Jocal Govecnment/ Apency blockwork.
Soll type Bl Anyone who has visited the camps from
Topology [3E1l WPs 1-4 can populate this to create a
Ease of laying concrete pad Flat library of different sites.
Notes: Sand with impenetrable rock at 30cm deep
Structural Panels Insula 5S
Access to local materials o/
Steel None Insulation
Notes: Steel tubing IBR Cladding
a: (
Utilities Gas Electricity Water
Bottled gas None None
All shelters given Plans to distribute
Notes:
bottled gas electricity, long term
Access to cooking fuel None Notes: Add here
Assumed No./shelter Space Requirements Water
The Displaced
3-5 <3.5m2/person None
Notes:
Add other variables here
Notes:

e
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Shelter Input Details

7

Shelter data

1. Practicality & Buildability

should be able to maintain the year: Ideally within the range 10°C to 30°C and 30% to 70% RH. A particular focus on issues of
female privacy wrt those outside the shelter.
Required sub-divisions At least 2 compartments

Eheher name Enter the name of shelter

Importance of  How well does  Supporting evidence:
sub-issue: ‘the shelter resolve 1. Modelling.
D=n/a sub-issue 2, Prototype B
Shelter criteria Issue Details Rating criteria 1=5light 1= Poor testing. = z
2=Moderate Upto 3. Established on-site per de e
3=important S=Very Good  performance
4=Critical
1. Equal or above 5,000 USD i
B y er shelter, 2 Between 3000 to 4,000 USD
Cost mﬂ#m n? e s el e ! 3, Between 2000 to 3,000 USD 4 5 128&3
S 4, Between 1000 & 2,000 USD
- i 5. Equal or Below 1,000
1. Requires specialist lifting forklift)
) - 2. Requires large vehicle/trailer
Ease ofDelivery 0% #2910 0 SeINETNGBIBUE 5 e o iting equipment but g small ruck,and 6 pesple persheter 3 a s
fhss 4. Can be handled manually
5, Fabricated on site using locally available materials
T egune = = - J
) : . 2. Requires traine personnel to construct
How many people are needed to i l_‘_"f:""h" s
Ease of eﬂ\fm&tqnemm_mlu tools), . 5 g it 4 4 187
Mxh-:h 2 Q.nhhmmmdhr!-{umadpm? .
5. Do re any specialist tools or can t by
fewer than 3 people).
1. Mare than 7 days
How long does ittaketo constructa. 202 107 9a¥%
e i 3.1to2 days 4 4 3
: 4.6 hours to a day
5. Less that 6 hours.
Speedof 1, Not possible to bulld the shelter in stages _
construction f
d oy e = ::thldmhhlhhﬁm but its possible with significant increase in
desired? If yes how well does the shelter
Sk this requlremen? I o dtioos=0 mﬂuwummmmmmmmmm o T 2
=n/fain column G

4, Can be built in stages with same minor efforts by the beneficiary
5. Integral design feature )




Supporting Tools

Daylight Factor Tool

Average Daylight Factor \\;

Internal length of shelter, L (m)
Internal height of Shelter, h (m)

Internal width of shelter, w (m)

Area of all windows, (m’)

Visible sky angle

[Effect of obstructions to window(s)
on light entering shelter]

How much of the sky can you see from
the middie of your window?

Light Transmission of glazing/plastic etc

Dirt Correction Factor
Walls
Refiectance of internal -
Ceiling
surfaces
Floor

4.0

3.0

3.0

15

70

08
086

0.8

0.4

0.4

Shelter data (1)
Practicaiity and Buildability

Link to table of appropriate DF by function, e.g. general living
space, bedroom, kitchen, childrens area, prayer room etc.

Examples of significant (<30), moderate (up to 60), and no obstructions (>88).
Typical number of layers is one so use 0.8 as default

Clean 0.9 Industrial 0.7 Very dirty/dusty 0.6
White Paint 0.8 Plywood 0.4 Bare concrete 0.3
Plaster, light 0.4 Plaster, dark 0.2  Dark grey paint 0.1
Add more here.......

Carpet 0.1 Bare soil 0.4

Shelter data (2) Shelter data (3)
Comfort & Sustainability Safety, Privacy & Wellbeing

UNIVERSITY OF
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Publications

catcuiator

Estimate Embodied Energy/Carbon of Any Shelter

There bsan of aur activiles, This ol
o n sianpl way (in 02

cquivalent) of amy shekter.

will be iy resals
for  large mamber ofacher cherers than have been comuerucred araand he wart. by
fiving you sn ides of how your slready in e A ’
study shelsrs, sloag wich links o the daa sources can be found bese.

T orber o maks the wol

of the sielter and
ke teenal (oot aeca, The Iife-céme bs Luogely s guess, as the resals ssc repotsed bach ignoring

" ¢ there see many

chaces given. 1f » you pw

value (labeledd "eud"). The o/ buttans allow you to sdidfscamive mase muteriali of the same
types e cxnmple tw differend eypes of comers.

11y P iy e, e comnment s s, plene cmail Pond Shaphind.

sl g i of shalics —

Flooe amed ut

O ———

[CemENTS v
| Pl e B |

ceramics =

| Phease selecs

lctars
| Plesse sclecs B

[coNcRETE
| Phease schecs B

Fﬂii‘bl{é;n CONERETE B
| Presse slece B




Key Inp
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ut Categories

Pre-constructia Construction&s Lifetime s
feredreenan ElexibIlity, Viamtenance
eCost eEase of Construction eDurability
eEase of Delivery *Speed of eEase of Repairs
Construction .
eAssembly . ¢Cleaning
e Adaptability
eScalability
COmMiont | I Sustainability; | I Sarety;
s Air Quality *Reusability eSecurity
eDaylighting *Recyclability «Fire Resistance
eThermal B0 UGTERS *NH Resistance
Performance *Locality

eRenewables

- - Wellbeinge:
Protection Privacy o

Adaptability;

*Weather Tightness eAcoustic eCultural aspects

eInsects attenuation eDisabled access

eVermin *Visibility eSocial Provision

*H&S
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Output Options (1) e BATH

E
£

|
1 E

ol I
| W
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Shelter Data Summary : Sehy

g.

IL'U

Shelter Name All-singing, all dancing, go anywhere, build-anywhere shelter, Ltd Wi b M nlay " L
Ba | e
Max Score = =
P tructi 35 32 AR AR
o) l.’u o — Consyction & Heckiy 5 = c ]
Construction & Flexibility 90 47 e Yk saree E % E ;;ﬂ
Lifetime Maintenance 70 26 Ceron = = .
Comfort 125 28 Sastaatiity TS e
Sustainability 90 30 Salety s = [ s
safety 65 18 Frswcion LA N
Protection 75 38 Pey R
VeB s & Adsotali By s I S
Privacy 65 19 Bt et e Ll
Well-being & Adaptability 80 20 e = = _
Eorsmctn b Pty = 3 ] i
s et = = HE S
Shelter data (1) Shelter data (2) Shelter data (3) e 2 c 5
Pracn(’a“(v s Bu‘ldabm!v m 5 m
Bastaaiity s xR s
= ¢ = ] s
Ferten = = Il =
s s = D
Wil boing & sttty ¢ = ] "



Output Options (2)

Well-being &
Adaptability

Privacy

Protection

W‘ UNIVERSITY OF
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Pre-construction
Construction &

Flexibility

Lifetime
Maintenance

Comfort

Sustainability
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We need your help and support.
We want to develop this tool with the aid sector not for the aid
sector.

Help us by completing the survey at the link below:

https://docs.google.com/forms/d/e/1FAIpOLSe7tDXeKM68qc]
67i02MgM3mIRKLO4YIugyKcMy960L pyeVOQag/viewform

Test the SAM and provide us with feedback



https://docs.google.com/forms/d/e/1FAIpQLSe7tDXeKM68qcj67ig2MgM3mIRKLO4YlugyKcMy96QLpyeVQg/viewform

