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Introduction
“Transitional shelter is an incremental process which supports the shelter of families affected by confl icts 
and disasters, as they seek to maintain alternative options for their recovery.” 

         The Shelter Centre, 2012 [1].

Recognising that the term transitional shelter represents a process and not just a structure is the fi rst 
step in understanding the complexity of the issue at hand. “To provide a design for such a structure” [2] 
is to devise a system founded on multiple variables which can evolve over an undefi ned amount of time, 
potentially several years. The multi-faceted nature of such a problem perhaps begins to explain why 
there is an abundance of existing shelter designs and strategies [3]-[5] and yet “the need for appropriate 
designs... remains” [2].

This proposal aims to address the gap between two common approaches - a jack-of-all-trades product 
(Fig 2) which can be universally deployed, and a bespoke solution applicable only to one site - by 
providing a designed process which is structurally robust yet possesses an inherent fl exibility to permit 
local adaptation. This sensitivity to culture and location improves the structure’s performance whilst 
paying heed to local custom; considered a vital design factor.

Figure 1 Incremental process [1] Figure 2 Universal solution
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Parameters which inform shelter design include location, disaster type, local material availability, vernacular 

Archicture and cultural building use.

Figure 3 illustrates the WorldRiskIndex [6] which calculates the risk of becoming the victim of an extreme natural 

disaster. Regions identifi ed as being of ‘high’ to ‘very high’ risk include Central America, Africa and Southern 

Asia. These regions are where transitional shelters are most likely to be deployed (the range of disasters include 

fl oods, storms, earthquakes and landslides amongst others.

The local materials and vernacular architecture in these high-risk regions varies widely from the bamboo 

stilt houses of the Xa Pho minority in Northern Vietnam to the mud-walled construction of Ghana (Figure 4). 

Therefore a transitional shelter design needs to be adaptable to multiple environments and cultures with varying 

local resources available.

Design Parameters

Figure 3: WorldRiskIndex – The risk of becoming the victim of an extreme natural disaster [6]
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“Some people think design means how it looks. But of course, if you dig deeper, it’s really how it 

works.”  Steve Jobs [9]

The SASS provides a design that recognises the importance of a robust structural system with an ability to 

withstand extreme weather events. The design addresses the importance of providing a solution that is robust 

from a socio-economic, sustainable and societal point of view; vital factors which are equally as important for a 

successful design. 

The principles of the design are as follows:

• Materials: Utilisation of local construction materials where possible to expedite response and encourage local 

regeneration

• Construction: An assembly procedure able to be completed by the local population and utilising available 

personnel resources

• Situation-specifi city: Flexibility in design that allows adaptation considering the local environment, culture and 

resident circumstances, thereby increasing the structure’s longevity, acceptance and success. A design should 

be expandable and upgradable to allow fl exibility over time.

The Product and Logistics
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The design is based on the use of local materials for the following reasons:

• Reconstruction can commence as soon as possible with minimal material transportation times and costs

• Locals are familiar with the use of the material; they will possess the necessary tools and knowledge base 

• Procuring local materials and resources fuels the local economy post-disaster and helps revive supply chains

• Locals are accustomed to the aesthetics of the material

It was important in our design that immediate shelter could be provided as “reconstruction begins the day of the 

disaster” [5]. Therefore, immediate access to material, and labour skilled in its use, are particularly important.

While the base design option is that of a bamboo frame, the design provides the fl exibility to use a number of 

materials based on availability while maintaining the module philosophy: timber or scaffold poles for the frame; 

and corrugated sheeting, tarpaulin, thatch or plywood for wall and roofi ng construction. Local materials can be 

used for the wall infi ll and roofi ng to suit the vernacular architecture of the area for the permanent condition.

Foundations are not required for the immediate tent construction while as the shelter progresses to the modular 

form rubble foundations are used, potentially consisting of disaster debris. Time and repaired infrastructure 

may permit the import of materials for upgrading to the permanent condition and concrete foundations are used 

where required once the fi nal shelter location has been determined.

Materials
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Where appropriate local materials are unavailable, components can be imported with effi cient stacking on a 

pallet for transportation (the module size has been chosen to conform with international air freight dimensions – 

see Figure 4). These imported options could be stockpiled as contingency for deployment where necessary or to 

supplement construction which has already begun with local materials.

Figure 4: Main deck pallet – airfreight container sizes [10] 
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The aim is to provide a rapid construction process using simple tools and local labour which can then be 

modifi ed and upgraded over time. Utilising local labour establishes a sense of ownership and community and 

as Jha et al. (2010) note “Owners are almost always the best mangers of their own housing reconstruction; they 

know how they live and what they need”.

The design is based on a module measuring 2.4m x 2.4m constructed from a series of straight members lashed 

together, with sheeting material used for the fl oor, roof and walls to form an enclosed unit. The skeleton of the 

module comprises of two frames with the fl oor and roof spanning between them. Distinguishing the two frames 

as separate entities simplifi es the erection procedure as they can be formed on the ground and raised into place; 

an important feature when reliance on local labour is an important goal in this design. Before completion of the 

module the two frames can be used to form a tent as an immediate response shelter. 

As the SASS is a process, we suggest the implementation of construction training and awareness programs to 

people in high-risk areas. Distributing information to target areas prior to a disaster event is crucial in attempting 

to mitigate the ensuing impact, as post-disaster break-down of infrastructure and communication links can 

severely impact the recovery effort.

Construction

5Figure 5: Materials for one module
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The SASS provides multiple opportunities for adaptation and a template for community ownership. The modular 

nature allows for space division as necessary to enable dignity, privacy and segregation of household program. 

The structure can easily be disassembled and relocated through the reconstruction process. This is important as 

relocating communities is “rarely successful” [1] so ensuring shelters can be relocated is vital to their success.

The different options explored in the designed approach allow the shelter to be tailored to the specifi c climatic 

conditions it will face.

Inhabitants may have specifi c belief systems regarding the house orientation and locations of doors and 

windows. The design recognises this and accommodates different inserts in each module panel allowing; lateral 

bracing, a door, a window or a plain panel.

One module provides an area of 5.8m2 meeting the minimum requirement of 3.5-4.5 m2 per person [11]. The 

use of a modular unit allows shelters to be formed from different cluster confi gurations tailored to location, family 

size and culture (Figure 6). 

Sustainability is inherently achieved through effi cient design, and the use of local materials, decreasing the 

reliance on imported fabricated systems. However the most sustainable feature of the design is its longevity. As 

the system encourages, adaptation to its site it is more likely that the shelter will be accepted and developed by 

the community.

Situation-specifi city 
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7Figure 6: Various clustering options
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Cost

The SASS provides a cost-effective solution by sourcing materials locally and utilising local labour. This is in 

contrast to prefabricated solutions which must be stockpiled (potentially for many years) and transported long 

distance to site. The Shelter Centre suggests that prefabricated units are inappropriate for transitional shelters 

and often exceed the cost of permanent reconstruction [1]. Figure 7 highlights the cost benefi t of local sourcing. 

Not only is bamboo cheaper than wood or steel but it is also three time cheaper when sourced locally. The 

benefi ts in terms of supporting the local economy are harder to quantify but equally as important.

Figure 7: Comparison of materials with relative price information [12]
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Given the adaptive nature of the module, providing detailed cost estimates would depend very much on the 

locally available materials. However a bill of quantities for a single bamboo framed module clad in tarpaulin is 

given in the below table. The price of this individual module is estimated to be £125.

Table 1: Bill of quantities for one module
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Advantages:

Construction

• Simple assembly from manageable sized component members 

• Process caters for range of different environmental scenarios/process enables continuous upgrades in shelter 
fabric

• Locally sourced materials are sustainable and benefi t the local economy

• Locally sourced labour (local economy, improves quality of work)

Culture

• Process caters for range of different community and household scenarios

• Modular nature allows building size to be improved/adapted over time

Health

• Ventilation underneath eaves

• Raised fl oor prevents contaminated water and rodent infi ltration

Disadvantages:

Construction

• Quality of local labour may be limited

• Rapid assessment of the area post disaster is crucial. Siting decisions may be made in too small an area 
restricting use of more appropriate new locations further afi eld

• Demand for materials post event may effect local economy and cause material infl ation

• Treating of frame and sheeting materials before construction begins signifi cantly lengthens the shelter design 
life. This may not be achievable in the post-event procurement market

Culture

• Framed construction in this format may not be part of the vernacular architecture of area leading to limited 
uptake of the solution 

Engineering Appraisal
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SASS - Calculations

Reference

Codes and Design Guides

(1) Eurocode 0: Basis of Structural Design BS EN 1990:2002

(2) Eurocode 1: Actions on Structure BS EN 1991-1-1:2002

(3) Bamboo Poles for Spatial and Light Structures

    (Obermann, R.L., and Laude, R., 2004)

(4) Designing and Building with Bamboo - Technical Report No. 20

     (Janssen, J.J.A., 2000)

(5) Design of Bamboo Scaffolds - Technical Report No. 23 

      (Chung, K.F. And Chan, S.L., 2002)

Note: 

Eurocodes are adopted in some of the regions under consideration, including 

Singapore, Vietnam and Malaysia
1
, and are used as the deisgn code for structural 

actions.  Further design development would consider an envelope  case of differing 

codes in countries where transitional shelters are most likely to be deployed. 

Bamboo properties

Colombian species: Guadua angustifolia Kunth
2

f c,d 30 N/mm
2 Design compressive stress

f t,d 50 N/mm
2 Design tensile stress

f b,d 30 N/mm
2 Design bending stress

τd 4 N/mm
2 Permissible shear stress

E 6000 N/mm
2

Design Young's Modulus

D outer 120 mm Outer diameter

y 60 mm

D inner 90 mm Inner diameter

t 15 mm Wall thickness

A 4950.0 mm2 Cross-sectional area

I 6958137 mm4 Moment of Inertia

ϒm 1.5 Material factor (1)

1
  'Impact of Eurocode 7 worldwide(outside EU+EFTA) (outside EU+EFTA)' 

    http://www.eurocode7.com/etc10/Pavia/downloads/Day%203/Lecture%201%20(Frank).pdf

2
 Similar Asian species: Ph.bambusoides, Ph. nigra var., Ph. pubescen, Ph. Lithophila

     Dendracalamus latiflorus, B. stenostachya, B. vulgaris var. Vittata (3)

(3)

(3)

1



SASS - Calculations

Floor members

Loading

Gk 0.1 kN/m
2 Self-weight

0.4 kN/m
2

Bamboo

1 kN/m
2 Floor finish

Gk, total 1.5 kN/m
2

Qk 1.5 kN/m
2 Domestic 

γGk 1.35

γQk 1.5

Properties See page 1 for member cross-section properties

L 1 m Member length

ltrib 1.2 m Tributary width 

ULS design wULS 5.1 kN/m Factored uniformly distributed load

2

M 0.6 kNm Design bending moment assuming simply supported

бb 5.5 N/mm
2

Design bending stress = My/I

бb < f b,d

V 5.13 kN Design shear force assuming simply supported

бs 2.1 N/mm
2

Design shear stress

бs < τ d

SLS design wSLS 3.6 kN/m Unfactored uniformly distributed load

δSLS 1.1 mm

бSLS < L/200

2



SASS - Calculations

Roof members

Loading

Gk 0.1 kN/m
2 Self-weight

0.3 kN/m
2

Purlins

0.4 kN/m
2

Sheeting

0.2 kN/m
2 Ply

Gk, total 1 kN/m
2

Qk 0.3 kN/m
2 Snow

1.5 kN/m
2

Wind

0.75 kN/m
2 Maintenance

1.8 kN/m
2

γGk 1.35

γQk 1.5

Properties See page 1 for member cross-section properties

L 2.4 m Member length

ltrib 1.2 m Tributary width 

3

ULS design wULS 4.9 kN/m Factored uniformly distributed load

M 3.5 kNm Design bending moment assuming simply supported

бb 30.2 N/mm
2

Design bending stress = My/I

бb < f b,d

V 11.664 kN Design shear force assuming simply supported

бs 4.7 N/mm
2

Design shear stress

бs < τ d

SLS design wSLS 1.2 kN/m Unfactored uniformly distributed load

δSLS 12.4 mm

бSLS < L/200

3

mm

N/mm
2



SASS - Calculations

Columns

Loading

Floor:

Gk 1.5 kN/m
2 Self-weight

Qk 1.5 kN/m
2 Domestic 

Roof:

Gk 1.0 kN/m
2 Self-weight

Qk 1.8 kN/m
2 Domestic 

Wind: 1.5 kN/m2

γGk 1.35

γQk 1.5

Properties See page 1 for member cross-section properties

L 2.4 m Member length

ltrib 1.2 m Tributary width 

ULS design

Axial 12.0 kN

4

Axial 12.0 kN

wULS 1.8 kN/m Uniformly distributed load

M 1.3 kNm Design bending moment assuming simply supported

бb 11.2 N/mm
2

Design bending stress = My/I

бb < f b,d

N 12.0 kN Design axial force

бc 2.4 N/mm
2

Design axial stress 

бc < τ d

бb/fb,d +  

бc/fc,d 0.45

бb/fb,d +  

бc/fc,d
< 1

4

2.4m



SASS - Calculations

Load path and stability

55

Vertical load path Lateral stability

Seismic stability


