Bamboo emergency shelter Design-and-build guide
for Rohingya Refugee Camps and Sites, Cox’s Bazar Region, Bangladesh
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PURPOSE OF THIS GUIDE

This guide is for constructing a simple emergency bamboo shelter for
refugees in Cox’s Bazar. The guide is made for the NGO As-Salaamah
wal’Adaalah and their partnering organisation.

Section 1: Inventory of building materials
Section 2: Building guidelines

Section 3: Construction drawings
Section 4: Disclamer

AIM
The aim of this document is to promote the construction of safer and more appropriate
shelter and to facilitate the ease and speed of construction.

CONTEXT

The refugees camps and sites in the region are very vulnerable to cyclone loads, and
therefore this is considered a significant risk to safety and life of the refugees. Several
solutions are proposed in this guide to make the shelter safer and more durable.

UPGRADE SOLUTIONS

The following upgrade solutions are proposed to improve the strength and stability of the
shelter:

Vertical rope bracing in all walls.

Rope bracings in the roof plan.

Placing columns and rafters closer together.

Embedding and anchoring bamboo columns deeper in the ground.

Raising the floor to improve the indoor conditions by keeping the floor area dry.

Open grids are placed on all four sides of the shelter for ventilation.

To improve the indoor conditions:
= the floor is raised to keep the floor area dry.
=  (Open grids are placed on all four sides of the shelter for ventilation.

CAPACITY

Despite the proposed improvements, the emergency shelter is unlikely to survive a cyclone.

The shelter is set out to be realistic for the economic constraints. Refer to ‘ARUP Technical
Guidance Note 02’ Structural Assessment of Emergency Shelter Under Wind Loading, for
the approximate range of strength.

DISCLAIMER

This document has been made by SHA (Studio for Healthy Architecture), in collaboration
with ARUP. This report is subjected to the disclaimer set out in Section 4. In brief, SHA and
ARUP accept no liability whatsoever to third parties for the content of this document. You
must rely on your own skill, judgement and expertise (or that of appropriately qualified

professional consultants in any matter to which this report relates).
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Section 1: Inventory of bu11d1ng materials
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0: Inventory

Foundation*

Structure

Walls

Roof

Terms used in this document

Measurements

Quantity Material Type Element [meters] [Feet and inches]
Fg' 34x Steel or Bamboo Rebar or Muli | Foundation 0,5m 1’8"
% 68x Bamboo Muli Foundation 0,4m 1’4"
‘; 17x Reinforced Concrete T-shape Footing see page 8
% Steel Strips Fixation 2,8m x 0,1m 9'2” x 4”
© Reinforcement Rebar
Option 1 Option2 | Option 1 Option 2
3x Bamboo Borak Column high 3,9m 3,2m 12’10” 106"
14x Bamboo Borak Column low 2,9m 2,2m 9’6” 7’3"
3x Bamboo Borak Cross beam 4.1m 13’5”
1x Bamboo Borak Eaves beam 5,1m 16'9”
2x Bamboo Borak Eaves beam 5,7m 18'8”
1x Bamboo Borak Ridge beam 5,7m 18’8”
1x Bamboo/plastic Mulli Wall cover 3,9m x 1,7m 12’8” x 5’7"
3x Bamboo Half Muli Wall fixation 3,9m 12’8”
2x Bamboo/plastic Mulli Wall cover 4m x 2m 13°2” x 6’7"
6X Bamboo Half Muli Wall fixation 4m 13’2”
1x Bamboo/plastic Mulli Wall cover 52mx 1,7m 16’117 x 5'7"
3x Bamboo Half Muli Wall fixation 5,2m 16°11”
1x Bamboo Mulli Ventilation grid 3,9m x 0,3m 12'8” x 1’
2x Bamboo Mulli Ventilation grid 4m x 1m 13'2” x 3’2"
1x Bamboo Mulli Ventilation grid 5,2m x 0,3m 16’117 x 1’
15x Bamboo Mulli Rafter / roof muli  5,2m 17’17
1x Plastic Plastic Roof 5,5m x 5,8m 18’1"x 19’1”

*This guide provides a short-term option (1) and a more durable, long-term option (2) for the foundation
detail. Refer to page 8 / 9 of this guide.

NB: If available, source boron treated bamboo for significantly greater durability against insects (termites
and beetles)
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Section 2: Building guidelines
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1: Site choice and preparation

1. Keep shelters away from the top of the hill, where they are most
exposed to wind loads.

2. Keep shelters away from the bottom of the hill because this is
flood and landslide risk zone.

3. Do not build on steep slopes where landslide risk is high.

4. Tt is strongly discouraged to build two-storey shelter on stilts,
because they are more dangerous in winds, flooding and more
unsafe if rot occurs.

5. The shelter is designed as a module, which can be extended in
its longer direction.
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Shelter can be extended in longer direction
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Keep shelters away from top and bottom of hill.
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Avoid building close to steep slopes.
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2: Foundation option 1 - short term

This foundation detail is for short term/emergency situation.
Bamboo in ground or concrete will rot within 6-12 months. A more
durable option with concrete footing is provided on next page.

1. Dig a square hole of 700mm | 2’4" deep to anchor the bamboo
column into the ground.

2. Column spacing: every 1m (3'3”) in the shorter direction and every
1.25m (4'1") in the longer direction.

3. Drill and place two 12mm steel reinforcement bars or muli beams
through the borak at the bottom of the column and tie four small
pieces of muli on top of the rods as shown in the figure below.

4. Place the column in the ground and cover with earth.

5. Recompact soil around footing, as much as possible.
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Square holes.
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Half muli has very little strength/stiffness. Do not
rely on rope fo; the connection in the ground.
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This foundation detail is stronger as it provides
greater soil resistance against wind uplift
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2. Foundation option 2 - long term

Pre-cast concrete footing with cast in steel plates. This base

detail will significantly increase lifespan of bamboo columns.

1. Place concrete footing firmly anchored into the ground.

2. Steel plates are protruding from the concrete footing. The
bamboo column is lifted from the ground and connected to the
plates with bolt, rope or rebar.

3. Bamboo column can be easily replaced in the future.

4. Recompact soil around footing, as much as possible.
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2x bars @10mm | 1/2”

Top of concrete footing should be at
least 150mm | 6” above ground.
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Placing bamboo directly into the ground, even if
painted and/or cast into the concrete, will only last
6-12 months.
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Raising the bamboo above the ground significantly

improve its lifespan.
<iedq fE WiSa S FioN I TeeT I ARS AN

@S I

Concrete T shaped footing with cast in steel.
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3: Columns

1. Use a ‘fish mouth’ technique to cut the top of the column to

provide a good support for the eaves beam.
2. Make sure that the top of the column fits the other piece of

bamboo snugly.
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Il-fitting bamboo connection, weaker connection.

Likely to split.
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Improved cut, resulting in a stronger connection
that is less likely to split. Column-beam: fish mouth
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4: Raise floor & make drainage

1. Raise the floor of the shelter with at least 200mm (8"), ideally
400mm (1'4"") plinth to keep the internal space dry.

2. Provide drainage at a distance of 200-300mm | 1’ distance from
shelter.

3. Choose the location of the drainage such that it can connect with
and rain into the main drainage system.

4. The plinth can be cement stabilized which significantly increases
durability.
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No drainage

Drainage is connected to main water drainage
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Raising the shelter floor on a small mud plinth
provides protection to localised flooding
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5: Beam placement a: 0/ JISHS A Do'sv/and don'tsX 907/ I X

1. Use larger borak for the columns, eaves and ridge. S| AN/, a2 v/ Sars tod) Fat I6 @A I TRRIT FA(E X Plastic packaging can be become very loose
° ' ' R vfS foett o T

2. Use rope and holes for connections.
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This is a cheap, easy and relatively quick method of installation. 2 (EITT IR 77 et fod T 3 3 7S a2l F0 T 42
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Connection using rope inserted through holes in
each connecting element.
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5: Beam placement

1. Add cross beams to accommodate in-plan roof bracing.
2. Cross beams are heavily loaded in cyclone and
therefore borak bamboo should be used.
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Muli bamboo or split borak bamboo is too weak for
eaves beam.
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Connection using rope with holes in each
connecting element.
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6: Bracing walls

1. Bracing in all four walls.

2. Vertical rope X-bracing (2 times 6mm | 1/4” polypropylene rope)
cheap, easy to install, hard to wrong and easy to check quality.

3. Use 2 ropes per diagonal (4 in total), and tighten the bracing with
a tourniquet.
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For bamboo bracing, connections are complex and
hard to get right.
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Bracing with rope is cheap, effective and easy to
install.
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Use 2 ropes per diagonal (4 in total), and tighten
the bracing with a tourniquet.
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6: Bracing roofplane

1. Bracing in roofplane.

2. Add horizontal rope X-bracings in horizontal roofplane.

3. Use 2 ropes per diagonal (4 in total), and tighten the bracing with
a tourniquet.
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For bamboo bracing, connections are complex and
hard to get right.
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Bracing with rope is cheap, effective and easy to
install.
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Use 2 ropes per diagonal (4 in total), and tighten
the bracing with a tourniquet.
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7- Roof beams Q| BTl ﬁir/a?ﬁo?ﬂﬁs Do's vand don'tsX Fdqm v/ IGAT X

1. Use closely spaced muli beams every (400mm | 1'4"). S| ggﬁ o todt AN/ 35DTS 2T IS I Al o (800 .1, / Roof beams cutting to the right length.
2. Fold muli beams over ridge beam. 578" ' < BieTiq AN/ Sf&H1S STt Nishge @6 fAt© 2@|
3. Tie all muli connections down to the eaves beam using 6mm | . .
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Closely spaced muli beams for rafters.
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7: Roof beams

1. Place two muli beams from each side and connect with rope.
2. Minimize overhang to 300mm | 1’ to reduce wind uplift.
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Half bamboo.
P I e ot 400 7q@!|

-

Connect with rope.
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Cut the bamboo which is left over.
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3: Wall placement

1. Do not use CGI sheets. These are expensive, hot in the sun, noisy
in the rain. Extremely dangerous during cyclone.

2. Use plastic sheet to cover the bamboo structure.

3. Outer bamboo is not structural and can be replaced when rotten.
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Steel sheet.
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Bamboo lattice in combination with plastic
sheeting.
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Use halfed bamboo sections to tie down the plastic
sheet to the structure.
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9: Wall ventilation

1. Use ventilation grids on all four sides to reduce internal winds
pressure.

2. Ventilation grid of preferably 300mm | 1’ height or at least
200mm | 8”.
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No ventilation.
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10: Roof placement

1. Tie the roof tarp down with ropes.

2. Loosely tie plastic sheeting on overhangs, so that they can vent
in a strong wind.

3. In case storm approaches, tie down roof with rope to sandbags
buried 600mm (2’) deep into the ground.

50| BieTH/ TS~ B

S| Biett WG g (g TS [, @NA6! 2o @A TRE|

3| B I3 Jid @ T LD @I B iR (oo it e @ st

JIOITA ST T 07|

1S S Y2ro 7S e Jifela IBT @ 2 (A T e 2@ @A Bieft
IBICT S 7 T o1 3BT WS (@O oof¥.f. (27) IS e (Ferro

(|

temporarily in case of storm
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Hot in te sun, cold in the winter, noisy in the rain.
Extremely dangerous during cyclone.
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Plastic roof sheeting.
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Section 3: Construction drawings
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Legenda

1. Rope

2. Bamboo rails

3. Plastic sheet

4. Bamboo column

5. Bamboo eaves beam
6. Bamboo rafter / muli beam
7. Bamboo rails

8. Bamboo cross beam

9. Bamboo ridge beam

10. Ventilation grid J
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6. Bamboo rafter / muli beam

5. Bamboo eaves beam
7. Bamboo rails

8. Bamboo cross beam
9. Bamboo ridge beam

4. Bamboo column
10. Ventilation arid

DETAILS

1:10

>

0,3m| 1'
ROOFPLAN °

1:50

>



Section 4: Disclamer
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1. This guidance is provided for information purposes only. Anyone using this guide must
satisfy themself regarding the application of statutory requirements, local building regula-
tions, codes, insurance certification or other requirements or recommendations relevant to
the location where and materials with which they plan to build. Examples of local conditi-
ons that will change the design include climate (flooding, temperature variation, insects),
soil mechanics (foundations), seismic characteristics (earthquakes) and legislation regar-
ding inclusive safe access (including emergency egress for fire).

2. This guidance is provided on an “as is” basis, without representation, warranty or in-
demnity of any kind. To the maximum extent permitted by applicable law, Arup and SHA
architects disclaim all representations or warranties — express, implied, statutory or other-
wise — including (but not limited to) implied warranties of fitness for a particular purpose,
accuracy or validity or completeness of information, merchantability, title, quality, and non-
infringement.

3. You assume full responsibility for any loss resulting from use of or inability to use the
information, data or advice in this guidance.

4. Construction is an inherently risky activity. You must ensure you have adequate skills to
safely assemble (and disassemble) shelter buildings. You must procure advice from a com-
petent person if there is any doubt as to your own competence to design, assemble, adapt,
commission or disassemble emergency shelter buildings. Such advice can be readily obtain-
ed from professional architects, engineers, and builders.
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