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Abstract 
 
The frequency of occurring disaster has increased in recent years. Bangladesh is not different from them. In 
November 2007, a category 4 storm called cyclone SIDR with velocity of 155 mph swept across the coastal 
districts of Bangladesh. The most affected district were Bagerhat, Patuakhali and Pirojpur and caused a number 
of death estimated as 3,406 with missing 871 also houses of the area were completely destroyed. After cyclone 
SIDR various government and non-government organization like-Muslim aid, Saudi Govt., Indian Govt., JJR, 
RICK, CAER, etc along with Bangladesh government have raised their hand to donate fund and housing material 
to the disaster affected people. But the problem was about the planning and design of donated house which was 
provided after cyclone SIDR and was not disaster resilient. This study was undertaken to evaluate the 
mismatching elements of shelter design that is expected to sustain in disasters. Field survey was conducted in 
SIDR affected districts to observe the post disaster shelters and the faults. It was possible to build disaster 
resilient shelter within the donated amount of funds. Followed by the field survey, a proposal for resilient shelter 
is proposed which can be constructed immediately after disaster and sustainable during flood, storms etc. 
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1 Introduction 
Shelter in the Asia-Pacific region is often most visibly damaged in disasters, so building disaster resilient shelter 
is extremely important. Multi-hazard contexts, climate change and urbanization present challenges to building 
resilient shelter. Post-disaster reconstruction offers an opportunity for building shelter to a better standard to 
resist future disasters and this study also allow assessing and gaining a better understanding of disaster resilience. 
When evaluating shelter projects it is important to have a long-term framework that examines both physical and 
social aspects. 
 
Disasters affect house structure in a variety of ways. Consequently, the technical solutions for constructing and 
repairing affected buildings have to respond to the type of disaster and have to take into consideration the 
building technology and materials being used. This principle applies to risk reduction in both new and retrofitted 
houses. The Fig. 1 depicts the range of vulnerabilities associated with housing, taken from the Manual on 
Hazard-Resistant Construction in India. The example shown here is applicable to both engineered and non-
engineered houses. 
 
The aim of this study is develop an evaluation tool and to thereby gain first-hand knowledge on shelter and 
disaster resilience in the southern Bangladesh. In addition, it is deemed to examine the resilience of shelter 
specifically to cyclones, which is the main hazard in the Bangladesh, and also a significant hazard globally 
linked to climate change. 
 
A field survey was carried out in the SIDR affected area Sauthkhali union, Sarankhola upozela of Bagerhat 
district in Bangladesh by ODK. A map of the affected houses was prepared, problems with the existing shelter 
were found out and a proposal was given to overcome these problems and to make the shelter resilient. 
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Fig. 1: Vulnerability of Shelters against Earthquake, Cyclone and Flood Hazards 
(Source: UNDP, 2008) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Shelter Damage by Cyclones and Resilient Techniques 
 
The fundamental aspect of the housing recovery is first the distinction between rehabilitation and reconstruction. 
Rehabilitation concerns the repairs and refurbishment of damaged buildings which can still be made habitable. It 
comprises activities such as rebuilding structural or non-structural elements of walls, roofs, and replacing 
windows, doors and fixtures. It is assumed that the average cost of rehabilitation would be about the equivalent 
of 25% of the cost of a new core housing unit (CGI, 2005). Reconstruction is directed at building new housing 
for those who lost their houses completely. It involves development of new core units to replace destroyed and 
uninhabitable houses and includes provision of infrastructure, services and other basic utilities. 
 
In line with the need to rehabilitate and or to reconstruct disaster affected shelters (flood and cyclone) it is 
important to understand the prevalent damage types. In order to analyze common damages; a house can be 
divided into two parts: superstructure and substructure. Causes of these damages can provide guidelines for 
further improvement in shelter design as well as rehabilitation and or reconstruction.  
   
2.1 Substructure 
 
Substructure is the part of a house that is constructed below existing ground level. Footing and often plinth of a 
house belongs to sub-structure. In a reinforced concrete building; substructure includes foundation, pedestal 
column and grade beam or plinth beam. Substructure safely transfers the load of a building to the underlying soil. 
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Fig. 2 Timber Embedded into Soil as Footing 

Therefore, footings should be of such strength that it can easily carry the building load and remains static within 
the surrounding soils. Failure of footing leads to failure of building. In most of the cases; shelters in the disaster 
prone areas (and other areas as well) fails due to faulty foundation. 
 
In temporary houses; usually bamboo and sometimes 
timber posts are embedded directly into the earthen plinth. 
These practices are extremely vulnerable and get damaged 
even in low intensity flood (Fig. 2). In moderate to high 
intensity flood, especially if accompanied by currents, 
earthen plinths tend to get completely washed off and have 
to be rebuilt. Bamboo or timber posts in saturated soil, 
especially during long duration or recurrent flood, get 
rotten at the base, thus weakening the entire structure of the 
buildings to damage by strong wind or cyclone, differential 
settlement, sagging of roofing elements and doors, 
windows and wall elements developing cracks and losing 
alignment (ADPC, 2005). Frequent replacement of bamboo 
posts of temporary houses need to be carried out regularly 
in flood-prone areas. The typical earthen plinth in many 
semi permanent houses also behaves similarly (Fig. 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Semi-permanent houses (Fig. 3) are better at resisting erosion at the sides of a building, but the infill earth floor 
can experience settlement due to saturation and in prolonged flood can become muddy, unusable and the mud 
can escape from the bottom. At the same time, scouring of soil cover of typical shallow foundation of the 
perimeter brick wall can result in its instability and settlement (ADPC, 2005).  
 
Problems associated with earthen floor: 

o It can be eroded easily due to heavy rain or flood,  
o It corrodes due to presence of salt in the soil,  
o Due to low maintenance and it’s low strength; this foundation provides less support to the super-

structure at further storm,  
o Partial settlement in the basement can be occurred due to erosion of soil around and cause failure. 
o Plastered basement forms pots due to bad construction. 

 
Permanent houses are relatively durable, but in high intensity flood accompanied by currents, shallow 
foundations can become unstable due to scouring of soil-cover. Prolonged duration flood can lead to foundation 
settlement, thereby causing cracks and failures in different parts of the building.  
 
Compared to superstructure; substructure is more affected by floods than cyclone. Provision of rehabilitation of 
substructure is difficult and structurally not sound. Reconstruction or new construction of substructure should 
overcome the common damage problems. As well, substructure design needs to assimilate the common damage 
problems.  
 

Fig. 3 Brick Layer Around the Perimeter Fig. 4 Earthen Floor 
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Fig. 5 Bamboo mat wall 

Fig. 7 Corrugated Iron (CI) sheet frame 
 

Fig. 6 Earthen Wall 

2.2 Superstructure 
 
Walls 
Bamboo mat is typically used as wall material in 
temporary houses and semi permanent houses. Organic 
materials (e.g. jute stick, catkin grass) have a lifespan of 
2-3 years and bamboo mat 4-5 years. Decay can get 
accelerated in flood. In flood of high depth and moderate 
duration, the damage begins in the lower part of walls and 
hence weakens the walls and eventually results in 
complete damage. Flood with strong currents can detach 
wall panels and wash them away, leading to partial or 
complete loss, especially if the connections to posts are 
weak (Fig. 5).  
 
Problems of wall materials: 

o Corrosion occurs at the lower part of CI sheet due to direct contact with soil or salty water (Fig. 5). 
o In summer season, there produce excessive heat into the house due to tin fencing and tine shade. 
o The design life of this wall is very short. 
o It becomes very dangerous at the time of storm due to its sharp edge. 

 
Earth is also used in temporary and semi-permanent houses. Depending on region, various types of earthen walls 
(Fig. 6) and found, but not prevalent in all areas. In monolithic construction, flood water can cause serious 
damage: once the base gets affected, the entire structure is liable to 
collapse, often rapidly.  
 
Brick are used in permanent and sometimes also in semi-permanent 
houses. It is relatively durable, but can experience staining, peeling 
of plaster and weakening of mortar joints at lower ends if immersed 
in flood of high depth and duration. Cracks may develop if 
settlement of foundation occurs. 
 
Ceilings 
Corrugated Iron (CI) sheet is also used in semi-permanent houses 
with timber framing. Contact with water leads to corrosion and gets 
aggravated in flood. The lower parts of walls are particularly 
vulnerable if plinth is not sufficiently above flood level or if flood 
depth is higher than the plinth level. Prolonged duration flood can 
cause damage to lower end of CI sheet wall panels and timber frame 
(Fig. 7). Flood with strong current can detach and wash away wall 
panels, especially if not adequately secured to frame. 
Problems of ceiling and frame: 

o It is susceptible to corrosion 
o There is a possibility of overturnng due to very wind because it is not fastened strongly with the pillar. 

 
Roof 
In temporary houses, roof is made from catkin grass, 
rice, wheat or maize straw with usually bamboo and 
sometimes reed stalk framing. Normally it has to be 
renewed after every 2-3 years. If the thatch comes 
into contact with flood water, it results in decay in 
houses. In such conditions, if also accompanied by 
strong current, thatching materials can get detached 
and washed away. Secondary hazard often connected 
to flood is heavy rainfall, which can cause damage. 
Strong wind can also blow away thatching materials 
and damage frame.   
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CI sheet is used in semi-permanent houses with timber framing and sometimes with bamboo framing. It can lead 
to corrosion in contact with water and vulnerable to secondary hazard of heavy rainfall accompanying flood. CI 
sheet roofs are particularly vulnerable to cyclone, which can crumple and get blown off, especially if connections 
to frame are inadequate. During flood it can offer a limited degree of rooftop refuge.  
 
Problems of roof materials: 

 Corrosion occurs due to low quality and maintenance. 
 It produces more heat into home which is not suitable to stay into the home. 
 There is a possibility of overturning due to heavy wind velocity. 
 It becomes dangerous due to its sharp edge. 

 
Reinforced concrete is used in roof and it is relatively durable, used in permanent houses. It can withstand impact 
of heavy rainfall and wind, but can get weakened and may even collapse if foundation settles or walls are 
damaged. It can offer a high degree of rooftop refuge during flood. 
 
Based on the intensity of wind velocity during cyclone, the level of destruction of wall materials or roof of 
temporary, semi permanent of permanent houses depends. If the wind velocity is low, the destruction level will 
be low and rehabilitation of wall or roof may suffice. It might need to reconstruct the walls or roof if the wind 
velocity is high and the level of destruction is more or severe. Superstructure is more affected by cyclone than 
flood. Either rehabilitation or reconstruction of superstructure may need in post disaster events. For early 
recovery, superstructure design should incorporate the provision of quick reconstruction.         
 
3. Proposal for Resilient Shelter  
 
Proposal to make basement resilient: 

 An elevated brick layer should be provided around the basement. 
 The plinth level should be higher than the highest flood level 
 The brick layer surroundings should be a moderate depth into the ground. 

 
Proposal to make brick foundation resilient: 

 Depth into the earth should be enough to resist scouring during flood. 
 Wall footing is a better solution for this foundation 

 
Proposal to make wall resilient: 

 Tar coating on the wall should be provided to make in corrosion resistant. 
 A demarcation–like wooden plank should be provided between tin lower portion of wall and top of 

plinth soil level. 
 Wall should be fastened tightly with column or with its support. 

 
Proposal to make roof resilient: 

 Tar coating should be provided to make it resistant against corrosion. 
 It should be properly fastened with column or pillar. 

During the events of flood; the substructure of a house (either temporary, semi permanent or permanent) 
becomes vulnerable. This is due to faulty foundation, shallow depth of foundation, use of inappropriate materials 
for foundation and inadequate height of plinth level. Overcoming the problems can minimize the vulnerability. 
On the other hand, cyclones can rarely affect the substructure. As the substructure is difficult to rehabilitate; the 
design challenge is to provide resilient foundation which can tackle flood damage problems and offer quick 
reconstruction option. Superstructure is more susceptible to cyclone attack. Minimizing the level of destruction 
and the provision of quick reconstruction is the design challenge for superstructure. 

 
4. Conclusion 

 Foundation constructed with earth is more susceptible to flood. If the foundation soil is weak, the 
entire super-structure may collapse. So, a shallow depth brick layer is necessary beneath the 
earthen floor. 

 Wall materials are in contact with the soil may be corroded. Due to weakly fastened with the pillar 
or frame it can be easily destroyed with cyclone. It the wall is tightly fastened with the frame and a 
separation with the earth is maintained in case if tin or bamboo mat wall, the wall will be resilient.  

 Bamboo or Timber pillar are only embedded into the ground. It is overturned easily due to heavy 
wind. R.C.C pillar or footing with enlarged bottom is constructed to make the frame safe against 
high wind. 
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 Roof made with rich straw or catkin grass are more susceptible to cyclone or high wind, it can to 
fly away easily. Roof truss is made with CI sheet are highly corrodible. If the roof truss is 
constructed and it is fastened with the pillar tightly, the roof will be resilient.  
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