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Abstract 

The state of Assam in the Brahmaputra valley in north-east India is exposed to multiple hazards of seismicity, flooding and cyclone 
to a critical extent. The advanced construction technologies are yet to penetrate among the overwhelming population living below 
the poverty line. On the other hand the time-tested vernacular architecture or ‘Assam-type’ building is also unable to perform due 
to intensified calamities brought by climate change, fast depleting indigenous materials, change in user expectation and sporadic 
intervention of popular modern material and technology. This paper aims to systematically capture the hazard responses of 
vernacular architecture of Assam and upgrade the same with thoughtful introduction of amphibious foundation for modern but 
affordable bamboo-based hybrid construction. A schematic prototype house is proposed which can withstand the effect of multiple 
hazards of the area under study.    
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1.  Introduction 

The state of Assam in the Brahmaputra valley in north-east India is exposed to multiple hazards of seismicity, 
flooding and cyclone [1]. The valley is one of the most flood-prone areas in the world affecting 31046 sq. km. (about 
39.58% of the state’s land area) [2]. River Brahmaputra rages through Assam for about 650 km [3] and the average 
annual rate of erosion on its both banks including that of the tributaries is about 80sq.km. [4]. Additionally, 

 

 
* Corresponding author. Tel. +91-89021-32283; fax: +91-3222-288034 
E-mail address: sutapa@arp.iitkgp.ernet.in 

 

Available online at www.sciencedirect.com 

ScienceDirect	
Procedia Engineering00 (2017) 000–000  

www.elsevier.com/locate/procedia 

 

1877-7058 © 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility ofthe scientific committee of the 7th International Conference on Building Resilience. 

7th International Conference on Building Resilience; Using scientific knowledge to inform policy 
and practice in disaster risk reduction, ICBR2017, 27 – 29 November 2017, Bangkok, Thailand 

Multi-hazard disaster resilient housing with bamboo-based system  

Sutapa Dasa,*, Parthasarathi Mukhopadhyayb  
aDept. of Architecture & Regional Planning Indian Institute of Technology Kharagpur, 721302, India 

bDept. of Architecture,Town and Regional Planning, Indian Institute of Engineering, Science  & Technology Shibpur, 711103, India  

Abstract 

The state of Assam in the Brahmaputra valley in north-east India is exposed to multiple hazards of seismicity, flooding and cyclone 
to a critical extent. The advanced construction technologies are yet to penetrate among the overwhelming population living below 
the poverty line. On the other hand the time-tested vernacular architecture or ‘Assam-type’ building is also unable to perform due 
to intensified calamities brought by climate change, fast depleting indigenous materials, change in user expectation and sporadic 
intervention of popular modern material and technology. This paper aims to systematically capture the hazard responses of 
vernacular architecture of Assam and upgrade the same with thoughtful introduction of amphibious foundation for modern but 
affordable bamboo-based hybrid construction. A schematic prototype house is proposed which can withstand the effect of multiple 
hazards of the area under study.    
 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 7th International Conference on Building Resilience. 

Keywords: Amphibious foundation, Assam-type building; Bamboo; Hybrid construction,; Multi-hazard resilience 

1.  Introduction 

The state of Assam in the Brahmaputra valley in north-east India is exposed to multiple hazards of seismicity, 
flooding and cyclone [1]. The valley is one of the most flood-prone areas in the world affecting 31046 sq. km. (about 
39.58% of the state’s land area) [2]. River Brahmaputra rages through Assam for about 650 km [3] and the average 
annual rate of erosion on its both banks including that of the tributaries is about 80sq.km. [4]. Additionally, 

 

 
* Corresponding author. Tel. +91-89021-32283; fax: +91-3222-288034 
E-mail address: sutapa@arp.iitkgp.ernet.in 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.proeng.2018.01.121&domain=pdf


938 Sutapa Das  et al. / Procedia Engineering 212 (2018) 937–945
2 Sutapa Das & Parthasarathi Mukhopadhyay / Procedia Engineering00 (2017) 000–000 

deforestation of seismically unstable adjacent hilly slopes causes siltation thus reducing the carrying capacity of the 
river network. As a result, each year during monsoon (in average 1688 mm) Assam experiences flood and substantial 
losses of life, property and standing crops. For example, in 2012 nearly 4650 sq. km. area was submerged, about 3829 
villages went under water and 2.308 million people were affected [5]. Every other initiative for flood control has been 
proved so futile that a 1300 km 6-line highway on both sides of the Brahmaputra is planned to act as embankment [6]. 
Parry et al. [7] argue that adverse impact of climate change on flood situation is already palpable and a usual 100-
yearly flood may occur in each 2-5 years in near future [8]. A continuous hastening of water cycle will increase the 
intensity and frequency of torrential downpour especially in eastern Asia [9] including Assam. 

Apart from floods, the state is also under Zone V of highest seismicity. The Assam gap in Himalayan Mountains is 
among six top-most active zones in the world and poses very high potential for future tremors. During the great 
earthquakes of 1897 and 1950 with magnitude M up to 8.7 in Richter scale, the area was devastated and the Assam-
gap emerged [10]. Between 1900 and 2017, this area has experienced other 26 earthquakes with M ranging from 3.6 
to 7.7. Mild to medium level jerks are felt here on regular basis. Additionally, its proximity to Bangladesh bordering 
Bay of Bengal, makes 60% of areas in Assam cyclone-prone with wind speed reaching up to 55 m/ sec [11].  

India’s National Action Plan on Climate Change (NAPCC), 2008 has set the state level agenda. Designing climate 
resilient habitats were among six thrust areas in Assam [3]. The Assam State Disaster Management Authority 
(ASDMA) was established in 2007 and since then they have worked relentlessly and have set the detailed roadmap of 
Assam State Disaster Management Plan [11]. It categorizes its major disaster risk reduction (DRR) plans as: (a) 
preparedness; (b) prevention and mitigation; (c) alert and warning stage; (d) response and (e) recovery and 
rehabilitation. It analyses disaster vulnerability of various housing typologies but overlooks development of resilient 
structures. Several other standalone design codes and guidelines for flood, earthquake and cyclone proof buildings 
[12-14] also do not reflect the combined approach against multiple hazards as in the case of Assam. It is to be noted 
that the advanced construction technologies are yet to penetrate among the overwhelming population of India living 
below the poverty line [15] and on the other-hand the time-tested vernacular buildings have lost their appropriateness 
in the changing context. This paper aims to bridge this knowledge gap by developing a prototype by using the 
vernacular material bamboo in hybrid construction of multi-hazard disaster resilient affordable housing. 

2. Literature Review  

This section is further divided into four sub-sections for dealing with the research problem in holistic way. These 
sections are namely, (a) traditional houses of Assam; (b) Udayachal House of Shillong – a case study; (c) bamboo as 
engineering material and (d) flood-resilient amphibious construction. 

2.1. Traditional houses of Assam 

Various housing typologies and their performance against three major hazards of earthquake, flood and cyclone 
are collated in Table 1 [11] and described briefly in next section [16-19]. The category X for walls includes non-
engineered indigenous materials such as bamboo, cane, reeds and affordable material such as thatching, corrugated 
galvanized iron (CGI) sheet etc , but they show good earthquake resilience.  

Table 1.Distribution of houses in Assam and their level of damage risk under various hazards (ASDMA, 2013) 

Wall/ roof options  % of Census 
house 

Earthquake 
zone V 

Wind velocity m/sec Flood prone 
area 55& 50 47 447&9 

Waal  A1: Mud &unburnt Brick  4.3 V. high V. high High Medium V. high 
 A2; Stone wall  0.2 V. high High Medium Low VH 
 B: Burnt Brick 17.2 High High Medium Low High /M 
 C1: Concrete wall 2.5 Medium Low V. low V. low Low/ v. low 
 C2: Wood wall 2.4 Medium V. high High Medium High 
 X: Others 72.3 Medium V. high High Medium V. high 
Roof  R1: Lightweight sloped 94.8 Medium V. high V. high High V. high 
 R2; heavy sloping roof 2.2 High High Medium Low High 
 R3: Flat roof 2.9 Depends on the supporting wall 
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• Chang Ghar 
These stilted houses were traditionally made by Mishing tribe of upper Assam to get protection from flood water 

and wild creatures. The entire structure made of wooden frame has thatched roof and bamboo is extensively used for 
walls and floor. Modern versions of these houses use concrete or masonry posts (Fig. 1a). 

• Bamboo hut on ground 
Bamboo clums (stem) are driven into the ground at equal distance as per the structural grid. The plinth is about 

500mm high and is made of rammed earth. The horizontal bamboo beams are tied to columns with wire or coconut 
coir or nailed. Sliced bamboo strips are fixed on the structural frame and dabbed with mix of mud, cow-dung, chopped 
straw etc. Sloped roof can be thatched or made of CGI sheets (Fig. 1b).  

• Ekra  house or/ Assam-type house 
Much evolved compared to the Chang ghar or bamboo huts, these buildings can serve as multi-family dwelling 

units or even as two-storied bigger structures (Fig. 1c). Here the vertical posts are made of aboriginal tree referred as 
‘Jungli’ (wild) wood. The timber floor joists are fixed at 500mm level and covered with timber slats. This plinth gap 
is usually closed with masonry. Reeds of Ikra or Ekra (Elephant grass of average height of 3m) are fixed between 
wooden structural members and plastered with mud-lime mix. CGI sloped roof on timber frame ends at gutter.  

• Bangla batton house 
The colonial version of Ekra style is seen in ‘Banglabatton’ houses of Sylhet which was part of Assam till 1947 

and then was added to Bangladesh. The name originated from its timber frame and show cases few western decorative 
elements such as an articulated column, plinth molding, bay window etc. 

 
Fig. 1. (a) Chang Ghar [16]; (b) bamboo hut on ground [17]; (c) Two-storied Assam type building at Cotton College [16] 

2.2. Udayachal house of Shillong – A case study 

One of the best surviving examples of Ekra house is a sprawling multifamily residence named ‘Udayachal’ at the 
central part of Shillong (Fig. 2). In 1890s when Shillong was capital of entire north-east India, this house was built in 
phases but with modern facilities such as fireplace and toilets – bearing the colonial influence. The high pitched roof 
with deep overhang caters to the heavy rainfall. For bigger spans, the roof has horizontal segments to curb the 
horizontal span– thus introducing skylights with openable glass sash. Otherwise windows are fitted with awnings. The 
netted gable windows are on both side of the pitched roof to allow the stormy wind to pass through the building 
without the roof flying away. However, a false ceiling made of thick canvas or bamboo mat is used to prevent the 
dust, rain or hailstorm through the gable windows to enter the rooms. A strong wind through the ceiling plenum causes 
drop in air pressure compared to the same inside the room. As a result the false ceiling has a tendency to be sucked 
up. To minimize the difference in air pressure; false ceilings have a square opening at the center. 

The entire lightweight structure with well-connected vertical, horizontal and diagonal timber members has survived 
several earthquakes including the severe one of 1950s. However Udayachal despite its excellent performance against 
earthquake and cyclone is susceptible to fire hazard due to its inflammable ingredients and will deteriorate fast if built 
in flood-prone area. Annually the wooden sections require water-proofing coat of wood oil (e.g. linseed oil) or bitumen 
or Japan-black (asphalt based varnish). Walls should be lime washed. Though this house is a representative of a bye-
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