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Unit – V: Construction in Disaster Prone areas: 

 Introduction, Earthquake, Damages to houses, Traditional Housing in disaster prone areas, Type of 

Damages of non-engineered buildings, Repair and restore action of earthquake Damaged non-engineered 

buildings recommendations for future constructions, Requirements of structural safety of thin pre-cast 

roofing units against earthquake forces, Status of R& D in earthquake strengthening measures, Floods- 

cyclone, future safety. 

 

GUIDELINES FOR DISASTER – 

With its vast territory, large population and unique geo-climatic conditions, India is periodically exposed to 

natural catastrophes.' Even today, natural hazards such as floods, cyclones, droughts and earthquakes are 

frequent phenomena in the country. While the vulnerability varies from region to region, a large part of the 

country is exposed to such natural hazards, which often turn into disasters causing significant disruption to 

socio-economic life of communities leading to a huge loss of life and property.  

Concerned with the impact of natural disasters, the governments at the central and state levels are 

gradually evolving strategies, policies and program for natural disaster mitigation, preparedness and 

prevention. In response to the UN General Assembly Resolution declaring 1990 - 2000 as the International 

Decade for Natural Disaster Reduction, the Government of India has been taking several initiatives for 

strengthening disaster reduction strategies. An Expert Committee was also set up in July 1994, after the 

Yokohama Conference, to examine disaster related issues and evolve suitable strategies. 

 It is important to note that disaster resistant construction forms one of the core issues being addressed at 

the disaster mitigation and prevention policy levels. This aspect was dealt with in detail in the Report 

prepared by the Expert Committee. For earthquake resistant construction, it is better to avoid hillside 

slopes and areas having sensitive and clayey soil. It should be preferable to have several blocks on terraces 

rather than one large block with footings at different clusters. The building as a whole should be kept 

almost symmetrical. Simple rectangular shapes behave better in an earthquake than shapes with multiple 

projections.  
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Separation of a large building into several blocks is required for symmetry and rectangularity of each block. 

Restricting the width of openings, using bond beains and taking recourse to steel or wooden dowels as well 

as RCC band at plinth, lintel and roof levels are good disaster resistant techniques for buildings. In case of 

cyclones, structures should be erected in areas, which provide a protective shield from high winds with 

natural firm level foundation. Flat roof arrangement should be avoided.  

So should be the projecting elements like antennas and chimneys, eave projections, sunshades etc. The 

construction should have adequate diagonal bracing, reinforced machinery, thicker plate glass, and 

anchoring of purlins to gable ends. As far as flood resistant housing is concerned, prohibited zones should 

be totally avoided. Layout of the buildings/ houses should be such that they do not block free flow of water. 

Construction should be done on raised mounds. Waterproofing treatment, adequate bracing, afforestation 

in catchment areas are required for flood- prone areas. The Expert Committee Report covered the following 

issues: Q Identification of various lmard-prone areas Q Vulnerability and risk assessment 'of buildings 

Outlining the disaster damage scenarios Technical guidelines for hazard resistant construction of buildings 6 

Upgradation of hazard resistance of existing housing stock by retrofitting; and r, Adoption of technical-legal 

regime, 

The non-engineered buildings- 

The non-engineered buildings considered in this paper are those which are spontaneously and informally 

constructed in various countries in the traditional manner without any or little intervention by qualified 

architects and engineers in their design. Such buildings involve field stone, fired brick, concrete blocks, 

adobe or rammed earth, wood or a combination of these traditional locally available materials in the wall 

construction. Cement, lime or clay mud are used for the mortars.  

Reinforced concrete lintels and floor and roof slabs and beams are also used. In some cases, use of 

reinforced concrete or steel columns and beams is also made particularly for shopping centers and school 

buildings, but here also a post-beam type simple concept is frequently adopted in a non-engineered manner 

without consideration of the stability of the system under horizontal seismic forces. The safety of the non-

engineered buildings from the fury of earthquakes is a subject of highest priority in view of the fact that in 

the moderate to severe seismic zones of the developing world more than 90 percent of the population is 

still living and working in such buildings, and that most losses of lives during earthquakes have occurred due 

to their collapse.  

The risk to life is further increasing due to rising population density in these countries, poverty of the 

people, scarcity of modern building materials, lack of awareness and necessary skills for improved 
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constructions. The present disaster management policies of the governments in the developing countries do 

not address the issue of preventive actions for the safety of such buildings toward seismic risk reduction; 

the development plans do not require consideration for safety from hazards as an essential component of 

the projects; the settlement planning and development legislations have no provision to attend to hazard 

safety concerns, and the building by-laws of municipalities and corporations are silent about earthquake 

resistance in buildings.  

The Codes and Guidelines developed through the standard making bodies remain recommendatory 

documents of good engineering practices, and their implementation depends upon the decision of the 

Heads of Agencies, Departs, Organizations, Institutions owning the buildings and structures in the public 

and private sectors.  

Private individuals have by and large remained uninformed. The paper aims at highlighting the simple and 

very economical measures for achieving non-collapse seismic safety of various non-engineered buildings, 

and issues concerning national policies toward earthquake risk reduction including suggestions for an action 

plan to achieve the results in short and long range. 

 

EARTHQUAKE RISK MANAGEMENT IN DEVELOPING COUNTRIES- 

 So far as management of earthquake risk is concerned, the task is indeed difficult. In his famous address 

given in the Eighth World Conference on Earthquake Engineering held in San-Francisco in 1984, Dr. Frank 

P ess had ge e alized: The lass of haza ds ha a te ized  lo  probability of occurrence and high 

consequences, presents a difficult public policy problem; how to sustain public interest and involvement; 

ho  to att a t ade uate go e e t esou es fo  itigatio  p og a s.  

 It is, therefore, under stable that most governments at national, provincial or state levels, have focused, in 

their disaster management policies, on post-disaster response involving rescue, relief and rehabilitation of 

the affected communities. The agencies or departments looking after the emergencies are named variously 

in different countries, such as Emergency Management, Calamity Relief, Civil Defense, Crisis Management, 

etc. and may be under different ministries too, such as Ministry of Interior or Home, Revenue, Agriculture, 

etc., but the functio s a e ostl  si ila , that is, post disaste  espo se.  “i e ea th uakes o u  

suddenly without prior indication and their destructive action is done in a few seconds or at most minutes, 

the disaster managers are usually taken by surprise and found unprepared for the tasks they are called 

upon to perform. 
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 Then it takes time to organize rescue and relief teams with the necessary tools and plants, transporting 

vehicles, and the supplies of emergency items. For an alternative approach, it was quite apt for Dr. Press to 

suggest Ea th uakes a e a spe ial atego  of haza ds i  that ost hu a  losses a e due to failu e of 

human-made structures – buildings, dams, lifelines, and so on. Therefore, in principle, with sufficient 

resources for research, development, education, followed by necessary investments in hazard reduction, 

earthquakes are a hazard that are within our power to respond to. We can reduce their threat over time as 

much as we want to.  

We can learn where not to build and how to build so that failu e of st u tu es ill ot o u .  That is, adopt 

`p e e tio  i  pla e of ` espo se . The IDND‘ Co fe e e of Me e s of the U ited Natio s a d othe  

States in partnership with nongovernmental organizations, with the participation of international 

organizations, the scientific community, business, industry and the media, held in Yokohama, Japan, in May 

1994, gave the following important message to the disaster prone countries for consideration and action: 

The i pa t of atu al disaste s i  te s of hu an and economic losses has risen in recent years, and 

society in general has become more vulnerable to natural disasters. Those usually most affected by natural 

and other disasters are the poor and socially disadvantaged groups in developing countries as they are least 

e uipped to ope ith the .   

DAMAGE RISK OF NON-ENGINEERED BUILDINGS  

Earthquake Intensity and Building Damage- 

 The destructive energy released during an earthquake is expressed by its Magnitude on Richter's open 

ended scale. The relationship between the Magnitude and energy is logarithmic such that a higher 

Magnitude by 1.0 has the energy about 31.5 times of the lower Magnitude. 

The effects of an earthquake on ground (soils, rocks, hills and plains) as well as on manmade buildings, 

structures, infrastructure and services vary greatly in the overall impacted area. The parameters are very 

many which influence the effect on and the performance of any given building or structure. Therefore quite 

a no uniform damage pattern is often seen. The main parameters are:  

(i) Distance from the causative fault:- usually more the distance less the damage, except where local 

soil effects change the pattern by amplifying the ground motion;  

(ii) the inherent strength or vulnerability of the building or structure; stronger the building less the 

damage, weaker the building more the damage; 
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(iii)  The local soil on which the structure is founded: usually softer the soil more the damage, except 

where the frequency content in the earthquake accelerations will be prejudicial to the buildings 

on harder strata. 

 

 

Performance of Non-Engineered Buildings during Earthquakes  

Earthen Houses  

The performance of earthen houses during earthquakes of MSK VIII or more has been generally very poor 

consisting of wide cracks in walls and separations of walls at corners, and complete collapse of walls, roofs 

and floors leading to death and injury to the residents. Due to heavy mass of debris, rescue work of buried 

people also has been found to be difficult and time consuming; even more so if the streets get blocked by 

fallen debris. Single storeyed adobe and rammed earth houses with flat heavy roofs have shown fair 

behavior during Dhamar (Yemen) earthquake of Dec. 1982 even in MM VIII area in that they did not 

collapse and cracking damage was minimum, but most of two and three storey houses collapsed completely 

[Arya, 1988]. Masonry Buildings From the seismic observations all over the world on masonry buildings 

consisting of walls made from fired bricks, random-rubble or field stone or a combination thereof, the 

following types of damage become evident:  

1) The masonry, being weak in tension as well shear, when shaken horizontally during an earthquake, cracks 

very easily in various ways such as vertical bending cracks near vertical edges, horizontal bending cracks 

below roof and floor and above plinth. Diagonal tension cracks starting from corners of openings as well as 
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in star pattern in the vertical piers between openings and in the spandrel beams of shear walls are 

important since they adversely affect the structural strength. 

 2) In case of flexible roofs and floors (such as trussed roofs, pitched roof, wooden floors, floors consisting of 

precase RC joists with flexible covering), the perpendicular walls tend to fully separate from each other. In 

the absence of diaphragm action of roof and floors, the integral box - like action of walls is lost completely 

and the walls subjected to inertia force normal to their plane tend to fail by overturning mechanism. This 

leads to partial or total collapse of the house.  

 

3) Parapets, and chimneys projecting above the roof are subjected to greatly amplified motion and easily 

fail by bending and overturning. When falling outside, they crush the people and parked or moving cars, 

hence dangerous elements. These should either be eliminated or properly reinforced and tied to the lower 

structure.  

4) Gable ends of buildings with trussed roofs are unstable triangular vertical cantilevers which collapse 

laterally very easily. Four sloped (hipped) roofs are therefore superior in the seismic behaviour of the 

building. Gable masonry should therefore be replaced by a truss with light sheet covering or the masonry 

should be properly reinforced and tied to the wall below and those at right angles. 
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 5) Random rubble masonry (field-stone) walls, particularly those built with lime or clay mud mortar, are 

very weak in compression also. Strength further reduces if walls get wet during rains. On seismic shaking, 

they lose their cohesion and shatter completely being converted into heap of rubble and clay. Two storeyed 

buildings have shown very bad performance by complete collapses even in moderate earthquakes (M.S.K. 

intensity VII to VIII). Hence their height must be restricted to one storey only unless good cement mortar is 

used and reinforced at critical sections.  

EARTHQUAKE PROTECTION MESURES  

These can be divided into three parts 

(i) Architectural design,  

(ii)  Structural counter measures, and  

(iii) Construction and maintenance quality. In most cases parts (i) and (iii) require little additional cost 

inputs, but if carried out according to earthquake resistance principles, they improve the seismic 

performance of the building quite appreciably at practically `no' cost. Structural countermeasures do 

require additional cost inputs whose relative cost varies with the basic building materials used and 
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the level of reinforcing provided. The major seismic protection measures in non-engineered 

buildings are briefly highlighted here. 

Architectural Design Features – 

The following features are desirable for better seismic performance of buildings  

i) Simplicity and symmetry in plan and elevations: It will be preferable to build separate blocks for different 

functions based on their post-earthquake importance. 

 ii) Enclosed space. Within a building, smaller rooms with properly bonded long and short walls forming a 

crate like enclosure, are seismically stronger than rooms with long uninterrupted masonry walls (Fig. 2). 

The spacing of cross walls will depend on the mortar used.  

iii) Opening in Walls. Window, ventilator and door openings reduce the shear and bending strength of 

walls, and their size as well as location are both significant in this respect. For better seismic behavior 

openings should be as small and centrally located as functionally feasible. 

iv) Building Height. Restriction of height of load bearing wall buildings is necessary for better seismic safety. 

The guide lines are suggested as shown in Table 2, provided of course that reinforcing methods suitable for 

seismic intensities probable in the area will also be adopted in construction. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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