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Abstract 

This papers presents the results related to design of earthquake resistant building with live load, dead loads; and earthquake 

loads, the design is based upon the analysis of all structural elements such as slab, column, beam, shear wall, etc. The 

specifications of IS 456:2000, IS 1893(Part II) and IS 1893(Part IV) with working stress and limit stress are being considered in 

this design. Dimension of  slab is considered as given IS Code 456:2000 recommendation, column size, diameter and depth taken 

as according to loads and total area as per referred by IS Code. Depth of foundation is based upon the load bearing capacity of 

the soil being tested through our survey and investigations, which fulfil the criterions of IS code.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Structural design involves determining most suitable proportion of a structure and dimensioning of a structural element and 

details of it is composed. This is the most highly technical and mathematical phase of which it is composed this is a most highly 

technical and conducted without designer is at all time fully conscious of the various consideration which were involved in 

preliminary planning of the structure and likewise fully coordinated with the planning and construction phase of the project the 

successful of the various problem. 

Apart from gravity loads, the structure will experience dominant lateral forces of considerable magnitude during earthquake 

shaking. It is essential to estimate and specify these lateral forces on the structure in order to design the structure to resist an 

earthquake. 

 It is impossible to exactly determine the earthquake induced lateral forces that are expected to act on the structure during its 

lifetime. However, considering the consequential effects of earthquake due to eventual failure of the structure, it is 

important to estimate these forces in a rational and realistic manner. 

 The earthquake forces in a structure depend on a number of factors such as: 

 Characteristics of the earthquake (Magnitude, intensity, duration, frequency, etc.) 

 Distance from the fault 

 Site geology 

 Type of structure and its lateral load resisting system. 

II. DESCRIPTION OF THE EARTHQUAKE PRONE AREAS 

Earthquake affected areas in Azad Jammu & Kashmir (AJK) and the KhyberPakhtunkhwa. The state of Azad Jammu & Kashmir 

(AJK) is the territory of the former state of Jammu and Kashmir, which was liberated by Pakistan and was taken over in October 

1947. Kashmir is a disputed territory between Pakistan and India; it is one of the nuclear flash points in the word. The area of 

AJK is 13,297 sq km and the population is approximately 3.8 million. Durrani, A.J, Elnashai. A.S, Hashash, Y.M.A and Masud, 

A,2005. Most households are partly dependent on agriculture, and businesses and Government employment are the major 

sources of livelihoods. Infrastructure is reasonably well development. AJK is linked to Pakistan and Indian Held Kashmir (IHK) 

by four major roads. The Metalled roads (as of 2005) nearly 4,760 km, while nonmetalled roads nearly 6,116 km. Seeber, L and 

Armbruster, J.G, 1979. Hussain,A.2005.  Literacy rate of AJK is 60% Khyber- Pakhtunkhwa is a province of Pakistan located in 

north-western side, bordering Afghanistan and FATA in the west, Gilgit-Baltistan in the north, Islamabad and Punjab in the east 

and south and Balochistan in the south-western side. The area of Khyber-Pakhtunkhwa is 74,521 sq km and the population is 

approximately 22 million (estimated in 2008). 
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III. DAMAGE TO BUILDING AND INFRASTRUCTURE 

In the 2005 Pakistan Earthquake in AJK and Khyber-Pakhtunkhwa, approximately 400,153 residential building were destroyed 

and damaged. It is also estimated that 50-70% important official buildings were destroyed and damaged including 

administration, police, military buildings etc. Due to the ground shaking, most damage to building structures occurred. Because 

of ground failure due to the land sliding, rock sliding and subsidence, a large number of building structures located on or near the 

slopes were destroyed and damaged. COMET, 2005. The most concentration of damaged or destroyed building structures was in 

Abbottabad, Mansehra, Batagram, Kohistan, Balakot, Allai, Beshram etc in Khyber-Pakhtunkhwa and Muzaffarabad, Bagh, 

Poonch, Rawlakot, Shangla etc in AJK.  In main event, estimates tell that 60-70% of the building structures were destroyed or 

badly damaged in Muzaffarabad. In Muzaffarabad, major concentrations of damage were found in the areas of deeper alluvial 

deposits along the rivers named as Jhelum and Neelum. In Balakot, damage was directly related to fault rupture. Several other 

towns located along the rupture zone (Bagh to Batagram) several towns also suffered significant damage to their building 

structures. Collapse of the high rise Margala Towers was due to construction issues in Islamabad which is located over 80 km 

from the epicenter. EERA & URL 2005.According to the government sources of Pakistan, it is estimated that more than 80% of 

the total destroyed building structures were located in rural regions. An aerial survey revealed that a large number of buildings 

destroyed were in the more rural and mountainous areas proximate to the fault rupture. COMET, EERA, URL, 2005. 

IV. THE CAUSES OF MORE DESTRUCTION 

In 2005, the destruction of building structures by earthquake was seen a lot due to some reason and causes. These main causes of 

the more earthquake destruction are as follows.  

 Type of building construction (Brick, stone masonry, mud mortar, RCC frame, wooden frame etc). 

 Non-engineered construction. 

 Low Quality of construction. 

 No use of existing design codes. 

 Absence of art codes and building codes. 

 Use of sand taken from river-side or streams etc. 

 Use of mud taken from mountain slopes and farms. 

 No well-trained masons. 

 Some building constructed on mountain slope without proper balance. 

V. SEISMIC DESIGN & EARTHQUAKE RESISTANT CONSTRUCTION 

The basis of seismic design is on the application of construction techniques, methods and criteria used for the design and 

construction of building structures exposed to earthquakes. Lindeburg, Michael R. Baradar, Majid. 2001.  The design of the 

structure which follows some seismic code regulation is not likely to assure the survivability from serious damage or collapse. 

Gotz, Karl-Heinz et al. MCGraw-Hall, 1989.  The poor seismic design of building structure may lead to collapse or destruction. 

In accordance to building codes, building structures are designed in such a way to prevent collapse and to with stand the 

earthquakes likely to occur at the location of construction. Seismic design provides the building with suitable stiffness, strength, 

configuration and ductility. Arnold, Christopher, reitherman, Robert, 1982.  The basic requirements of seismic design are 

depending on the structure type, the location of the structure and application of seismic design and criteria. Omori, F.  1900.  The 

stability of ground is also needed before the starting the construction. Earthquake resistant construction refers to the 

implementation of the seismic design and building codes for assuring that the building structures survive through earthquakes.   

VI. SEISMIC DESIGN AND BUILDING CODE IN JAPAN 

Earthquakes are more frequent in Japan. The Niigata 1964 earthquake in Japan caused intense damage to building structures. 

This damage was limited to the buildings and structures constructed on saturated loose soil deposit. Most destruction was due to 

ground failure. Approximately 2000 houses were destroyed, but there were only 28 deaths. Also there was Kobe earthquake in 

1995 causing loss of human lives and damage to the buildings and infrastructure. BRI, 1996. In the aftermath of this earthquake, 

to lessen the damage to the building structures and to assure the human safety, new technologies were introduced in the building 

code and seismic design. Yamanouchi, H and et al, 2000. The seismic design and building code in Japan (revised in 2000) have 

two main objectives (in response to earthquakes) such as life safety and limiting damage to the buildings. In the revised building 

code of Japan, seismic provisions were also revised and updated. 

This revised and updated building code with seismic provisions was applied for the newly developed building materials, 

structural elements and systems in construction, upgrading to existing buildings and construction of new buildings structures. 

These revised seismic provisions in building code leads to the better structural performance of buildings against earthquakes. 

Hiraishi, H. Midorikawa, M. teshigaware, M.Gojo. W and Okawa.I, 2000. Midorikawa, M. Hiraishi, H. okawa. I, Iiba, M. 

teshigawara, M.Isoda.H. 2000. Hiraishi, H. and et al. 1999. Miura, K. Koyamada, K. and Iiba, M. 2000.  In this building code, 
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two earthquake forces such as maximum earthquake forces and once-in-a-lifetime forces were considered for seismic design of 

the building structures. In these provisions, ground and soil conditions were taken into account, because different places have 

different ground and soil conditions. New seismic design procedures were included and particularly the design of earthquake 

response spectrum. Hiraishi, H. Midorikawa, M. teshigaware, M.Gojo. W and Okawa.I, 2000. Midorikawa, M. Hiraishi, H. 

okawa. I, Iiba, M. teshigawara, M.Isoda.H. 2000. Hiraishi, H. and et al. 1999. Miura, K. Koyamada, K. and Iiba, M. 2000. The 

building code with seismic provisions of Japan is more better and effective against damage and casualties due to earthquakes. 

VII. ABOUT EARTH QUAKE STRUCTURE 

These are the structure design to withstand earthquake,while no structure can the entirely immune to damage from earthquakes, 

the main aim of earthquake resistant construction is to erect structures that fare better during seismic activity then their 

conventional counter paths. 

The main objectives of earthquake engineering are  

 Foresee the potential consequences of strong earthquakes on urban areas and civil infra structure. 

 Design, construct and maintain structure to perform at earthquake exposer up to the expectation at in compliance with 

buildings codes. 

 A properly engineered structure does not necessarily have to be extremely strong or expensive.It has to be properly design 

to withstand the seismic effect while the sustaining an acceptable level of damage. 

VIII. EARTHQUAKE RESISTANT DESIGN PHILOSOPHY 

Apart from the factors mentioned above, the consequences of failure of the structure may also be of concern in the reliable 

estimation of design lateral forces. Hence, it is important to include these factors in the lateral force estimation procedures. 

Code of practice for earthquake resistant design of structures primarily aims at accomplishing two primary objectives; total 

safety against loss of life and minimization of economic loss. 

These objectives are fulfilled by design philosophy with following criteria: 

 Resist minor earthquake shaking without damage 

 Resist moderate earthquake shaking without structural damage but possibly  with some damage to nonstructural member 

 Resist major levels of earthquake shaking with both structural and nonstructural damage, but the building should not 

collapse thus endangerment of the lives of occupants is avoided. 

 
Fig. 1: Earthquake Resistant Design Philosophy 

The purpose of an earthquake-resistant design is to provide a structure with features, which will enable it to respond 

satisfactorily to seismic effects. These features are related to five major objectives, which are listed in order of importance: 

 The likelihood of collapse after a very severe earthquake should be as low as possible. 

 Damage to non-structural elements caused by moderate earthquakes should be kept within reasonable limits. Although 

substantial damage due to severe earthquakes, which have a low probability of occurrence is acceptable, such damage is 

unacceptable in the case of moderate tremors which are more likely to occur. 

 Buildings in which many people are usually present should have deformability features which will enable occupants to 

remain calm even in the event of strong shocks. 

 Personal injury should be avoided. 

 Damage to neighboring buildings should be avoided. 
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IX. GUIDELINES FOR EARTHQUAKE RESISTANT BUILDING DESIGN 

As mentioned above, the viewpoint of earthquake design is to prevent non-structural damage in frequent minor ground shaking, 

is to prevent structural damage and minimize non-structural damage in occasional moderate ground shaking and to avoid 

collapse or serious damage in rare major ground shaking. In order to meet these requirements the code of practice for earthquake 

resistant design of structures generally prescribes guidelines with respect to following features: 

 Intensity of shaking is prescribed based on zone factor depending upon seismic activity in the region of geographical 

location of the site 

 Characteristics of the structures that affect its dynamic behavior is accounted byprescribing appropriate natural period 

depending on distribution of mass and stiffness properties also, by considering type of soil beneath its foundation. 

 Importance factor is assigned depending on occupancy type, functionality etc. of the structure 

 Capability of a particular structure to resist lateral forces is incorporated by identifying its redundancy and ductility features 

through response modification factor 

 Intensity of shaking is prescribed based on zone factor depending upon seismic activity in the region of geographical 

location of the site 

 Characteristics of the structures that affect its dynamic behavior is accounted by 

 prescribing appropriate natural period depending on distribution of mass and stiffness properties also, by considering type 

of soil beneath its foundation. 

 Importance factor is assigned depending on occupancy type, functionality etc. of the structure 

 Capability of a particular structure to resist lateral forces is incorporated by identifying its redundancy and ductility features 

through response modification factor 

 Emergency facilities that are expected to remain functional after a severe earthquake such as hospitals, fire stations, etc. 

 Buildings, whose failure may lead to other disasters, affecting people or environment, such as nuclear power plants, dams, 

petrochemical facilities, etc. 

 Life-line facilities e.g. communication lines, pipelines, bridges, power stations, etc. 

 Facilities for large number of people such as community centers, schools, etc. 

Accordingly these structures are designed for higher lateral strength, and hence they are expected to sustain less damage under 

the design earthquake. Finally, it is imperative to rationally incorporate means of reducing the required lateral strength in case of 

structures that are capable of withstanding extensive inelastic behavior by virtue of their structural alignment and detailing. In 

this regard, generally provision is made in the code of practice by introducing the response modification factor. The response 

reduction factor essentially reduces the design lateral strength of the structure from required strength to resist the linear response 

to the strength that would be required to limit inelastic behavior to acceptable levels. 

X. ASSUMPTIONS MADE EARTHQUAKE RESISTANT DESIGN OF STRUCTURES 

The following assumptions are made in IS-1893 (2002) for earthquake resistant design of structures (Clause: 6.2, IS 1893-2002): 

 Earthquake causes impulsive under -ground motion, which are complex and irregular in character, changing in period and 

amplitude lasting for a small duration. Therefore, resonance of the type under steady-state sinusoidal excitations, will not 

occur as it would need time to build up such amplitudes. 

 With wind or maximum flood or maximum sea waves, earthquake is not likely to occur coincidently. 

 The value of elastic modulus of materials, may be taken as for static analysis unless a more definite value is available for 

use. 

XI. PROJECT METHODOLOGY 

Proposed path of implementation of the project is given as: 
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Fig. 2: Project Methodology 

XII. EARTHQUAKE-RESISTANT CONSTRUCTIONS IN INDIA 

 Most building constructions are non-engineered. However, formal education is imparted only on engineered constructions. 

Focus of discussions should also be placed on non-engineered constructions. 

 The technologies of building material and there is a need to investigate the building material which has to be used with 

greater utilization and resistivity towards the earthquake with respect to technical curriculum. 

 Responsibilities are divided in between contractor, owner, and consultant.  Consultant realizes the earthquake resistant 

construction. Consultant has to instruct the owner with regard to the consequences of not providing the earthquake resistant 

feature. It is responsibility of consultant to adhere the minimum requirement specified by the design codes. The consultant 

needs to ensure that the contractor should implement the detailing provided. 

XIII. EARTHQUAKE-RESISTANT DESIGN PRACTICE VERSUS TRADITIONAL DESIGN PRACTICE 

 Earthquake-resistant design and detailing should be considered under normal design situations. These should be an integral 

part of design process, even though these may not govern the final design in all cases. This situation would then be similar 

to the current treatment of design for wind loads. This will d-mystify the myth of earthquake-resistant design and 

construction being a special requirement. 

XIV. RECOMMENDATIONS 

It is suggested that extensive studies should be carried out in seismology and earthquake resistant construction for developing 

and updating specifications codes and engineering parameters for the design and construction of several types of structures, for 

example residential houses, utility buildings and infrastructure like roads, bridges, water and power supply lines. To make the 

buildings more resistant to earthquakes, the seismic design and building codes should be properly implemented to survive 

through both direct and indirect actions of earthquake. There are different kind of steps and techniques applied to different kind 

of structures like improving the quality of material, proper designing and seismic considerations. In construction of buildings and 

other infrastructure, there are various types of structures and how to make these structures more resistant to earthquakes to avoid 

collapses and intense damage. In earth-made construction adobe structures, box-type compact layout and seismic reinforcement 

make the structures less vulnerable to earthquakes.  In timber structures, properly engineered skeletal timer framing provides 

seismic survivability. 

XV. CONCLUSION 

 The roof and upper stories of the building should be light in weight. 
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 Their should be integrity and continuity in construction that it may allow a continuous load path between the foundation, 

the all portion of the building are tied together. 

 Their should be avoidance of suspended ceiling otherwise reinforce band  will be firmly attached to the main structure. 

 Their should symmetrical building plan and elevation with respect to mass and stiffness, instead of it separation joints are 

used. 

 Separation should be used to avoid close proximity  

 The building formation should be uniform and firm. 

 The doors and windows should be placed centrally and be small as possible. 

 Lintel band is used to covers the opening’s top level 
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