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Preface to the Second Revision (2025) 
The attempt for development of code for seismic design in Nepal started in Nineties 
following the Udayapur earthquake of 1988. Consequently, the Nepal National 
Building Code NBC 105 Seismic Design of Buildings in Nepal was published in 
1994.  
First revision of the Nepal National Building Code 105: 2020 Seismic Design of 
Buildings in Nepal was initiated after the Gorkha Earthquake of 2015 April 25 and 
the following aftershocks. The process of updating the NBC 105: 1994 Seismic 
Design of Buildings in Nepal was started under the initiative of the Central Level 
Project Implementation Unit (CLPIU) of the ADB financed Earthquake Emergency 
Assistance Project (EEAP) under the Ministry of Urban Development (MoUD). This 
standard was prepared by the Working Group of Consultants formed by the Central 
Level Project Implementation Unit (CLPIU) of the Earthquake Emergency 
Assistance Project (EEAP) under the Ministry of Urban Development (MoUD) and 
later transferred to the National Reconstruction Authority (NRA), the Government 
of Nepal.  

Second revision of the Nepal National Building Code: Seismic Design of 
Building has been carried out after receiving various feedback for improvement 
from the practitioners of the code. The primary objective of this revision is to 
streamline and correction to the 2020 version of the code. 
The principal modifications from the earlier version in the present revision are as 
follows:  

i) Definitions of different structural systems is added for more clarity. 
ii) The design force associated with damage limitation is expressed 

explicitly as 20 years return period. 
iii) Factors related to shear stiffness is removed. Effective stiffness for 

serviceability limit state is added. 
iv) Load combinations for accounting for stability and overturning effect has 

been added. 
v) Load combinations for working stress method has been added. 
vi) Load combination for other additional loads such as snow, static liquid 

pressure and earth pressure has been added. 
vii) Provision for increase in allowable bearing pressure when earthquake 

forces are involved is added. 
viii) The spectral shape factor for the Equivalent Static Method and for the 

Modal Response Spectrum Method has been revised to incorporate 
velocity sensitive zones, aligning with international buildings codes.  

ix) Sub soil classification is now based on shear wave velocity of soil from 
surface up to a depth of 30 meters below. 

x) A detailed soil map is now added to represent the soil type D. Previous 
interpretation of soil type D in terms of municipalities has now been 
discontinued. 

xi) Examples of structures belonging to ordinary class has been added for 
more clarity in application of the code provisions. 

xii) The empirical formulae for determination of fundamental translation 
period for concrete shear walled buildings is added. 
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xiii) Provision for combining structural systems in different directions, flat slab 
with ductile shear wall and columns resting on beams have been added. 

xiv) Provision for avoiding the extreme torsional irregularity has been added. 
xv) A more rational approach based on Sum of Square root of squares 

(SRSS) is adopted for calculation of the seismic gap between the 
adjacent structures. 

xvi) Accidental eccentricity has been reduced to ±0.05b. 
xvii) Deflection scale factor is added to reduce the deflection calculated using 

equivalent static method so as to arrive at more rational deflection values.  
xviii) Typographical errors and omissions in the previous version has been 

corrected. 
 

The intent and purpose of this code is to design safe buildings so that they will suffer 
no structural damage during earthquakes of moderate intensities, and without total 
collapse during heavy intensities of earthquakes. This standard is basically for 
seismic design of low, moderate and high-rise buildings prevalent in Nepal.   
The following publications related with the codes on seismic design have been 
extensively referred during the drafting of this revised edition of NBC 105:2025 

(i) IS 1893 (Part 1): 2016 Criteria for Earthquake Resistant Design of 
Structures Part 1 General Provisions and Buildings (Sixth Revision), BIS, 
Bahadur Shah Jaffar Marg, New Delhi, India 2016. 

(ii) BNBC 2014 Bangladesh National Building Code 
(iii) NZS 1170.5:2004 New Zealand Standard Part 5: Earthquake Actions – 

New Zealand 
(iv) Code for Seismic Design of Buildings (2010) Ministry of Housing and 

Urban-Rural Construction of the People's Republic of China 
(v) Eurocode 8: Design of structures for earthquake resistance – Part 1: 

General rules, seismic actions and rules for buildings  
(vi) Building Code of Pakistan Seismic Provisions (2008) Government of 

Pakistan Ministry of Housing and Works 
(vii) IBC 2015 International Building Code 2015 
(viii) ASCE-7-22. Minimum Design Loads for buildings and Other Structures, 

American Society of Civil Engineers, USA, 2022. 
The whole document has been spread over 10 sections with 3 ANNEXES 
separately for ductile detailing of structural concrete, structural steel and Seismic 
Zoning Factor for Cities/Municipalities. 

flat slab



iii 

1. Building Construction Management Upgrading (Consolidation) Committee 
Building Construction Management Upgrading (Consolidation) Committee consists 

of the following experts and professionals: 

Er. Gopal Prasad Sigdel, Secretary, Ministry of Urban 

Development 

Chairperson 

 

Representative, National Planning Commission Member 

Representative, Ministry of Law, Justice and Parliamentary 

Affairs 

Member 

Member-Secretary, Nepal Quality Standards Council Member 

Representative, Dean Office, Institute of Engineering TU Member 

Representative, Ministry of Federal Affairs & General 

Administration 

Member 

Representative, Research Centre for Applied Science & 

Technology 

Member 

Ar. Bharat Sharma, Expert Member 

Er. Manohar Raj Bhandari, Expert Member 

Er. Machakaji Maharjan, Director General, DUDBC Member Secretary 

2. Building Code Revision Advisory Committee (BCRAC) 
BCRAC consists of the following experts and professionals: 

Er. Prakrina Tuladhar, Deputy Director General, DUDBC Coordinator 

Ar. Nisha KC, Section Chief, Building Design and Services 

Section-DUDBC 

Member 

Ar. Kishor Shrestha, Section Chief, Maintenance, 

Evaluation and Byelaws Section-DUDBC 

Member 

Ar. Dipak Shrestha, Section Chief, Health Building Section-

DUDBC 

Member 

mittee



iv 

Er. Sudip Acharya, SDE, Urban Infrastructure Technology 

Research and Training Centre, MoUD 

Member 

Prof. Dr. Gokarna Bahadur Motra, Representative, 

Institute of Engineering, Pulchowk Campus 

Member 

Er. Anil Shakya, SDE, Representative, Nepal Bureau of 

Standards and Metrology 

Member 

Representative, Nepal Engineers’ Association Member 

Representative, Structural Engineers’ Association Nepal 

(SEANep) 

Member 

Prof. Dr. Prem Nath Maskey, Structural Engineer, Expert Member 

Er. Dwarika Shrestha, Former DDG-DUDBC, Expert Member 

Er. Manohar Raj Bhandari, Structural Engineer, Expert          Member 

Dr. Santosh Shrestha, Structural Engineer, Expert Member 

Er. Manoj Nakarmi, SDE/Section Chief, Building Code 

Section, DUDBC 

Member Secretary 

3. Working Committee  

Working Committee consists of the following experts and professionals: 

Er. Manoj Nakarmi, SDE/Section Chief, Building Code 

Section, DUDBC 

Coordinator 

Er. Rudra Narayan Mishra, Engineer, Building Design 

and Services Section-DUDBC 

Member 

Ar. Samriddhi Baidar, Engineer, Maintenance-Evaluation 

and Byelaws Section-DUDBC 

Member 

Er. Alisa Siwakoti, Engineer, Health Building Section-

DUDBC 

Member 

Er. Ashish Karki, Engineer, Urban Infrastructure 

Technology Research and Training Centre, MoUD 

Member 



v 

Asso. Prof. Dr. Kshitiz Charan Shrestha, Representative, 

Institute of Engineering, Pulchowk Campus 

Member 

Er. Minesh Ratna Tamrakar, Structural Engineer, Expert Member 

Er. Bipin Kumar Gautam, Structural Engineer, Expert Member 

Er. Swopnil Ojha, Structural Engineer, Expert Member 

Er. Debendra Dev Khanal, Structural Engineer, DUDBC Member Secretary

4. Guidance to this revision came from:  

Er. Dilip Bhandari, Joint-Secretary, Ministry of Urban Development 

Er. Rabindra Bohara, Director General, DUDBC  

Er. Sunil Kumar Thakur, Deputy Director General, Building Division-DUDBC 

Ar. Ekraj Adhikari, Deputy Director General, Urban Development Division-DUDBC 

Ar. Prakash Aryal, Deputy Director General, Reconstruction-Rehabilitation 

/Retrofitting Division-DUDBC 

Er. Lila Khatiwada, Deputy Director General, Housing Division-DUDBC 

Er. Jhapper Singh Vishokarma, SDE-DUDBC  

Er. Rupak Acharya, SDE/Section Chief, Building Code Section-DUDBC 

Ar. Shyam Chandra Budhathoki, SDE, Building Section-MoUD

Er. Madhav Katuwal, Engineer-DUDBC 

Er. Bibek Nepal, Engineer-DUDBC 

Er. Garima Bharati, Engineer, Building Section-MoUD  

Er. Nikash Regmi, Engineer, MoUD  

Er. Ugen Maharjan, Structural Engineer - DUDBC 

Er. Manzil Joshi, Civil Engineer - DUDBC 

Er. Suraj Kafle, Civil Engineer - DUDBC 

Er. Ukesh Dawadi, Civil Engineer - DUDBC 



vi 

Er. Prabin Regmi, Geotechnical Engineer - DUDBC 

Er. Pramod Kumar Shahi, Civil Engineer - DUDBC 

Prof. Dr. Prachanda Man Pradhan, Kathmandu University 

Asso.Prof. Dr. Rajan Suwal, IOE-Pulchwok Campus/Former President SEANep 

Er. Krishna Singh Basnet, President Structural Engineers’ Association Nepal 

SEANep 

Asst.Prof. Dr. Sujan Tripathi, Institute of Engineering, Thapathali Campus 

Dr. Mukunda Bhattarai, Department of Mines and Geology 

Dr. Deepak Chamlagain, Seismologist 

Dr. Purusottam Dangol, Expert 

Dr. Jhabindra Ghimire, Expert  

Dr. Mohan Prasad Acharya, Geotechnical Engineer, Expert 

Dr. Manjip Shakya, Expert 

Er. Mahesh Raj Bhatta, KU 

Er. Manoj Bista, Structural Engineer, Expert 

5. Input to this revision came from following SEANep Review Committee 
Members  

Dr. Rajan Suwal, Former President SEANep 

Er. Krishna Singh Basnet (Coordinator) 

Dr. Er. Bharat Pradhan (Focal Person) 

Prof. Dr. Er. Gokarna Motra 

Er. Kiran Acharya 

Er. Pradip Poudel 

Dr. Er. Rekha Shrestha 

Er. Rudra Nath Acharya 

Er. Rupendra Bar Dhoj Thapa 



vii 

Er. Santosh Pandey 

Dr. Er. Santosh Shrestha 

Dr. Er.  Shankar Dhakal 

Asso. Prof. Dr. Er. Shyam Sundar Khadka 

Er. Suhrid Kumar Sharma 

Dr. Er. Sujan Tripathi 

Dr. Er. Umesh Jung Thapa 

We would like to express our sincere thanks to all those who contributed directly 

and indirectly to the second revision of this code. We hope the revised code will be 

useful to all as it incorporates the recent knowledge and technology in the sector. 

 



viii 

Preface to the First Revision (2020) 
The attempt for development of any code for seismic design in Nepal started in 
Nineties following the Udayapur earthquake of 1988. Consequently, the Nepal 
National Building Code NBC 105 Seismic Design of Buildings in Nepal was 
published in 1994. Since then, the seismic code has not been reviewed and updated 
till the moment. In view of the development in research and technology and new 
knowledge learnt from various large earthquakes in the region and other parts of 
the world in last 25 years, the need for updating of the document was tremendously 
felt.  
The Department of Urban Development and Building Construction (DUDBC), 
Ministry of Urban Development (MoUD) had initiated the preparation for the 
updating of the NBC 105: 1994 Seismic Design of Buildings in Nepal, however, the 
process was formally started only after the Gorkha Earthquake of 2015 April 25 and 
the following aftershocks. The process of updating the NBC 105: 1994 Seismic 
Design of Buildings in Nepal was started under the initiative of the Central Level 
Project Implementation Unit (CLPIU) of the ADB financed Earthquake Emergency 
Assistance Project (EEAP) under the Ministry of Urban Development (MoUD). The 
revision of the NBC 105: 1994 as the major code guiding seismic design of buildings 
in Nepal is one of the important activity to be implemented under the EEAP.  
This Standard is the first revision of the Nepal National Building Code 105: 1994 
Seismic Design of Buildings in Nepal, prepared by the Working Group of 
Consultants formed by the Central Level Project Implementation Unit (CLPIU) of 
the Earthquake Emergency Assistance Project (EEAP) under the Ministry of Urban 
Development (MoUD) and later transferred to the National Reconstruction Authority 
(NRA), the Government of Nepal. This standard after due approval will supersede 
the earlier 1994 edition of the NBC 105 Seismic Design of Buildings in Nepal. 
The objective of this Standard is to provide designers with general procedures and 
criteria for the structural design of buildings prevalent in the Federal Republic of 
Nepal considering the seismicity in the parts of the country. This document outlines 
analysis and design methodology that is applied in accordance with the established 
engineering principles. 
The principal modifications from the earlier version in the present revision are as 
follows:  

i) The performance requirements are defined precisely in terms of collapse 
prevention and damage limitation; there is a further recommendation to 
verify the performance requirements checking the ultimate limit state and 
serviceability limit state. 

ii) Non-linear methods of analysis have been introduced retaining the linear 
analyses as in the earlier version.

iii) The load combinations for parallel systems and for non-parallel systems 
have been revised with changes in load factors. 

iv) This earthquake levels considered in this code are according to two 
earthquake levels: Earthquake Level (E1) corresponding to 475 years of 
return period and Earthquake Level (E2) corresponding to 2475 years of 
return period.  

v) The spectral shape factor for the Equivalent Static Method and for the 
Modal Response Spectrum Method are different and the response spectra 
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are specified for four types of soil types, namely Soil Type A – stiff and 
hard soil, Soil Type B –medium soil, Soil Type C - soft soil and Soil Type 
D – very soft soil. 

vi) The seismic zone map of Nepal has been revised based on the recently 
carried out Probabilistic Seismic Hazard Analysis. Accordingly, the zone 
factors for major cities and municipalities have been changed; these 
values present the realistic values of effective peak ground acceleration 
(PGA) in each region considered.

vii) The importance classes and importance factors have been revised. 
viii) The empirical formulae for determination of fundamental translation period 

have been revised. 
ix) The horizontal base shear coefficient will be determined separately for 

ultimate limit state and serviceability limit state. These coefficients are 
expressed in terms of ductility factor and over strength factor, replacing 
the performance factor K in the earlier version. 

x) The horizontal design spectrum for the modal response spectrum method 
has been given different for ultimate limit state and for serviceability limit 
state. 

xi) The clauses on the parts and components of the building have been 
revised. 

The intent and purpose of this code is to design safe buildings so that they will suffer 
no structural damage during earthquakes of moderate intensities, and without total 
collapse during heavy intensities of earthquakes. This standard is basically for 
seismic design of low, moderate and high-rise buildings prevalent in Nepal.   
The following publications related with the codes on seismic design have been 
extensively referred during the drafting of this revised edition of NBC 105: 

(i) IS 1893 (Part 1): 2016 Criteria for Earthquake Resistant Design of 
Structures Part 1 General Provisions and Buildings (Sixth Revision), BIS, 
Bahadur Shah Jaffar Marg, New Delhi, India 2016. 

(ii) BNBC 2014 Bangladesh National Building Code 
(iii) NZS 1170.5:2004 New Zealand Standard Part 5: Earthquake Actions – 

New Zealand 
(iv) Code for Seismic Design of Buildings (2010), Ministry of Housing and 

Urban-Rural Construction of the People's Republic of China 
(v) Eurocode 8: Design of structures for earthquake resistance – Part 1: 

General rules, seismic actions and rules for buildings  
(vi) Building Code of Pakistan Seismic Provisions (2008), Government of 

Pakistan Ministry of Housing and Works 
(vii) IBC 2015 International Building Code 2015 
(viii) ASCE-7-10. Minimum Design Loads for buildings and Other Structures, 

American Society of Civil Engineers, USA, 2010. 
The standard has been developed in a new format considering the recent 
development in the research and technology as well as learning from the lessons 
from the recent earthquakes. The whole document has been spread over 10 
sections with 2 ANNEXES separately for ductile detailing of structural concrete and 
structural steel.   

tiff d
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PART 1 SCOPE AND DEFINITIONS 

1 Title, Scope, Definitions and Notations 

1.1 TITLE 

Nepal National Building Code NBC 105: Seismic Design of Buildings in Nepal is the 

title of this document. The document is the outcome of the revision of the earlier 

version of NBC 105: 1994 Seismic Design of Buildings in Nepal. 

1.2 SCOPE 
This code covers the requirements for seismic analysis and design of various 

building structures to be constructed in the territory of the Federal Republic of Nepal. 

This code is applicable to all buildings, low to high rise buildings, in general. 

Requirements of the provisions of this standard shall be applicable to buildings 

made of reinforced concrete, structural steel, steel concrete composite, timber and 

masonry. 

For Base-isolated buildings as well as for buildings equipped and treated with 

structural control can be designed in reference with specialist literatures.  

Minimum design earthquake forces for buildings, structures or components thereof 

shall be determined in accordance with the provisions of this standard. Some 

definitions and symbols pertinent to the earthquake resistant design for buildings 

are presented in Sections 1.3 and 1.4. Section 1.5 presents the units adopted in 

this standard. 

1.3 DEFINITIONS 

Some terminologies related to earthquake resistant design of buildings used in this 

code are defined as follows:  

BASE: The level at which the inertia forces developed in the building structure are 

accumulated before being transferred to the ground through the foundation. It is 

considered to be at the bottommost level of basement, or at the top of pile cap, or 

at the top of raft, or at the top of the footing.  



2 

BASE SHEAR: Total design lateral force or shear force due to earthquake at the 

base of a structure. 

BRACED FRAME: A structural system that involves essentially vertical truss, or its 

equivalent, of the concentric or eccentric type that is provided in a building frame 

system or dual system to resist seismic forces. 

BUCKLING RESTRAINT BRACES: A special type of brace member which does 

not buckle when loaded in compression and therefore yields in a ductile manner in 

both tension and compression.  

CAPACITY DESIGN: A design method in which critical elements of the structural 

systems are chosen and suitably designed and detailed for energy dissipation 

under severe deformation while all other structural elements are provided with 

sufficient strength so that the chosen means of energy dissipation can be 

maintained.  

CENTER OF MASS (CM): The point in a floor through which the resultant of the 

mass passes. 

CENTER OF STIFFNESS/RIGIDITY (CR): The point in a floor at which the 

resultants of the resisting forces in the two orthogonal directions intersect.  

CONCENTRIC BRACED FRAME (CBF): A braced frame in which the members 

are subjected primarily to axial forces. CBFs are categorized as ordinary 

concentrically braced frames (OCBFs) or special concentrically braced frames 

(SCBFs). 

CONFINED MASONRY: Confined Masonry consists of reinforced concrete vertical 

and horizontal confining elements that are constructed around a masonry wall panel 

constructed using clay brick or concrete block units. Vertical confining elements are 

known as tie-columns and horizontal confining elements are known as tie-beams. 

CRITICAL DAMPING: The damping beyond which the free vibration motion will not 

be oscillatory. 

DAMPING: The effect of inherent energy dissipation mechanisms in a structure due 

to internal friction, inelasticity of materials, slipping, sliding etc. that results in 

reduction of oscillation amplitudes, expressed as a percentage of the critical 

damping for the structure. 

ke at thhhhhhe
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DEAD LOAD: The weight of all permanent components of a building including walls, 

partitions, columns, beams, floors, roofs, finishes and fixed plant and fittings that 

are integral parts of the structure.   

DESIGN ACCELERATION RESPONSE SPECTRUM: Average smoothened 

idealized plot of maximum pseudo-acceleration response to the design basis 

earthquake excitation applied at the base of a single degree of freedom system 

(representing the structure) as a function of the natural period and damping ratio of 

the structure. 

DESIGN BASIS EARTHQUAKE: The earthquake ground motion considered for 

normal design, taken as two thirds of the corresponding Maximum Considered 

Earthquake (MCE). 

DIAPHRAGM: A horizontal or nearly horizontal system of structures acting to 

transmit lateral forces to the vertical resisting elements. The term "diaphragm" 

includes reinforced concrete floor slabs as well as horizontal bracing systems. 

DUAL SYSTEM: A combination of a Moment Resisting Frame and Shear Walls or 

Braced Frames, where moment resisting frames are designed to resist 

independently at least 25% of the design base shear. 

DUCTILITY: Capacity of a structure, or its members to undergo large inelastic 

deformations without significant loss of strength. 

DUCTILITY FACTOR: The ratio of ultimate displacement demand to yield 

displacement demand. 

ECCENTRICITY: The distance between the center of mass and center of stiffness. 

ECCENTRICALLY BRACED FRAME (EBF): A diagonally braced frame in which 

at least one end of each brace frames into a beam a short distance from a beam-

column or from another diagonal brace. 

EPICENTRE: The geographical point on the surface of earth vertically above the 

point of origin (focus) of the earthquake. 

FLEXIBLE DIAPHRAGM: A floor or roof diaphragm, in which the maximum lateral 

deformation of the diaphragm is more than two times the average story drift of the 

associated story.

di ll
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FLEXIBLE ELEMENT OR SYSTEM: An element or system whose deformation 

under lateral load is significantly larger than adjoining parts of the system. 

IMPORTANCE FACTOR: A factor used to adjust the design seismic forces 

depending on the functional use of the structure. 

INTENSITY OF EARTHQUAKE: It is a measure of the severity of ground shaking 

at a particular site due to an earthquake 

INTERSTOREY DRIFT: Relative displacement of adjacent floors.  

LIQUEFACTION: State in saturated cohesionless soil wherein the effective shear 

strength is reduced to negligible value due to pore water pressure generated by 

earthquake vibrations, when the pore water pressure approaches the total confining 

pressure. In this condition, the soil tends to behave like a liquid. 

LIVE LOAD: The load assumed or known to result from the occupancy or use of a 

building and includes the loads on floors, loads on roofs other than wind, loads on 

balustrades, and loads from movable goods, machinery, and plants that are not 

integral parts of the building.  

MAGNITUDE OF EARTHQUAKE: A measure of the energy released at the source 

of an earthquake. 

MAXIMUM CONSIDERED EARTHQUAKE (MCE): The most severe earthquake 

ground motion likely to occur at a location. 

MODAL MASS: Part of the total seismic mass of the structure that is effective in a 

specific mode of vibration. 

MODAL PARTICIPATION FACTOR: Amount by which a specific vibration mode 

contributes to the overall response of the structure. 

MOMENT RESISTING FRAME: Assembly of beams and columns that resist 

internally produced and externally applied forces primarily by flexure and are 

specially detailed for ductility. 

NATURAL PERIOD OF BUILDING: The time taken in seconds by the structure to 

complete one cycle of oscillation in its fundamental mode of response. 

d f ti
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NON-PARALLEL SYSTEMS:  Non-Parallel system exists in a building when the 

vertical lateral force-resisting elements are not parallel to the major orthogonal axes 

of the seismic force-resisting system. 

OVERSTRENGTH FACTOR: The ratio of the first significant yield strength of 

structure to the design base shear of the structure.  

P-DELTA EFFECT: Structural actions induced as a consequence of the gravity 

loads being displaced horizontally due to horizontal actions.  

PEAK GROUND ACCELERATION (PGA): Maximum acceleration of the ground in 

a particular direction of the ground motion. 

RESPONSE SPECTRUM: Plot of the maximum response of a SDOF system 

versus its fundamental time period for a given level of damping (commonly taken 

as 5% of critical).  

SHEAR WALL: A wall designed to resist lateral forces acting in its own plane.  

SOFT STORY: Story in which the lateral stiffness is less than 70 per cent of the 

stiffness of the story above or less than 80 percent of the average lateral stiffness 

of the three stories above. 

STORAGE FACILITIES: These shall include any building or part of a building used 

primarily for the storage of goods, wares or merchandize. Examples include 

warehouses, cold storages, freight depots, hangers, truck terminals, grain elevators, 

barns and stables. 
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1.4 NOTATIONS 

The following symbols and notation shall apply to the provisions of this section: 

ap   Component Amplification Factor  

Aw  Area of Web 

b   Maximum horizontal dimension of the building at the particular level 

measured perpendicular to the direction of loading  

CQC   Complete Quadratic Combination  

C(T)   Elastic Site Spectra for horizontal loading  
 

Cd(T)   Horizontal Design Spectrum 
 

Cd(T1)   Horizontal Base Shear Coefficient 

Ch(T)   Spectral Shape Factor 

Cs(T)   Elastic Site Spectra for Serviceability Limit State 

Cv(T)    Elastic Site Spectra for Vertical Loading 
 

Cd(Ti)   Ordinate of the design spectrum for translational period Ti 
 

DL   Design dead load  
 

d* Displacement of equivalent SDOF system 

det* Target displacement of a structure with period T* 

di   Horizontal displacement of the center of mass at level i, ignoring the 
effect of Torsion  

dy* Displacement at yield of idealized SDOF system 
 

E   Design earthquake load  

ESM  Equivalent Static Method 
 

ec   Computed distance between the center of mass and the center of 
rigidity  
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ed   Design eccentricity of the seismic force at a particular level  

Ec  Modulus of Elasticity of Concrete  

Ex  Design earthquake load in Principal direction X 

Ey  Design earthquake load in Principal direction Y 

F*  Force of equivalent SDOF system 
 

Fi   Lateral force acting at level i  
 

Fp   Design seismic force for parts and components  

Fy* Yield force of idealized SDOF system 
 

g   Acceleration due to gravity.  To be taken as 9.81 m/s2 
 

H  Height from the base to the top of the main portion of the building or 
the eaves of the building (m)  

 
hi   Height of the level i from the base considered 

hp   Height of the component 

i  level under consideration of the structure 
 

I  Importance factor for the building  

Ip   Component Importance Factor 

Ig   Section moment of inertia calculated using the gross cross sectional 
area of concrete 

LL   Design live load  

m*  Mass of equivalent SDOF system 

MRSM Modal Response Spectrum Method 

n  Number of levels in a structure 
 

PGA   Peak Ground Acceleration 

RC  Reinforced Concrete 
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RS   Ductility Factor for Serviceability Limit State  

Rμ   Ductility Factor for Ultimate Limit State  

Sep   Earth pressure 

Sgw  Ground water 

Sice  Ice load 

Slp   Static liquid pressure 

Spnd   Rain water ponding 

Sso  Snow load 

SDOF  Single degree of freedom 

SRSS  Square root of sum of squares  
 

T*  Time period of idealized equivalent SDOF system 

T1   Approximate Fundamental Period of Vibration  

Tc  Corner period corresponding to the end of constant spectral 
acceleration range 

 
Ti   Fundamental Translation Period of ith mode of vibration  

T  Period of vibration of a linear single degree of freedom system 
 

V   Horizontal seismic base shear obtained from equivalent static method 

VR   Combined base shear obtained from modal response spectrum 
method  

 
W   Seismic weight of the structure  

Wi   Seismic weight at level I;  

Wp   Component weight 

wj  portion of gravity load at story level j 
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Z   Seismic zoning factor  

Ωs  Overstrength factor for serviceability limit state 

Ωu  Overstrength factor for ultimate limit state 
α   Peak spectral acceleration normalized by PGA 

μp  Component ductility factor 

ji  mode shape coefficient at floor j in mode i

1.5 UNITS 

Unless otherwise noted, this code uses SI units of kilograms, metres, seconds, 
Pascals and Newtons (kg, m, s, Pa, N). 
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2 General Principles 

2.1 PERFORMANCE REQUIREMENTS AND VERIFICATION 

Structures designed and built in seismic regions shall fulfil following 

fundamental requirements: 

2.1.1 Life Safety: 
The structure shall be designed and constructed to withstand the design 

seismic forces without local or global failure that, thus retaining its structural 

integrity, stability against overturning and a residual load bearing capacity 

after the earthquake. Further, it is also necessary to avoid damage to non-

structural systems which are essential for safe evacuation from the structure. 

The design seismic force is expressed in terms of 475 years return period 

(reference return period) and the importance factor. 

2.1.2 Damage Limitation:  
The structure shall be designed and constructed to withstand a seismic force 

having a larger probability of occurrence than the design seismic forces, 

without the occurrence of damage and the associated limitations of use of 

the structure. The critical facilities need to be operational state or be in a 

state which can be returned to fully operational state shortly after the 

earthquake (within minutes to hours). 

The design seismic force associated with damage limitation is expressed in 

terms of 20 years return period and the importance factor. 

2.1.3 VERIFICATION: 
For the verification of the performance requirements of clause, following limit 

states shall be checked: 

Ultimate Limit State (ULS); 

Serviceability Limit State (SLS). 

2.1.3.1 Ultimate Limit State Verification: 
Ultimate limit states are associated with collapse or with other forms of 

structural failure which might endanger the safety of people. Design for 
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ultimate limit state represents a procedure that ensures the probability of 

collapse of a structure is at an acceptable level. 

The ultimate limit state performance requirements are met when the 

structure satisfies the following: 

1. The structural system has the required resistance and energy dissipation 

capacity; 

2. The structure as a whole shall be checked to ensure that it is stable under 

the design seismic forces. Both overturning and sliding stability shall be 

taken into account; 

3. The structural system shall continue to perform its load-bearing function; 

4. Both the foundation elements and the foundation soil are able to resist the 

forces resulting from the response of the superstructure without substantial 

permanent deformations;  

5. Non-structural systems which are essential for safe evacuation from the 

structure shall continue to function; 

6. The nonstructural elements do not present risks to people and does not 

have a detrimental effect on the response of the structural elements. 

2.1.3.2 Serviceability Limit State Verification: 
Damage limitation states are associated with damage beyond which 

specified service requirements are no longer met. It represents a level of 

force within the structure below which there is a high degree of assurance 

that the structure can continue to be used as originally intended without 

repair.  

The serviceability limit state performance requirements are met when the 

structure satisfies the following: 

1. The structural system shall not experience deformations that result in 

structural or non-structural damage that can prevent the structure from 

performing its intended original function. 

bilit f
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2. In structures important for civil protection, the structure shall have 

sufficient resistance and stiffness to remain operational so that it can perform 

its function of the vital services in the event of an earthquake. 

2.2 GENERAL GUIDELINES FOR ARRANGEMENT OF BUILDING 

STRUCTURAL SYSTEMS 

2.2.1 Structural simplicity 

Structural simplicity is characterized by the existence of clear and direct 

paths for the transmission of the seismic forces. Modeling, analysis, 

dimensioning, detailing and construction of simple structures are subject to 

much less uncertainty and thus the prediction of their seismic behavior is 

much more reliable. 

2.2.2 Uniformity, symmetry and redundancy 

A. Uniformity in plan is characterized by an even distribution of the structural 

elements which allows direct transmission of the inertia forces induced in the 

distributed masses of the building. If necessary, uniformity may be realized 

by subdividing the entire building by seismic joints into dynamically 

independent units, provided that these joints are designed against pounding 

between the individual units. Uniformity of the structure along the height of 

the building is also essential, as it tends to eliminate the occurrence of 

sensitive zones where high stress or ductility demands might concentrate.

B. A similarity between the distribution of masses and the distribution of 

resistance and stiffness eliminates large eccentricities between mass and 

stiffness. 

C. If the building configuration is symmetrical or quasi-symmetrical, a 

symmetrical layout of structural elements, which should be well-distributed 

in-plan, is appropriate for the achievement of uniformity. 

D. The use of evenly distributed structural elements increases redundancy 

allows a more favorable redistribution of member forces and spreads the 

energy dissipation widely across the entire structure. 

all haveeeee
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2.2.3 Adequate resistance and stiffness 

A. Horizontal seismic motion is a bi-directional phenomenon and thus the 

building structure shall be able to resist horizontal actions in any direction. In 

this respect, structural elements should be arranged in an orthogonal in-plan 

structural pattern, ensuring adequate resistance and stiffness characteristics 

in both main directions. 

B. In addition to lateral resistance and stiffness, building structures should 

possess adequate torsional resistance and stiffness in order to limit the 

development of torsional motions which tend to stress different structural 

elements in a non-uniform way. In this respect, arrangements in which the 

main elements resisting the seismic action are distributed close to the 

periphery of the building present clear advantages.

2.2.4 Diaphragm action 

A. In buildings, floors (including the roof) play a very important role in the 

overall seismic behavior of the structure. They act as horizontal diaphragms 

that collect and transmit the inertia forces to the vertical structural systems 

and ensure that those systems act together in resisting the horizontal seismic 

action. The action of floors as diaphragms is especially relevant in cases of 

complex and non-uniform layouts of the vertical structural systems, or where 

systems with different horizontal deformability characteristics are used 

together (e.g. in dual or mixed systems). 

B. Floor systems and the roof should be provided with in-plane stiffness and 

resistance and with effective connection to the vertical structural systems. 

Particular care should be taken in cases of non-compact or very elongated 

in-plan shapes and in cases of large floor openings, especially if the latter 

are located in the vicinity of the main vertical structural elements, thus 

hindering such effective connection between the vertical and horizontal 

elements. 

C. Diaphragms should have sufficient in-plane stiffness for the distribution of 

horizontal inertia forces to the vertical structural systems in accordance with 

the assumptions of the analysis, particularly when there are significant 
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changes in stiffness or offsets of vertical elements above and below the 

diaphragm. 

D. The diaphragm may be taken as being rigid, if, when it is modeled with its 

actual in-plane flexibility, its horizontal displacements nowhere exceed those 

resulting from the rigid diaphragm assumption by more than 10% of the 

corresponding absolute horizontal displacements under seismic forces. 

E. The connection between a diaphragm and the surrounding vertical 

structural system in each direction should be able to resist 1.2 times the 

design inertial force induced at that level. 

2.2.5 Adequate foundation 

A. With regard to the seismic action, the design and construction of the 

foundations and their connection to the superstructure shall ensure that the 

whole building is subjected to a uniform seismic excitation. 

B. For buildings with individual foundation elements (footings or piles), the 

use of a foundation slab or tie-beams between these elements in both main 

directions designed for an axial tension and compression equal to 10 % of 

the maximum vertical load on either foundation under seismic conditions. If 

the axial load on one of the interconnected foundations is less than 20 % of 

that on the other, the design axial load in the interconnecting elements shall 

be taken as 10 % of the average vertical load on the two foundations under 

seismic conditions. 

2.3 RESPONSE TO EARTHQUAKE GROUND MOTION 

2.3.1 Ground Motion

The earthquake ground motion intensity at a site depends on the magnitude 

of the earthquake, the earthquake source to the site distance and the 

medium of the seismic waves travel path. The random ground motion due to 

an earthquake can be generally resolved into three orthogonal directions, the 

dominant components normally being in horizontal directions. 

b l th
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2.3.2 Response of Structure 

The response of a building to a seismic ground motion depends on the 

structural system as well as the principal parameters of the ground motion. 

This standard considers the seismic design forces for buildings located on 

soils, which do not settle, liquefy or slide during earthquakes. 

2.3.3 Soil-structure Interaction 

The soil-structure interaction, representing the effects of the flexibility of 

supporting soil foundation system on the response of the building, may not 

be considered in the earthquake analysis of buildings supported on hard soils 

or rocks. 

Where the soil has been identified as soft and prone to liquefaction and/or 

lateral spreading, design of foundation shall account for the potential soil 

movement. Deep (i.e. pile) foundations shall be normally preferred in such 

sites. Wherever needed, advice should be sought from a geotechnical 

engineering expert. 

2.4 CAPACITY DESIGN 
Capacity design shall be applied to ductile structures and other structures 

where required by the appropriate material standards. 

2.4.1 Potential Plastic Zones 
Ductile failure modes for the proposed structure shall be identified for each 

potential direction of seismic actions. The location of all potential plastic 

zones shall be identified and proportioned so that the design strength 

exceeds the design actions at these locations. 

2.4.2 Level of Detailing 
The level of detailing required to sustain the material strain levels in the 

critical potential plastic zones when subjected to displacements defined in 

section 5.6 shall be determined. 

2.4.3 Overstrength Actions 
The maximum likely strength actions in potential plastic zones shall be 

derived considering possible Overstrength factors. 
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2.5 BASIC ASSUMPTIONS 
It is generally asssumed in the seismic design of buildings that: 

(a) A severe earthquake does not occur sumultaneously with a strong wind, 

or a high flood. Hence, the effect of only the earthquake with the dead 

and live loads resulting into the largest effect in the building is taken into 

consideration.

(b) The modulus of elasticity of the materials of construction, when required 

in the design, will be taken as that for static analysis, unless more definite 

dynamic values are available.  
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PART 2 STRUCTURAL ANALYSIS AND DESIGN 

3 Scope of Analysis

3.1 STRUCTURAL ANALYSIS METHODS 

The structural analysis for design seismic actions shall be carried out using 

any one of the following methods: 

a) Equivalent Static Method 

b) Linear Dynamic Analysis Methods 

                  i.     Modal Response Spectrum Method 

ii.     Elastic Time History Analysis

c) Non-linear Methods 

i. Non-linear Static Analysis 

ii. Non-linear Time History Analysis 

3.2 APPLICABILITY OF ANALYSIS METHODS 

3.2.1 Equivalent Static Method (ESM) 
The Equivalent Static Method may be used for all serviceability limit state 

(SLS) calculations regardless of the building characteristics. 

For ultimate limit state (ULS), the Equivalent Static Method may be used 

when at least one of the following criteria is satisfied: 

i. The height of the structure is less than or equal to 15 m.  

ii. The natural time period of the structure is less than 0.5 secs.  

iii. The structure is not categorized as irregular as per 5.5 and the height 

is less than 40 m. 

3.2.2 Modal Response Spectrum Method (MRSM)  

The Modal Response Spectrum Method may be used for all types of 

structures and the structures where Equivalent Static Method is not 

applicable. A three dimensional analysis shall be performed for torsionally 

sensitive structures. 
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3.2.3 Elastic Time History Analysis  

The elastic time history analysis may be used for all types of structures to 

verify that the specific response parameters are within the limits of 

acceptability assumed during design. A three dimensional analysis shall be 

performed for torsionally sensitive structures. 

3.2.4 Non-linear Methods 

As an alternative to linear analysis methods, nonlinear analysis methods may 

be used for structural analysis. Following two analysis methods are 

prescribed in the present standard: 

i. Non-linear Static Analysis  

ii. Non-linear Dynamic Analysis  

These methods are used basically to verify the performance of existing or 

retrofitted structures. These methods can also be used to verify that the 

specific response parameters are within the limits of acceptability assumed 

during design. 

3.3 APPLICATION OF SEISMIC FORCES 

Seismic forces in a structure shall be considered in each of the two principal 

directions of the structure. For structures which have the lateral force 

resisting elements in two orthogonal directions, the design forces shall be 

considered in one orthogonal direction only at a time.  

3.4 EFFECTIVE STIFFNESS OF CRACKED SECTIONS 

A rational analysis shall be performed in arriving at the elastic flexural and 

shear stiffness properties of cracked concrete and masonry elements. In 

absence of such analysis, the effective stiffness of cracked sections shall be 

taken from Table 3-1.  
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Table 3-1 Effective stiffness of different components 

S No. Component Flexural Stiffness 
Ultimate Serviceability 

1 Beam 0.35 Ec Ig 0.70 Ec Ig 

2 Columns 0.70 Ec Ig 0.90 Ec Ig 

3 Wall—cracked 0.50 Ec Ig 0.70 Ec Ig 

4 Wall—uncracked 0.80 Ec Ig 0.90 Ec Ig 

5 Masonry Wall 0.45 Ec Ig 0.6 Ec Ig 

6 Flat Slabs 0.25 Ec Ig 0.50 Ec Ig 

 

In case of the reinforced concrete beam members, torsional stiffness of cracked 

section is recommended to be assigned 10% of the torsional stiffness of the un-

cracked section. This reduction is applicable in case of compatibility torsion only.  

For steel structures, the gross stiffness values shall be used. 

3.5 DESIGN METHODS 
Design for earthquake actions shall be in accordance with Limit State Method 

(LSM). 

3.6 LOAD COMBINATIONS FOR LIMIT STATE METHOD 

3.6.1 Load Combinations for Parallel Systems  

Where seismic load effect is combined with other load effects, the following 

load combination shall be adopted. 

 

 

3.6 (1)

 

Where,  

S  =  1.2 Sso for snow load 
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  = 1.2 Slp for static liquid pressure 

  = 1.5 Sep for earth pressure 

 

λ  =  0.6 for storage facilities 

=  0.3 for other usage 

3.6.2 Load Combinations for Non- Parallel Systems  
When lateral load resisting elements are not oriented along mutually 

orthogonal horizontal directions, structure shall be designed for the 

simultaneous effects due to full design earthquake load in one direction plus 

30 percent of design earthquake load along the other horizontal direction. In 

this case, the following load combination shall be adopted.  

 

     

……….….…………………….3.6 (2) 

Where,  

 
S  =  1.2 Sso for snow load 

  = 1.2 Slp for static liquid pressure 

  = 1.5 Sep for earth pressure 

 

λ  =  0.6 for storage facilities 

=  0.3 for other usage 

3.6.3 Load Combination for Vertical Seismic Load  

The vertical seismic load determined in accordance with clause 4.3 shall be 
combined with the horizontal seismic load in accordance with Eq. (3.6.3) as 
follows: 
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 …………………….. 3.6 (3) 

 

Where, λ = 0.6 for storage facilities 

       = 0.3 for other usage 

3.7 LOAD COMBINATIONS FOR WORKING STRESS METHOD 

For Working Stress Method, the following load combination shall be 

adopted. 

 

 

3.7 (1)

 

Where,  

S  =  1.0 Sso for snow load 

  = 1.0 Slp for static liquid pressure 

  = 1.0 Sep for earth pressure 

 

λ  =  0.6 for storage facilities 

=  0.3 for other usage 

3.8 INCREASE IN ALLOWABLE BEARING PRESSURE 
When earthquake forces are considered along with other design forces, the 

allowable soil bearing pressures may be increased by up to 50 percent.  

4 Seismic Hazard 

4.1 ELASTIC SITE SPECTRA FOR HORIZONTAL LOADING  

4.1.1 Elastic site spectra  
The Elastic site spectra for horizontal loading shall be as given by equation 

4.1(1). 
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C (T) =Ch(T) Z I ……………………………………………………4.1(1) 

Where, 

 Ch(T) = Spectral Shape factor as per 4.1.2 

 Z = Seismic Zoning factor as per 4.1.4 

 I = Importance factor as per 4.1.5 

4.1.2 Spectral Shape Factor, Ch (T) 

The Spectral Shape Factor, Ch(T) for the relevant soil type shall be obtained 

either from Figure 4-1 and Figure 4-2, or calculated by equation 4.1(2) using 

the parameters specified in Table 4.1. The spectral shape factor functions 

given in Figure 4-1(a) shall be used for Equivalent Static Method and those 

in Figure 4-1(b) shall be used for Modal Response Spectrum Method and 

Nonlinear Time History Analysis.    

 

Figure 4-1Spectral Shape Factor, Ch(T) for Equivalent Static Method 

1)
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Figure 4-2 Spectral Shape Factor, Ch(T) for Modal Response Spectrum Method, 
Nonlinear Time History Analysis , Vertical Loading and Parts and Components 

   …4.1(2) 

Where,  

 

α =  peak spectral acceleration normalized by PGA; 

Ta =  Lower limit of the constant spectral acceleration branch;  

Tc =  Upper limit of the constant spectral acceleration branch;  

Td = Value defining the beginning of the constant displacement response 

range of the spectrum 
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Table 4-1 Ta, Tc, TD & 

Parameters/Soil Type Soil Type A Soil Type B Soil Type C Soil Type D 

Ta 0.1 0.1 0.1 0.5 

Tc 0.5 0.7 1.0 2.0 

Td 4.0 4.0 4.0 5.0 

α 2.5 2.5 2.5 2.25 
1 The value of Ta shall correspond to zero for Equivalent Static Method.

4.1.3 Site Subsoil Category  

4.1.3.1 Soil Classification 
The site subsoil class shall be determined as one of the Soil Types from Table 4-2. 

The site should be classified according to the value of the average shear wave 

velocity, Vs,30, if this is available. Otherwise the value of NSPT should be used.  

For buildings having the height of more than 40 m, it is mandatory to obtain the 

average shear wave velocity, Vs,30. 

4.1.3.2 Average Shear Wave Velocity 
The average shear wave velocity Vs,30 should be computed in accordance with the 

following expression: 

 

Where, hi and Vi denote the thickness (in meters) and shear-wave velocity (at a 

shear strain level of 10–5 or less) of the ith formation or layer, in a total of N, existing 

in the top 30 m. 
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Table 4-2 Site Subsoil Category 

Soil  
Type 

Description of Soil Profile Vs,30 (m/s) NSPT  
(blows/30 cm) 

Cu (kPa) 

A Rock or other rock-like 

geological formation, including 

at most 5 m of weaker material 

at the surface. 

Vs,30 > 800 - - 

B Deposits of very dense sand, 

gravel, or very stiff clay 

characterized by a gradual 

increase of mechanical 

properties with depth. 

350 < Vs,30 ≤ 800 > 50 > 250 

C Deposits of dense or medium 

dense sand, gravel or stiff clay. 

150 < Vs,30 ≤ 350 10 -50 25-250 

D Deposits of loose-to-medium 

cohesionless soil (with or without 

some soft cohesive layers), or of 

predominantly soft-to-firm 

cohesive soil. 

Vs,30 ≤ 150 <10 < 25 

4.1.3.3 Kathmandu Valley Soil Map 

Inside Kathmandu Valley, the sites tabulated in Table 4-3 are assigned Soil Type D 

by default, unless it is demonstrated that it has a different sub soil category by test 

results as defined in Table 4-2 of soil up to a depth of 30 m from ground surface. 
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Table 4-3 Sub-soil Type D sites inside Kathmandu Valley 

District Municipalities Wards 
Kathmandu Budhanilkantha Municipality Nil 

 Chandragiri Municipality Nil 
 Gokarneswor Municipality Nil 
 Kageswori Manahara Municipality 8,9 

 Kathmandu Metropolitan City 
1,2,5,9,10,11,12,13,14,15,16, 

17,18,19,20,21,22,23,24,25,26
,27,28,29,30,32,32 

 Kirtipur Municipality 10 
 Nagarjun Municipality 2,4,9 
 Sankharapur Municipality Nil 
 Tarakeswor Municipality 4,8,9,10,11 
 Tokha Municipality 4,5,6,7,8,9,10,11 

Lalitpur Bagmati Rural Municipality Nil 
 Dakshinkali Municipality Nil 
 Godawari Municipality Nil 
 Konjyosom Rural Municipality Nil 

 Lalitpur Metropolitan City 1,2,3,4,6,7,8,9,10,11,12,13,16,
17,19,20 

 Mahalaxmi Municipality 1,2,3,4,5,7 
 Mahankal Rural Municipality Nil 

Bhaktapur Bhaktapur Municipality All Wards 
 Changunarayan Municipality 2 
 Madhyapur Thimi Municipality All Wards 
 Suryabinayak Municipality 2,3,5,6 

4.1.4 Seismic Zoning Factor (Z) 
The country is subdivided into different seismic zones based on the local 

seismic hazard. The seismic hazard within each zone is assumed to be 

constant. The Seismic Zoning Factor (Z) represents the peak ground 

acceleration (PGA) for 475 year return period. The value of Z shall be 

interpolated from Figure 4-3 or shall be shall be taken from Table C-1 of 

Annex C. For cities/ municipalities listed in Table C-1, the values of zoning 

factor shall be taken from the Table rather than interpolated from Figure 4-4.  
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4.1.5 Importance Classes and Importance Factor (I) 
Structures are categorized into three Importance classes depending on the 

consequences of their loss of function. The importance classes are 

characterized by an important factor, I.  

 

The importance classes and Factors are tabulated in Table 4-4.  

Table 4-4: Importance Class and Factors 

Importance Class Structure I 

I 

Ordinary Structures (those not falling in classes II and 

III) such as residence, apartments, offices, banks, 

financial institutions, commercial buildings, hospitality 

buildings, factory buildings having occupancy less 

than 500 persons. 

1.0 

II 2 

Schools, colleges, cinemas, assembly buildings such 

as shopping malls, convention halls, temples, 

monumental structures, Police stations, Emergency 

vehicle shelters/garages, Stadiums, Airport terminals, 

Food storage structures, Emergency relief stores, 

Water works and water towers, Radio and television 

facilities, Telephone exchanges and transmission 

facilities, Offices and residential quarters for senior 

personnel required for rescue and relief operations 

and any other buildings designed to accommodate 

more than 500 persons.

1.25 

III 

Hospitals, fire stations, police headquarters, Air 

Traffic Control, power stations (including standby 

power-generating equipment for essential facilities), 

distribution facilities for gas or petroleum products, 

structures for support or containment of dangerous 

substances (such as acids, toxic substances, 

petroleum products) 

1.5 

2 Importance factor of 1.5 shall be applied if the facilities listed in Importance Class II are 

to be used as a shelter in case of a disaster. 
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4.2  ELASTIC SITE SPECTRA FOR SERVICEABILITY LIMIT STATE  
The elastic site spectra for Serviceability Limit State shall be given by:  

Cs (T) = 0.20 C (T) ………………………………………………… 4.2(1)  

Where C (T) = elastic site spectra for horizontal loading determined from 

clause 4.1.1. 

4.3  ELASTIC SITE SPECTRA FOR VERTICAL LOADING  

The elastic site spectra for vertical loading Cv(Tv) shall be given by: 

Cv(Tv) = 2/3  Z………………………………………………………….4.3(1) 

Clauses for consideration of vertical acceleration are; 

 a) For horizontal or nearly horizontal structural members spanning 20m or                

more; 

b)  For horizontal or nearly horizontal cantilever components longer than 5m; 

c)  For horizontal or nearly horizontal pre-stressed components; 

d)  For beams supporting Columns; 

e) In Base-Isolated Structures.         

 

 

E
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5 Dynamic Characteristics of Structures 

5.1 PERIODS OF VIBRATION  

The periods of vibration, Ti, shall be established from properly substantiated 

data, or computation, or both. The fundamental translation period shall be 

determined using following methods: 

1. Rayleigh Method 

2. Empirical Equations 

The fundamental translation period of a building shall be estimated using the 

appropriate empirical equations listed in section 5.1.2. The approximate time 

period calculated in section 5.1.2 shall be modified as per section 5.1.3. The 

time period so modified shall be compared with the translation period 

computed from section 5.1.1 and the lesser value of the two shall be adopted 

for determining the design action. 

5.1.1 Rayleigh Method 
The fundamental translation period in the direction under consideration, T1, 

shall be calculated as:  

     ………………………………5.1(1) 

          Where  

  di = elastic horizontal displacement of center of mass at level 

i, ignoring the effects of torsion.  

  Fi = lateral force acting at level i 

  g = acceleration due to gravity 

  i = level under consideration  

  n = number of levels in the structure 

  Wi = seismic weight at level i 

  

5.1.2 Empirical Equations  
The approximate fundamental period of vibration, T1, in seconds is 

determined from following empirical equation:  
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T1 = kt H ¾           5.1(2) 

Where, kt 

       

 
  

  

H = Height of the building from its base to the top of roof level (Figure 5-1). 

It excludes the heights of basement stories, if basement walls are connected 

with ground floor slab or basement walls are fitted between the building 

columns. However, if the basement are not connected with ground floor slab 

or basement walls are not fitted between the building columns, it includes the 

heights of basement stories as well. 

Figure 5-1: Height of Building 

 

, where, 

Awi = effective cross-section area of the wall i in the first story of the 

building, m2 

= 0.075 for Moment resisting concrete frame 

= 0.085 for Moment resisting structural steel frame 

= 0.075 for Eccentrically braced structural steel frame 

 for building with concrete shear walls 

= 0.05 for all other structural systems 

5 1(2)
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Lwi = length of the structural wall i in the first story in the considered 

direction of lateral forces, m, with the restriction that Lwi/H should not 

exceed 0.9. 

Nw = Number of wall in the considered direction of earthquake shaking 

5.1.3 Amplification of Approximate Period  
The approximate fundamental time period calculated using empirical equation 

in section 5.1.2 shall be increased by a factor of 1.25. 

5.2 SEISMIC WEIGHT  

The seismic weight at each level, Wi, shall be taken as the sum of the dead 

loads and the factored seismic live loads between the mid-heights of 

adjacent stories.  

The seismic live load shall be determined as given in Table 5-1. 

 

Table 5-1: Live Load Categories and Factors 

Live Load Category Factor (λ) 

Storage 0.60 

For Other Purpose 0.30 

Roof Nil 

 

5.3 SELECTION OF STRUCTURAL SYSTEM 

5.3.1 Structural System 
The basic lateral and vertical seismic force resisting system shall confirm to 

the one of the types indicated in Table 5-2. Each system is subdivided by the 

types of elements used to resist lateral seismic forces. 

id d
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5.3.2 Ductility Factor 

5.3.2.1 Ultimate limit state
The Ductility Factor (Rμ) shall be chosen to be consistent with the structural 

system and the structural member/connection detailing. The values of RΩ for 

various types of structures are tabulated in Table 5-2. 

5.3.2.2 Serviceability limit state 
The Ductility Factor (Rs) for serviceability limit state shall be taken as 1. 

5.3.3 Overstrength Factor 

5.3.3.1 Ultimate limit state 
The Over-strength factor (Ωu) for ultimate limit state, which accounts for the 

extra reserve strength that is inherently present in structures, shall be 

adopted from Table 5-2 for appropriate structural system.  

5.3.3.2 Serviceability limit state 
The Over-strength factor (Ωs) for serviceability limit state shall also be 

adopted from Table 5-2 for appropriate structural system.  

5.3.4 Combination of Structural System in Different Directions 
Different seismic force-resisting systems are permitted to be used to resist 

seismic forces along each of the two orthogonal axes of the structure. Where 

different systems are used, the respective Rμ, Rs , Ωu and Ωs coefficients shall 

apply to each system. 

5.3.5 Flat Slab with Shear Walls 
Flat slab system shall have ductile reinforced concrete shear walls which are 

designed to resist 100 percent of the design seismic load. Ductility and 

overstrength factor for RC shear wall system as per Table 5-2 shall be 

adopted. Punching shear shall be within limits when subjected to design 

seismic forces.  

5.3.6 Columns Resting on Beams 
Columns resting on beams shall not be the part of the lateral load resisting 

system resisting the seismic forces. The beams supporting these columns 

shall be designed for the vertical seismic loading in accordance to clause 4.3. 
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Table 5-2: Ductility and Overstrength Factors 

S. No. Structural System Rμ Ωu Ωs 
  Moment Resisting Frame Systems 
1 Steel Moment Resisting Frame 4 1.5 1.25 
2 Reinforced Concrete Moment Resisting Frame 4 1.5 1.25 
3 Steel + RC Composite Moment Resisting Frame 4 1.5 1.25 
  Braced Frame Systems 
4 Steel Eccentrically Braced Frame 4 1.5 1.25 
5 Steel + RC Composite Eccentrically Braced Frame 4 1.5 1.25 
6 Steel Concentric Braced Frame 3 1.3 1.15 
7 Steel + RC Composite Concentric Braced Frame 3 1.3 1.15 
8 Steel Buckling Restraint Braces 4 1.5 1.25 
  Structural Wall Systems 
9 RC Shear wall 3 1.3 1.15 
10 Steel + RC Composite Shear Wall 3 1.3 1.15 
11 Reinforced Masonry Shear wall 2.5 1.2 1.1 
12 Confined Masonry wall 2.5 1.2 1.1 

13 

Unreinforced Masonry wall buildings with 
horizontal bands and vertical reinforcement bars at 
critical location 2.0 1.2 

 
 

1.1 
  
  Dual Systems 

14 Steel Eccentrically Braced Frame 4 1.5 1.25 
15 Steel + RC Composite Eccentrically Braced Frame 4 1.5 1.25 
16 Steel Concentric Braced Frame 3.5 1.4 1.2 
17 Steel + RC  Composite Concentric Braced Frame 3.5 1.4 1.2 
18 Steel Buckling Restraint Braces 4 1.5 1.25 
19 RC Shear wall 3.5 1.4 1.2 
20 Steel + RC  Composite Shear Wall 3.5 1.4 1.2 
21 Reinforced Masonry Shear wall 2.5 1.2 1.1 

 

5.4 STRUCTURAL IRREGULARITY  

Structures with simple and regular configurations suffer much less damage 

during a large earthquake. Irregular structures on the other hand suffer heavy 

damage during a large earthquake. Therefore, efforts shall be made to make 

the structure as regular as possible. Any structure is considered irregular if 

any of the clauses. 5.5.1 to 5.5.2 are applicable. 
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5.4.1 Vertical Irregularity  

5.4.1.1 Weak Story 
A story is considered as weak story if the strength of the lateral force resisting 

system in that story is less than 80% of the strength of the story above. 

5.4.1.2 Soft Story 
A soft story is the one whose stiffness of the lateral-force-resisting system is 

less than 70% of the lateral-force-resisting system stiffness in an adjacent 

story above, or less than 80% of the average lateral-force-resisting system 

stiffness of the three stories above. 

5.4.1.3 Vertical Geometric Irregularity 
Vertical geometric irregularity shall be considered to exist if the horizontal 

dimension of lateral force resisting system in any story is more than 130% of 

that in an adjacent story.  

5.4.1.4 In-Plane Discontinuity in Vertical Lateral Force Resisting Element 
Irregularity 

It shall be considered to exist where there is an in-plane offset of a vertical 

seismic force-resisting element resulting in overturning demands on 

supporting structural elements (Figure 5-2).  

 

Figure 5-2: In-Plane Discontinuity 
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5.4.1.5 Mass Irregularity 
A difference of more than 50% between the effective masses of two 

consecutive stories is considered as mass irregularity. Light roofs, penthouse, 

and mezzanine floors need not be considered. 

5.4.2 Plan Irregularity  

5.4.2.1 Torsion Irregularity 
Torsion irregularity is considered to exist where the maximum horizontal 

displacement of any floor in the direction of the lateral force (applied at the 

center of mass) at one end of the story is more than 1.5 times its minimum 

horizontal displacement at the far end of the same story in that direction 

(Figure 5-3). 

 

Figure 5-3: Torsion Irregularity 

 

5.4.2.2 Extreme Torsional Irregularity 
Extreme torsion irregularity is considered to exist where the maximum 

horizontal displacement of any floor in the direction of the lateral force 

(applied at the center of mass) at one end of the story is more than 2.5 times 

its minimum horizontal displacement at the far end of the same story in that 

direction. Extreme torsional irregularity shall not be permitted; the building 

configuration shall be revised.  

5.4.2.3 Re-entrant Corners Irregularity 
A structure is said to have re-entrant corner in a direction, if its structural 

configuration has a projection of greater than 15% of its overall dimension in 

that direction (Figure 5-4). 
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Figure 5-4: Re-entrant Corners 

5.4.2.4 Diaphragm Discontinuity Irregularity 
Diaphragm discontinuity irregularity is considered to exist a diaphragm has 

a cutout or open area greater than 50% of the gross enclosed diaphragm 

area, or the effective diaphragm stiffness changes more than 50% from one 

story to the next (Figure 5-5). 

   

Figure 5-5: Diaphragm Discontinuity 

 

5.4.2.5 Out of plane offset Irregularity 
Out of Plane offset irregularity is said to exist where there is a discontinuity 

in a lateral force resisting path, such as an out-of-plane of at least one vertical 

element (Figure 5-6). 
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Figure 5-6: Out of plane offset 

5.5 DRIFTS AND DISPLACEMENTS  

5.5.1 Determination of Design Horizontal Deflections 

5.5.1.1 Ultimate limit state 
The design horizontal deflections shall be determined by multiplying the 

horizontal deflection found from Equivalent Static Method or Modal 

Response Spectrum Method by the Ductility factor (Rμ). 

5.5.1.2 Serviceability limit state 
The design horizontal deflection for serviceability limit state shall be taken as 

equal to the horizontal deflections calculated either by Equivalent Static 

Method or Modal Response Spectrum Methods. 

5.5.2 Building Separations 
Parts of buildings or buildings on the same site which are not designed to act 

as an integral unit shall be separated from each other by a distance of not 

less than the calculated as follows: 

 …………………….. 5.5 (1) 

 

Where, 

1, 2 = design horizontal deflections of building 1 and 2 respectively, 

determined in accordance with 5.5.1 
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Separation spaces shall be detailed and constructed to remain clear of debris 

and other obstructions. The width of such spaces shall allow for all 

constructional tolerances.  

5.5.3 Inter-Story Deflections  
The ratio of the inter-story deflection to the corresponding story height shall 

not exceed: 

0.025 at ultimate limit state 

0.006 at serviceability limit state 

The deflections shall be obtained by using the effective stiffness properties 

of the components as given in 3.4. 

5.6 ACCIDENTAL ECCENTRICITY 
For the analysis for torsional effects, the applied torsion at each level shall 

use either the forces calculated by the Equivalent Static Method or the 

combined story inertial forces found in a Modal Response Spectrum Method. 

The accidental eccentricity can be taken as ±0.05b.

of debris
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6 Equivalent Static Method 

6.1 HORIZONTAL BASE SHEAR COEFFICIENT

6.1.1 Ultimate Limit State 
For the ultimate limit state, the horizontal base shear coefficient (design 

coefficient), Cd (T1), shall be given by: 

………………………………………. 

….………………..6.1(1) 

Where,  

C (T1) = Elastic Site Spectra as per 4.1.1 

Rμ = Ductility Factor as per 5.3 

 = Over strength Factor for ULS as per 5.4 

6.1.2 Serviceability Limit State 
For the serviceability limit state, the horizontal base shear coefficient (design 

coefficient), Cd (T1), shall be given by: 

…………………………………………………..6.1(2) 

Where, 

Cs(T1) = Elastic Site Spectra determined for Serviceability Limit State as 

per 4.2 

 = Over strength Factor for SLS as per 5.4 

6.2 HORIZONTAL SEISMIC BASE SHEAR 
The horizontal seismic base shear, V, acting at the base of the structure, in 

the direction being considered, shall be calculated as:  

V = Cd (T1) W ……………………………………………………………….6.2(1) 

Where, 

Cd (T1) = Horizontal base shear coefficient as per 6.1 

W = Seismic Weight of the structure as per 5.2 
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6.3 VERTICAL DISTRIBUTION OF SEISMIC FORCES 
The lateral seismic force (Fi) induced at each level ‘i’ shall be calculated as:  

 x V ……………………………………………….……6.3(1) 

Where, 

Wi = seismic weight of the structure assigned to level ‘i’; 

hi= height (m) from the base to level ‘i’; 

n= total number of floors/levels 

V= horizontal seismic base shear calculated as per 6.2 

k= an exponent related to the structural period as follows: 

 for structure having time period T≤0.5sec, k=1 

 for structure having time period T≥2.5sec, k=2 

 for structure having period between 0.5 sec and 2.5 sec, k 

shall be determined by linear interpolation between 1 and 2. 

6.4 POINTS OF APPLICATION OF EQUIVALENT STATIC FORCES 
The equivalent static forces calculated as per 6.3 shall be assumed to act 

simultaneously at each level in the direction being considered and shall be 

applied through points eccentric to the center of mass at each level as per 5.7. 

6.5 SCALING OF DEFLECTIONS 
The magnitudes of the deflections can be reduced by multiplying by the 

deflection scale factor, kd given in Table 6-1. 

Table 6-1: Deflection Scale Factors 

Number of stories Deflection scale factor, kd 
1 1.0 

2 0.97 

3 0.94 

4 0.91 

5 0.88 

6 or more 0.85 
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7 Modal Response Spectrum Method 

7.1 ULTIMATE LIMIT STATE  

For the ultimate limit state, the horizontal base shear co-efficient for each 

mode, Cd(Ti), shall as given by:  

………………………………………………………7.1(1) 

Where,  

C(Ti) = Elastic Site Spectra at period Ti as per 4.1.1 

Ti = fundamental period of the ith mode of vibration 

Rμ = Ductility Factor as per 5.3 

= Over strength Factor for ULS as per 5.4

7.2   CALCULATION OF BASE SHEAR FORCE FOR EACH MODE 

………………….……………………………7.1(2) 

Where,  

Wi  =  Effective modal gravity load of ith mode of vibration 

 =  

wj = portion of gravity load at story level j 

ji = mode shape coefficient at floor j in mode i

The modal force for ith mode of vibration at each of the story level j is 

determined as follows: 

……..……………………………………7.1(3) 

where, 

wj = portion of gravity load at story level j 

ji = mode shape coefficient at floor j in mode i

7.3 NUMBER OF MODES TO BE CONSIDERED  
A sufficient number of modes shall be included in the analysis to include at least 

90% of the total seismic mass in the direction under consideration.  
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All modes that are not part of the horizontal load resisting systems shall be 

ignored in modal combination  

The modal combination shall be carried out only for modes with natural 

frequency less than 33 Hz; the effect of modes with natural frequencies more 

than 33 Hz shall be included by the missing mass correction procedure following 

established principles of structural dynamics. 

7.4 COMBINATION OF MODAL EFFECTS  
a. The combination of modal effects (such as story shear, moment, drift, 

displacements) shall be carried out using an established method such as 

Square Root of the Sum of the Squares (SRSS) or the Complete 

Quadratic Combination (CQC) method or any other generally accepted 

combination methods.  

b. Modes shall be considered to be closely spaced if their frequencies are 

within 15%. For such modes, if the SRSS combination method is used, 

the modal action effects from any modes shall be first combined by direct 

summation ignoring any signs.  

7.5 SCALE FACTOR FOR DESIGN VALUES OF THE COMBINED 

RESPONSE 
When the design base shear (VR) obtained by combining the modal base shear 

forces is less than the base shear (V) calculated using Equivalent Static Method; 

the member forces, story shear forces & base reactions obtained from the MRS 

method shall be scaled by a factor,

 

Where, 

V  =  Base Shear determined from Equivalent Static Method  

VR  =  Base Shear determined from Modal Combination 

 

The drift and displacement obtained from the Modal Response Spectrum method 

shall not be scaled. 

shall be
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8 Elastic Time History Analysis 

8.1.1 Structural Modeling Requirements 

8.1.1.1 Modeling 
Three dimensional models of the structure shall be required for carrying out 

the analysis. The analysis consists of an analysis of a linear mathematical 

model of the structure to obtain various response quantities employing the 

methods of numerical integration based on ground motion acceleration 

histories compatible with the design response spectrum for the site. 

8.1.1.2 Gravity Load 
Gravity loads calculated as per clause 5.2 shall be applied to the structural 

model. 

8.1.1.3 P-Delta Effect 
P-Delta effects shall be included in the analysis. 

8.1.1.4 Torsion 
Inherent eccentricity arising due to offset in center of mass from the center 

of rigidity at each level shall be included in the analysis. 

8.1.1.5 Damping 
Linear viscous damping shall not exceed 5%. 

8.1.1.6 Below grade Structure elements 
For structures having structures below grade such as basements, the 

structural model shall extend to the foundation level and ground motions 

shall be applied at the foundation level. 

8.1.2 Ground Motions 
The ground motion selection, scaling, application and analysis details shall be 

as prescribed in Clause 9.3.2. 

8.1.3 Evaluation of response quantities 
If less than 7 numbers of ground motion records are used, maximum values 

the response quantities from these ground motions shall be used. If the 

number of ground motions used is more than 7, then average values of the 
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considered number of ground motions shall be used for evaluation of 

response quantities. 

8.1.3.1 Inter story drifts 
The inter-story drift shall not exceed the limits given in clause 5.6. 

8.1.3.2 Member strengths 
For member strength check, the final values of member actions obtained 

from elastic time-history analysis shall be divided by the ULS ductility factor 

R .  
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9 Non-linear Static and Dynamic Analysis 

9.1 GENERAL 
A Non-linear analysis shall consist of an analysis of a mathematical model of the 

structure that accounts for the strength of the materials and their post-elastic 

behavior.  

9.2 NON-LINEAR STATIC ANALYSIS 
Non-linear static analysis (also known as pushover analysis) is a procedure where 

a mathematical model incorporating the inelastic post yield behavior of the 

structural elements is subjected to monotonically increasing horizontal loads until 

target displacement is reached. 

9.2.1 Modeling and Analysis 
Seismic forces shall be applied in both positive and negative directions. 

Maximum seismic effects as a result of this application shall be used. 

Gravity loads shall be applied to appropriate elements of the structural model. 

At least, a bilinear force-displacement relation shall be used at element level. 

9.2.2 Load pattern 
Load pattern based on the first mode shape shall be applied in the direction 

under consideration. 

9.2.3 Control node 
The control node shall be located at the center of mass at the roof of the 

building. The top of penthouse shall not be considered as the roof. 

9.2.4 Capacity curve 
A plot of base shear versus the control node displacement shall be 

established for control displacement values ranging from zero to 150 % of 

the target displacement. 

9.2.5 Target displacement 
The target displacement shall serve as an estimate of the global 

displacement of the structure which is expected to experience in an 

earthquake. It shall be defined as the seismic demand derived from the 
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elastic response spectrum from clause 4.1.2 in terms of the displacement of 

an equivalent single degree of freedom system. Target displacement can be 

determined using N2 Method or any other method established in literature. 

9.3 NON-LINEAR TIME HISTORY ANALYSIS 
Non-linear time history analysis shall be carried out through direct numerical 

integration of the differential equations of ground motion acceleration time histories. 

The numerical integration time history analysis may be used for all types of 

structures to verify that the specific response parameters are within the limits of 

acceptability assumed during design.  

9.3.1 Structural Modeling Requirements 

9.3.1.1 Modeling 
Three dimensional models of the structure shall be required for carrying out 

the analysis. The structural model shall include the post elastic hysteretic 

behavior of elements and shall account for all the significant yield, strength 

degradation, stiffness degradation and hysteretic pinching. 

At least, a bilinear force-displacement relation shall be used at element level. 

9.3.1.2 Gravity Load 
Gravity loads calculated as per clause 5.2 shall be applied to the structural 

model. 

9.3.1.3 P-Delta Effect 
P-Delta effects shall be included in the analysis. 

9.3.1.4 Torsion 
Inherent eccentricity arising due to offset in center of mass from the center 

of rigidity at each level shall be included in the analysis. 

9.3.1.5 Damping 
Hysteretic energy dissipation of structural elements shall be included in the 

analysis as well. 

t of
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9.3.1.6 Below grade Structure elements 
For structures having structures below grade such as basements, the 

structural model shall extend to the foundation level and ground motions 

shall be applied at the foundation level. 

9.3.2 Ground Motions 

9.3.2.1 Number of Ground Motions 
A minimum of three ground motions shall be used in 2D time history analysis.  

For 3D time history analyses conducted on torsionally sensitive structures, 

three pairs of orthogonal ground motions shall be used.  

Appropriate ground motions shall be selected from events having 

magnitudes, fault distance, and source mechanisms that are consistent with 

those that seismic hazard at the design location. 

Where the required number of recorded ground motions is not available, 

appropriate simulated ground motions shall be used to make up the total 

number required. 

9.3.2.2 Scaling of Ground Motions 
Following procedures shall be carried out for scaling the selected ground 

motions: 

a) The elastic site spectra C(T) given in clause 4.1.1 divided by the ULS 

Overstrength factor ( u) shall be used as the target spectrum for 

scaling the ground motions. 

b) The selected ground motions shall be scaled to match the target 

spectrum between periods Tn and √RμxT1, where T1 is the 

fundamental period of vibration of the structure, Tn is the period of the 

highest vibration mode to ensure 90% mass participation and Rμ is 

the ULS ductility factor as per 5.3.1. 

c) The Scaling factor for all ground motions shall be between 0.33 and 

3. Where a selected ground motion does not match this criteria, it shall 

be discarded and a new ground motion shall be selected. 

d) For 3D analyses, scaling factor for both orthogonal motions shall be 

determined and the lower value shall be used to scale both 
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components of the ground motion pair. Obviously, only one of the two 

scaled motions will match the target spectra and the other will be 

smaller.  

9.3.2.3 Application of Ground Motions 
a) The scaled ground motion/s shall be applied to the supports of the 

structural model.  

b) For 3D analyses, the two ground motion components of each pair shall 

be applied in orthogonal directions along the principal axes of the building 

structure. 

c) For each pair, two analyses shall be conducted by interchanging the 

directions of the ground motions.  

9.3.2.4 Analysis time step 
The analysis time step: 

a) Shall not be greater than the step at which the records are digitized 

b) Shall be less than or equal to:  

 T1/100 

 Tn 

 0.01s 

Where  

T1 = the fundamental translational period in the direction under 

consideration 

Tn = Period of highest mode in the same direction required to 

achieve the 90% mass participation as described in modal 

analysis 

9.3.3 Evaluation of response quantities 
If less than 7 numbers of ground motion records are used, maximum values 

the response quantities from these ground motions shall be used. If the 

number of ground motions used is more than 7, then average values of the 

considered number of ground motions shall be used for evaluation of 

response quantities. 

of the tttttttwowowowooo
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9.3.3.1 Inter story drifts 
For the ULS and SLS verification, the inter-story drift shall not exceed the 

limits given in clause 5.6. 

9.3.3.2 Member strengths 
The inelastic deformation demands shall not exceed the limits given in 

appropriate material standards. 
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10 Parts and Components 

10.1 GENERAL 
This section specifies the minimum design requirements for non-structural 

components of architectural, mechanical and electrical systems, their 

support and connections.   

All elements, components or equipment shall be positively connected to the 

structure to resist the specified seismic loads.  Where friction due to gravity 

is used to provide the required resistance to horizontal seismic forces, a 

friction reduction factor of 0.5 shall be used in calculating the frictional 

resistance. 

If the weight of the non-structural component is more than 25% of the seismic 

weight of the building, provisions of this section shall not be used.

10.2 SERVICE CUT-OFFS 
If continued operation of a facility during strong seismic motions presents an 

excessive risk, an automatic shut-off system, which will operate at a pre-

determined ground acceleration, not exceeding 0.2g, shall be provided.  In 

such cases, all equipment required for safe shut-down shall be capable of 

resisting the shut-off level irrespective of other requirements of this Section. 

10.3 DESIGN SEISMIC FORCE 
All elements and components shall be designed for a design seismic force 

(Fp) along its principal direction. Fp shall be applied at the component’s center 

of gravity and distributed relative to the component’s mass distribution. The 

design seismic force (Fp) shall be calculated using following equation: 

  ……………………………..10.3(1) 

  

Where, 

 Z = Seismic Zoning factor as per 4.1.4 

 ap = Component amplification factor as per 10.3.1 

 μp = Component ductility factor as per 10.3.2 
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Ip = Component Importance factor as per 10.3.3 

 Wp = Component weight 

 hp = height of attachment of the component 

 H = Total height of structure 

10.3.1 Component Amplification Factor 
Component amplification factor (ap) represents the dynamic amplification of 

the component relative to the fundamental time period of the structure. Its 

value varies from 1 to 2.5. The component amplification factor (ap) is 

stipulated in Table 10-1: 

Table 10-1 Component Amplification Factor 

Absolute difference between the natural 
periods of the building and the 

component |T1-Tp| 

ap 

|T1-Tp| > 0.5 sec 1.0 

|T1-Tp| = 0 sec; (i.e.T1=Tp) 2.5 

0.5 sec > |T1-Tp| > 0 Sec To be linearly interpolated 

between 1.0 and 2.5 

10.3.2 Component Ductility Factor  
Component ductility factor (μp) represents the ductility and energy dissipation 

capacity of the components and its connections. Its value varies from 1.5 to 

2.5. The component ductility factor (μp) is stipulated in Table 10-2. For any 

high deformability non-structural components and attachments, a higher 

value, not exceeding 3.5 may be used if/as supported by research 

Table 10-2: Component Ductility Factor 

Element Class p 

Low deformability components and attachments 

(Examples include non-structural walls, brick chimneys and partitions) 

1.5 

Moderate deformability components and attachments 

(Examples include cantilevers, metal chimneys, parapets, signs, 

billboards) 

2.5 
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10.3.3 Component Importance Factor 
All parts and components shall be assigned to appropriate importance class 

as stipulated in Table 10-3: 

Table 10-3: Component Importance Factor 

Element Class Ip 
Components containing hazardous contents 1.5 

Component required to function for life-safety after an earthquake  

(Examples include fire protection sprinkler systems, egress stairways) 

1.5 

Storage facilities open to public 1.5

Components which are needed for continued operation of an emergency 

facility after an earthquake 

1.5 

All other components 1.0 

10.4 OTHER REQUIREMENTS 
In addition to the requirements stipulated in this section, following additional 

requirements shall also be considered: 

a) Connections to ornamentations, veneers, appendages and exterior 

panels including anchor bolts, shall be corrosion-resisting and ductile, 

with adequate anchorages.   

b) In the case of precast concrete panels, anchorages shall be attached to, 

or hooked around, panel reinforcing. 

c) The seismic weight of containers and the like shall include the weight of 

the contents.  

d) Hanging or swinging lights shall have a safety cable attached to the 

structure and the fixture, capable of supporting a lateral load equal to four 

times the weight. 

e) The support systems for suspended ceilings shall be designed and 

constructed so as to avoid sudden or incremental failure or excessive 

deformations that would release ceiling components.  
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f) The non-structural component that significantly affects the structural 

response of the building should be treated as structural and relevant 

provisions for design of the structure should be applied. 

g) Contents of museums and similar items of historical or artistic value that 

are non-functional items should be restrained against seismic forces. 

Special advice should be obtained for detailing such restraints. 

l
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ANNEX A: DESIGN AND DETAILING OF REINFORCED CONCRETE 
STRUCTURES FOR EARTHQUAKE LOADS 

1 General 

This section covers the requirements for designing and detailing of members of 

reinforced concrete (RC) structures designed to resist lateral effects of earthquake 

shaking, so as to give them adequate stiffness, strength and ductility to resist severe 

earthquake shaking without collapse. This standard addresses lateral load resisting 

structural systems of RC structures composed of, 

a) RC moment resisting frames, 

b) RC moment resisting frames with unreinforced masonry infill walls, 

c) RC structural walls  

d) a combination of RC moment resisting frames and RC structural walls  

1.1 DEFINITIONS 

For the purpose of this standard, the following definitions shall apply. 

Beams: These are members (generally horizontal) of moment resisting frames 

which are subjected to flexural and shear actions. 

Boundary Elements: These are portions along the ends of a structural wall that 

are strengthened and confined by longitudinal and transverse reinforcement. They 

may have the same thickness as that of the wall web. 

Columns: These are members (generally vertical) of moment resisting frames 

which are subjected to a combination of axial, flexural and shear actions. 

Concrete Cover: It is the concrete around the perimeter of the cross-section which 

is not confined by transverse reinforcement. 

Crosstie: It is a continuous reinforcing bar having a 135° hook with an extension of 

6 times diameter (but not < 65 mm) at one end and a hook not less than 90 degrees 

with at least a 6 times diameter at the other end. The hooks shall engage peripheral 

longitudinal bars. The 90-degree hooks of two successive crossties engaging the 

same longitudinal bars shall be alternated end for end. 
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Transverse Reinforcement: It is a continuous bar profile bent in square, 

rectangular, triangular or trapezoidal shape, which may also include straight cross 

ties. It ends with a 135° hook with an extension of 6 times diameter (but not < 65 

mm) at one end and a hook not less than 90° with an extension of 6 times diameter 

(but not < 65 mm) at the other end. The hooks shall engage a number of peripheral 

longitudinal bars. In general, the 90° hooks of two successive crossties engaging 

the same longitudinal bars shall be alternated end for end. Transverse 

reinforcement is also called hoops and/or stirrups. 

Gravity Columns in Buildings: It is a column, which is not part of the lateral load 

resisting system and designed only for actions (i.e., axial force, shear force and 

bending moments) due to gravity loads. But, it should be able to resist the gravity 

loads at lateral displacement imposed by the earthquake forces. 

Lateral Force Resisting System: It is that part of the structural system which 

participates in resisting forces induced by earthquake. 

1.2 NOTATIONS 

For the purpose of this standard, the following letter notations shall have the 

meaning indicated against each; where other notations are used, they are explained 

at the appropriate place.  

 Ae  Effective cross sectional area of a joint 

 Aej  Effective shear area of a joint 

 Ag  Gross cross-sectional area of column, wall 

 Ah  Horizontal shear reinforcement in walls 

 Acc  Area of concrete core of column 

 Asd  Reinforcement along each diagonal of coupling beam 

 Ash  Area of cross section of bar forming spiral or link 

 Atr  Area of transverse reinforcement 

 Av  Vertical reinforcement in a joint 

 bb  Width of beam 

Bc, bc Width of column

 bj  Effective width of a joint 

 D  Overall depth of beam 

sq are
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 Dk  Diameter of column core measured to the outside of transverse 

reinforcement 

 d  Effective depth of member 

 db  Diameter of longitudinal bar 

 dw  Effective depth of wall section 

 Es  Elastic modulus of steel 

 fck  Characteristic compressive strength of concrete cube 

 fy  Yield stress of steel reinforcing bars, or 0.2 percent proof strength 

of reinforcing steel whose yield point is not obvious 

 h  Longer dimension of rectangular confining link measured to its 

outer face 

hc Depth of column

 hj  Effective depth of a joint 

 hst  Clear story height 

 hw  Overall height of RC structural wall 

 LAB  Clear span of beam 

 Ld  Development length of bar in tension 

 lo  Length of member over which special confining reinforcement is 

to be provided 

 Lw  Horizontal length of wall/longer cross- section dimension of wall 

 Ls  Clear span of couplings beam 

 Mu  Design moment of resistance of entire RC beam, column or wall 

section 

 Mct  Design moment of resistance of top column at a joint 

 Mcb  Design moment of resistance of bottom column at a joint 

 Mbl  Design moment of resistance of left beam at a joint 

 Mbr  Design moment of resistance of right beam at a joint 

 MuAh  Hogging (negative) design moment of resistance of beam AB at 

end A 

 MuAs  Sagging (positive) design moment of resistance of beam AB at 

end A 

 MuBh  Hogging (negative) design moment of resistance of beam AB at 

end B 
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 MuBs  Sagging (positive) design moment of resistance of beam AB at 

end B 

 MuBL  Design moment of resistance of beam framing into column from 

left 

 MuBR  Design moment of resistance of beam framing into column from 

right 

 Muw  Design moment of resistance of web of RC structural wall alone 

 Pu  Factored axial load 

 sv  Spacing of transverse reinforcement along the length of a beam 

or column 

 tw  Thickness of the web of RC structural wall 

Vu,aD+L Factored shear force demand at end A of beam AB due to dead 

and live loads 

 Vu,bD+L  Factored shear force demand at end B of beam AB due to dead 

and live loads 

 Vj  Design shear resistance of a joint 

 Vu  Factored shear force 

 Vus  Design shear resistance offered at a section by transverse 

reinforcement 

 α  Inclination of diagonal reinforcement in coupling beam 

 ρ  Area of longitudinal reinforcement as a fraction of effective area of 

cross-section in a RC beam, column or structural wall 

 ρc  Area of longitudinal reinforcement on the compression face of a 

beam as a fraction  of effective area of cross-section 

 ρmax  Maximum area of longitudinal reinforcement permitted on the 

tension face of a beam as a fraction of effective area of cross-

section 

 ρmin  Minimum area of longitudinal reinforcement permitted on the 

tension face of a beam as a fraction of effective area of cross-

section 

 τc  Design shear strength of concrete 

 c, max  Maximum nominal shear stress permitted at a section of RC 

beam, column or structural wall 

m AB at
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 v  Nominal shear stress at a section of RC beam, column or 

structural wall 

 

1.3 UNITS 

All dimensions are in millimeter, loads in Newton and stresses in MPa, unless 

otherwise specified. 

l
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2 Materials 

2.1 GRADE OF MATERIAL 
Minimum grade of structural concrete shall be M20, but M25 for buildings more than 

12 m in height. 

Steel reinforcement used shall be of, 

a) Grade Fe 415 or less; or 

b) High strength deformed steel bars produced by thermo-mechanical 

treatment process having elongation capacity of more than 14.5 

percent; e.g. Grade Fe 500 and Fe 550. 

2.2 EXPECTED MATERIAL STRENGTH 
The ratio of the actual ultimate strength to the actual yield strength or the actual 0.2 

percent proof strength of the reinforcement shall be at least 1.15. 
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3 Location of Plastic Hinges 

In moment resisting frames, the plastic hinges shall be normally located at the ends 

of the beam member. Such reversing plastic hinges yield in both sagging in hogging 

actions. In frames where gravity actions are significant in comparison to the seismic 

actions, unidirectional plastic hinges in beams may also form away from the column 

faces.  

Plastic hinges are permitted to occur in columns at the following locations: 

i. at the base of the frame 

ii. at the top of the columns in upper story of multi-story buildings 

In shear wall structures, the plastic hinges shall be primarily located at the base of 

the wall. 



60 

4 Moment Resisting Frames 

4.1 BEAMS 
Requirements of this section shall apply to beams resisting earthquake-induced 

effects, in which the factored axial compressive stress does not exceed 0.08fck. 

Beams, in which the factored axial compressive stress exceeds 0.08fck, shall be 

designed as per requirements of 4.2. Provisions of this section need not be applied 

to secondary beams. 

4.1.1 Dimensional Limits
a) Beams shall preferably have width-to-depth ratio of more than 0.3 
b) Beams shall not have width less than 200 mm 
c) Beams shall not have depth D more than 1/4th of clear span.  
d) Width of beam bw shall not exceed the width of supporting column c2 plus 

the projection of the beam width beyond the width of the supporting column 
on each side not exceeding the lesser of c2 and 0.75c1 (see Fig 4-1). 
 

 
Figure 4-1 Maximum effective width of wide beam and required transverse reinforcement. 

 

4.1.2 Longitudinal Reinforcement 
a) Beams shall have at least two 12 mm diameter bars each at the top and 

bottom faces. 
b) Minimum longitudinal steel ratio ρmin required on any face at any section is: 

 ….…………………………………….4.1.2 

c) Maximum longitudinal steel ratio ρmax provided on any face at any section is 
0.025. 

d) Longitudinal steel on bottom face of a beam framing into a column (at the 
face of the column) shall be at least half the steel on its top face at the same 
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section. At exterior joints, the anchorage length calculation shall consider 
this bottom steel to be tension steel. 

e) Longitudinal steel in beams at any section on top or bottom face shall be at 
least 1/4th of longitudinal steel provided at the top face of the beam at the 
face of the column; when the top longitudinal steel in the beam at the two 
supporting column faces is different, the larger of the two shall be considered. 

4.1.3 Transverse Reinforcement 
a) Only vertical links/stirrups shall be used in beams (see Fig. 4-1); inclined 

links/stirrups shall not be used.  
b) Links/stirrups are permitted to be made of two pieces of bars also, namely a 

U-link with a 135° hook with an extension of 6 times diameter (but not less 
than 65 mm) at each end, embedded in the core concrete, and a cross-tie 
(see Fig. 4-2). 

c) The hooks of the links/stirrups and cross-ties shall engage around peripheral 
longitudinal bars. Consecutive crossties engaging the same longitudinal bars 
shall have their 90° hooks at opposite sides of the beam. When the 
longitudinal reinforcement bars are secured by cross-ties in beams that have 
a slab on one side, the 90° hooks of the cross-ties shall be placed on that 
side. 

 

consider



62 

Figure 4-2 Details of Transverse reinforcement in beams 

d) The minimum diameter of a transverse reinforcement shall be 8 mm. 
 

e) Transverse reinforcement shall be designed to resist the shear resulting from 
larger of: 

i. Factored shear force as per linear structural analysis; and 
ii. Factored gravity shear force, plus equilibrium shear force when plastic 

hinges are formed at both ends of the beam (see Fig. 4-3) given by: 

For sway to right:

 ……………………………4.1.3.1 

…………………….………4.1.3.2 

For sway to left: 
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 ……………………………4.1.3.3

……………………………4.1.3.4

Where MuAs, MuAh, MuBs & MuBh are sagging and hogging moments of 

resistance of the beam section at ends A and B, respectively. LAB is clear 

span of the beam. Vu,aD+L  and  Vu,bD+L  are the factored shear forces at ends 

A and B respectively, due to vertical loads acting on the span with load 

combination factors of 1 for dead load and 0.5 for live load . The beam shall 

be considered to be simply supported for this derivation. 

The design shear force demand at end A of the beam shall be the larger of 

the two values of Vu,a computed above. Similarly, the design shear force 

demand at end B shall be the larger of the two values of Vu,b computed above. 

f) Closely spaced links shall be provided over a length equal to 2d on either 
side of a section where flexural yielding may occur under earthquake effects. 
Over the remaining length of the beam, vertical links shall be provided at a 
spacing not exceeding d/2. 
 

g) Spacing of links over a length of 2d at either end of a beam shall not exceed 
the minimum of (d/4; 8db; 100 mm); however, it need not be less than 75 mm. 

        

3
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Figure 4-3 Calculation of Shear force demand in beams 

 

Figure 4-4 Details of transverse reinforcement in beams 

h) The first link shall be at a distance not exceeding 50 mm from the joint face. 

4.2 COLUMNS 
Requirements of this section shall apply to columns resisting earthquake-induced 

effects, in which the factored axial compressive stress due to gravity and 

earthquake effects exceeds 0.08fck.  

4.2.1 Dimensional Limits
a) The minimum dimension of a column shall not be less than 20 db, where db 

is diameter of the largest diameter of longitudinal reinforcement bar in the 
beam passing through or anchoring into the column at the joint. 

b) The minimum dimension of column shall be 300 mm. 
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Figure 4-5 Requirement for minimum size of column member 

c) Columns shall preferably have width-to-depth ratio of more than 0.45. 

4.2.2 Longitudinal Reinforcement 
a) Circular columns shall have a minimum of 6 numbers of bars and rectangular 

columns shall have a minimum of 8 numbers of bars. 
b) Minimum longitudinal steel ratio ρmin shall be 0.01.  
c) Maximum longitudinal steel ratio ρmax shall be 0.04. 
d) Minimum diameter of the longitudinal bar shall be 12 mm. 

4.2.3 Transverse Reinforcement 
a) Transverse reinforcement shall consist of closed loops of spiral/ circular 

links/hoops for circular columns, and rectangular links/hoops for rectangular 
columns. 

b) The closed links/hoops shall have 135° hook ends with an extension of 6 
times its diameter (but not < 65 mm) at each end, which are embedded in 
the confined core of the column (see Fig. 4-5). 

c) The minimum diameter of a link/hoop shall be 8 mm  
d) In rectangular columns, the maximum spacing of parallel legs of the 

links/hoops shall be 300 mm center to center. A cross-tie shall be provided, 
if the length of any side of the link/hoop exceeds 300 mm (see Fig. 4-5); the 
cross-tie shall be placed perpendicular to this link/hoop whose length 
exceeds 300 mm. Alternatively, a pair of overlapping links/hoops may be 
provided within the column (see Fig. 4-6). In either case, the hook ends of 
the links and cross-ties shall engage around peripheral longitudinal bars. 
Consecutive cross-ties engaging the same longitudinal bars shall have their 
90° hooks on opposite sides of the column. Crossties of the same or smaller 
bar size as the hoops shall be permitted; and,
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e) The maximum spacing of links/hoops shall be half the least lateral dimension 
of the column. 
 

 

 

 

 

Figure 4-6 Details of transverse reinforcement arrangement in columns 

f) Transverse reinforcement shall be designed to resist the shear resulting from 
larger of: 

i. Factored shear force as per linear structural analysis; and 
ii. Factored equilibrium shear force demand when plastic hinges are 

formed at both ends of the beams given by:

 For sway to right: 

i
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 ……………………….………………4.2.3.1 

 For sway to left: 

    ……………………….………………4.2.3.2 

Where MuAs, MuAh , MuBs  and MuBh  are design sagging and hogging 

moments of resistance of beams framing into the column on opposite 

faces A and B, respectively, with one hogging moment and the other 

sagging (see Fig. 4-7); and hst the story height.  

Figure 4-7 Calculation of Shear force demand in columns 

4.3 SPECIAL CONFINING REINFORCEMENT 
The amount of special confining reinforcement required in columns shall be 

calculated as follows: 

a) The special confining reinforcement shall be provided over a length lo from 

the face of the joint towards mid heights of columns on either side of the joint 

or at section where flexural yielding is likely to occur. The required length lo 

calculated as follows: 

 ………………………………4.3.1 

Where, 

Dc = Largest cross sectional dimension of column 
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lcl = Clear length of column 

b) The spacing of the confining reinforcement shall be as follows: 

 

Where, 

  Bc = Smallest cross sectional dimension of column 

  db = Diameter of smallest longitudinal bar of column 

c) The area, Ash, of cross section of the bar forming links/hoops or spiral shall 
be at least: 

i. For circular links/hoops or spirals: 

………………..4.3.2 

  Where 

Sv = pitch of spiral or spacing of links, 

Dk = diameter of core of circular column measured to outside of 

spiral/link, 

fck = characteristic compressive strength of concrete cube, 

fy = 0.2 percent proof strength of transverse steel reinforcement bars, 

Ag = gross area of column cross-section, and 

Acc = area of concrete core of column = πDk2/4 

ii. in rectangular links: 
 

 …………………..4.3.3 
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Where, 

h = longer dimension of rectangular link/hoop measured to its outer 

face, which does not exceed 300 mm (see Fig 4-6), and  

Acc = area of confined concrete core in rectangular link/hoop 

measured to its outer dimensions. Acc shall be measured as overall 

core area, regardless of link/hoop arrangement. 

 

Figure 4-8 Confining stirrups in critical length lo of column 

d) When a column terminates into a footing or mat, special confining 
reinforcement shall extend at least 300 mm into the footing or mat (see Fig. 
4-9). 
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Figure 4-9 Confining reinforcement requirement in foundation 

e) Special confining reinforcement shall be provided over the full height of a 
column which has significant variation in stiffness along its height.  
 

f) Columns supporting reactions from discontinued stiff members, such as 
walls, shall be provided with special confining reinforcement over their full 
height.  

4.4 BEAM-COLUMN JOINTS  

4.4.1 Design of Beam-Column Joint for Distortional Shear 

4.4.1.1 Nominal Joint Shear Strength  
The nominal shear strength of a beam-column joint, Vjc is calculated as follows: 

…4.4.1.1 

where 

Aej  = effective shear area of joint = bj wj,  

bj  = effective breadth of joint perpendicular to the direction of shear 

force; and  

wj  = effective width of joint along the direction of shear force.  
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The effective width of joint bj (see Fig. 4-9) shall be obtained from following: 

 

 Where  

bb = width of beam  

bc = width of column 

hc = depth of column in considered direction 

 

Figure 4-10 Effective joint width 

4.4.1.2 Horizontal Joint Shear 
Horizontal Joint shear in each principal direction in a joint is calculated as follows: 

For Interior joint 

 ………………………….……….4.4.1.2 (a) 

For Exterior joint 

 …………………………………....……….4.4.1.2 (b) 

Where, 

 fy = Yield strength of steel 

Vcol = Column Shear 

 Ast1 = Total area of beam top reinforcement 

g:
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 Ast2 = Total area of beam bottom reinforcement 

 

4.4.1.3 Transverse Reinforcement in Joints 
a) When Vjc > Vjh 

 

No calculation for horizontal joint reinforcement is needed. However, 

Special confining reinforcement calculated as per clause 4.3 shall be 

provided through the joint within the depth of the shallowest beam 

framing into it.

 

b) When Vjc < Vjh 
 

The amount of horizontal joint reinforcement is calculated as follows: 

 ……………………………………..……….4.4.1.3 

This calculated amount of horizontal joint reinforcement, however, 

shall not be less than the confinement reinforcement calculated as per 

clause 4.3. This amount of horizontal reinforcement shall be 

distributed uniformly within the joint. 

4.4.2 Anchorage of Beam Longitudinal bars 
At an exterior joint, top and bottom longitudinal bars of beams shall be provided 

with horizontal length beyond the inner face of the column, equal to horizontal 

development length (ldh) terminating in a standard hook of length 12db.The hook 

shall be located within the confined core of a column or of a boundary element with 

hook bent into the joint. 

The value of ldh is given by, 

    ……………………………………..……….4.4.2(a) 

but ,  

.………………..…..…….4.4.2(b) 

Where 
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db = diameter of largest longitudinal bar in beam in mm 

fy = Yield strength of steel 

fck = Characteristic compressive strength of concrete 

 

Figure 4-11 Anchorage of beam longitudinal bars in column 

If the requirements for ldh cannot be satisfied in the exterior beam-column joint, the 

beam can be extended horizontally in the form of exterior stubs (see figure 4-12) 

 

Figure 4-12 Provision of Beam stub
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4.4.3 Development Length of Straight Deformed bars in tension 
A bar should extend beyond the section at which it may be required to develop its 

strength fy at least a distance not less than mentioned in Table 4.3. 

Table 4.3:  values for fully stressed bars in tension 

Grade of 
Steel 

Grade of Concrete 
M 20 M 25 M 30 M 35 M40 and above 

Fe 250 45 39 36 32 29 

Fe 415 47 40 38 33 30 

Fe 500 57 49 45 40 36 

 

4.4.4 Column-Beam Moment Capacity Ratio 
At every beam column junction in a frame, the summation of the moment capacities 

of the column end sections shall be greater than 1.2 times the summation of the 

beam end moment capacities.  

 ………………………………………………4.4.4 

Where, 

Mc = sum of the design moment of resistance of the 

column above and below the beam centerline; 

Mb = sum of the design moment of resistance of 

beams at the intersection of the beam and column 

centerlines 

This check shall be waived for column-beam joints at roof level.  

4.5 SPLICING OF BARS 

4.5.1 Lap Splices 
When longitudinal steel bars have to be continued for spans larger than their 

manufactured lengths, the bars shall be connected by either splicing or 

mechanical couplers. 

a) lap splices shall not be provided, 



75 

i. within a joint ; 
ii. Within a distance of 2d from face of the column/ beam;  
iii. Within a quarter length of the beam adjoining the location where 

flexural yielding may occur under earthquake effects. 
b) Lap splices shall be provided only in the central half of clear column height 

 

c) Not more than 50 percent of area of steel bars shall be spliced at any one 

section. 

d) Closed links/stirrups/hoops shall be provided over the entire length of the 

beam/column over which the longitudinal bars are spliced.  

 

e) The lap length shall not be less than the development length of the largest 
longitudinal reinforcement bar in tension.

 

f) The spacing of these links shall not exceed 150 mm. 
 

g) The required area of transverse reinforcement Atr within the lap zone of the 
longitudinal reinforcement of columns as well as beams spliced at the same 
location shall be calculated as follows: 

 

 ………………………………………4.5.1 

 

Atr = area of one leg of the transverse reinforcement 

dbl = diameter of the spliced bar 

s = Spacing of the transverse reinforcement 

fyl = yield strength of the longitudinal reinforcement; 

fyw = yield strength of the transverse reinforcement 

 

h) Splicing by use of mechanical couplers shall be permitted. Where 
mechanical couplers are preferred to connect the bars, the couplers shall 
confirm to contemporary international codes/standards/practice. Where 
established codes are not available to ascertain the adequacy of the 
couplers, they shall be verified by appropriate testing under conditions 
compatible with the required ductility. 
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i) Splicing by welding is not permitted within the critical regions of structural 
members where yielding of reinforcement is likely to take place. Welding of 
links, ties, inserts or other similar elements to vertical reinforcement bars 
required as per design is not permitted. 

5 SHEAR WALLS 

5.1 GENERAL REQUIREMENTS
1. The requirements of this section apply to shear walls that are part of lateral 

force resisting system of earthquake-resistant RC buildings. 

2. The minimum thickness of special shear walls shall not be less than, 

a. 150 mm; and 

b. 300 mm for buildings with coupled shear walls. 

3. The minimum ratio of length of a wall to its thickness shall be 4. 

4. Shear walls shall be provided with uniformly spaced reinforcement in its 

cross-section along vertical and horizontal directions. The minimum 

reinforcement ratio shall be 0.0025 of the gross area in each direction.  

5. Reinforcement bars shall be provided in two curtains within the cross-section 

of the wall, with each curtain having bars running along vertical and 

horizontal directions, when 

6. The factored shear stress demand in the wall exceeds 0.25√fck MPa; or 

7. The wall thickness is 200 mm or higher. 

8. The largest diameter of longitudinal steel bars used in any part of a wall shall 

not exceed 1/10th of the thickness of that part. 

9. The maximum spacing of vertical or horizontal reinforcement shall not 

exceed smaller of, 

a. 1/5th of the horizontal length lw of wall; 

b. 3 times the thickness tw of the web of wall; and 

c. 450 mm. 

10. Shear walls shall be founded on properly designed foundations and shall not 

be discontinued to rest on beams, columns or inclined members. 

5.2 DESIGN FOR SHEAR FORCE 
1. Nominal shear stress demand τv on a wall shall be estimated as:  

t t l
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 ……………………………………….……………5.2.1 

Where  

Vu  = factored shear force,  

tw  = thickness of the web, 

dw  = effective depth of wall section (along the length of the wall), 

which may be taken as 0.8 lw for rectangular sections. 

2. Design shear strength τc of concrete shall be calculated as follows: 

  ……………………………………..5.2.2 

Where, 

  , Whichever is greater 

   pt = percentage of vertical reinforcement 

   fck = Characteristic compressive strength of concrete 

3. Maximum design shear strength, τc,max, shall be calculated as follows: 

 ……………………………………………..5.2.3 

4. If τv > τc,max the wall section shall be re-designed. If τv < τc,max, horizontal shear 

reinforcement shall be provided, whose area Ah is given by: 

 ……………………………………………………….5.2.4 

However, the calculated reinforcement shall not be less than the minimum 

area specified in clause 5.1 (4).  
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5.3 BOUNDARY ELEMENTS 
 
Boundary elements are portions along the wall edges that are strengthened 

by longitudinal and transverse reinforcement even if they have the same 

thickness as that of the wall web.  

1. Boundary elements shall be provided in two opposite sides of walls, when 

the extreme fiber compressive stress in the wall due to gravity loads plus 

earthquake force exceeds 0.2fck. The boundary elements may be 

discontinued where the calculated compressive stress becomes less than 

0.15fck. The compressive stress shall be calculated using a linearly elastic 

model and gross section properties. 

2. The length of boundary zone in each side shall be 0.2 times the wall length. 

3. A boundary element shall have adequate axial load carrying capacity, 

assuming short column action, so as to enable it to carry axial compression 

arising from factored gravity load and lateral seismic shaking effects.  

4. The vertical reinforcement in the boundary elements shall not be less than 

0.8 percent and not greater than 6 percent; the practical upper limit would be 

4 percent to avoid congestion. 

5. Boundary elements, where required shall be provided with special confining 

reinforcement as per clause 4.3. 

5.4 DESIGN FOR AXIAL FORCE AND BENDING MOMENT 
Design moment of resistance Mu of the wall section subjected to combined bending 

moment and compressive axial load shall be estimated in accordance with 

requirements of limit state design method, using the principles of mechanics 

involving equilibrium equations, strain compatibility conditions and constitutive laws. 

5.5 COUPLING BEAMS
1. Coplanar special structural walls may be connected by means of coupling 

beams. 

2. If earthquake induced shear stress τve in coupling beam exceeds 

; ………………………………………………….5.5.2(a) 
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The entire earthquake-induced shear, bending moment and axial 

compression shall be resisted by diagonal reinforcement alone. Here,  

Ls = clear span of coupling beam  

D = overall depth 

a) Area of this diagonal reinforcement along each diagonal shall be 

estimated as: 

  ………………………………………………….5.5.2(b) 

Where Vu is factored shear force on the coupling beam and α is the angle 

made by diagonal reinforcement with the horizontal. 

b) At least 4 bars of 8 mm diameter shall be provided along each diagonal. 

All longitudinal bars along each diagonal shall be enclosed by special 

confining transverse reinforcement as per 4.3 at a spacing not exceeding 

100 mm. 

3. The diagonal of a coupling beam shall be anchored in the adjacent walls with 

an anchorage length of 1.5 times the development length in tension (see Fig. 

5-1). 

5.6 OPENINGS IN WALLS 
1. Shear strength of a wall with openings should be checked at critical 

horizontal planes passing through openings.  

2. Additional steel reinforcement shall be provided along all four edges of 

openings in walls. Further, 

a) The area of these vertical and horizontal steel should be equal to that of 

the respective interrupted bars, provided half on either side of the wall in 

each direction. 

b) These vertical bars should extend for full height of the story in which this 

opening is present. 

c) The horizontal bars should be provided with development length in tension 

beyond the edge of the opening. 

nd a ial
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Figure 5-1 Coupling beams with diagonal reinforcement 

5.7 CONSTRUCTION JOINTS 
Vertical reinforcement shall be provided across a horizontal construction joint. 

These reinforcements shall have an area, Ast, given by:  

 ……………………………………………………5.7

 

Where  

τv = factored shear stress at the joint 

Pu = factored axial force (positive for compression), 

Ag = gross cross-sectional area of the joint. 

5.8 ANCHORAGE OF LONGITUDINAL BARS 
Horizontal reinforcement shall be anchored near the edges of wall or in confined 

core of boundary elements. 

5.9 SPLICING OF BARS 
Splicing of the bars shall be done as per clause 4.5. 
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ANNEX B: DESIGN AND DETAILING OF STEEL STRUCTURES FOR 
EARTHQUAKE LOADS

1 General 

This section covers the requirements for design and detailing of steel structures 

designed to resist the effects of earthquake forces so as to give them adequate 

strength, stability and ductility to resist severe earthquakes without collapse. 

Structures, which form a part of the gravity load resisting system but are not 

intended to resist the lateral earthquake loads, need not satisfy the requirements of 

this section, provided they can accommodate the resulting deformation without 

premature failure. 

The provisions of this section are applicable to buildings in general. The provisions 

are applicable to following structural systems only: 

1. Steel Moment Resisting Frames 

2. Frames with concentric braces 

3. Frames with eccentric braces 

1.1 DEFINITIONS 

Action Effect or Load Effect: The internal force, axial, shear, bending or twisting 

moment, due to external actions and temperature loads. 

Action: The primary cause for stress or deformations in a structure such as dead, 

live, wind, seismic or temperature loads. 

Beam: A member subjected predominantly to bending. 

Braced Member: A member in which the relative transverse displacement is 

effectively prevented by bracing. 

Buckling Load: The load at which an element, a member or a structure as a whole, 

either collapses in service or buckles in a load test and develops excessive lateral 

(out of plane) deformation or instability. 
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Buckling Strength or Resistance: Force or moment, which a member can 

withstand without buckling. 

Built-up Section: A member fabricated by interconnecting more than one element 

to form a compound section acting as a single member. 

Column: A member in upright (vertical) position which supports a roof or floor 

system and predominantly subjected to compression. 

Compact Section: A cross-section, which can develop plastic moment, but has 

inadequate plastic rotation capacity needed for formation of a plastic collapse 

mechanism of the member or structure. 

Dead Loads: The self-weights of all permanent constructions and installations 

including the self-weight of all walls, partitions, floors, roofs, and other permanent 

fixtures acting on a member. 

Doubler Plates: Component object that represents a structure that strengthens a 

steel beam web or steel column web by thickening it. These plates act as 

reinforcement for the column web to prevent panel zone shear failure. 

Effective Length: Actual length of a member between points of effective restraint 

or between effective restraint and free end, multiplied by a factor to account for the 

end conditions in buckling strength calculations. 

Gravity Load: Loads arising due to gravitational effects. 

Gusset Plate: The plate to which the members intersecting at a joint are connected. 

Imposed (Live) Load: The load assumed to be produced by the intended 

use or occupancy including distributed, concentrated, impact, vibration and snow 

loads but excluding, wind, earthquake and temperature loads 

Main Member: A structural member, which is primarily responsible for carrying and 

distributing the applied load or action. 

Plastic Design: Design against the limit state of plastic collapse. 

Plastic Hinge: A yielding zone with significant inelastic rotation, which forms in a 

member, when the plastic moment is reached at a section. 

b
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Plastic Moment: Moment capacity of a cross-section when the entire cross-section 

has yielded due to bending moment. 

Plastic Section: Cross-section, which can develop a plastic hinge and sustain 

plastic moment over sufficient plastic rotation required for formation of plastic failure 

mechanism of the member or structure. 

Rotation: The change in angle at a joint between the original orientation of two 

linear member and their final position under loading. 

Secondary Member: Member which is provided for overall stability and/or for 

restraining the main members from buckling or similar modes of failure. 

Semi-compact Section: Cross-section, which can attain the yield moment, but not 

the plastic moment before failure by plate buckling. 

Shear Force: The in-plane force at any transverse cross-section of a straight 

member of a column or beam. 

Shear Stress: The stress component acting parallel to a face, plane or cross-

section. 

Slender Section: Cross-section in which the elements buckle locally before 

reaching yield moment. 

Slenderness Ratio: The ratio of the effective length of a member to the radius of 

gyration of the cross-section about the axis under consideration. 

Stiffener: An element used to restrain or prevent the out-of-plane deformations of 

plates. 

Strain: Deformation per unit length or unit angle.

Strain Hardening: The phenomenon of increase in stress with increase in strain 

beyond yielding. 

Strength: Resistance to failure by yielding or buckling. 

Stress: The internal force per unit area of the original cross-section, 

Tensile Stress: The characteristic stress corresponding to rupture in tension 

specific grade of steel. 

s section
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Yield Stress: The characteristic stress of the material in tension before the elastic 

limit of the material is exceeded.  

1.2 NOTATIONS 
Following symbols and notations shall apply to the provisions of this section. 

b  Flange width of an I section 

bp Panel-zone width between column flanges 

d  Depth of an I section 

dp Panel-zone depth between continuity plates 

E Modulus of elasticity of steel 

fye  Expected yield stress of steel 

fy Design yield stress of steel 

KL Effective length of the member 

L Length of beam 

Md  Design bending moment 

ME  Induced bending moment due to earthquake loads 

Mj   Moment capacity of a joint 

MG  Induced bending moment due to gravity loads 

Mpb  Plastic moment of beam member 

MpbA  Plastic moment at one beam end 

MpbB  Plastic moment at another beam end 

Mpc  Plastic moment of column member 

Pd  Design axial force 

PG  Induced axial force due to gravity loads 

PE  Induced axial force due to earthquake loads 

r Radius of gyration 

l ti
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Rd  Resistance of connection 

Ry  Plastic resistance of the connected member based on design yield stress of 

the material 

t  Thickness of column web or doubler plate 

tf  Thickness of flange 

tw  Thickness of web  

VG  Shear force due to gravity loads 

Vj  Shear force at joint 

ϑ  Design Overstrength factor  

ov  Material Overstrength factor 

p Link rotation angle 

1.3 UNITS 
Unless otherwise noted, this code uses SI units of kilograms, metres, seconds, 
Pascals and Newtons (kg, m, s, Pa, N). 
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2 Materials 

2.1 GRADE OF MATERIAL 
The provisions of this standard on earthquake resistant design of structural steel 

buildings are applicable for the following grades of materials: 

a) Structural Steels having yield strengths (fy) of 250 MPa, 275 MPa, 300 MPa 

and 350 MPa shall only be permitted to be used for elements resisting the 

earthquake forces. 

b) any other equivalent grade of steel satisfying the following: 

1. Characteristic yield stress fy of structural steel sections in which 

inelastic action is expected shall not exceed 350 MPa 

2. Structural steel shall have minimum elongation of 22 %; 

3. Structural steel shall have minimum charpy V-notch impact test value 

of 27 J at 0 °C; and 

4. The ratio of the ultimate strength to the yield strength shall at least be 

1.15. 

2.2 EXPECTED MATERIAL STRENGTH 
The required strength of a member or a connection shall be determined from the 

expected yield stress (fye) of the member or an adjoining member as applicable.  

The expected yield stress is defined in terms of material over-strength factor ( ov) 

as follows: 

fye = ov fy………………………………………………………………………………………2.1 

The expected yield stress can be determined from actual measurements. In 

absence of any measurements, the material over-strength factor can be taken as 

1.25. 

2.3 SECTION REQUIREMENTS 
The structural steel sections resisting the earthquake forces shall be plastic or 

compact only. 
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3 Connections 

3.1 BOLTED AND WELDED CONNECTIONS 
a) The design of the connections shall be designed so as to limit localization of 

plastic strains, high residual stresses and prevent fabrication defects. 

b) Connections fabricated by means of full penetration butt weld is deemed to 

satisfy the Overstrength criterion. 

c) Fillet weld or bolted connections shall be designed by considering the 

Overstrength and strain hardening of the material as follows: 

……………………………………………………3.1

Where, 

 Rd = resistance of connection 

Ry = plastic resistance of the connected member based 

on design yield stress of the material 

ov = Material Overstrength 

d) Bolts and welds shall not be designed to share force in a joint or the same 

force component in a connection. 

3.2 COLUMN SPLICES 
a) Column Splices shall be located away from the beam to column flange 

connection. The splice shall be located in the middle half of the clear height 

of the column. 

b)  Splices shall be either bolted or welded or welded to one column and bolted 

to the other. 

c)  Splice Plates or Channels used for making web splice shall be placed on 

both sides of the column web. 

d)  When partial-joint penetration groove weld is used, the design strength of the 

joints shall be at least 200% of the required strength. 

e) For welded-butt joint splices made with groove welds, weld tabs shall be 

removed. Steel backing of groove welds need not be removed.  
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3.3 COLUMN BASES 
a) Axial Strength 

Column Bases shall be designed for column axial load calculated using the 

design overstrength factor. 

b) Shear Strength 

The required shear strength shall be as follows: 

(i) For diagonal braces, required shear strength shall be equal to the horizontal 

component of the brace strength. 

(ii) For Columns, lesser of  

 a) Shear force calculated using design overstrength factor  

 b) 1.1ϒovVp…………………………………………………………………………………………………3.3.1 

c) Flexural Strength 

Where column bases are designed as moment connections to the foundation, 

the required flexural strength of column bases shall be lesser of  

a) Flexural strength calculated using design overstrength factor, provided 

that a ductile limit state in either the column base or the foundation controls 

the design. 

 b) 1.1ϒovMp………………………………………………………………………………………………3.3.2 

 

Where column bases are designed as a simple pinned connections, it is 

permitted to ignore the moments at column-to-column base connections. 
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4 Location of Plastic Hinges 

a) In moment resisting frames, the plastic hinges shall be primarily located at 

the ends of the beam member. It is permitted to locate plastic hinges in 

columns at the following locations: 

iii. at the base of the frame 

iv. at the top of the columns in upper story of multi-story buildings 

b) In frames with concentric braces, plastic hinge shall be primarily located in 

the tension diagonals. In case of V-bracings, plastic hinges are permitted to 

be located in both tension and compression diagonals. 

c) In frames with eccentric braces, plastic hinges shall be located in the links. 

It shall be ensured that plastic hinges shall be formed in all the links 

simultaneously. 
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5 Moment Resisting Frames 

5.1 BEAMS 
Beams shall have sufficient resistance against lateral and torsional buckling. Abrupt 

changes in the beam flange area are prohibited in plastic hinge regions. 

5.2 COLUMNS 
Columns shall be checked for the most unfavorable combination of axial force, 

shear force and bending moments. The column shall be checked for the following 

load combinations: 

…………….……………………………….5.2.1 

…………….……………...……………….5.2.2 

…………….…………………………….5.2.3 

Where, 

Pd = Design axial force 

PG = Induced axial force due to gravity loads 

PE = Induced axial force due to earthquake loads 

Md = Design bending moment 

MG = Induced bending moment due to gravity loads 

ME = Induced bending moment due to earthquake loads 

ov = Material Overstrength factor = 1.25 

ϑ = Design Overstrength factor = 2.5 

5.3 BEAM TO COLUMN CONNECTIONS 
a) All beam to column connections shall be rigid. 

b) The connection shall be designed in such a manner to form plastic hinges at 

beam ends. 
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c) The connection shall be designed for the resulting moment calculated as per 

following equation: 

……….…………………………….…………5.3.1 

Where,

 Mpb = Plastic moment of beam member 

 ov = 1.25 

 Mj = Moment capacity of joint 

d) The connection shall be designed for a shear force resulting from the 
following load combination: 

………………………………………….5.3.2 

Where, 

 MpbA = Plastic moment at one beam end 

 MpbB = Plastic moment at another beam end 

 VG = Shear force due to gravity loads 

 Vj = Shear force at joint 

 L = Length of beam 

e) In column strong axis connections (beam and column web in the same plane), 
the panel zone shall be checked for shear buckling. Column web doubler 
plates or diagonal stiffeners may be used to strengthen the web against 
shear buckling. The individual thickness of the column webs and doubler 
plates, shall satisfy the following: 

      ……………………………….…………………….5.3.3 

Where, 

t  = thickness   of column web or doubler plate, 

d
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dp = panel-zone depth between continuity plate, and 

bp = panel-zone width between column flanges 

f) Continuity plates (tension stiffener) shall be provided in all strong axis welded 
connections except in end plate connections. 

5.4 COLUMN-BEAM MOMENT CAPACITY RATIO 
At all beam to column connections, the following relationship shall be satisfied: 

………………………………………………………………….5.4 

  Where, 

Mpc = sum of the moment capacity in the column 

above and below the beam centerline; 

Mpb = sum of the moment capacity in the beams at the 

intersection of the beam and column centerlines 

  

 

nd
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6 Frames with Concentric Braces 

6.1 CONCENTRIC BRACES 
Concentric braces shall be designed so that the yielding of the tensile diagonals or 

reaching the post-buckling compressive strength in compression diagonals will take 

place before failure of connections and before yielding or buckling of the beams or 

columns. Three types of braces are considered in this standard: 

1. Diagonal X-Type Bracing 

2. V-Type Bracing 

3. Inverted V-Type Bracing 

K-type bracing is not permitted to be used for bracing. 

6.1.1 Slenderness ratio 
The slenderness ratio of the bracing members shall satisfy the following: 

a) For diagonal X-Type Bracing  

 …………………………………………………...6.1.1 

b) For V-Type and Inverted V-Type Bracing 

 …………….……………………………………….…….6.1.2 

6.1.2 Placement of braces  
The diagonal braces shall be placed in such a way that the structure exhibits similar 

load deflection response in each story under earthquake load applied in either 

direction. 

6.1.3 Built-up Member braces 
a) The spacing of stitches shall be such that the slenderness ratio of individual 

element between such stiches shall not exceed 0.4 times the governing 

slenderness ratio of the Built-up brace itself.  

b) The spacing of such stiches shall be uniform.  

c) The sum of available shear strengths of the stitches shall be equal to or 

exceed the available tensile strength of each element. 

d) Bolted connections shall be avoided within the middle one-fourth of the clear 

brace length (0.25 times the length, in the middle). 
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6.1.4 Brace Connection 
The brace connection shall satisfy the requirements specified in clause 3. 

6.2 BEAMS AND COLUMNS 
The beams and columns adjacent to the braces shall be checked for the following 

load combinations: 

…………….……………….………………..6.2.1 

……………………………………………6.2.2 

Where, 

Pd = Design axial force 

PG = Induced axial force due to gravity loads 

PE = Induced axial force due to earthquake loads 

Md = Design bending moment 

MG = Induced bending moment due to gravity loads 

ME = Induced bending moment due to earthquake loads 

ov = Material Overstrength factor = 1.25 

ϑ = Design Overstrength factor = 2.0 
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7 Frames with Eccentric Braces 

Frames with eccentric braces shall be designed in such a manner that the specific 

“seismic links” are able to dissipate energy by formation of plastic bending and 

shear mechanisms. Seismic Links may be horizontal or vertical. 

7.1 SEISMIC LINKS 
Seismic links are classified into 3 categories according to the type of the plastic 

mechanism developed: 

a) Short Links: Short links dissipate energy by yielding essentially in shear.  

b) Long Links: Long links dissipate energy by yielding essentially in bending 

c) Intermediate Links: Intermediate links dissipate energy by yielding in both 

bending and shear. 

7.1.1 Link Section Limitations 
Links shall be of I sections only. Either hot rolled I sections or built-up I sections are 

permitted to be used. 

For I sections, the following equations are used to calculate the design resistances 

and limits of categories: 

 …………….…………………………..……….7.1.1 

…………….……………………………..…….7.1.2 

 Where, 

  b = Flange width of the I section 

  tf = thickness of the flange 

  d = depth of the I section 

  tw = thickness of the web  

If Pd/Pc  0.15, the design resistance of the link should satisfy the following 

relationships at both ends of the link: 

Vd  Vp,link……………….………………………………………….7.1.3 
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Md  Mp,link…………………………………………………..…….....7.1.4 

Where, Pd, Md, Vd are the design action effects, respectively the design axial force, 

design bending moment and design shear, at both ends of the link. 

If Pd/Pc > 0.15, the following reduced values of Vp,link,r and Mp,link, shall be used 

instead of Vp,link and Mp,link 

…………….………………………..…….7.1.5 

…………….……………………………….……….7.1.6 

If Pd/Pc ≥ 0.15, the link length shall not exceed: 

 , when R < 0.3 …………….……………………………….7.1.7 

or 

 , when R≥ 0.3………………………………….7.1.8 

Where  

 …………….……………………………………….7.1.9 

in which A is the gross area of the link. 

7.1.2 Horizontal Seismic Links 
In horizontal seismic links, plastic hinge would form simultaneously at both ends of 

the links. The links shall be categorized according to the length e: 

Short Links: 

…………….……………………………………..…..7.1.10 

Long Links: 

 …………….……………………………………….….7.1.11 

Intermediate Links: 

1 4
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…………….………………………………….…7.1.12 

7.1.3 Vertical Seismic Links  
In vertical seismic links, only one plastic hinge would form at one end of the link. 

The links shall be categorized according to their length: 

Short Links: 

 …………….…………………………………..….7.1.13 

Long Links: 

 …………….………………………………….….7.1.14 

Intermediate Links: 

 ………………...……………….7.1.15 

Where, 

a= ratio of the smaller bending moment at one end to the greater bending 

moment at the other end. 

7.1.4 Link Rotation Angle 
The link rotation angle θp between the link and the element outside of the link should 

be consistent with global deformations. It should not exceed the following values: 

a) short links θp  0.08 radians  

b) long links θp  0,02 radians 

c) Intermediate links θp shall be determined by linear interpolation 

between the above values 

7.1.5 Web Stiffeners 
Full-depth web stiffeners should be provided on both sides of the link web at the 

diagonal brace ends of the link. These stiffeners shall have a combined width of not 

less than (bf – 2tw) and a thickness of not less than 0,75tw nor 10 mm, whichever is 

larger. 
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Links should be provided with intermediate web stiffeners as follows: 

a) Short links should be provided with intermediate web stiffeners spaced at 

intervals not exceeding (30tw – d/5) for a link rotation angles θp of 0.08 

radians or more, or (52tw – d/5) for link rotation angles θp of 0,02 radians or 

less. Linear interpolation should be used for values of θp between 0.08 and 

0.02 radians; 

b) Long links should be provided with one intermediate web stiffener placed 

at a distance of 1.5 times bf from each end of the link; 

c) Intermediate links should be provided with intermediate web stiffeners 

meeting the requirements of a) and b) above; 

d) Intermediate web stiffeners are not required in links of length greater than 

5      Mp/Vp; 

e) Intermediate web stiffeners should be full depth. For links that are less 

than 600 mm in depth, stiffeners are required on only one side of the link 

web. The thickness of one-sided stiffeners should be not less than tw or 10 

mm, whichever is larger, and the width should be not less than (bf/2) – tw. For 

links that are 600 mm in depth or greater, similar intermediate stiffeners 

should be provided on both sides of the web. 

Fillet welds connecting a link stiffener to the link web should have a design strength 

adequate to resist a force of ovfyAst, where Ast is the area of the stiffener. The design 

strength of the fillet welds fastening the stiffener to the flanges should be adequate 

to resist a force of ovAstfy/4. 

Lateral supports should be provided at both the top and bottom link flanges at the 

ends of the link. End lateral supports of the links should have a design axial 

resistance sufficient to provide lateral support for forces equal to 6% of the expected 

nominal axial strength of the link flange computed as fy btf. 
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7.2 BEAMS, COLUMNS AND DIAGONAL MEMBERS 
Members not containing seismic links shall be designed for axial load from the 

following load combinations: 

 …………………………………………………….7.2.1 

Where, 

Pd = Design axial force 

PG = Induced axial force due to gravity loads 

PE = Induced axial force due to earthquake loads 

ov = Material Overstrength factor = 1.25 

ϑ = Design Overstrength factor = 2.0 

In case of horizontal seismic links, columns and diagonal members shall be 

checked for such load combination. In case of vertical seismic links, columns, 

beams and diagonal members shall be checked for such load combination.  

7.3 CONNECTION TO SEISMIC LINKS 
The connection to the seismic links shall be designed using the following rule: 

 …………….……………………………………….7.3.1 
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ANNEX C: SEISMIC ZONING FACTOR FOR CITIES/ MUNICIPALITIES 

SN District Local Units PGA 
1 Achham Bannigadhi Jayagadh Gaunpalika 0.35 
2 Achham Chaurpati Gaunpalika 0.35
3 Achham Dhakari Gaunpalika 0.35 
4 Achham Kamalbazar Nagarpalika 0.35 
5 Achham Mangalsen Nagarpalika 0.35 
6 Achham Mellekh Gaunpalika 0.35 
7 Achham Panchadewal Binayak Nagarpalika 0.35 
8 Achham Ramaroshan Gaunpalika 0.35 
9 Achham Sanphebagar Nagarpalika 0.35 

10 Achham Turmakhad Gaunpalika 0.35 
11 Arghakhanchi Bhumekasthan Nagarpalika 0.35 
12 Arghakhanchi Chhatradev Gaunpalika 0.35 
13 Arghakhanchi Malarani Gaunpalika 0.35 
14 Arghakhanchi Panini Gaunpalika 0.35
15 Arghakhanchi Sandhikharka Nagarpalika 0.35 
16 Arghakhanchi Sitganga Nagarpalika 0.4 
17 Baglung Badigad Gaunpalika 0.35 
18 Baglung Baglung Nagarpalika 0.35 
19 Baglung Bareng Gaunpalika 0.35 
20 Baglung Dhorpatan Nagarpalika 0.35 
21 Baglung Galkot Nagarpalika 0.35 
22 Baglung Jaimuni Nagarpalika 0.35 
23 Baglung Kanthekhola Gaunpalika 0.35 
24 Baglung Nisikhola Gaunpalika 0.35 
25 Baglung Taman Khola Gaunpalika 0.3 
26 Baglung Tara Khola Gaunpalika 0.35 
27 Baitadi Dasharathchanda Nagarpalika 0.35 
28 Baitadi Dilasaini Gaunpalika 0.35 
29 Baitadi Dogadakedar Gaunpalika 0.35 
30 Baitadi Melauli Nagarpalika 0.35
31 Baitadi Pancheshwar Gaunpalika 0.35 
32 Baitadi Patan Nagarpalika 0.35 
33 Baitadi Purchaudi Nagarpalika 0.35 
34 Baitadi Shivanath Gaunpalika 0.35 
35 Baitadi Sigas Gaunpalika 0.35 
36 Baitadi Surnaya Gaunpalika 0.35 
37 Bajhang Bithadchir Gaunpalika 0.35 
38 Bajhang Bungal Nagarpalika 0.35 
39 Bajhang Chabispathivera Gaunpalika 0.35 
40 Bajhang Durgathali Gaunpalika 0.35 
41 Bajhang JayaPrithivi Nagarpalika 0.35 
42 Bajhang Kanda Gaunpalika 0.3 
43 Bajhang Kedarseu Gaunpalika 0.35 
44 Bajhang Khaptadchhanna Gaunpalika 0.35 
45 Bajhang Masta Gaunpalika 0.35 
46 Bajhang Surma Gaunpalika 0.35 
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47 Bajhang Talkot Gaunpalika 0.3 
48 Bajhang Thalara Gaunpalika 0.35 
49 Bajura Badimalika Nagarpalika 0.35 
50 Bajura Budhiganga Nagarpalika 0.35 
51 Bajura Budhinanda Nagarpalika 0.3 
52 Bajura Chhededaha Gaunpalika 0.35 
53 Bajura Gaumul Gaunpalika 0.35 
54 Bajura Himali Gaunpalika 0.3 
55 Bajura Pandav Gupha Gaunpalika 0.35 
56 Bajura Swami Kartik Gaunpalika 0.3 
57 Bajura Tribeni Nagarpalika 0.35 
58 Banke Baijanath Gaunpalika 0.4 
59 Banke Duduwa Gaunpalika 0.4 
60 Banke Janki Gaunpalika 0.4 
61 Banke Khajura Gaunpalika 0.35 
62 Banke Kohalpur Nagarpalika 0.4 
63 Banke Narainapur Gaunpalika 0.4 
64 Banke Nepalgunj Upamahanagarpalika 0.4 
65 Banke Rapti Sonari Gaunpalika 0.4 
66 Bara Adarshkotwal Gaunpalika 0.35 
67 Bara Baragadhi Gaunpalika 0.35 
68 Bara Bishrampur Gaunpalika 0.35 
69 Bara Devtal Gaunpalika 0.35 
70 Bara Jitpur Simara Upamahanagarpalika 0.35 
71 Bara Kalaiya Upamahanagarpalika 0.35 
72 Bara Karaiyamai Gaunpalika 0.35 
73 Bara Kolhabi Nagarpalika 0.35 
74 Bara Mahagadhimai Nagarpalika 0.35 
75 Bara Nijgadh Nagarpalika 0.35 
76 Bara Pacharauta Nagarpalika 0.3 
77 Bara Parwanipur Gaunpalika 0.35 
78 Bara Pheta Gaunpalika 0.35 
79 Bara Prasauni Gaunpalika 0.35 
80 Bara Simraungadh Nagarpalika 0.3 
81 Bara Suwarna Gaunpalika 0.35 
82 Bardiya Badhaiyatal Gaunpalika 0.35 
83 Bardiya Bansagadhi Nagarpalika 0.4 
84 Bardiya Barbardiya Nagarpalika 0.35 
85 Bardiya Geruwa Gaunpalika 0.35 
86 Bardiya Gulariya Nagarpalika 0.4 
87 Bardiya Madhuwan Nagarpalika 0.35 
88 Bardiya Rajapur Nagarpalika 0.35 
89 Bardiya Thakurbaba Nagarpalika 0.35 
90 Bhaktapur Bhaktapur Nagarpalika 0.35 
91 Bhaktapur Changunarayan Nagarpalika 0.35 
92 Bhaktapur Madhyapur Thimi Nagarpalika 0.35 
93 Bhaktapur Suryabinayak Nagarpalika 0.35 
94 Bhojpur Aamchowk Gaunpalika 0.4 
95 Bhojpur Arun Gaunpalika 0.35 
96 Bhojpur Bhojpur Nagarpalika 0.35 
97 Bhojpur Hatuwagadhi Gaunpalika 0.4 
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98 Bhojpur Pauwadungma Gaunpalika 0.35 
99 Bhojpur Ramprasad Rai Gaunpalika 0.35 

100 Bhojpur Salpasilichho Gaunpalika 0.35 
101 Bhojpur Shadananda Nagarpalika 0.35 
102 Bhojpur Tyamkemaiyung Gaunpalika 0.35 
103 Chitawan Bharatpur Mahanagarpalika 0.4 
104 Chitawan Ichchhyakamana Gaunpalika 0.35 
105 Chitawan Kalika Nagarpalika 0.35 
106 Chitawan Khairahani Nagarpalika 0.4 
107 Chitawan Madi Nagarpalika 0.4 
108 Chitawan Rapti Nagarpalika 0.35 
109 Chitawan Ratnanagar Nagarpalika 0.4 
110 Dadeldhura Ajaymeru Gaunpalika 0.35 
111 Dadeldhura Alital Gaunpalika 0.35 
112 Dadeldhura Amargadhi Nagarpalika 0.35 
113 Dadeldhura Bhageshwar Gaunpalika 0.35 
114 Dadeldhura Ganayapdhura Gaunpalika 0.35 
115 Dadeldhura Nawadurga Gaunpalika 0.35 
116 Dadeldhura Parashuram Nagarpalika 0.35 
117 Dailekh Aathabis Nagarpalika 0.35 
118 Dailekh Bhagawatimai Gaunpalika 0.35 
119 Dailekh Bhairabi Gaunpalika 0.35 
120 Dailekh Chamunda Bindrasaini Nagarpalika 0.35 
121 Dailekh Dullu Nagarpalika 0.35 
122 Dailekh Dungeshwor Gaunpalika 0.35 
123 Dailekh Gurans Gaunpalika 0.35 
124 Dailekh Mahabu Gaunpalika 0.35 
125 Dailekh Narayan Nagarpalika 0.35 
126 Dailekh Naumule Gaunpalika 0.35 
127 Dailekh Thantikandh Gaunpalika 0.35 
128 Dang Babai Gaunpalika 0.4 
129 Dang Banglachuli Gaunpalika 0.4 
130 Dang Dangisharan Gaunpalika 0.4 
131 Dang Gadhawa Gaunpalika 0.4 
132 Dang Ghorahi Upamahanagarpalika 0.4 
133 Dang Lamahi Nagarpalika 0.4 
134 Dang Rajpur Gaunpalika 0.4 
135 Dang Rapti Gaunpalika 0.4 
136 Dang Shantinagar Gaunpalika 0.4 
137 Dang Tulsipur Upamahanagarpalika 0.4 
138 Darchula Apihimal Gaunpalika 0.3 
139 Darchula Byas Gaunpalika 0.3 
140 Darchula Dunhu Gaunpalika 0.3 
141 Darchula Lekam Gaunpalika 0.35 
142 Darchula Mahakali Nagarpalika 0.35 
143 Darchula Malikaarjun Gaunpalika 0.35 
144 Darchula Marma Gaunpalika 0.35 
145 Darchula Naugad Gaunpalika 0.35 
146 Darchula Shailyashikhar Nagarpalika 0.35 
147 Dhading Benighat Rorang Gaunpalika 0.35 
148 Dhading Dhunibesi Nagarpalika 0.35 
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149 Dhading Gajuri Gaunpalika 0.35 
150 Dhading Galchi Gaunpalika 0.35 
151 Dhading Gangajamuna Gaunpalika 0.3 
152 Dhading Jwalamukhi Gaunpalika 0.35 
153 Dhading Khaniyabash Gaunpalika 0.3 
154 Dhading Netrawati Dabjong Gaunpalika 0.35 
155 Dhading Nilakantha Nagarpalika 0.35 
156 Dhading Rubi Valley Gaunpalika 0.3 
157 Dhading Siddhalek Gaunpalika 0.35 
158 Dhading Thakre Gaunpalika 0.35 
159 Dhading Tripura Sundari Gaunpalika 0.35 
160 Dhankuta Chaubise Gaunpalika 0.35 
161 Dhankuta Chhathar Jorpati Gaunpalika 0.35 
162 Dhankuta Dhankuta Nagarpalika 0.4 
163 Dhankuta Mahalaxmi Nagarpalika 0.35 
164 Dhankuta Pakhribas Nagarpalika 0.35 
165 Dhankuta Sangurigadhi Gaunpalika 0.4 
166 Dhankuta Shahidbhumi Gaunpalika 0.4 
167 Dhanusha Aaurahi Gaunpalika 0.35 
168 Dhanusha Bateshwor Gaunpalika 0.35 
169 Dhanusha Bideha Nagarpalika 0.35 
170 Dhanusha Chhireshwornath Nagarpalika 0.35 
171 Dhanusha Dhanauji Gaunpalika 0.35 
172 Dhanusha Dhanusadham Nagarpalika 0.35 
173 Dhanusha Ganeshman Charnath Nagarpalika 0.35 
174 Dhanusha Hansapur Nagarpalika 0.35 
175 Dhanusha Janaknandani Gaunpalika 0.35 
176 Dhanusha Janakpur Upamahanagarpalika 0.35 
177 Dhanusha Kamala Nagarpalika 0.35 
178 Dhanusha Lakshminiya Gaunpalika 0.35 
179 Dhanusha Mithila Bihari Nagarpalika 0.35 
180 Dhanusha Mithila Nagarpalika 0.35 
181 Dhanusha Mukhiyapatti Musarmiya Gaunpalika 0.3 
182 Dhanusha Nagarain Nagarpalika 0.3 
183 Dhanusha Sabaila Nagarpalika 0.35 
184 Dhanusha Sahidnagar Nagarpalika 0.35 
185 Dolakha Baiteshwor Gaunpalika 0.3 
186 Dolakha Bhimeshwor Nagarpalika 0.3 
187 Dolakha Bigu Gaunpalika 0.3 
188 Dolakha Gaurishankar Gaunpalika 0.3 
189 Dolakha Jiri Nagarpalika 0.3 
190 Dolakha Kalinchok Gaunpalika 0.3 
191 Dolakha Melung Gaunpalika 0.35 
192 Dolakha Sailung Gaunpalika 0.35 
193 Dolakha Tamakoshi Gaunpalika 0.35 
194 Dolpa Chharka Tangsong Gaunpalika 0.3 
195 Dolpa Dolpo Buddha Gaunpalika 0.25 
196 Dolpa Jagadulla Gaunpalika 0.3 
197 Dolpa Kaike Gaunpalika 0.3 
198 Dolpa Mudkechula Gaunpalika 0.3 
199 Dolpa Shey Phoksundo Gaunpalika 0.25 
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200 Dolpa Thuli Bheri Nagarpalika 0.3 
201 Dolpa Tripurasundari Nagarpalika 0.3 
202 Doti Adharsha Gaunpalika 0.35 
203 Doti Badikedar Gaunpalika 0.35 
204 Doti Bogtan Gaunpalika 0.35 
205 Doti Dipayal Silgadi Nagarpalika 0.35 
206 Doti Jorayal Gaunpalika 0.35 
207 Doti K I Singh Gaunpalika 0.35 
208 Doti Purbichauki Gaunpalika 0.35 
209 Doti Sayal Gaunpalika 0.35 
210 Doti Shikhar Nagarpalika 0.35 
211 Gorkha Aarughat Gaunpalika 0.3 
212 Gorkha Ajirkot Gaunpalika 0.3 
213 Gorkha Bhimsen Gaunpalika 0.35 
214 Gorkha Chum Nubri Gaunpalika 0.3 
215 Gorkha Dharche Gaunpalika 0.3 
216 Gorkha Gandaki Gaunpalika 0.35 
217 Gorkha Gorkha Nagarpalika 0.35 
218 Gorkha Palungtar Nagarpalika 0.35 
219 Gorkha Sahid Lakhan Gaunpalika 0.35 
220 Gorkha Siranchok Gaunpalika 0.3 
221 Gorkha Sulikot Gaunpalika 0.3 
222 Gulmi Chandrakot Gaunpalika 0.35 
223 Gulmi Chatrakot Gaunpalika 0.35 
224 Gulmi Dhurkot Gaunpalika 0.35 
225 Gulmi Gulmidarbar Gaunpalika 0.35 
226 Gulmi Isma Gaunpalika 0.35 
227 Gulmi Kaligandaki Gaunpalika 0.35 
228 Gulmi Madane Gaunpalika 0.35 
229 Gulmi Malika Gaunpalika 0.35 
230 Gulmi Musikot Nagarpalika 0.35 
231 Gulmi Resunga Nagarpalika 0.35 
232 Gulmi Ruru Gaunpalika 0.35 
233 Gulmi Satyawati Gaunpalika 0.35 
234 Humla Adanchuli Gaunpalika 0.3 
235 Humla Chankheli Gaunpalika 0.3 
236 Humla Kharpunath Gaunpalika 0.3 
237 Humla Namkha Gaunpalika 0.3 
238 Humla Sarkegad Gaunpalika 0.3 
239 Humla Simkot Gaunpalika 0.3 
240 Humla Tanjakot Gaunpalika 0.3 
241 Illam Chulachuli Gaunpalika 0.35 
242 Illam Deumai Nagarpalika 0.4 
243 Illam Fakphokthum Gaunpalika 0.35 
244 Illam Illam Nagarpalika 0.4 
245 Illam Mai Nagarpalika 0.35 
246 Illam Maijogmai Gaunpalika 0.4 
247 Illam Mangsebung Gaunpalika 0.4 
248 Illam Rong Gaunpalika 0.35 
249 Illam Sandakpur Gaunpalika 0.35 
250 Illam Suryodaya Nagarpalika 0.35 
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251 Jajarkot Barekot Gaunpalika 0.3 
252 Jajarkot Bheri Nagarpalika 0.35 
253 Jajarkot Chhedagad Nagarpalika 0.35 
254 Jajarkot Junichande Gaunpalika 0.35 
255 Jajarkot Kuse Gaunpalika 0.35 
256 Jajarkot Shiwalaya Gaunpalika 0.35 
257 Jajarkot Tribeni Nalagad Nagarpalika 0.3 
258 Jhapa Arjundhara Nagarpalika 0.35 
259 Jhapa Barhadashi Gaunpalika 0.35 
260 Jhapa Bhadrapur Nagarpalika 0.35 
261 Jhapa Birtamod Nagarpalika 0.35 
262 Jhapa Buddhashanti Gaunpalika 0.35 
263 Jhapa Damak Nagarpalika 0.35 
264 Jhapa Gauradhaha Nagarpalika 0.35 
265 Jhapa Gauriganj Gaunpalika 0.3 
266 Jhapa Haldibari Gaunpalika 0.35 
267 Jhapa Jhapa Gaunpalika 0.3 
268 Jhapa Kachankawal Gaunpalika 0.3 
269 Jhapa Kamal Gaunpalika 0.35 
270 Jhapa Kankai Nagarpalika 0.35 
271 Jhapa Mechinagar Nagarpalika 0.35 
272 Jhapa Shivasataxi Nagarpalika 0.35 
273 Jumla Chandannath Nagarpalika 0.3 
274 Jumla Guthichaur Gaunpalika 0.3 
275 Jumla Hima Gaunpalika 0.3 
276 Jumla Kanakasundari Gaunpalika 0.3 
277 Jumla Patrasi Gaunpalika 0.3 
278 Jumla Sinja Gaunpalika 0.3 
279 Jumla Tatopani Gaunpalika 0.3 
280 Jumla Tila Gaunpalika 0.35 
281 Kabhrepalanchok Banepa Nagarpalika 0.35 
282 Kabhrepalanchok Bethanchowk Gaunpalika 0.35 
283 Kabhrepalanchok Bhumlu Gaunpalika 0.35 
284 Kabhrepalanchok Chaurideurali Gaunpalika 0.35 
285 Kabhrepalanchok Dhulikhel Nagarpalika 0.35 
286 Kabhrepalanchok Khanikhola Gaunpalika 0.35 
287 Kabhrepalanchok Mahabharat Gaunpalika 0.35 
288 Kabhrepalanchok Mandandeupur Nagarpalika 0.35 
289 Kabhrepalanchok Namobuddha Nagarpalika 0.35 
290 Kabhrepalanchok Panauti Nagarpalika 0.35 
291 Kabhrepalanchok Panchkhal Nagarpalika 0.35 
292 Kabhrepalanchok Roshi Gaunpalika 0.35 
293 Kabhrepalanchok Temal Gaunpalika 0.35 
294 Kailali Bardagoriya Gaunpalika 0.35 
295 Kailali Bhajani Nagarpalika 0.35 
296 Kailali Chure Gaunpalika 0.35 
297 Kailali Dhangadhi Upamahanagarpalika 0.4 
298 Kailali Gauriganga Nagarpalika 0.35 
299 Kailali Ghodaghodi Nagarpalika 0.35 
300 Kailali Godawari Nagarpalika 0.35 
301 Kailali Janaki Gaunpalika 0.35 
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302 Kailali Joshipur Gaunpalika 0.35 
303 Kailali Kailari Gaunpalika 0.3 
304 Kailali Lamkichuha Nagarpalika 0.35 
305 Kailali Mohanyal Gaunpalika 0.35 
306 Kailali Tikapur Nagarpalika 0.35 
307 Kalikot Kalika Gaunpalika 0.35 
308 Kalikot Khandachakra Nagarpalika 0.35 
309 Kalikot Mahawai Gaunpalika 0.35 
310 Kalikot Naraharinath Gaunpalika 0.35 
311 Kalikot Pachaljharana Gaunpalika 0.35 
312 Kalikot Palata Gaunpalika 0.35 
313 Kalikot Raskot Nagarpalika 0.35 
314 Kalikot Sanni Tribeni Gaunpalika 0.35 
315 Kalikot Tilagufa Nagarpalika 0.35 
316 Kanchanpur Bedkot Nagarpalika 0.35 
317 Kanchanpur Belauri Nagarpalika 0.3 
318 Kanchanpur Beldandi Gaunpalika 0.35 
319 Kanchanpur Bhimdatta Nagarpalika 0.35 
320 Kanchanpur Krishnapur Nagarpalika 0.35 
321 Kanchanpur Laljhadi Gaunpalika 0.3 
322 Kanchanpur Mahakali Nagarpalika 0.35 
323 Kanchanpur Punarbas Nagarpalika 0.3 
324 Kanchanpur Shuklaphanta Nagarpalika 0.35 
325 Kapilbastu Banganga Nagarpalika 0.35 
326 Kapilbastu Bijayanagar Gaunpalika 0.4 
327 Kapilbastu Buddhabhumi Nagarpalika 0.4 
328 Kapilbastu Kapilbastu Nagarpalika 0.35 
329 Kapilbastu Krishnanagar Nagarpalika 0.35 
330 Kapilbastu Maharajgunj Nagarpalika 0.35 
331 Kapilbastu Mayadevi Gaunpalika 0.35 
332 Kapilbastu Shivaraj Nagarpalika 0.4 
333 Kapilbastu Suddhodhan Gaunpalika 0.35 
334 Kapilbastu Yashodhara Gaunpalika 0.35 
335 Kaski Annapurna Gaunpalika 0.3 
336 Kaski Machhapuchchhre Gaunpalika 0.3 
337 Kaski Madi Gaunpalika 0.3 
338 Kaski Pokhara Lekhnath Mahanagarpalika 0.35 
339 Kaski Rupa Gaunpalika 0.35 
340 Kathmandu Budhanilakantha Nagarpalika 0.35 
341 Kathmandu Chandragiri Nagarpalika 0.35 
342 Kathmandu Dakshinkali Nagarpalika 0.35 
343 Kathmandu Gokarneshwor Nagarpalika 0.35 
344 Kathmandu Kageshwori Manahora Nagarpalika 0.35 
345 Kathmandu Kathmandu Mahanagarpalika 0.35 
346 Kathmandu Kirtipur Nagarpalika 0.35 
347 Kathmandu Nagarjun Nagarpalika 0.35 
348 Kathmandu Shankharapur Nagarpalika 0.35 
349 Kathmandu Tarakeshwor Nagarpalika 0.35 
350 Kathmandu Tokha Nagarpalika 0.35 
351 Khotang Ainselukhark Gaunpalika 0.35 
352 Khotang Barahapokhari Gaunpalika 0.4 
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353 Khotang Diprung Gaunpalika 0.35 
354 Khotang Halesi Tuwachung Nagarpalika 0.35 
355 Khotang Jantedhunga Gaunpalika 0.4 
356 Khotang Kepilasagadhi Gaunpalika 0.35 
357 Khotang Khotehang Gaunpalika 0.4 
358 Khotang Rawa Besi Gaunpalika 0.35 
359 Khotang Rupakot Majhuwagadhi Nagarpalika 0.35 
360 Khotang Sakela Gaunpalika 0.35 
361 Lalitpur Bagmati Gaunpalika 0.35 
362 Lalitpur Godawari Nagarpalika 0.35 
363 Lalitpur Konjyosom Gaunpalika 0.35 
364 Lalitpur Lalitpur Mahanagarpalika 0.35 
365 Lalitpur Mahalaxmi Nagarpalika 0.35 
366 Lalitpur Mahankal Gaunpalika 0.35 
367 Lamjung Besishahar Nagarpalika 0.3 
368 Lamjung Dordi Gaunpalika 0.3 
369 Lamjung Dudhpokhari Gaunpalika 0.3 
370 Lamjung Kwholasothar Gaunpalika 0.3 
371 Lamjung MadhyaNepal Nagarpalika 0.3 
372 Lamjung Marsyangdi Gaunpalika 0.3 
373 Lamjung Rainas Nagarpalika 0.3 
374 Lamjung Sundarbazar Nagarpalika 0.3 
375 Mahottari Aurahi Nagarpalika 0.35 
376 Mahottari Balwa Nagarpalika 0.35 
377 Mahottari Bardibas Nagarpalika 0.35 
378 Mahottari Bhangaha Nagarpalika 0.35 
379 Mahottari Ekdanra Gaunpalika 0.3 
380 Mahottari Gaushala Nagarpalika 0.35 
381 Mahottari Jaleswor Nagarpalika 0.3 
382 Mahottari Loharpatti Nagarpalika 0.35 
383 Mahottari Mahottari Gaunpalika 0.3 
384 Mahottari Manra Siswa Nagarpalika 0.3 
385 Mahottari Matihani Nagarpalika 0.3 
386 Mahottari Pipra Gaunpalika 0.35 
387 Mahottari Ramgopalpur Nagarpalika 0.35 
388 Mahottari Samsi Gaunpalika 0.35 
389 Mahottari Sonama Gaunpalika 0.35 
390 Makwanpur Bagmati Gaunpalika 0.35 
391 Makwanpur Bakaiya Gaunpalika 0.35 
392 Makwanpur Bhimphedi Gaunpalika 0.35 
393 Makwanpur Hetauda Upamahanagarpalika 0.4 
394 Makwanpur Indrasarowar Gaunpalika 0.35 
395 Makwanpur Kailash Gaunpalika 0.35 
396 Makwanpur Makawanpurgadhi Gaunpalika 0.35 
397 Makwanpur Manahari Gaunpalika 0.35 
398 Makwanpur Raksirang Gaunpalika 0.35 
399 Makwanpur Thaha Nagarpalika 0.35 
400 Manang Chame Gaunpalika 0.3 
401 Manang Narphu Gaunpalika 0.3 
402 Manang Nashong Gaunpalika 0.3 
403 Manang Neshyang Gaunpalika 0.3 
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404 Morang Belbari Nagarpalika 0.35 
405 Morang Biratnagar Mahanagarpalika 0.35 
406 Morang Budhiganga Gaunpalika 0.35 
407 Morang Dhanpalthan Gaunpalika 0.3 
408 Morang Gramthan Gaunpalika 0.35 
409 Morang Jahada Gaunpalika 0.3 
410 Morang Kanepokhari Gaunpalika 0.35 
411 Morang Katahari Gaunpalika 0.35 
412 Morang Kerabari Gaunpalika 0.35 
413 Morang Letang Nagarpalika 0.35 
414 Morang Miklajung Gaunpalika 0.35 
415 Morang Patahrishanishchare Nagarpalika 0.35 
416 Morang Rangeli Nagarpalika 0.3 
417 Morang Ratuwamai Nagarpalika 0.3 
418 Morang Sundarharaicha Nagarpalika 0.35 
419 Morang Sunwarshi Nagarpalika 0.3 
420 Morang Uralabari Nagarpalika 0.35 
421 Mugu Chhayanath Rara Nagarpalika 0.3 
422 Mugu Khatyad Gaunpalika 0.3 
423 Mugu Mugum Karmarong Gaunpalika 0.3 
424 Mugu Soru Gaunpalika 0.3 
425 Mustang Barhagaun Muktikhsetra Gaunpalika 0.3 
426 Mustang Dalome Gaunpalika 0.3 
427 Mustang Gharapjhong Gaunpalika 0.3 
428 Mustang Lomanthang Gaunpalika 0.3 
429 Mustang Thasang Gaunpalika 0.3 
430 Myagdi Annapurna Gaunpalika 0.3 
431 Myagdi Beni Nagarpalika 0.3 
432 Myagdi Dhaulagiri Gaunpalika 0.3 
433 Myagdi Malika Gaunpalika 0.3 
434 Myagdi Mangala Gaunpalika 0.3 
435 Myagdi Raghuganga Gaunpalika 0.3 
436 Nawalparasi_E Binayee Tribeni Gaunpalika 0.35 
437 Nawalparasi_E Bulingtar Gaunpalika 0.35 
438 Nawalparasi_E Bungdikali Gaunpalika 0.35 
439 Nawalparasi_E Devchuli Nagarpalika 0.35 
440 Nawalparasi_E Gaidakot Nagarpalika 0.35 
441 Nawalparasi_E Hupsekot Gaunpalika 0.35 
442 Nawalparasi_E Kawasoti Nagarpalika 0.4 
443 Nawalparasi_E Madhyabindu Nagarpalika 0.4 
444 Nawalparasi_W Bardaghat Nagarpalika 0.35 
445 Nawalparasi_W Palhi Nandan Gaunpalika 0.35 
446 Nawalparasi_W Pratappur Gaunpalika 0.35 
447 Nawalparasi_W Ramgram Nagarpalika 0.4 
448 Nawalparasi_W Sarawal Gaunpalika 0.35 
449 Nawalparasi_W Sunwal Nagarpalika 0.35 
450 Nawalparasi_W TribeniSusta Gaunpalika 0.35 
451 Nuwakot Belkotgadhi Nagarpalika 0.35 
452 Nuwakot Bidur Nagarpalika 0.35 
453 Nuwakot Dupcheshwar Gaunpalika 0.35 
454 Nuwakot Kakani Gaunpalika 0.35 
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455 Nuwakot Kispang Gaunpalika 0.3 
456 Nuwakot Likhu Gaunpalika 0.35 
457 Nuwakot Meghang Gaunpalika 0.35 
458 Nuwakot Panchakanya Gaunpalika 0.35 
459 Nuwakot Shivapuri Gaunpalika 0.35 
460 Nuwakot Suryagadhi Gaunpalika 0.35 
461 Nuwakot Tadi Gaunpalika 0.35 
462 Nuwakot Tarkeshwar Gaunpalika 0.35 
463 Okhaldhunga Champadevi Gaunpalika 0.35 
464 Okhaldhunga Chisankhugadhi Gaunpalika 0.35 
465 Okhaldhunga Khijidemba Gaunpalika 0.35 
466 Okhaldhunga Likhu Gaunpalika 0.35 
467 Okhaldhunga Manebhanjyang Gaunpalika 0.35 
468 Okhaldhunga Molung Gaunpalika 0.35 
469 Okhaldhunga Siddhicharan Nagarpalika 0.35 
470 Okhaldhunga Sunkoshi Gaunpalika 0.35 
471 Palpa Bagnaskali Gaunpalika 0.35 
472 Palpa Mathagadhi Gaunpalika 0.35 
473 Palpa Nisdi Gaunpalika 0.35 
474 Palpa Purbakhola Gaunpalika 0.35 
475 Palpa Rainadevi Chhahara Gaunpalika 0.35 
476 Palpa Rambha Gaunpalika 0.35 
477 Palpa Rampur Nagarpalika 0.35 
478 Palpa Ribdikot Gaunpalika 0.35 
479 Palpa Tansen Nagarpalika 0.35 
480 Palpa Tinau Gaunpalika 0.35 
481 Panchthar Falelung Gaunpalika 0.35 
482 Panchthar Falgunanda Gaunpalika 0.35 
483 Panchthar Hilihang Gaunpalika 0.35 
484 Panchthar Kummayak Gaunpalika 0.35 
485 Panchthar Miklajung Gaunpalika 0.35 
486 Panchthar Phidim Nagarpalika 0.35 
487 Panchthar Tumbewa Gaunpalika 0.35 
488 Panchthar Yangwarak Gaunpalika 0.35 
489 Parbat Bihadi Gaunpalika 0.35 
490 Parbat Jaljala Gaunpalika 0.3 
491 Parbat Kushma Nagarpalika 0.35 
492 Parbat Mahashila Gaunpalika 0.35 
493 Parbat Modi Gaunpalika 0.3 
494 Parbat Painyu Gaunpalika 0.35 
495 Parbat Phalebas Nagarpalika 0.35 
496 Parsa Bahudaramai Nagarpalika 0.35 
497 Parsa Bindabasini Gaunpalika 0.35 
498 Parsa Birgunj Mahanagarpalika 0.35 
499 Parsa Chhipaharmai Gaunpalika 0.35 
500 Parsa Dhobini Gaunpalika 0.35 
501 Parsa Jagarnathpur Gaunpalika 0.35 
502 Parsa Jirabhawani Gaunpalika 0.35 
503 Parsa Kalikamai Gaunpalika 0.35 
504 Parsa Pakahamainpur Gaunpalika 0.35 
505 Parsa Parsagadhi Nagarpalika 0.35 
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506 Parsa Paterwasugauli Gaunpalika 0.35 
507 Parsa Pokhariya Nagarpalika 0.35 
508 Parsa SakhuwaPrasauni Gaunpalika 0.35 
509 Parsa Thori Gaunpalika 0.4 
510 Pyuthan Ayirabati Gaunpalika 0.35 
511 Pyuthan Gaumukhi Gaunpalika 0.35 
512 Pyuthan Jhimruk Gaunpalika 0.35 
513 Pyuthan Mallarani Gaunpalika 0.35 
514 Pyuthan Mandavi Gaunpalika 0.35 
515 Pyuthan Naubahini Gaunpalika 0.35 
516 Pyuthan Pyuthan Nagarpalika 0.35 
517 Pyuthan Sarumarani Gaunpalika 0.35 
518 Pyuthan Sworgadwary Nagarpalika 0.35 
519 Ramechhap Doramba Gaunpalika 0.35 
520 Ramechhap Gokulganga Gaunpalika 0.35 
521 Ramechhap Khadadevi Gaunpalika 0.35 
522 Ramechhap Likhu Tamakoshi Gaunpalika 0.35 
523 Ramechhap Manthali Nagarpalika 0.35 
524 Ramechhap Ramechhap Nagarpalika 0.35 
525 Ramechhap Sunapati Gaunpalika 0.35 
526 Ramechhap Umakunda Gaunpalika 0.3 
527 Rasuwa Gosaikunda Gaunpalika 0.3 
528 Rasuwa Kalika Gaunpalika 0.3 
529 Rasuwa Naukunda Gaunpalika 0.3 
530 Rasuwa Parbati Kunda Gaunpalika 0.3 
531 Rasuwa Uttargaya Gaunpalika 0.3 
532 Rautahat Baudhimai Nagarpalika 0.3 
533 Rautahat Brindaban Nagarpalika 0.35 
534 Rautahat Chandrapur Nagarpalika 0.35 
535 Rautahat Dewahhi Gonahi Nagarpalika 0.35 
536 Rautahat Durga Bhagwati Gaunpalika 0.3 
537 Rautahat Gadhimai Nagarpalika 0.35 
538 Rautahat Garuda Nagarpalika 0.35 
539 Rautahat Gaur Nagarpalika 0.3 
540 Rautahat Gujara Nagarpalika 0.35 
541 Rautahat Ishanath Nagarpalika 0.3 
542 Rautahat Katahariya Nagarpalika 0.35 
543 Rautahat Madhav Narayan Nagarpalika 0.3 
544 Rautahat Maulapur Nagarpalika 0.35 
545 Rautahat Paroha Nagarpalika 0.3 
546 Rautahat Phatuwa Bijayapur Nagarpalika 0.35 
547 Rautahat Rajdevi Nagarpalika 0.3 
548 Rautahat Rajpur Nagarpalika 0.3 
549 Rautahat Yemunamai Gaunpalika 0.3 
550 Rolpa Duikholi Gaunpalika 0.35 
551 Rolpa Lungri Gaunpalika 0.35 
552 Rolpa Madi Gaunpalika 0.35 
553 Rolpa Rolpa Nagarpalika 0.35 
554 Rolpa Runtigadi Gaunpalika 0.35 
555 Rolpa Sukidaha Gaunpalika 0.35 
556 Rolpa Sunchhahari Gaunpalika 0.35 



111 

SN District Local Units PGA 
557 Rolpa Suwarnabati Gaunpalika 0.35 
558 Rolpa Thawang Gaunpalika 0.35 
559 Rolpa Tribeni Gaunpalika 0.35 
560 Rukum_E Bhume Gaunpalika 0.3 
561 Rukum_E Putha Uttarganga Gaunpalika 0.3 
562 Rukum_E Sisne Gaunpalika 0.3 
563 Rukum_W Aathbiskot Nagarpalika 0.3 
564 Rukum_W Banfikot Gaunpalika 0.3 
565 Rukum_W Chaurjahari Nagarpalika 0.35 
566 Rukum_W Musikot Nagarpalika 0.35 
567 Rukum_W Sani Bheri Gaunpalika 0.35 
568 Rukum_W Tribeni Gaunpalika 0.35 
569 Rupandehi Butwal Upamahanagarpalika 0.35 
570 Rupandehi Devdaha Nagarpalika 0.35 
571 Rupandehi Gaidahawa Gaunpalika 0.35 
572 Rupandehi Kanchan Gaunpalika 0.35 
573 Rupandehi Kotahimai Gaunpalika 0.35 
574 Rupandehi Lumbini Sanskritik Nagarpalika 0.35 
575 Rupandehi Marchawari Gaunpalika 0.35 
576 Rupandehi Mayadevi Gaunpalika 0.35 
577 Rupandehi Omsatiya Gaunpalika 0.35 
578 Rupandehi Rohini Gaunpalika 0.35 
579 Rupandehi Sainamaina Nagarpalika 0.35 
580 Rupandehi Sammarimai Gaunpalika 0.35 
581 Rupandehi Siddharthanagar Nagarpalika 0.35 
582 Rupandehi Siyari Gaunpalika 0.35 
583 Rupandehi Sudhdhodhan Gaunpalika 0.35 
584 Rupandehi Tillotama Nagarpalika 0.35 
585 Salyan Bagchaur Nagarpalika 0.35 
586 Salyan Bangad Kupinde Nagarpalika 0.35 
587 Salyan Chhatreshwori Gaunpalika 0.35 
588 Salyan Darma Gaunpalika 0.35 
589 Salyan Dhorchaur Gaunpalika 0.35 
590 Salyan Kalimati Gaunpalika 0.4 
591 Salyan Kapurkot Gaunpalika 0.35 
592 Salyan Kumakhmalika Gaunpalika 0.35 
593 Salyan Sharada Nagarpalika 0.35 
594 Salyan Tribeni Gaunpalika 0.35 
595 Sankhuwasabha Bhotkhola Gaunpalika 0.3 
596 Sankhuwasabha Chainpur Nagarpalika 0.35 
597 Sankhuwasabha Chichila Gaunpalika 0.3 
598 Sankhuwasabha Dharmadevi Nagarpalika 0.35 
599 Sankhuwasabha Khandbari Nagarpalika 0.35 
600 Sankhuwasabha Madi Nagarpalika 0.35 
601 Sankhuwasabha Makalu Gaunpalika 0.3 
602 Sankhuwasabha Panchakhapan Nagarpalika 0.35 
603 Sankhuwasabha Sabhapokhari Gaunpalika 0.3 
604 Sankhuwasabha Silichong Gaunpalika 0.3 
605 Saptari Agnisair Krishna Savaran Gaunpalika 0.35 
606 Saptari Balan Bihul Gaunpalika 0.35 
607 Saptari Belhi Chapena Gaunpalika 0.35 
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608 Saptari Bishnupur Gaunpalika 0.35 
609 Saptari Bode Barsain Nagarpalika 0.35 
610 Saptari Chhinnamasta Gaunpalika 0.35 
611 Saptari Dakneshwori Nagarpalika 0.35 
612 Saptari Hanumannagar Kankalini Nagarpalika 0.35 
613 Saptari Kanchanrup Nagarpalika 0.35 
614 Saptari Khadak Nagarpalika 0.4 
615 Saptari Mahadeva Gaunpalika 0.35 
616 Saptari Rajbiraj Nagarpalika 0.35 
617 Saptari Rupani Gaunpalika 0.35 
618 Saptari Saptakoshi Nagarpalika 0.4 
619 Saptari Shambhunath Nagarpalika 0.35 
620 Saptari Surunga Nagarpalika 0.4 
621 Saptari Tilathi Koiladi Gaunpalika 0.35 
622 Saptari Tirahut Gaunpalika 0.35 
623 Sarlahi Bagmati Nagarpalika 0.35 
624 Sarlahi Balara Nagarpalika 0.3 
625 Sarlahi Barahathawa Nagarpalika 0.35 
626 Sarlahi Basbariya Gaunpalika 0.35 
627 Sarlahi Bishnu Gaunpalika 0.3 
628 Sarlahi Bramhapuri Gaunpalika 0.35 
629 Sarlahi Chakraghatta Gaunpalika 0.35 
630 Sarlahi Chandranagar Gaunpalika 0.35 
631 Sarlahi Dhankaul Gaunpalika 0.35 
632 Sarlahi Godaita Nagarpalika 0.3 
633 Sarlahi Haripur Nagarpalika 0.35 
634 Sarlahi Haripurwa Nagarpalika 0.35 
635 Sarlahi Hariwan Nagarpalika 0.35 
636 Sarlahi Ishworpur Nagarpalika 0.35 
637 Sarlahi Kabilasi Nagarpalika 0.35 
638 Sarlahi Kaudena Gaunpalika 0.35 
639 Sarlahi Lalbandi Nagarpalika 0.35 
640 Sarlahi Malangawa Nagarpalika 0.35 
641 Sarlahi Parsa Gaunpalika 0.35 
642 Sarlahi Ramnagar Gaunpalika 0.3 
643 Sindhuli Dudhouli Nagarpalika 0.35 
644 Sindhuli Ghanglekh Gaunpalika 0.35 
645 Sindhuli Golanjor Gaunpalika 0.35 
646 Sindhuli Hariharpurgadhi Gaunpalika 0.35 
647 Sindhuli Kamalamai Nagarpalika 0.4 
648 Sindhuli Marin Gaunpalika 0.35 
649 Sindhuli Phikkal Gaunpalika 0.35 
650 Sindhuli Sunkoshi Gaunpalika 0.35 
651 Sindhuli Tinpatan Gaunpalika 0.35 
652 Sindhupalchowk Balefi Gaunpalika 0.35 
653 Sindhupalchowk Barhabise Nagarpalika 0.3 
654 Sindhupalchowk Bhotekoshi Gaunpalika 0.3 
655 Sindhupalchowk Chautara SangachokGadhi Nagarpalika 0.35 
656 Sindhupalchowk Helambu Gaunpalika 0.3 
657 Sindhupalchowk Indrawati Gaunpalika 0.35 
658 Sindhupalchowk Jugal Gaunpalika 0.3 
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659 Sindhupalchowk Lisangkhu Pakhar Gaunpalika 0.35 
660 Sindhupalchowk Melamchi Nagarpalika 0.35 
661 Sindhupalchowk Panchpokhari Thangpal Gaunpalika 0.3 
662 Sindhupalchowk Sunkoshi Gaunpalika 0.35 
663 Sindhupalchowk Tripurasundari Gaunpalika 0.3 
664 Siraha Arnama Gaunpalika 0.35 
665 Siraha Aurahi Gaunpalika 0.35 
666 Siraha Bariyarpatti Gaunpalika 0.35 
667 Siraha Bhagawanpur Gaunpalika 0.35 
668 Siraha Bishnupur Gaunpalika 0.35 
669 Siraha Dhangadhimai Nagarpalika 0.4 
670 Siraha Golbazar Nagarpalika 0.4 
671 Siraha Kalyanpur Nagarpalika 0.35 
672 Siraha Karjanha Nagarpalika 0.35 
673 Siraha Lahan Nagarpalika 0.4 
674 Siraha Laxmipur Patari Gaunpalika 0.35 
675 Siraha Mirchaiya Nagarpalika 0.35 
676 Siraha Naraha Gaunpalika 0.35 
677 Siraha Nawarajpur Gaunpalika 0.35 
678 Siraha Sakhuwanankarkatti Gaunpalika 0.35 
679 Siraha Siraha Nagarpalika 0.35 
680 Siraha Sukhipur Nagarpalika 0.35 
681 Solukhumbu Dudhkoshi Gaunpalika 0.3 
682 Solukhumbu Khumbupasanglahmu Gaunpalika 0.3 
683 Solukhumbu Likhupike Gaunpalika 0.3 
684 Solukhumbu Mahakulung Gaunpalika 0.3 
685 Solukhumbu Nechasalyan Gaunpalika 0.35 
686 Solukhumbu Solududhakunda Nagarpalika 0.3 
687 Solukhumbu Sotang Gaunpalika 0.3 
688 Solukhumbu Thulung Dudhkoshi Gaunpalika 0.35 
689 Sunsari Barah Nagarpalika 0.4 
690 Sunsari Barju Gaunpalika 0.35 
691 Sunsari Bhokraha Narsingh Gaunpalika 0.35 
692 Sunsari Dewanganj Gaunpalika 0.35 
693 Sunsari Dharan Upamahanagarpalika 0.4 
694 Sunsari Duhabi Nagarpalika 0.35 
695 Sunsari Gadhi Gaunpalika 0.35 
696 Sunsari Harinagar Gaunpalika 0.35 
697 Sunsari Inaruwa Nagarpalika 0.35 
698 Sunsari Itahari Upamahanagarpalika 0.35 
699 Sunsari Koshi Gaunpalika 0.35 
700 Sunsari Ramdhuni Nagarpalika 0.35 
701 Surkhet Barahtal Gaunpalika 0.35 
702 Surkhet Bheriganga Nagarpalika 0.4 
703 Surkhet Birendranagar Nagarpalika 0.4 
704 Surkhet Chaukune Gaunpalika 0.35 
705 Surkhet Chingad Gaunpalika 0.35 
706 Surkhet Gurbhakot Nagarpalika 0.4 
707 Surkhet Lekbeshi Nagarpalika 0.4 
708 Surkhet Panchpuri Nagarpalika 0.35 
709 Surkhet Simta Gaunpalika 0.35 
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710 Syangja Aandhikhola Gaunpalika 0.35 
711 Syangja Arjunchaupari Gaunpalika 0.35 
712 Syangja Bhirkot Nagarpalika 0.35 
713 Syangja Biruwa Gaunpalika 0.35 
714 Syangja Chapakot Nagarpalika 0.35 
715 Syangja Galyang Nagarpalika 0.35 
716 Syangja Harinas Gaunpalika 0.35 
717 Syangja Kaligandagi Gaunpalika 0.35 
718 Syangja Phedikhola Gaunpalika 0.35 
719 Syangja Putalibazar Nagarpalika 0.35 
720 Syangja Waling Nagarpalika 0.35 
721 Tanahu Anbukhaireni Gaunpalika 0.35 
722 Tanahu Bandipur Gaunpalika 0.35 
723 Tanahu Bhanu Nagarpalika 0.35 
724 Tanahu Bhimad Nagarpalika 0.35 
725 Tanahu Byas Nagarpalika 0.35 
726 Tanahu Devghat Gaunpalika 0.35 
727 Tanahu Ghiring Gaunpalika 0.35 
728 Tanahu Myagde Gaunpalika 0.35 
729 Tanahu Rhishing Gaunpalika 0.35 
730 Tanahu Shuklagandaki Nagarpalika 0.35 
731 Taplejung Aathrai Tribeni Gaunpalika 0.35 
732 Taplejung Maiwakhola Gaunpalika 0.35 
733 Taplejung Meringden Gaunpalika 0.3 
734 Taplejung Mikwakhola Gaunpalika 0.3 
735 Taplejung Pathibhara Yangwarak Gaunpalika 0.35 
736 Taplejung Phaktanglung Gaunpalika 0.25 
737 Taplejung Phungling Nagarpalika 0.3 
738 Taplejung Sidingba Gaunpalika 0.3 
739 Taplejung Sirijangha Gaunpalika 0.3 
740 Tehrathum Aathrai Gaunpalika 0.35 
741 Tehrathum Chhathar Gaunpalika 0.35 
742 Tehrathum Laligurans Nagarpalika 0.35 
743 Tehrathum Menchayam Gaunpalika 0.35 
744 Tehrathum Myanglung Nagarpalika 0.35 
745 Tehrathum Phedap Gaunpalika 0.35 
746 Udayapur Belaka Nagarpalika 0.4 
747 Udayapur Chaudandigadhi Nagarpalika 0.4 
748 Udayapur Katari Nagarpalika 0.4 
749 Udayapur Rautamai Gaunpalika 0.4 
750 Udayapur Sunkoshi Gaunpalika 0.35 
751 Udayapur Tapli Gaunpalika 0.35 
752 Udayapur Triyuga Nagarpalika 0.4 
753 Udayapur Udayapurgadhi Gaunpalika 0.4 




