
Chapter 36: Site Specific Response Spectrum

Introduction
In earthquake engineering, the response spectrum is a fundamental tool used to 
estimate the maximum response (such as displacement, velocity, or acceleration) 
of structures subjected to seismic ground motions. While standard design 
spectra (e.g., IS 1893 provisions) provide general guidelines for a wide range of 
sites, they may not adequately capture the actual seismic behavior at a specific 
site due to local geology, soil conditions, and proximity to fault zones.

This is where the concept of a site-specific response spectrum becomes crucial. It 
allows engineers to customize the seismic design input based on the unique 
characteristics of a particular location, leading to more reliable and economic 
structural designs.

36.1 Importance of Site-Specific Response Spectrum
 Provides more accurate representation of ground motion characteristics at 

a particular site.

 Essential for critical structures like nuclear power plants, dams, tall 
buildings, and bridges.

 Reduces conservatism or underestimation involved in using generic 
response spectra.

 Takes into account:

o Local soil profiles and stiffness.
o Depth of bedrock.
o Seismic source-to-site distance.
o Amplification effects due to soil layers.



36.2 Steps in Developing Site-Specific Response Spectrum
36.2.1 Selection of Target Design Earthquake

 Identify seismic sources (active faults, historical earthquake records).

 Define magnitude, rupture mechanism, and distance from the site.

 Consider deterministic or probabilistic seismic hazard analysis:

o Deterministic Seismic Hazard Analysis (DSHA): Uses maximum credible 
earthquake.

o Probabilistic Seismic Hazard Analysis (PSHA): Considers likelihood of 
various earthquakes over a given time frame.

36.2.2 Ground Motion Selection
 Choose representative ground motion records from databases such as PEER 

NGA, USGS, or other national agencies.

 Criteria for selection:

o Similar magnitude and source-to-site distance.
o Similar fault mechanism (strike-slip, normal, reverse).
o Site classification (rock, stiff soil, soft soil).

36.2.3 Baseline Correction and Filtering
 Ground motion records are baseline-corrected to remove drift and trend 

errors.
 Bandpass filtering is applied to remove unrealistic low- and high-frequency 

noise components.

36.3 Site Characterization
36.3.1 Geotechnical Investigation

 Borehole drilling and sampling.
 Standard Penetration Test (SPT), Cone Penetration Test (CPT), shear wave 

velocity profiles.

36.3.2 Soil Classification
 As per IS 1893:2016 or NEHRP provisions:



o Site Class A: Hard rock
o Site Class B: Rock
o Site Class C: Very dense soil and soft rock
o Site Class D: Stiff soil
o Site Class E: Soft soil

36.3.3 Dynamic Soil Properties
 Shear modulus (G), damping ratio (ξ), Poisson's ratio, unit weight.
 Variation with depth and strain level.

36.4 Ground Response Analysis
This process determines how input motion (at bedrock level) transforms as it 
passes through soil layers to reach the surface.

36.4.1 One-Dimensional Site Response Analysis
 Assumes horizontal soil layering.
 Input motion applied at bedrock base.
 Common software tools: SHAKE2000, DEEPSOIL, STRATA.
 Output: surface-level acceleration time history.

36.4.2 Equivalent Linear vs. Nonlinear Analysis
 Equivalent Linear Analysis:

o Uses strain-compatible modulus and damping values.
o Iterative procedure.

 Nonlinear Analysis:

o Captures strain-dependent hysteretic behavior.
o Requires advanced soil models and computational tools.

36.5 Generation of Site Specific Response Spectrum
36.5.1 Compute Response Spectra

 For each acceleration time history obtained from surface ground motion.
 Typically plotted for 5% damping (standard), but spectra for 2%, 10%, etc., 

may also be required.



36.5.2 Scaling and Averaging
 Each response spectrum is scaled (e.g., to match PGA, Sa at T=1s, or spectral 

shape).
 Average spectrum is computed across all records.

36.5.3 Smoothening of Spectrum
 Apply statistical smoothening or envelope to remove irregularities.
 Ensure the spectrum is representative and practical for design purposes.

36.6 Comparison with Code-Based Spectra
 Overlay generated spectrum with IS 1893 design spectrum for the 

corresponding zone.

 Observe differences in spectral ordinates across different periods.

 Site-specific spectra often reveal:

o Amplified response at low/medium periods for soft soils.
o Reduced demand at certain periods compared to code spectra.

 Design modifications based on these comparisons.

36.7 Factors Influencing Site Response Spectrum
Factor Effect
Soil Type Soft soils amplify low-frequency 

waves.
Depth to Bedrock Greater depth leads to increased 

amplification.
Shear Wave Velocity Controls stiffness and damping.
Water Table Level Affects effective stress and 

liquefaction potential.
Topography Ridges and valleys can amplify or 

attenuate waves.



36.8 Applications in Earthquake Engineering
 Design of base-isolated and tuned mass damped structures.
 Input for time-history analysis of critical structures.
 Assessment of retrofitting needs in existing infrastructure.
 Liquefaction potential studies and seismic slope stability.
 Ground motion selection and scaling for nonlinear time history analysis.

36.9 Case Study Approach (Optional)
For practical implementation, engineers may consider:

 A site in Zone IV (high seismic zone).
 Soft soil profile with 30m depth.
 Conduct site-specific response analysis using DEEPSOIL with 5 real ground 

motion records.
 Final spectrum compared to IS 1893 spectrum for the zone.
 Use results for performance-based design.

36.10 Software and Tools Commonly Used
Software Use
SHAKE2000 Equivalent linear site response 

analysis
DEEPSOIL Linear and nonlinear ground 

response
STRATA 1D wave propagation and site 

effects
OpenSees Advanced finite element 

nonlinear modeling
Matlab/Python Custom spectrum processing 

and plotting



36.11 Selection and Scaling of Ground Motions
Proper selection and scaling of ground motions is vital to ensure compatibility with 
the target design spectrum, particularly for dynamic analysis or nonlinear time-
history analysis of structures.

36.11.1 Selection Criteria
 Earthquakes with similar:

o Magnitude range
o Source mechanism (strike-slip, thrust, etc.)
o Site-to-source distance
o Site conditions (rock, soil)

36.11.2 Scaling Methods
 Amplitude Scaling: Scale ground motion to match Peak Ground 

Acceleration (PGA).
 Spectral Matching: Scale to match a target response spectrum over a 

specified period range.
 Duration Matching: Scale to match the duration of strong shaking to local 

site hazard.

36.11.3 Code Requirements
 IS 1893, ASCE 7, and Eurocode specify the number of motions, scaling 

criteria, and acceptable deviation from the target response spectrum.

36.12 Development of Uniform Hazard Spectrum (UHS)
36.12.1 Concept

 A UHS represents spectral accelerations corresponding to a fixed 
exceedance probability across all periods.

 Derived from Probabilistic Seismic Hazard Analysis (PSHA).

36.12.2 Use
 Preferred input for performance-based seismic design.
 Represents consistent hazard level for all modes of vibration.



36.13 Conditional Mean Spectrum (CMS)
36.13.1 Introduction

 Alternative to UHS, CMS provides more realistic response spectra.
 Conditioned on occurrence of a specific spectral acceleration at a period of 

interest (typically the fundamental period of the structure).

36.13.2 Application
 Nonlinear time history analysis where response at specific period 

dominates.
 Reduces over-conservatism seen in UHS for longer period structures.

36.14 Vertical Ground Motion Spectra
36.14.1 Importance

 Vertical motions are critical for:

o Base-isolated structures
o Long-span bridges
o Nuclear facilities

 Usually less than horizontal spectra but can’t be ignored.

36.14.2 Vertical-to-Horizontal (V/H) Ratio
 Used to scale vertical spectrum from horizontal.
 Typical V/H ratio ranges from 0.3 to 0.7, depending on site and magnitude.

36.15 Code Provisions and Guidelines
36.15.1 IS 1893:2016

 Basic response spectra for different soil types and damping levels.
 General guidelines for dynamic analysis.

36.15.2 International Codes
 ASCE 7 (USA): Specifies site-specific spectrum generation.
 Eurocode 8: Offers site classification, spectrum shapes.
 IBC (International Building Code): Includes site-specific procedures for 

special structures.



36.16 Limitations and Challenges in Practice
Challenge Description
Data Availability Lack of real ground motions 

from nearby seismic sources.
Uncertainty in Soil Parameters Variability in geotechnical data 

affects accuracy.
Simplification Assumptions 1D models may not represent 

2D/3D site effects.
Software Dependency Accuracy depends on correct use 

and calibration.
Time and Cost Detailed analysis is resource-

intensive and not always 
feasible.

36.17 Future Trends in Site Specific Response Spectra
 Machine Learning Models: Predict spectra using AI based on soil and 

seismic parameters.
 3D Site Response Analysis: Incorporate topography and basin effects.
 Real-Time Ground Motion Simulation: For early warning systems and 

dynamic adjustment of structural responses.
 Cloud-Based Seismic Hazard Platforms: Integrate GIS, geotechnical data, 

and hazard databases.
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