
Seismic Analysis & Design of Buildings using IBC-2021 (BCP-2021) & ASCE 7-16  

Department of Structural Engineering

CE – 842, Credits: 3 + 0, Semester: Spring 2022

Performance-based Seismic Design of Structures

National University of Sciences and Technology (NUST)

Fawad A. Najam, PE, PhD.

Assistant Professor (Structural Engineering)

Department of Structural Engineering

NUST Institute of Civil Engineering (NICE)

National University of Sciences and Technology (NUST)

H-12 Islamabad, Pakistan

Cell: 92-334-5192533, Email: fawad@nice.nust.edu.pk



2

Contents

• Seismic Analysis & Design of Buildings using IBC-2021 (BCP-2021) & ASCE 7-16

• Equivalent Lateral Force (ELF) Procedure

• Modal Response Spectrum Analysis Procedure

• Modal Response History Analysis Procedure



Seismic Hazard Assessment

Dr. Fawad A. Najam

Department of Structural Engineering

NUST Institute of Civil Engineering (NICE)

National University of Sciences and Technology (NUST)

H-12 Islamabad, Pakistan

Cell: 92-334-5192533, Email: fawad@nice.nust.edu.pk

Response Spectrum Analysis (RSA) Procedure (IBC-2021, BCP-2021, ASCE 7-16)
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The Standard RSA Procedure (ASCE 7-10, IBS 2012, EC 8)
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Determine the natural frequencies 𝜔𝑛 (natural periods 𝑇𝑛 = 2 𝜋/𝜔𝑛 ) and natural modes 𝜙𝑛 of vibration. 

Perform the Eigen-value Analysis or Ritz Analysis for this purpose.
Step 1

Step 2
Estimate the modal damping ratios 𝜉𝑛 for all significantly contributing vibration modes. Generally, a 5% 

damping is assumed for each mode. 

For the analysis of new buildings, construct the code-based design response spectrum using the seismic 

hazard parameters of the building site. Alternatively, a site-specific PSHA can also be performed to 

determine the design uniform hazard spectrum (UHS). If the analysis is to be performed for a past recorded 

earthquake, construct its response spectrum.  

Step 3

Response Spectrum Analysis (RSA) Procedure (IBC-2021, BCP-2021, ASCE 7-16)

Application:

Structure: N-story building with plan symmetric about two orthogonal axes

Seismic Loading: Earthquake ground motion along an axis of symmetry
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5 spans @ 8m each
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Design Response 

Spectrum Prescribed in 

ASCE 7-16
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Construction of Design Response Spectrum
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Example



Compute the peak response in the 𝑛𝑡ℎ mode by the following steps to be repeated for all modes, 𝑛 = 1 , 2 , . . . , 𝑁:

(a) Corresponding to natural period 𝑇𝑛 and damping ratio 𝜉𝑛 , read 𝐷𝑛 and 𝐴𝑛, the deformation and pseudo-

acceleration, from the earthquake response spectrum or the design spectrum.

(b) Compute the floor displacements (𝑢𝑗𝑛) and story drifts (Δ𝑗𝑛) at any 𝑗𝑡ℎ floor from the following equation.

𝑢𝑗𝑛 = Γ𝑛𝜙𝑗𝑛𝐷𝑛

Δ𝑗𝑛 = Γ𝑛 𝜙𝑗𝑛 − 𝜙𝑗−1, 𝑛 𝐷𝑛

(c) Compute the equivalent static lateral forces 𝒇𝒏 from the following equation.

𝒇𝒏 = 𝒔𝒏𝐴𝑛

𝑓𝑗𝑛 = Γ𝑛𝑚𝑗𝜙𝑗𝑛𝐴𝑛

(d) Compute the story forces—shear and overturning moment—and element forces—bending moments and 

shears—by static analysis of the structure subjected to lateral forces 𝒇𝒏 .

Step 4
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Equivalent Static Lateral Forces 𝒇𝒏 - An Example



Determine an estimate for the peak value 𝑟𝑜 of any response quantity by combining the peak modal values 𝑟𝑛𝑜

according to the SRSS rule as follows, if the natural frequencies are well separated.

𝑟𝑜 ≅ ෍

𝑛=1

𝑁

𝑟𝑛𝑜
2

The CQC rule (shown below) should be used if the natural frequencies are closely spaced.

𝑟𝑜 ≅ ෍

𝑖=1

𝑁

෍

𝑛=1

𝑁

𝜌𝑖𝑛 𝑟𝑖𝑜 𝑟𝑛𝑜

Usually, only the lower modes contribute significantly to the response. Therefore, steps 1 to 5 need to be implemented 

for only these modes and the modal combinations truncated accordingly.

Step 5

𝑟𝑖𝑜 and 𝑟𝑛𝑜 = Peak responses in 𝑖𝑡ℎ & 𝑛𝑡ℎ modes 

𝜌𝑖𝑛 = Correlation coefficient for 𝑖𝑡ℎ & 𝑛𝑡ℎ modes; 

𝜌𝑖𝑛 varies between 0 and 1, and 𝜌𝑖𝑛 = 1 for 𝑖 = 𝑛.
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Example: A Five-story 

Uniform Shear Building



Step 1

𝛤𝑛 =
𝝓𝑛
𝑡𝑴𝟏

𝝓𝑛
𝑡𝑴𝝓𝑛

𝛤𝑛



Step 2

Step 3

The damping ratios are estimated 

as 𝜉𝑛 = 5%.

The building needs to be analysed 

under the El Centro ground motion. 

The Response Spectra of El 

Centro ground motion is shown.



Step 4 (a)



Step 4 (b) and (c)



For each mode, the peak value of any story force or element force is computed by static analysis of the 

structure subjected to the equivalent static lateral forces 𝒇𝒏 . 

For example, the peak values for the base shear 𝑉𝑏, top-story shear 𝑉5, and base overturning moment 𝑀𝑏

are shown below. The earlier data for roof displacement 𝑢5 are also included.

Step 4 (d)



Step 5
The peak value 𝑟𝑜 of the total response 𝑟(𝑡) can be estimated by combining the peak modal responses 

according to the ABSSUM, SRSS, or CQC rules.

For example, for base shear, using SRSS rule will provide the following combined peak value.

𝑉𝑏 ≅ ෍

𝑛=1

5

𝑉𝑏𝑛
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Linear Time History Analysis (LTHA) Procedure (IBC-2021, BCP-2021, ASCE 7-16)



Step 2
Select of a set of suitable ground motions from any database containing past ground motion records. 

Perform the signal processing of acceleration histories to check ground motion parameters.

Step 4
Modify (using scaling or spectral matching) the finally selected ground motions using the code-spectrum as 

the target spectrum.

Step 1
Develop a criteria for ground motion selection [seismicity level, faulting mechanism, site class, source-to-

site distance, etc.]

Step 3
For the analysis of new buildings, construct the code-based design response spectrum using the seismic 

hazard parameters of the building site. Alternatively, a site-specific PSHA can also be performed to 

determine the design uniform hazard spectrum (UHS). 

Development of Ground Acceleration Time Histories



Step 5
Select the analysis solution method

Option 1: Mode-superposition (Modal RHA)

Option 2: Step-by-step Direct Integration  

Step 6
Compute the time histories of all responses

Option 1: The time histories of all responses are determined for each mode and then summed in time 

domain (for each instant) to determine the combined time histories. Each mode is represented 

mathematically by a single-degree-of-freedom system which can be solved against the given ground 

motion to determine time history responses of that mode. 

Option 2: The combined time histories of all responses are determined directly by step-by-step solving the 

governing equations of motion using direct integration (without using the concept of mode shapes or 

natural time periods). 

Dynamic (Time History, or Response History) Analysis
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Thank you for your attention




