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Use of Probabilistic Ground Motions in Earthquake-resistant 

Design of Buildings
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Probabilistic Seismic Hazard Analysis

Seismic Hazard Map of Pakistan

10% PE in 50 Years (475 Years Return Period) 2% PE in 50 Years (2475 Years Return Period)
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Use of Probabilistic Ground Motions in Earthquake-resistant Design of Buildings

• The expected performance of buildings in modern earthquake-resistant design codes are:

1) Resist a minor level of earthquake ground shaking (SE) without damage

SE = Serviceability earthquake—50% probability of exceedance in 30 years (43-year return period)

2) Resist the design level of earthquake ground shaking (DBE) with damage (which may 

or may not be economically repaired) but without causing extensive loss of life.

DBE = Design basis earthquake—10% probability of exceedance in 50 years (475-year return 

period)

3) Resist the strongest earthquake shaking expected at the site (MCE) without collapse, 

but potentially with extreme damage.

MCE = Maximum considered earthquake—2% probability of exceedance in 50 years (2475-year 

return period)
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Seismic Design Criteria of Major Dam Projects

• According to ICOLD (International Commission of Large Dams) Bulletin 72 (1989), large dams 

have to be able to withstand the effects of the Maximum Credible Earthquake Shaking Level 

(MCE). 

• This MCE is the strongest earthquake shaking level that could occur in the region of a dam, 

and is considered to have a return period of several thousand years (typically 10,000 

years in regions of low to moderate seismicity).

MCE = Maximum considered earthquake—0.5% probability of exceedance in 50 years (about 

10,000-year return period)
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• Traditionally Peak Ground Acceleration (PGA) has been used to quantify ground motion in PSHA. PGA 

is a good index to hazard for low-rise buildings, up to about 7 stories. 

• PGV, peak ground velocity, is a good index to hazard to taller buildings. However, it is not clear how to 

relate velocity to force in order to design a taller building.

• Today the preferred parameter is Response Spectral Acceleration (SA).

• While PGA (peak acceleration) is what is experienced by a particle on the ground, SA is approximately 

what is experienced by a building, as modeled by a particle mass on a massless vertical rod having the 

same natural period of vibration as the building.

Probabilistic Ground Motion Parameters: PGA, PGV, SA

SA = The maximum acceleration experienced by a damped, single-degree-of-freedom oscillator (a crude 

representation of building response).

Max. Earthquake Force in the Building  =  Building Mass x  SA
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Response Spectrum Parameters: SA, SD, SV



SD

SV

SA
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If we look at the displacement response, we can identify the maximum 

displacement. If we take the derivative (rate of change) of the displacement

response with respect to time, we can get the velocity response. The maximum 

velocity can likewise be determined. Similarly for response acceleration (rate of 

change of velocity) also called response spectral acceleration (SA).
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Past Earthquakes)
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Attenuation Model for SA
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Coefficients of an attenuation relationship
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𝑆𝑠 and 𝑆1 in Building Codes

𝑆𝑠 = Short-period Spectral Acceleration 

= SA (0.2 sec Time Period)

𝑆1 = Short-period Spectral Acceleration 

= SA (1.0 sec Time Period)
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Spectral Acceleration (SA) 

at 0.2 sec. map for 475 years 

RP (10% PE in 50 years)
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Spectral Acceleration (SA) at 

0.2 sec. map for 2475 years 

RP (2% PE in 50 years)
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Spectral Acceleration (SA) at 

1.0 sec. map for 475 years 

RP (10% PE in 50 years)
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Spectral Acceleration (SA) at 

1.0 sec. map for 2475 years 

RP (2% PE in 50 years)
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Deaggregation of Seismic Hazard
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• The hazard curve gives the combined effect of all the seismic sources, magnitudes and 

distances on the probability of exceeding a given ground motion level. 

• Since all of the sources, magnitudes, and distances are mixed together, it is difficult to get an 

intuitive understanding of what is controlling the hazard from the hazard curve by itself. 

• To provide insight into what events are the most important for the hazard at a given ground 

motion level, the hazard curve is broken down into its contributions from different 

earthquake scenarios. 

• This process is called ‘Deaggregation of Hazard’.

Deaggregation of Seismic Hazard
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Example of Contributions 

of Various Seismic 

Sources to the Total 

Seismic Hazard at the Site
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SA,

Example of Contributions 

of Various Seismic 

Sources to the Total 

Seismic Hazard at the Site
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Example of Contributions of Various Seismic Sources to the Total Seismic Hazard at the Site

Source: Zaman (2016)
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Probabilistic Seismic Hazard Deaggregation

70% Source 1 (M-R Pair)

20% Source 2 (M-R Pair)

10% Source 3 (M-R Pair)

M: Magnitude
R Distance

M-R-𝜺 Deaggregation



Geographic Deaggregation



Geographic Deaggregation



Deaggregation of Seismic Hazard at Islamabad (Pakistan)

Source: Zaman (2016)
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Mean and Modal values of 

M-R-𝜺 for 10% PE in 50-

years

Source: Zaman (2016)
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Mean and Modal values of 

M-R-𝜺 for 2% PE in 50-

years

Source: Zaman (2016)
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Contribution from 

individual seismic 

sources to Islamabad 

(10% PE in 50-years) 

Source: Zaman (2016)
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Contribution from 

individual seismic 

sources to Islamabad 

(10% PE in 50-years) 

Source: Zaman (2016)
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Thank you for your attention


