
Performance Based Seismic Design

Design for the achievement of specified results 
rather than adherence to prescribed means. 

Key elements of the implementation of PBSD:

definition of seismic design actions for multiple 
design levels 

formats that are closely related to the 
structural and non-structural damage, that the 
PBSD framework specifically aims to control



Performance Based Seismic Design

4 

makers. However, at a practical level, the process may be sig-
nificantly truncated in order to accomplish limited goals with 
the currently limited data and analytical tools. This synthesis 
attempts to summarize the current state of practice of bridge 
PBSD and to lay out a preliminary road map to a compre-
hensive process that may someday provide the rational and 
scientific tools the profession is currently seeking.

Figure 1 presents a visualization of the PBSD process, 
which is adapted to bridges from a figure that Moehle and 
Deierlein (2004) present in their description of a framework 
for performance-based earthquake engineering of buildings 
and that the authors credit to William T. Holmes of Ruther-
ford and Chekene. The figure illustrates a simple pushover 
curve (base shear versus displacement) for a bridge. The pri-
mary feature of the figure shown here is the juxtaposition of 
several elements:

Conceptual bridge damage states in the sketches above 
the curve
Performance levels (as further described in chapter six 
of this synthesis)
 – Fully Operational
 – Operational

The Federal Emergency Management Agency’s FEMA 
445 Next-Generation Performance-Based Seismic Design 
Guidelines: Program Plan for New and Existing Buildings 
(2006) describes the PBSD process as follows.

Performance-based seismic design explicitly evaluates 
how a building is likely to perform, given the potential 
hazard it is likely to experience, considering uncertainties 
inherent in the quantification of potential hazard and 
uncertainties in assessment of the actual building 
response. It permits design of new buildings or upgrade 
of existing buildings with a realistic understanding of the 
risk of casualties, occupancy interruption, and economic 
loss that may occur as a result of future earthquakes.

It also establishes a vocabulary that facilitates 
meaningful discussion between stakeholders and design 
professionals on the development and selection of design 
options. It provides a framework for determining what 
level of safety and what level of property protection, at 
what cost, are acceptable to building owners, tenants, 
lenders, insurers, regulators and other decision makers 
based upon the specific needs of a project.

PBSD, when implemented at the highest level, should be 
comprehensive in consideration of outcomes and uncertain-
ties from seismic loading and thus would be probabilistically 
based, providing holistic tools for designers and decision 

FIGURE 1 Visualization of PBSD (after Moehle and Deierlein 2004).
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PBD in Italy

Stati Limite Ultimi (SLU)

Stato limite di salvaguardia della vita (SLV)

Stato limite di prevenzione del collasso (SLC)

Stati Limite Esercizio (SLE)

Stato Limite di operatività (SLO)

Stato limite di danno (SLD)

https://it.wikipedia.org/wiki/Stato_limite

https://it.wikipedia.org/wiki/Stato_limite
https://it.wikipedia.org/wiki/Stato_limite


Italian building code (NTC08)

Seismic classification

http://www.protezionecivile.gov.it/jcms/it/classificazione.wp

Seismic hazard

http://zonesismiche.mi.ingv.it

http://esse1.mi.ingv.it

Seismic code (§ 2.*; 3.2; 7.*)

http://www.cslp.it/cslp/index.php

http://www.cslp.it/cslp/index.php?
option=com_content&task=view&id=66&Itemid=1

http://cslp.mit.gov.it/index.php?
option=com_content&task=view&id=79&Itemid=20
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Fragility function

A mathematical function that expresses the 
probability that some undesirable event occurs 
(typically that an asset reaches or exceeds some 
clearly defined limit state) as a function of some 
measure of environmental excitation (typically a 
measure of acceleration, deformation, or force in 
an earthquake).

Represents the cumulative distribution function of 
the capacity of an asset to resist an undesirable 
limit state 



Fragility and capacity

Capacity is measured in terms of the degree of 
environment excitation at which the asset 
exceeds the undesirable limit state. 

For example, a fragility function could express the 
uncertain level of shaking that a building can 
tolerate before it collapses. 

The chance that it collapses at a given level of 
shaking is the same as the probability that its 
strength is less than that level of shaking. 



Pushover curve



Pushover curve



Capacity spectrum
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Figure 1. Capacity spectrum method: (a) development of pushover curve, (b) conversion of
pushover curve to capacity diagram, (c) conversion of elastic response spectrum from
standard format to A-D format, and (d) determination of displacement demand.

Capacity spectrum method: 

(a) development of pushover curve

(b) conversion of pushover curve to 
capacity diagram

(c) conversion of elastic response 
spectrum from standard format to A-D 

format

(d) determination of displacement 
demand. 



Capacity Spectrum Method
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 PBSD procedures are generally limited to fundamental modes of vibration. For tall buildings, the 
participation of higher modes can be significant. Procedures for including higher mode effects have been 
presented that are based on the CSM concept (Paret et al., 1996; Sasaki et al., 1998). Other researchers are 
addressing this important issue. 
 Another resource for developing and verifying PBSD procedures is the use of building response 
records (Gilmartin et al., 1998). By carefully studying recorded building motion records, modal responses 
can be filtered out and pushover characteristics can be identified. 
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Fig. 6  Capacity spectrum method (CSM) 

CONCLUSIONS 

 Over the years, PBSD procedures have evolved significantly from their humble beginnings; however, 
there has been a push to develop increasingly complex, codified PBSE procedures. In the author’s 
opinion, by codifying PBSD, the very essence of PBSD, i.e. the focus on the attributes and behavior of an 
individual building, is destroyed. Engineers must be given sufficient latitude to arrive at the best estimate 
of a building’s capacity (Freeman et al., 2004). 
 PBSD can be a useful tool for design and to estimate the performance characteristics of buildings 
subjected to strong earthquake ground motion. There is no “magic bullet” single procedure. It takes a 
combination of analytical procedures, data evaluation, judgment, experience and peer review to get a 
credible approximation of how a building works in the inelastic range of lateral motion (Freeman and 
Paret, 2000).  
 The CSM stands up well when compared to other PBSD procedures and has the added advantage of 
giving the engineer the opportunity to visualize the relationship between demand and capacity. 
Differences between the various methodologies have more to do with unknowns in material behavior and 
quantification of energy dissipation than in the methods of analysis (Freeman, 1998b). 
 Research on PBSD procedures should be encouraged to close the gap between researchers and 
practicing structural engineers. There should be more interaction between the researchers and practicing 
structural engineers to resolve controversial issues and to form consensus. 



Damageability

Damageability is also measured in terms of the 
degree of the undesirable outcome, called loss, in 
terms of repair costs, life-safety impacts, and loss 
of functionality (dollars, deaths, and downtime), or 
in terms of environmental degradation, quality of 
life, historical value, and other measures. 

When loss is depicted as a function of 
environmental excitation, the function can be 
called a vulnerability function. 



Vulnerability

A seismic vulnerability function relates uncertain 
loss to a measure of seismic excitation, such as 
spectral acceleration response at some damping 
ratio and period. A seismic vulnerability function 
usually applies to a particular asset class. 

Vulnerability is not fragility.  Vulnerability measures 
loss, fragility measures probability. 

Vulnerability functions are referred to many ways: 
damage functions, loss functions, vulnerability 
curves, and probably others. 



Demand and Capacity



Cost

https://eos.org/project-updates/exploring-natural-hazard-policies-with-bike-helmets-and-bus-fares
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