AW

University Of Qom

Civil Infrastructure Researches

Online ISSN: 2783-140X
journal homepage: https://cer.qom.ac.ir/

Investigating Uncertainty in Seismic Design Maps Bsed on Hazard and

Fragility Curves

Alireza Zarrineghbal® "', Hamid Zafarani?

1. Corresponding author, Department of Civil Engitireg, Faculty of Technology and Engineering, Qomivigrsity of
Technology, Qom, Iran. E-maitarrineghbal@qut.ac.ir
2. International Institute of Earthquake Engineg@amd Seismology, IIEES, Tehran, Iran. E-miaikafarani@iiees.ac.ir

Article Info

Article type:
Research Article

Article history:
Received 01 Sep 2024
Revised 26 Dec 2024
Accepted 27 Dec 2024
Published 28 Dec 2024

Keywords:

Seismic Hazard,
Risk Based Design,
Uncertainty,
Design Map,
Seismic Loading.

ABSTRACT

All engineering measurements carry inherent uncertainthether
acknowledged or not. If we add a type of risk metsiovell as uncertainty
guantification in the procedure of establishing the seisdeésign load
applied to the structures, we will have a risk-inforngggproach for the
resulting design load referred to as the risk-baseidmic design hazard.
For example, ASCE/SEI 43-05 standard uses a risk-bappdbach to
prepare the seismic design spectra to be applied to tlekearupower
plants (NPPs). This approach necessitates the propagaf uncertainty
in ground motion model (i.e., the hazard curve), as aglprobabilistic
distribution of structural capacity levels (i.e., theadility curve). The
present research begins with the specifics of thi@ach, in particular
the whole shape of the earthquake hazard curve andtégration with
the structural fragility curve for estimating the seismésign load. The
aim is to identify for a probabilistic model that can estimahe
uncertainty of seismic design loads for a variety of eegling structures.
This paper presents the estimated uncertainties of seidesign loads
across the Iran map using the developed probabilistic enodhe
uncertainty, according to the study's assumptions, isaat 5% in terms
of the coefficient of variation, indicating a significaatiwe. The estimated
variability in seismic design loads in the Iran region raagrom 45% to
90%
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Introduction

All engineering measurements carry
inherent uncertainty, whether acknowledged or
not. If we add a type of risk metric as well as
uncertainty quantification in the procedure of
establishing the seismic design load applied to
the structures, we will have a risk-targeted
approach for the resulting design load referred
to as the risk-targeted seismic design hazard.
For example, ASCE/SEI 43-05 standard uses a
risk-targeted approach to prepare the seismic
design spectra to be applied to the nuclear
power plants. When the risk-targeted approach
was also used in ASCE 7- 10, seismic load
intensity changes ranged from a 30%
reduction in some areas to a 15% rise in
others. It is clear that such an amount of
change, when implemented across the whole
region, will have a significant impact on the
economics of the construction industry and
each structure.

Problem Statement

This approach necessitates the
propagation of uncertainty in ground motion
model (i.e., the hazard curve), as well as
probabilistic distribution of structural capacity
levels (i.e., the fragility curve). The present
research begins with the specifics of this
approach, in particular the whole shape of the
earthquake hazard curve and its integration
with the structural fragility curve for
estimating the seismic design load. The aim is
to identify for a probabilistic model that can
estimate the uncertainty of seismic design
loads for a variety of engineering structures.

In developing a risk-targeted seismic
hazard map, the risk of collapse at a
construction site must equal the target risk.
This study considers the target risk to be equal
to a 1% probability of collapse in 50 years.

Results

A region with many construction sites is
being studied. To ensure that each structure
meets a specific collapse risk, the design Peak
Ground Acceleration (PGA) is calculated for
every building site. This calculated PGA, used
to assess the risk target, is known as the risk-
targeted design hazard, represented asgPGA

The outcome of the study will be a uniform
risk map, rather than a uniform hazard map
(which displays identical return periods).
Therefore, the design return period will vary
for each building site. The calculation of
PGAR at each construction site involves a trial-
and-error approach because it is initially
unclear which fragility curve will yield a risk
integral equal to the target risk value of 1%
(denoted asy).

Conclusion

This paper presents the estimated
uncertainties of seismic design loads across
the Iran map using the developed probabilistic
model. The uncertainty, according to the
study's assumptions, is at least 45% in terms of
the coefficient of variation, indicating a
significant value. The estimated variability in
seismic design loads in the Iran region ranges
from 45% to 90% (Fig. 1).
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Fig. 1.Uncertainty map for risk-targeted seismic design
hazard in Iran

The variations in design return periods
are significant, ranging from 350 years to 900
years throughout Iran. The average design
return is 490 years, indicating a 5% increase
from the 475-year return period in the 2800
standard. Particularly at the seismic zone of
very high hazard, it is necessary to consider
larger return periods, potentially up to a 100%
increase. The uncertainty in the mapped design
hazard is finally presented. Figure 1, indicates
that the uncertainty in the seismic design load
in Iran, based on the available data, is at least
45%, which is substantial. It indicates the
possibility for a change in the employed
design PGA, ranging from 45% to 90%. This
degree of uncertainty greatly influences the



outcomes of design and construction.
Consequently, in light of the present condition
of Standard 2800 or other national rules, the
engineering community, stakeholders, and
pertinent officials must acknowledge this
issue.
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4- Uniform Hazard Map
5- Uniform Risk Map
8- Incremental Dynamic Analysis (IDA)
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17- Bisection Method
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20. Probability Density Function (PDF)
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2L Risk-targeted Ground Motion (RTGM)
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