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The advances in science and technology alongside the
economic growth cause increase in society demand in the
field of safety. In order to achieve the desired level of safety
that is compatible with the societal and economic capacity,
first, it is necessary to know the actual level of vulnerability
and then the consequences of the possible proposed options
should be evaluated quantitatively. In Standard No. 2800,
which is the Iranian code for seismic resistance design of
buildings, a uniform-hazard approach neglecting buildings’
vulnerability and one point of hazard curve (475 years) is
adopted in order to determine the seismic design intensity.
Therefore, the reliability of buildings designed with this
method remains unknown. Here, seismic design intensity
is determined based on the uniform-risk approach. To this
end, life safety performance at the maximum considered
earthquake (MCE) level of demand is considered as the
minimum acceptable performance. Since the collapse of
buildings is the main cause of fatalities and serious injuries,
two acceptance criteria are placed on the probability of
buildings collapse in order to achieve an acceptable level of
performance. Buildings collapse risk is determined through
the risk integral, which is the covolution of earthquake
hazard and building fragility curves. Tehran and Karaj cities
are chosen for the calculation of earthquake hazard curves.
Earthquake hazard is estimated in terms of peak ground
acceleration (PGA) and then converted to the pseudo-
spectral acceleration, which is needed in constructing
buildings’ collapse fragility curve, through the B factor
provided in Standard No. 2800. In order to expedite the
possible future seismic risk studies in the selected region,
PGA hazard curves are approximated by cubic polynomials
and their coefficients distribution maps are provided. The
generic fragility curve concept is adopted in this study for
constructing the buildings’ fragility curves. Then the risk-
adjusted design basis earthquake (PGA, ) is computed by
optimizing the risk integral based on the selected acceptance
criteria and its distribution maps are provided for Tehran and
Karaj in Figures (1 and 2), respectively.

The effects of uncertainty in the buildings’ fragility curve
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are also evaluated and found that changes in its value have
little effects on design values for buildings, Figure (3). The
results of PGA_ .. show that the prescribed 0.35¢g for entire
areas of Tehran and Karaj (PGA, ) neither provides a
uniform collapse risk nor stands on the safe side. Therefore,
it is recommended that the design earthquake intensity of
Standard No. 2800 to be replaced with PGA_ .. calculated.
Besides, by examining the effects of importance factors
prescribed in Standard No. 2800 for buildings with high
and very high importance, it was found that those values
also need to be increased from 1.2 and 1.4 to 1.3 and 1.6,
respectively, Figure (4).

Before adopting PGA, .. values as design earthquake
intensity, it is necessary to ensure their adequacy in
providing the intended performance goals considered in
seismic design codes. For this purpose, the collapse margin
ratio (CMR) and repairability of buildings at the MCE and
design earthquake levels of demand need to be evaluated. To
this end, 96 index archetypes of buildings with regular steel
intermediate moment frame (IMF) by considering four design
parameters, namely number of stories (2, 3, 6, 9, 12, and
15), span lengths (4.0 and 8.0 m), occupancies (residential
and commercial), and design earthquake’s intensity (0.15,
0.25, 0.35, and 0.45g) are designed. Static nonlinear analysis
is used to evaluate the CMR at the MCE level of demand.
CMR resulting values show that the PGA, . may lead to
buildings with CMR lower than 1.5, Figure (5). Therefore,
it is necessary to set a lower limit on the PGA_ . values
such that the CMR of 1.5 is guaranteed. This value is found
to be 0.35g for Tehran and Karaj. According to this value,
PGA,,; Vvalues are modified and a design earthquake
intensity map that can be used to update the PGA2800 is
provided, Figure (6).

In order to assess the reparability of buildings design with
and evaluated at the PGA_ .. proposed here, residual drift
ratio (Ad) is selected as a performance indicator. Then, based
on the results obtained from the nonlinear analysis of index
archetypes, the relationship between design parameters and
seismic demand with Ad is derived and used to calculate the
residual drift ratio in Tehran and Karaj. All the calculated
Ads at the PGA, .. level of demand are lower than 0.5%,
which confirms that the considered buildings are repairable
at this seismic demand level. In order to show the adequacy
of IMFs use in regions with high and very high seismicity,
ductility demand of index archetypes at the PGA, . level
of seismic demand is evaluated. Ductility demands are

calculated through the relationship derived here between
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this performance indicator and selected design parameters.
The resulting values are within the allowable range required
by the Iranian National Building Code (INBC) part 10. It
reveals that the IMFs are relevant to be used in regions with
high and very high seismicity. Results show that as the design
earthquakes intensity increases, the CMR also increases.
Meanwhile, an increase in design earthquake intensity
increases the weight of the buildings. This matter can render
the safety enhancement as an unaffordable option. In order to
assess the economic consequences of changes in PGA_ .,
the building’s normalized structural weight (WN) is selected
as a basic economic index, then a relationship that relates the
WN to the level of seismic demand for which the designed
building is provided. This equation is derived based on the
statistical analysis of the results obtained from the designed
index archetypes. In order to estimate damage state and its
distribution at the desired level of seismic demand, imposed
drift ratio (Ad) is selected as a performance indicator and
then a relationship between design parameters and seismic
demand level with Ad is derived. This equation is derived
based on the static nonlinear analysis’s results obtained
from provided building design spaces in this study. The
relationships provided in this study together provide a useful
and easy-to-use tool in shortening the performance-based
design procedure and helps the decision-makers to decide
on the proposed changes in PGA leading to a safe and
affordable choice.
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Keywords: Design base earthquake, Uniform-risk, Collapse
margin ratio, Residual drift ratio, Ductility demand,
Intermediate steel moment frame, Risk-targeted PGA
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Figure 1: Risk-adjusted design basis earthquake (PGA_,.) for Tehran
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Figure 2: Risk-adjusted design basis earthquake (PGA_,.) for Karaj
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Figure 3: The effects of different uncertainty of fragility curve on design

base earthquake
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Figure 5: CMR versus a rage of PGA
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