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Review of Key Requirements
of the International Building Code
• Adopts the seismic provisions of ASCE/SEI 7-10,
published by ASCE and the Structural Engineering
Institute.
• International Building Code allows for “alternative
materials, design and methods of construction and
equipment…” provided that “…the proposed design is
satisfactory and complies with the intent of the
provisions of this code, and that the material, method or
work offered is, for the purpose intended, not less than
the equivalent of that prescribed in this code in quality,
strength, effectiveness, fire resistance, durability and
safety.” This is found in Section 104 of the IBC.

PBEE approaches for tall buildings

TBI 2.03 and LATBSDC 2018
• Both provide basis for acceptance of design of tall buildings to
provide comparable or better performance compared to the
performance from a code-based design.
• Both TBI and LATBSDC require analysis of performance for a Service
Level Earthquake (SLE) and Maximum Considered Earthquake
(MCE) ground motions. Both TBI and LATBSDC have adopted the
ASCE/SEI 7-16 provisions.
o SLE ground motions are defined by response spectrum for ground motions having
a 50% probability of being exceeded in 30 years (return period of 43 years) for
structural damping determined by building height (typically <2.5%).
o Probabilistic MCER ground motions are defined by a 5% damped acceleration
response spectrum having a 1% probability of collapse within a 50-year period.
The MCER spectrum is determined from the spectral acceleration response
spectrum having a 2% probability of being exceeded in 50 years (uniform hazard
spectrum or UHS) which is combined with an iterative integration with a collapse
fragility; ASCE 7-16 provides risk coefficients that are applied to the UHS to
develop the MCER spectrum. In addition, the MCER spectrum is to represent the
spectral response in the “direction of maximum horizontal response.”
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Additional ASCE 7-16 Requirements
• Response History Analyses are required to demonstrate the
design satisfies Section 104 of the IBC. A minimum of 11 time
history pairs of horizontal ground motion are needed.
• Two methods are allowed to do response history analyses
using earthquake ground motions:
o Match the seed time histories to the entire period range of
interest (Uniform Risk Spectrum)
o Match sets of time histories to two or more site-specific
target spectra (Conditional Mean Spectra or Scenario
Spectra).
o Time histories are to be amplitude scaled or spectrally
matched.

Additional ASCE 7-16 Requirements
Near-Fault effects must be considered
• Within 9.5 miles (15 km) of the surface projection of a known active
fault capable of producing moment magnitude 7 or greater events
• Within 6.25 miles (10 km) of the surface projection of a known active
fault capable of producing moment magnitude 6 or greater events
Requirements that each pair of horizontal ground motion components
be rotated to the Fault Normal (FN) and Fault Parallel (FP) direction of
the causative fault and applied to the structure in such orientation.
Most of the major metropolitan areas (e.g., Los Angeles, San Francisco,
Oakland, Orange County, San Diego, and Seattle) would be considered
to be “Near-Fault.”

Implications for a site in DTLA

Uniform Hazard Spectra
for Site in DTLA (RotD50)

Maximum Direction MCER Spectrum
Risk Factor assumed = 1

Matching/Scaling of Seed Time
Histories
For Near-Fault sites, ASCE 7-16 requires that the FN
Component of the earthquake time histories be matched or
scaled to the MCER spectrum (represented by the RotD100
spectrum on the previous slide).
To represent the FP Component, it is the accepted practice
that the FP Component should be matched or scaled to the
RotD50 spectrum.
There is inherent conservatism in both these actions.

SRSS response spectra (RotD50) for return
periods of 2475, 3000, 4000 and 5000 years

SRSS response spectra for DTLA site and
3500 year RotD50 UHS

Conclusions
• For most sites of interest on the West Coast, urban centers
would be in Near-Fault areas.
• The “Maximum Direction” requirement to the Fault
Normal (FN) component (RotD100) is arbitrary and
conservative.
• The Fault Parallel (FP) component being set to the
RotD50 level is also conservative; however, no one would
dare set it to RotD00 level.
• Comparing the SRSS of the FN and FP components of the
MCER ground motion spectra for a site in DTLA, the
return period of the spectra is about 3500 years, which is
greater than the stated return period of 2500 years.
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