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Topics
Some General Observations
•
•
•
•

There are legitimate reasons to hate tall buildings, you do not need to invent one
Criticize us for what we do, not what you think we do
Sideway collapse (toppling) of tall buildings is very rare
We need to adjust our strategy and objectives for seismic design of buildings in general, PBSD of tall
buildings has already taken steps in that direction

A comparative look at the provisions of 2017 TBI-II and 2018 LATBSDC documents

Want to hate tall buildings?
Hate them for their impact of the environment.
Hate them for creating traffic congestions and unbearable
population density.
Do not hate PBSD tall buildings because you think they pose more
threat to life and limb than similarly situated short buildings
because evidence is to the contrary.
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Criticize us for what we do, not what you think we do
During an NAE sponsored resiliency workshop in 2017, I was asked
these questions by very distinguished and respected individuals:
1. Why do you permit larger drift in PBSD of tall buildings
compared to code?
ANSWER: We do not.

2. In PBSD of tall buildings why do you only use response spectra
and therefore ignore the duration and near-fault effects? You
should use nonlinear time history analysis.
ANSWER: We do not do the first and we routinely do the second.

Seismic Performance of Tall & Short Buildings
 Does this mean that tall buildings in LA, SF and elsewhere are
safe?
 No. It does not. It means that we have to look at relative seismic
performance objectively and based on rational scientific criteria.
 We have quite a few tall and mid-rise pre-Northridge SMRF buildings in
LA and elsewhere
 We have an abundance of soft-story buildings
 We have a large number of non-ductile reinforced concrete buildings.
 These are the issues that we need to deal with. Assuming that PBSD of
new tall buildings poses a major risk, distracts us from concentrating on
real and urgent issues that we face.

We have a problem!
 Our problem is that for more than 50 years our

codes have concentrated on collapse prevention
and life safety as performance objectives.

 I believe that for significant buildings and large
metropolitan areas in advanced countries that
is no longer a reasonable objective.
 We need to move towards repairability as the
primary objectives
 As our presentations today show repairability
is an implicit objective of PEER-TBI and LATBSDC
guidelines.

Development History

Two Editions:

Revised every three years, with a supplement
issued the following year

TBI-1: 2010

2007, 2008

TBI-II: 2016 (V 2.03 5/17)

2011, 2012
2014, 2015
2017, 2018

 TBI and LATBSDC guidelines have never been closer in intent, objective, and content as they are today.

Both Guidelines use realistic estimates of stiffness for SLE and MCER
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Coupling Beam Stiffness (Conventional)

0.5

Test database (36)
 Hwang (4)
 Naish (1)

Test Data
-0.03+0.06(ln/h)

0.4

 Zhu (1)
 Brena (4)
 Kwan & Zhao (9)
 Galano & Vignoli (4)

EIeff /EIg

 Zhou (2)

EIeff = 0.07(ln/h) ≤ 0.3

0.3
0.2

 Bristowe (4)
 Barney (3)

=
EI eff EI g 0.07 ( ln h ) ≤ 0.3

0.1

 Binnay (2)
 Tassios (2)
 Paulay (12) [outliers]

GA = 0.4 Ec A

0
1

2

3

4

5

ln /h
Slide courtesy of John Wallace

15

Coupling Beam Stiffness (SRC)

Steel-Reinforced RC (Motter et al, ASCE, 2016)
 Embedment Length
 Vn & Mn
 Detailing
 Stiffness
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Damping
 Both Documents define the maximum permitted damping in analysis the same way

2.5% floor for MCER

=
ζ critical 0.36 / H ≤ 0.05
H= Building height in feet

Ground Motion Characterization
A minimum of 11 pairs of ground motions required by both documents
LATBSDC basically the same as in PEER TBI-II and ASCE 7-16 with the following exceptions:
◦ Vertical accelerations to be specifically incorporated in MCER evaluations where significant.
◦ Penalties modified in the commentary:

LATBSDC Commentary: ASCE 7-16 requires that the target
spectrum be increased by 110% if spectral matching of the
selected seed ground motions is used instead of scaling of the
ground motions. The increase of 110% need not be applied if the
ground motions are spectrally matched to the target spectrum if it
is based on a uniform hazard spectrum. The increase of 110%
should be applied if spectral matching is used to match time
histories to target scenario spectra.
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Vertical Ground Motion Effects
Both documents require explicit simulation of
vertical earthquake response where there are
significant discontinuities in the vertical-loadcarrying elements
PEER TBI-II utilizes ASCE 7’s + 0.2SMSD for
modeling effect of vertical accelerations.

 Exception: No need for +0.2SMSD when explicit
vertical response analysis is performed, and the
effects of vertical response analysis are included.

LATBSDC does not utilize +0.2SMSD.
In these cases, vertical masses (based on the
effective seismic weight) shall be included with
sufficient model discretization to represent the
primary vertical modes of vibration in the analysis
model used to simulate vertical response.
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Classification of Structural Actions
Contrary to PEER-TBI and ASCE 7-16, LATBSDC classifies force-controlled actions into two, not
three, categories (i.e., non-critical classification is eliminated.
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LATBSDC Conference
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Deformation Controlled Actions -- LATBSDC
 ASCE 41-06 (ASCE 2006) clearly distinguished the capping point of the backbone curve as the
point corresponding to the Primary Collapse Prevention acceptance criteria.
 That distinction is not present with clarity in the later editions of ASCE-41 (ASCE 2013, 2017).
 For this reason, the proper use of ASCE-41 backbones are clarified in LATBSDC.
 LATBSDC uses average of maxima of MCER responses for these evaluations

1/Ie times “a” or “d” values
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Deformation Controlled Actions -- LATBSDC
LATBSDC Exception: Larger values may be used only if substantiated by
appropriate laboratory tests or approved by the peer review process.
If larger values are used, and response values for any ground motion indicate that
the larger values used are exceeded, then: (a) strength degradation, stiffness
degradation and hysteretic energy dissipation appropriate for these larger values
shall be considered, and (b) base shear capacity of the structure that considers
element strength degradation shall not fall below 90% of the base shear capacity
prior to the initiation of strength degradation in any element. Coupling beams in
special reinforced concrete shear walls provide an example of where this exception
may be applied.”
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Deformation Controlled Actions – PEER-TBI-II
 TBI-II evaluates results obtained from each MCER analysis individually (TBI-II, Sec. 6.8.2)

 We will examine the ramification of “unacceptable response” classification later in this
presentation
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LATBSDC MCER Evaluations
Force-Controlled Actions:
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LATBSDC MCER Evaluations
Force-Controlled Actions:
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LATBSDC provides the values of B, 𝜙𝜙s and rationale for values in Appendices
ACI 318-14 Simplified

ACI 318-14 Detailed
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Unacceptable Response
 Unacceptable response to ground motion is defined as:
1) Analytical solution fails to converge,
2) Predicted demands on deformation-controlled or force-controlled elements exceed the valid
range of modeling, or
3) Predicted deformation demands on elements not explicitly modeled exceed the deformation
limits at which the members are no longer able to carry their gravity loads.

 PEER-TBI-II permits

a) Not more than one unacceptable response in a suite of 11 ground motions for Risk Category II
buildings
b) Not more than one unacceptable response in a suite of 20 ground motions for Risk Category III
buildings

 LATBSDC does not permit any unacceptable response

Modeling criteria, unacceptable response and acceptance criteria
 Modeling criteria in PEER-TBI-II

contains more details than LATBSDC

 Incorporation of modeling criteria
and unacceptable response has
created some confusion among
engineers
These, in my opinion, should not be
confused with acceptance criteria
′
For example 15𝐴𝐴𝑐𝑐𝑐𝑐 𝑓𝑓𝑐𝑐𝑐𝑐
is a
modeling limit. Acceptance criteria is
as defined in material code(i.e.,
Chapter 18 of ACI 318-14).

Seismic Instrumentation Requirements
 LATBSDC requires that every building designed
according to its provisions to be extensively
instrumented.
 It provides detailed guidelines for such
instrumentation.
PEER-TBI-II adopts LATBSDC instrumentation
provisions in Appendix A to be used when
“required by the Authority Having Jurisdiction or
desired for other reasons”

Independent Peer Review Requirements
 Both documents contain detailed seismic peer review requirements
Scope of peer review:
1)
2)
3)
4)
5)
6)
7)
8)
9)

Basis of Design document, including the seismic performance objectives, the overall seismic design
methodology, and acceptance criteria;
Proposed structural system and materials of construction;
Earthquake hazard determination, and selection and modification of earthquake ground motions for
application to the building model;
Modeling approaches for structural materials and components;
Structural analysis model, including soil–foundation–structure interaction as applicable, and including
verification that the structural analysis model adequately represents the properties of the structural
system within accepted norms for tall building designs;
Review of structural analysis results and determination of whether calculated response meets
approved acceptance criteria;
Design and detailing of structural components;
Drawings, specifications, and quality control/quality assurance and inspection provisions in the design
documents; and
Any other considerations that are identified as being important to meeting the established
performance objectives.

Thank you!

Seismic Performance of Tall & Short Buildings
SCEC Puente Hills Simulations

Seismic Performance of Tall & Short Buildings
SCEC Puente Hills Simulations

Seismic Performance of Tall & Short Buildings
Naeim & Graves Typical Building Types Considered to Measure
Ductility Demands Imposed by a Postulated MW 7.15 Puente Hills
Earthquake
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Seismic Performance of Tall & Short Buildings
Ductility Demand
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Seismic Performance of Tall & Short Buildings

How about sideway collapse of tall buildings?
There is no doubt that sideway collapse of a tall building poses a major hazard and it can render a
many blocks and neighborhood unsafe and cause serious casualties.
Sideway collapse of tall buildings, however,
is very rare.
Consider the case of Alto Rio building during
the 2010 Chile earthquake
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