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Presentation Outline

• The “Tall RC Core Wall Building” and Design Guidelines

• Motivation for Performance Based Seismic Design (PBSD) and
the Implementation

• Growth of PBSD

• The Process

• Design and Evaluation
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The Tall RC Core Wall Building
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Resource Documents (Prescriptive Design)

ACI 318:  Component 
Design

ASCE 7: Loading

IBC: Governing code
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Resource Documents (PBSD Methodology)

LATBSDC:  An 
Alternative Procedure 
for Seismic Analysis 
and Design of Tall 

Buildings Located in 
the Los Angeles 
Region (2015)

PEER TBI: Guidelines 
for Performance-
Based Seismic Design 
of Tall Buildings (2010)

ASCE 41: Seismic 
Evaluation and 

Retrofit of Existing 
Buildings (2013)

ATC 72: Modeling and 
Acceptance Criteria 

for Seismic Design and 
Analysis of Tall 

Buildings (2010)
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Motivation

• The “Tall RC Core Wall Building” = Special Reinforced
Concrete Shear Walls in ASCE 7

– Height limit = 240 ft (160 ft SDC F) in “high seismic” regions when:

• No extreme torsional irregularity exists

• Shear in any wall < 60% total shear for that level

– Otherwise height limit is 160 ft (100 ft SDC F)

• The alternative is a Dual System with Special Moment
Resisting Frames + Special Reinforced Concrete Shear Walls

– No Height Limit

– Dual system has significant negative architectural and cost implications 
when large moment frame beams and columns are placed around the 
perimeter of the building

• PBSD provides a better indication of structural performance
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PBSD and ASCE 7
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PBSD Project Summary

Estimates from 3 West Coast Building Departments

Seattle (44 Total):

San Francisco (17 Total):
• 17 Permitted

• 11 in Progress

Los Angeles (27 Total):
• 5 Completed

• 22 In Progress

Number Status

16 Peer Review Underway

1 Peer Review Complete

10 Under Construction

11 Constructed

3 Not Built

3 Peer Review Not Complete
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Summary of PBSD – City of Seattle
ID Description Lateral System Year Started Status
1 43 Story Ofc/Residential Concrete Core 2015 Peer Review Underway

2 40 Story Hotel/Residential Concrete Core - Dual System 2015 Peer Review Underway

3 40 Story 525,000 Sq Ft Residential Bldg Concrete Core 2015 Peer Review Underway

4 59 Story Ofc/Residential Concrete Core 2015 Peer Review Underway

5 34 Story Ofc Bldg Concrete Core 2015 Peer Review Underway

6 15 Story Medical Clinic/Office Concrete Core 2015 Peer Review Underway

7 17 Story Hospital Concrete Core 2015 Peer Review Underway

8 40 Story Residential Bldg Concrete Core 2014 Peer Review Underway

9 41 Story Residential Bldg Concrete Core 2014 Peer Review Underway

10 40 Story 589,000 Sq Ft Residential Bldg Concrete Core 2014 Peer Review Underway

11 37 Story Condo and 11 Story Ofc on Comm BaseLI Concrete Core 2014 Peer Review Underway

12 Hedreen Hotel 41 Story 1260 Rm Hotel Concrete Core 2014 Peer Review Underway

13 38 Story 1,600,000 Office Bldg Concrete Core 2014 Peer Review Underway

14 32 Story 400,000 Sq Ft Residential and Office Bldg Concrete Core 2014 Peer Review Underway

15 24 Story 420,000 Sf Ft Ofc Bldg Concrete Core 2014 Peer Review Underway

16 38 Story Hotel/Residential Bldg Concrete Core 2014 Peer Review Underway

17 39 Story 513,000 Sq Ft Residential Bldg Concrete Core - Dual System 2014 Peer Review Complete

18 21 Story Ofc Bldg Concrete Core 2014 Under Construction

19 24 Story Residential Concrete Core 2014 Under Construction

20 40 Story Residential Bldg Concrete Core 2013 Under Construction

21 39 Story 500,000 Sq Ft Residential Bldg Concrete Core 2013 Under Construction

22 1,600,000 37 story Ofc Bldg Concrete Core 2013 Under Construction

23 38 story 1,700,000 Sq Ft Ofc Bldg Concrete Core 2013 Under Construction

24 24 Story Residential Concrete Core W/Fiber Reinforced CB 2012 Constructed

25 39 Story Residential Concrete Core 2008 Constructed

26 39 Story Hotel/Residential Concrete Core 2008 Under Construction

27 39 Story Office Bldg Concrete Core 2007 Under Construction

28 44 Story Office Concrete Core W/Exterior Steel Bracing 2007 Under Construction

29 40 Story Residential Twin Towers Concrete Core 2007 Under Construction

30 29 story Residential Concrete Core 2007 Not Built

31 10 Story Storage Concrete Core w/Partial X Coupling Beams 2007 Constructed

32 39 Story Hotel/Residential Concrete Core 2006 Not Built

33 27 story Residential Concrete Core 2006 Constructed

34 39 story Residential Concrete Core 2006 Constructed

35 34 Story Residential Concrete Core 2006 Constructed

36 30 Story Residential Concrete Core 2006 Peer Review Not Complete

37 34 Story Office Concrete Core 2006 Constructed

38 27 Story Office Concrete Core 2006 Peer Review Not Complete

39 35 Story Residential Concrete Core 2006 Peer Review Not Complete

40 31 story Ofc/Residential Concrete Core 2005 Not Built

41 38 Story Hotel Concrete Core 2005 Constructed

42 42 story Ofc Bldg Concrete Core 2003 Constructed

43 34 Story Residential Concrete Core 2000 Constructed

44 40 Story Office Concrete Core 1999 Constructed
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Projected Growth of PBSD1
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1. Source: Magnusson Klemencic Associates
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PBSD Guidelines

• The Objective is to provide buildings the capability to:
– Withstand Maximum Considered Earthquake (MCE) with low

probability (<10%) of collapse

– Withstand the Design Earthquake (DE = 2/3 MCE) without significant 
hazards

– Withstand frequent earthquakes (43 year return period) with limited
damage (Serviceability Earthquake)

• Identification of inelastic and elastic actions
– Deformation Controlled: Reliable inelastic deformation

• Core wall flexure, Coupling beams

– Force Controlled: Inelastic deformation capacity not assured, designed
to be essentially elastic

• Core wall shear, diaphragm shear, basement wall shear, outrigger column axial
load, mat foundation shear

• Udesign = 1.5 UMCE
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Design and Verification Process

Elastic Analysis And Design
Use response spectrum analysis at DE level:
• Design structural components that are anticipated to yield based on code level

demands (R=6)
• Specified material properties
• Perform initial design on components that are to remain essentially elastic:

Udesign = 2.5*UDE

Serviceability Analysis
• Expected material properties
• Verify that Engineering Demand Parameters (EDP’s) such as story drift, coupling

beam rotation, shear wall shear demand are meet serviceability acceptance 
criteria for a 43-year earthquake return period

Nonlinear Time History Analysis Evaluation
Design verification using MCE nonlinear response history analysis:
• 7 ground motion pairs min, for stiff and flexible transfer diaphragms 
• Check EDP against acceptance criteria
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Load Combinations

• Service Level

• Design Earthquake

• MCE Level
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MCE Acceptance Criteria
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MCE Acceptance Criteria
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Core Wall Flexural Design
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Core Wall Detailing
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Model Features:
• Fiber model for core axial/flexure
• Inelastic shear hinges for coupling beams
• Inelastic flexural hinges for outrigger slabs

• Elastic:
• Core wall shear
• Outrigger columns
• Transfer diaphragms

NLRHA Modeling
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Concrete Material Modeling
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Coupling Beam Modeling

Ref: (Naish et al) Reinforced Concrete Link Beams: Alternative Details for Improved Construction, UCLA-SGEL Report 2009/06
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Outrigger Slab Modeling

Representative Outrigger Idealization

Elastic Slab Beam Model

Hinge Model

The objective of the slab outrigger modeling is to capture the 
increase in axial loads in the gravity columns, which is verified at U 
= 1.0D + 0.25L + 1.0EMCE

Hinge model is calibrated against reference:  (Klemencic et al) 
Performance of Post-Tensioned Slab-Column Connections, PTI Journal, 

December 2006
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The Transfer Podium

Ref: ATC 72-1

Modeling Issues:

• Two levels of podium diaphragm stiffnesses are
investigated:

• Upper bound = 0.25Ec to 0.5Ec

• Lower bound = 0.10Ec

• Results in 14 minimum NLRHA runs
• An upper bound stiffness approaching 0.5Ec may

result in a podium diaphragm with significant 

demands (24”+ slab)!
• The assumed upper bound stiffness is a widely

debated topic
• Transfer diaphragm design is based on U=1.5*UMCE
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The Transfer Podium – Collector Reinforcement

Reinforcement Plan – Podium Level

Slab Thickness = 16”, f ’c = 8ksi
In-Plane Stiffness = 0.25Ec
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NLRHA Verification
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NLRHA Verification
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Subtle Issue – Gravity Column Effect
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Foundation Demands

Y

X
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Foundation Demands

= Design Points
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PostScript

• The trend in the use of PBSD on the west coast of the U.S. 
(and internationally) is increasing

• The Future (needs):

– Improved modeling capabilities 

– Refinement of modeling criteria and acceptance criteria
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