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Introduction

• Commercial Office Tower + Religious Center
• 26 stories, 395 ft., 621,628 gsf
• Alternate procedures using PEER TBI v.2.03 guidelines

Key issues

1. PBD permits more reliable seismic performance

2. Nonlinear analysis and design informs the design process

3. PEER TBI PBD guidelines and procedures

95 State at City Creek
Salt Lake City, UT
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95 State at City Creek
Alternate Procedure by 2015 IBC Section 104.11

Petition Salt Lake City Corporation (AHJ)
• Request to use 2015 IBC “Alternate Procedure” per Section 104.11
• Core wall lateral structural system (395-ft) exceeding 240-ft as 

permitted by ASCE 7-10 Sec. 12.2.5.4
• Seismic Design Category:  D
• Seismic Risk Category:  III,  Ie = 1.25

Equivalent Seismic Performance per Section 104.11
• “The alternate building design procedures … are intended to achieve 

not less than the equivalent seismic performance of that prescribed 
by 2015 IBC provisions in quality, strength, effectiveness, fire 
resistance, durability and safety.”

Adopted Structural Design Codes and Standards
• ASCE 7-16, PEER TBI v.2.03 (2017) Sec. 1.3 
• AISC 360-16, AISC 341-16, AISC 358-16, ACI 318-14, ASCE 41-17, 

ATC 72-1, NIST Technical Notes

Independent Peer Review Panel
• Chris Kimball, Chair, SE at AHJ;  Maffei SE - Joe Maffei, Noelle Yuen, 

Karl Telleen, Saeed Fathali
• Seismic hazards and ground motions - Norm Abrahamson
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Regional Seismicity
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Site-Specific Seismic Hazard & Ground Motions
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Site-Specific Seismic Hazard & Ground Motions

MCER 1,930 - 1,975 ARP
(2.5% to 2.6% in 50 yrs)
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95 State Lobby

Social Hall Pavilion

Pedestrian Tunnel

95 State - Ground Level 1
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Tower & Podium Structural Systems

3D REVIT MODEL

Superstructure Gravity System
• Conventional WF steel column and composite steel 

metal deck slab framing
• Level 1 cast-in-place reinforced concrete
• 1 to 2 story basement Level 

Superstructure Seismic Force-Resisting System
• Special reinforced concrete shear walls and ductile 

coupling beams, 24” to 30” thick, f’c = 8,000 psi
• R/C Level 1 transfer diaphragm and perimeter walls
• Steel composite floor diaphragms

Roof Mechanical Penthouse
• Steel ductile eccentric braced frame (EBF) + OMF
• System strength and deformation capacity of EBF

Deep Pile Foundations
• Auger cast-in-place piles (363 @ 24” dia.) to depth of 

ACIP (110 ft.)
• 11 ft. deep tower foundation mat
• Transverse direction 6 ft. to 11 ft. grade beam 

outriggers 
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Typical Framing Plan

Gravity composite 
steel gravity framing

Gravity steel WF 
columns

Special reinforced concrete core 
shear walls and ductile coupling 
beams 24” to 30” thick

33
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Transverse core aspect ratio = 392’-3”/ 33’-4”= 11.8

Structural Systems
Typical Tower Framing Plan
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Detailed Structural Design Criteria
Non-prescriptive Seismic Design Procedures

Analysis and Design Approach

1. Linear Elastic Code Equivalent Level Evaluation
• MCER MRSA (R=3.5, 2.0, 2.5), 5.0% damping
• Global Deformation and force controlled elements
• Diaphragms, foundation pile cap, connections and piles

2. Service Level Earthquake (SLE) Evaluation
• MRSA Essentially elastic response with post-event occupancy
• 43-yr PSHA (50%, 30yrs), 1.8% damping (TBI Eq 4-1)

3. Risk-targeted Maximum Considered (MCER) Evaluation
• MCER nonlinear response history analysis, 2.5% damping, Ie = 1.25
• Global story drift and residual drift limits
• Deformation and force controlled element acceptance criteria
• Bounded backstay, transfer diaphragm and basement walls
• PEER TBI / ASCE 7-16 MCER Performance Objectives

○ Low probability of building collapse
○ Low probability large residual drift
○ Low probability cladding will fall

4. Peer Review Panel Comment / Response
• Detailed global and component investigations
• Prescriptive DE level design code checks

Linear CSI ETABS 
v16.2.1 (2016)

Nonlinear CSI 
Perform 3D v7.0.0

= mean * 1.3 * Ie (1.25)
RC III
Expected material strengths
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Modeling of Nonlinear Elements

Nonlinear Analysis and Design
Core Wall and Coupling Beam Nonlinear Modeling 

Constant wall thickness over 
entire height of structure

CSI Perform 3D v7.0.0
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Coupling Beam Parameter Verification Based On Historic Test Data

Aspect ratio between 2-4

Aspect ratio ≈1.5

• Naish,  Wallace, Fry, and Klemencic (2010) Modeling of diagonally 
reinforced concrete coupling beams

• Galano and Vignoli (2000) Seismic behavior of short beams with 
different reinforcement layouts

Coupling beam parameter input in Perform 3D

Nonlinear Analysis and Design
Nonlinear Coupling Beam Modeling

Naish,  Wallace, Fry, 
and Klemencic (2010)

Galano and 
Vignoli (2000)

Beam span-to-depth (L/H) ratios range:  0.89 to 2.63
Diagonally reinforced coupling beams
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● Low ductility and beam energy dissipation
Coupling Beam Rotation

Nonlinear Analysis and Design
NLRHA Evaluation of Stage 1 Linear Analysis and Design

Wall Fiber Strain (%)
● Wall yielding steel tension strains over height
● Large tension and compression strains at base

Designed using linear analysis procedures
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Nonlinear Analysis and Design
Increased Coupling Beam Ductility and Energy Dissipation

Modeling of Nonlinear Components

Added wall openings and coupling 
beams over height of entire structure
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Nonlinear Analysis and Design
Core Wall Design Using NLRHA Procedures

Coupling Beam Rotation
● Moderate coupling beam energy dissipation
● Distributed over full height 

● Low wall steel tension strains above Level 4
● Targeted flexural steel yielding at Levels 1 to 3
● Low concrete compressive strains

Wall Fiber Strain (%)
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Nonlinear Analysis and Design
MCER Peak Transient Story Drift Ratio

NLRHA Maximum MCER Story Drift

Peak story drift limits per PEER 
TBI 6.7.1 & 6.7.2
Mean drift ≤ 0.03; Max ≤ 0.045 
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Nonlinear Analysis and Design
Prescriptive Design Code Checks

Risk Category III
Story Drift Ratio Limit:   1.5%

DE Level Earthquake
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Nonlinear Analysis and Design
MCER Absolute Residual Story Drift Ratio

Locations of recorded residual drift Residual drift limits per PEER TBI 6.7.1 & 6.7.3
Mean residual drift ≤ 0.01; Max ≤ 0.015 
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SOM Specification – 08 41 00

Exterior Wall Drift Performance Criteria 

• EQ1: 0.75% Service Level 

• EQ2: 1.50% Design Level (DE) – Inelastic

• EQ3: 2.50% Maximum Considered (MCER) - Nonlinear

Nonlinear Analysis and Design
Exterior Wall Performance Mockup
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Exterior Wall Performance Mockup
EQ3: 4.2” of Displacement (2.5% Drift)
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