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FOREWORD

Anyone making use of this information assumes all liability from 
such use. 

Throughout this text, a gray bar appears in the margins to 
indicate that the adjacent text is commentary, provided for clari-
fication.The commentary is not part of the mandatory standard. 

The checklists that appear in Appendix C may be obtained in 
PDF format from http://dx.doi.org/10.1061/9780784412855. A
complete listing of known errata is available at http://www.asce.
org/sei/errata . 

The material presented in this standard has been prepared in 
accordance with recognized engineering principles. This stan-
dard should not be used without first securing competent advice 
with respect to its suitability for any given application. The
publication of the material contained herein is not intended as a 
representation or warranty on the part of the American Society 
of Civil Engineers, or of any other person named herein, that 
this information is suitable for any general or particular use or 
promises freedom from infringement of any patent or patents. 
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Seismic Evaluation and Retrofit of Existing Buildings ix

UNIT CONVERSIONS 

Measurement SI Units Customary Units

Abbreviations m = meter (SI base unit of length) yd = yard
cm = centimeter in. = inch
km = kilometer mi = mile
ha = hectare acre
L = liter (SI base unit of volume) gal = gallon
mL = milliliters qt = quart
kg = kilogram (SI base unit of mass) lb = pound
g = gram oz = ounce
N = Newton (m kgs2 ) lbf = pound-force (lb/ft)
Pa = Pascals (N/m 2 ) psi = pounds per square inch
kPa = kilopascals atm = atmosphere
J = Joule ft·lbf = feet per pound-force
W = watt Btu = British therma unit
kW = kilowatt hp= horsepower
s = second (SI base unit of time) s = second
min = minute min = minute
h = hour h = hour
day day
°C = degrees Celsius °F = degrees Fahrenheit
ppm = parts per million ppm = parts per million

Length 1 m = 3.2808 ft = 1.0936 yd 1 ft = 3 yd = 0.3048m
1 cm = 0.3937 in. 1 in. = 2.54 cm
1 km = 0.6214 mile 1 mile = 0.869 nautical mile = 1.6093km

Area 1 m 2 = 10.7643 ft2 1 ft2 = 0.0929m2

1 km 2 = 0.3861 mi2 1 mi2 = 2.59km2

1 ha = 2.4710 acre 1 acre = 43,560 ft2 = 0.4047ha

Volume 1 L = 0.2642 gal 1 gal = 4 qt = 3.7854L
1 ml = 1 cm3 1 ft3 = 7.481 gal = 28.32L

Mass 1 g = 0.0353 oz 1 oz = 28.3495g
1 kg = 2.2046 lb 1 lb = 0.4536kg

Force 1 N = 0.2248 lb/ft 1 lbf = 4.4482N

Density 1 kg/m 2 = 0.2048 lb/ft2 1 lb/ft2 = 4.882kg/m2

1 kg/m 3 = 6.2427 lb/ft3 1 lb/ft3 = 16.018kg/m3

Pressure 1 kPa = 0.145 psi 1 psi = 6.8948kPa
1 atm = 14.7 psi = 101.35kPa

Energy and Power 1 J = 1.00 W·s = 0.7376 ft lbf 1 ft lbf = 1.3558J
1 kJ = 0.2778 W·h = 0.948 Btu 1 Btu = 1.0551kJ
1 W = 0.7376 ft lbf/s = 3.4122 Btu/h 1 ft lbf/s = 1.3558W
1 kW = 1,3410 hp 1 hp = 550 ft lb/s = 0.7457kW

Flow 1 L/s = 15.85 gal/min = 2.119 ft3 /min 1gal/min = 0.1337 ft3 /min = 0.0631 L/s
Concentration mg/L = ppmm (in dilute solutions)
Temperature °C = (°F − 32) × 5/9 °F = (°C × 9/5) + 32

Fundamental
Constants and 
Relationships

Acceleration of gravity 32.2 ft/s2 = 9.81m/s2

Density of water (at 4 °C) = 1,000kg/m3 = 1g/cm3

Specific weight of water (15 °C) = 62.4 lb/ft3 = 9,810N/m3

Weight of water 1gal = 8.345 lbs = 3.7854kg
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NotesSection Title Section Title

Chapter 1 General Provisions
1.1 Scope 1.1 Scope
1.2 Basic Requirements 3.3 Evaluation and Retrofi t Methods
1.2.1 Tier 1—Screening Phase 3.3.2 Tier 1 Screening Procedure
1.2.2 Tier 2—Evaluation Phase 3.3.3 Tier 2 Defi ciency-Based Evaluation

and Retrofi t Procedures
1.2.3 Tier 3—Detailed Evaluation Phase 3.3.4 Tier 3 Systematic Evaluation and 

Retrofi t Procedures
1.2.4 Final Report 1.4.5 Evaluation Report
1.3 Defi nitions 1.2.1 Defi nitions
1.4 Notation 1.2.2 Notations
1.5 References References

Chapter 2 Evaluation Requirements
2.1 General
2.2 Level of Investigation Required 4.2 Scope of Investigation Required
2.3 Site Visit 4.2.1 On-Site Investigation and Condition 

Assessment
2.4 Level of Performance 4.1.1 Performance Level
2.5 Level of Seismicity 4.1.3 Level of Seismicity
2.6 Building Type 4.2.2 Building Type

Chapter 3 Screening Phase (Tier 1)
3.1 General 4.1 Scope
3.2 Benchmark Buildings 4.3 Benchmark Buildings
3.3 Selection and Use of Checklists 4.4 Selection and Use of Checklists
3.4 Further Evaluation Requirements 3.3.1 Limitations on the Use of the Tier 1 

and 2 Evaluation and Retrofi t 
Procedures

3.5 Tier 1 Analysis 4.5 Tier 1 Analysis
3.5.1 Overview 4.5.1 Overview
3.5.2 Seismic Shear Forces 4.5.2 Seismic Shear Forces
3.5.3 Quick Checks for Strength and Stiffness 4.5.3 Quick Checks for Strength and 

Stiffness
3.6 Level of Low Seismicity Checklist 16.1.1 Very Low Seismicity Checklist
3.7 Structural Checklists 16.1 Basic Checklists
3.8 Geologic Site Hazards and Foundations 

Checklist
16.1.2 Basic Confi guration Checklist

3.9 Nonstructural Checklists 16.17 Nonstructural Checklist

Chapter 4 Evaluation Phase (Tier 2)
4.1 General 5.1 Scope
4.2 Tier 2 Analysis 5.2 General Requirements
4.2.1 General No corresponding 

section
4.2.2 Analysis Procedures for LSP and LDP 5.2.4 Tier 2 Analysis Methods
4.2.3 Mathematical Model for LSP and LDP 7.2.3 Mathematical Modeling
4.2.4 Acceptance Criteria for LSP and LDP 5.2.5 Tier 2 Acceptance Criteria
4.2.5 Out-of-Plane Wall Forces 7.2.11 Structural Walls and Their 

Anchorage
4.2.6 Special Procedure for Unreinforced 

Masonry
15.2 Special Procedure for Unreinforced 

Masonry
4.3 Procedures for Building Systems 5.4 Procedures for Basic Confi guration 

of Building Systems
4.3.1 General 5.4.1 General
4.3.2 Confi guration 5.4.2 Building Confi guration
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4.3.3 Condition of Materials 5.2.3 Condition Assessment
4.4 Procedures for Lateral-Force-Resisting 

Systems
5.5 Procedures for Seismic-Force-

Resisting Systems
4.4.1 Moment Frames 5.5.2 Procedures for Moment Frames
4.4.2 Shear Walls 5.5.3 Procedures for Shear Walls
4.4.3 Braced Frames 5.5.4 Procedures for Braced Frames
4.5 Procedures for Diaphragms 5.6 Procedures for Diaphragms
4.5.1 General 5.6.1 General Procedures for Diaphragms
4.5.2 Wood Diaphragms 5.6.2 Procedures for Wood Diaphragms
4.5.3 Metal Deck Diaphragms 5.6.3 Procedures for Metal Deck 

Diaphragms
4.5.4 Concrete Diaphragms No corresponding 

section
4.5.5 Precast Concrete Diaphragms 5.6.4 Procedures for Precast Concrete 

Diaphragms
4.5.6 Horizontal Bracing No corresponding 

section
4.5.7 Other Diaphragms 5.6.5 Diaphragms Other than Wood, Metal 

Deck, Concrete, or Horizontal 
Bracing

4.6 Procedures for Connections 5.7 Procedures for Connections
4.6.1 Anchorage for Normal Forces 5.7.1 Anchorage for Normal Forces
4.6.2 Shear Transfer 5.7.2 Connections for Shear Transfer
4.6.3 Vertical Components 5.7.3 Connections for Vertical Elements
4.6.4 Interconnection of Elements 5.7.4 Interconnection of Elements
4.6.5 Panel Connections 5.7.5 Roof and Wall Panel Connections
4.7 Procedures for Geologic Site Hazards 

and Foundations
5.4.3 Geologic Site Hazards and 

Foundation Components
4.7.1 Geologic Site Hazards 5.4.2.1 Geologic Site Hazards 
4.7.2 Condition of Foundations 5.4.3.2 Foundation Performance
4.7.3 Capacity of Foundations 5.4.3.3 Overturning

Chapter 5 Detailed Evaluation Phase (Tier 3)
5.1 General 3.3.4 Tier 3 Systematic Evaluation and 

Retrofi t Procedures
5.2 Available Procedures No corresponding 

Section
5.2.1 Provisions for Seismic Rehabilitation 

Design
6.3 Tier 3 Evaluation Requirements

5.2.2 Provisions for Design of New Buildings No corresponding 
Section

5.3 Selection of Detailed Procedures No corresponding 
Section

App B Summary Data Sheet App C Summary Data Sheet
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Chapter 1 Rehabilitation Requirements
1.1 Scope 1.1 Scope
1.2 Design Basis 1.3 Evaluation and Retrofi t Process
1.3 Seismic Rehabilitation Process 1.5 Seismic Retrofi t Process
1.3.1 Initial Considerations 1.5.1 Initial Considerations
1.3.2 Selection of Rehabilitation Objective 1.5.2 Selection of Performance Objective
1.3.3 As-Built Information 1.5.4 As-Built Information
1.3.4 Rehabilitation Method 1.5.5 Retrofi t Procedures
1.3.5 Rehabilitation Measures 1.5.7 Retrofi t Measures
1.3.6 Verification of Rehabilitation Design 1.5.8 Verification of Retrofi t Design
1.4 Rehabilitation Objectives 2.2 Performance Objectives
1.4.1 Basic Safety Objective 2.2.1 Basic Performance Objective for 

Existing Buildings (BPOE)
1.4.2 Enhanced Rehabilitation Objectives 2.2.2 Enhanced Performance Objectives
1.4.3 Limited Rehabilitation Objectives 2.2.3 Limited Performance Objectives
1.5 Target Building Performance Levels 2.3 Target Building Performance Levels
1.5.1 Structural Performance Levels and 

Ranges
2.3.1 Structural Performance Levels and 

Ranges
1.5.2 Nonstructural Performance Levels 2.3.2 Nonstructural Performance Levels
1.5.3 Designation of Target Building 

Performance Levels
2.3.3 Designation of Target Building 

Performance Levels
1.6 Seismic Hazard 2.4 Seismic Hazard
1.6.1 General Procedure for Hazard Due 

to Ground Shaking
2.4.1 General Procedure for Hazard Due 

to Ground Shaking
1.6.2 Site-Specific Procedure for Hazard 

Due to Ground Shaking 
2.4.2 Site-Specific Procedure for Hazard 

Due to Ground Shaking 
1.6.3 Level of Seismicity 2.5 Level of Seismicity

Chapter 2 Scope
2.1 Scope 3.1 Scope
2.2 As-Built Information 3.2 As-Built Information
2.2.1 Building Confi guration 3.2.2 Building Confi guration
2.2.2 Component Properties 3.2.3 Component Properties
2.2.3 Site and Foundation Information 3.2.4 Site and Foundation Information
2.2.4 Adjacent Buildings 3.2.5 Adjacent Buildings
2.2.5 Primary and Secondary Components 7.2.3.3 Primary and Secondary Components
2.2.6 Data Collection Requirements 6.2 Data Collection Requirements
2.3 Rehabilitation Methods 3.3 Evaluation and Retrofi t Methods
2.3.1 Simplified Rehabilitation Method 3.3.3 Tier 2 Defi ciency-Based Evaluation

and Retrofi t Procedures
2.3.2 Systematic Rehabilitation Method 3.3.4 Tier 3 Systematic Evaluation and 

Retrofi t Procedures
2.4 Analysis Procedures 7.3 Analysis Procedure Selection
2.4.1 Linear Procedures 7.3.1 Linear Procedures
2.4.2 Nonlinear Procedures 7.3.2 Nonlinear Procedures
2.4.3 Alternative Rational Analysis 7.3.3 Alternative Rational Analysis
2.4.4 Acceptance Criteria 7.5.1 General Requirements
2.5 Rehabilitation Strategies 1.5.6 Retrofi t Strategies
2.6 General Design Requirements 7.2 General Analysis Requirements
2.6.1 Multidirectional Seismic Effects 7.2.5 Multidirectional Seismic Effects
2.6.2 P-Δ Effects 7.2.6 P-Δ Effects
2.6.3 Horizontal Torsion 7.2.3.2 Torsion
2.6.4 Overturning 7.2.8 Overturning
2.6.5 Continuity 7.2.10 Continuity
2.6.6 Diaphragms 7.2.9 Diaphragms, Chords, Collectors, and 

Ties
2.6.7 Walls 7.2.11 Structural Walls and Their 

Anchorage
2.6.8 Nonstructural Components
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2.6.9 Structures Sharing Common 
Elements

7.2.12 Structures Sharing Common 
Elements

2.6.10 Building Separation 7.2.13 Building Separation
2.6.11 Vertical Seismic Effects 7.2.5.2 Vertical Seismic Effects
2.7 Construction Quality Assurance 1.5.10 Construction Quality Assurance
2.7.1 Construction Quality Assurance Plan 1.5.10.1 Construction Quality Assurance Plan
2.7.2 Construction Quality Assurance

Requirements
1.5.10.2 Construction Quality Assurance

Requirements
2.7.3 Responsibilities of the Authority

Having Jurisdiction
1.5.10.3 Responsibilities of the Authority

Having Jurisdiction
2.8 Alternative Modeling Parameters 

and Acceptance Criteria
7.6 Alternative Modeling Parameters 

and Acceptance Criteria
2.8.1 Experimental Setup 7.6.1 Experimental Setup
2.8.2 Data Reduction and Reporting 7.6.2 Data Reduction and Reporting
2.8.3 Design Parameters and Acceptance

Criteria
7.6.3 Evaluation or Retrofi t Parameters

and Acceptance Criteria for
Subassemblies Based on 
Experimental Data

Chapter 3 Analysis Procedures
3.1 Scope 7.1 Scope
3.2 General Analysis Requirements 7.2 General Analysis Requirements
3.2.1 Analysis Procedure Selection 7.2.1 Analysis Procedures
3.2.2 Mathematical Modeling 7.2.3 Mathematical Modeling
3.2.3 Confi guration 7.2.4 Confi guration
3.2.4 Diaphragms 7.2.9 Diaphragms, Chords, Collectors, and 

Ties
3.2.5 P-Δ Effects 7.2.6 P-Δ Effects
3.2.6 Soil–Structure Interaction 7.2.7 Soil–Structure Interaction
3.2.7 Multidirectional Seismic Effects 7.2.5 Multidirectional Seismic Effects
3.2.8 Component Gravity Loads for Load 

Combinations
7.2.2 Component Gravity Loads and Load 

Combinations
3.2.9 Verification of Design Assumptions 7.2.14 Verification of Evaluation or Retrofi t 

Assumptions
3.2.10 Overturning 7.2.8 Overturning
3.3 Analysis Procedures 7.4 Analysis Procedures
3.3.1 Linear Static Procedure 7.4.1 Linear Static Procedure (LSP)
3.3.2 Linear Dynamic Procedure 7.4.2 Linear Dynamic Procedure (LDP)
3.3.3 Nonlinear Static Procedure 7.4.3 Nonlinear Static Procedure (NSP)
3.3.4 Nonlinear Dynamic Procedure 7.4.4 Nonlinear Dynamic Procedure 

(NDP)
3.4 Acceptance Criteria 7.5 Acceptance Criteria
3.4.1 General Requirements 7.5.1 General Requirements
3.4.2 Linear Procedures 7.5.2 Linear Procedures
3.4.3 Nonlinear Procedures 7.5.3 Nonlinear Procedures

Chapter 4 Foundations and Geologic Site 
Hazards

4.1 Scope 8.1 Scope
4.2 Site Characterization 8.2 Site Characteristics
4.2.1 Foundation Information 8.2.1 Foundation Information
4.2.2 Seismic Geologic Site Hazards 8.2.2 Seismic Geologic Site Hazards
4.3 Mitigation of Seismic-Geologic Site 

Hazards
8.3 Mitigation of Seismic-Geologic Site 

Hazards
4.4 Foundation Strength and Stiffness 8.4 Foundation Strength and Stiffness
4.4.1 Expected Capacities of Foundations 8.4.1 Expected Foundation Capacities
4.4.2 Load-Deformation Characteristics 

for Foundations
8.4.2 Load-Deformation Characteristics of 

Shallow Foundations
4.4.3 Foundation Acceptance Criteria 8.4.5 Deep Foundation Acceptance 

Criteria
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4.5 Kinematic Interaction and Radiation 
Damping Soil-Structure 
Interaction Effects

8.5 Kinematic Interaction and Radiation 
Damping Soil-Structure 
Interaction Effects

4.5.1 Kinematic Interaction 8.5.1 Kinematic Interaction
4.5.2 Foundation Damping Soil-Structure 

Interaction Effects
8.5.2 Foundation Damping Soil-Structure 

Interaction Effects
4.6 Seismic Earth Pressure 8.6 Seismic Earth Pressure
4.7 Foundation Rehabilitation 8.7 Foundation Retrofi t

Chapter 5 Steel
5.1 Scope 9.1 Scope
5.2 Material Properties and Condition 

Assessment
9.2 Material Properties and Condition 

Assessment
5.2.1 General 9.2.1 General
5.2.2 Properties of In-Place Materials and 

Components
9.2.2 Properties of In-Place Materials and 

Components
5.2.3 Condition Assessment 9.2.3 Condition Assessment
5.3 General Assumptions and

Requirements
9.3 General Assumptions and

Requirements
5.3.1 Stiffness 9.3.1 Stiffness
5.3.2 Design Strengths and Acceptance

Criteria
9.3.2 Strengths and Acceptance Criteria

5.3.3 Rehabilitation Measures 9.3.3 Retrofi t Measures
5.4 Steel Moment Frames 9.4 Steel Moment Frames
5.4.1 General 9.4.1 General
5.4.2 Fully Restrained Moment Frames 9.4.2 Fully Restrained (FR) Moment 

Frames
5.4.3 Partially Restrained Moment Frames 9.4.3 Partially Restrained (PR) Moment 

Frames
5.5 Steel Braced Frames 9.5 Concentrically Braced Frames
5.5.1 General 9.5.1 General
5.5.2 Concentric Braced Frames 9.5.2 Concentrically Braced Frames
5.5.3 Eccentric Braced Frames 9.5.3 Eccentrically Braced Frames
5.6 Steel Plate Shear Walls 9.6 Steel Plate Shear Walls
5.6.1 General 9.6.1 General
5.6.2 Stiffness 9.6.2 Stiffness of Steel Plate Shear Walls
5.6.3 Strength 9.6.3 Strength of Steel Plates Shear Walls
5.6.4 Acceptance Criteria 9.6.4 Acceptance Criteria for Steel Plate 

Shear Walls
5.6.5 Rehabilitation Measures 9.6.5 Retrofit Measures for Steel Plate 

Shear Walls
5.7 Steel Frames with Infills 9.7 Steel Frames with Infi lls
5.8 Diaphragms 9.8 Diaphragms
5.8.1 Bare Metal Deck Diaphragms 9.8.1 Bare Metal Deck Diaphragms
5.8.2 Metal Deck Diaphragms with 

Structural Concrete Topping
9.8.2 Metal Deck Diaphragms with 

Structural Concrete Topping
5.8.3 Metal Deck Diaphragms with 

Nonstructural Topping
9.8.3 Metal Deck Diaphragms with 

Nonstructural Topping
5.8.4 Horizontal Steel Bracing (Steel 

Truss Diaphragms)
9.8.4 Horizontal Steel Bracing (Steel Truss

Diaphragms)
5.8.5 Archaic Diaphragms 9.8.5 Archaic Diaphragms
5.8.6 Chord and Collector Elements 9.8.6 Chord and Collector Elements
5.9 Steel Pile Foundations 9.9 Steel Pile Foundations
5.9.1 General 9.9.1 General
5.9.2 Stiffness 9.9.2 Stiffness of Steel Pile Foundations
5.9.3 Strength 9.9.3 Strength of Steel Pile Foundations
5.9.4 Acceptance Criteria 9.9.4 Acceptance Criteria for Steel Pile 

Foundations
5.9.5 Rehabilitation Measures 9.9.5 Retrofit Measures for Steel Pile 

Foundations
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5.10 Cast and Wrought Iron 9.10 Cast and Wrought Iron
5.10.1 General 9.10.1 General
5.10.2 Stiffness 9.10.2 Stiffness of Cast and Wrought Iron
5.10.3 Strength and Acceptance Criteria 9.10.3 Strength and Acceptance Criteria for 

Cast and Wrought Iron

Chapter 6 Concrete
6.1 Scope 10.1 Scope
6.2 Material Properties and Condition 

Assessment
10.2 Material Properties and Condition 

Assessment
6.2.1 General 10.2.1 General
6.2.2 Properties of In-Place Materials and 

Components
10.2.2 Properties of In-Place Materials and 

Components
6.2.3 Condition Assessment 10.2.3 Condition Assessment
6.2.4 Knowledge Factor 10.2.4 Knowledge Factor
6.3 General Assumptions and

Requirements
10.3 General Assumptions and

Requirements
6.3.1 Modeling and Design 10.3.1 Modeling and Design
6.3.2 Strength and Deformability 10.3.2 Strength and Deformability
6.3.3 Flexure and Axial Loads 10.3.3 Flexure and Axial Loads
6.3.4 Shear and Torsion 10.3.4 Shear and Torsion
6.3.5 Development and Splices of 

Reinforcement
10.3.5 Development and Splices of 

Reinforcement
6.3.6 Connections to Existing Concrete 10.3.6 Connections to Existing Concrete
6.3.7 Rehabilitation 10.3.7 Retrofi t Measures
6.4 Concrete Moment Frames 10.4 Concrete Moment Frames
6.4.1 Types of Concrete Moment Frames 10.4.1 Types of Concrete Moment Frames
6.4.2 Reinforced Concrete Beam-Column 

Moment Frames
10.4.2 Reinforced Concrete Beam-Column 

Moment Frames
6.4.3 Post-Tensioned Concrete Beam-

Concrete Moment Frames
10.4.3 Post-Tensioned Concrete Beam-

Concrete Moment Frames
6.4.4 Slab-Column Moment Frames 10.4.4 Slab-Column Moment Frames
6.5 Precast Concrete Frames 10.5 Precast Concrete Frames
6.5.1 Types of Precast Concrete Frames 10.5.1 Types of Precast Concrete Frames
6.5.2 Precast Concrete Frames Expected 

to Resist Lateral Load
10.5.2 Precast Concrete Frames Expected 

to Resist Lateral Load
6.5.3 Precast Concrete Frames Not 

Expected to Resist Lateral Loads 
Directly

10.5.3 Precast Concrete Frames Not 
Expected to Resist Lateral Loads 
Directly

6.6 Concrete Frames with Infills 10.6 Concrete Frames with Infi lls
6.6.1 Types of Concrete Frames with 

Infi lls
10.6.1 Types of Concrete Frames with 

Infi lls
6.6.2 Concrete Frames with Masonry 

Infi lls
10.6.2 Concrete Frames with Masonry 

Infi lls
6.6.3 Concrete Frames with Concrete 

Infi lls
10.6.3 Concrete Frames with Concrete 

Infi lls
6.7 Concrete Shear Walls 10.7 Concrete Shear Walls
6.7.1 Types of Concrete Shear Walls and 

Associated Components
10.7.1 Types of Concrete Shear Walls and 

Associated Components
6.7.2 Reinforced Concrete Shear Walls,

Wall Segments, Coupling Beams, 
and Reinforced Concrete Columns 
Supporting Discontinuous Shear 
Walls

10.7.2 Reinforced Concrete Shear Walls,
Wall Segments, and Coupling 
Beams

6.8 Precast Concrete Shear Walls 10.8 Precast Concrete Shear Walls
6.8.1 Types of Precast Shear Walls 10.8.1 Types of Precast Shear Walls
6.8.2 Precast Concrete Shear Walls and 

Wall Segments
10.8.2 Precast Concrete Shear Walls and 

Wall Segments
6.9 Concrete Braced Frames 10.9 Concrete Braced Frames
6.9.1 Types of Concrete Braced Frames 10.9.1 Types of Concrete Braced Frames
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6.9.2 General Considerations 10.9.2 General
6.9.3 Stiffness 10.9.3 Stiffness of Concrete Braced Frames
6.9.4 Strength 10.9.4 Strength of Concrete Braced Frames
6.9.5 Acceptance Criteria 10.9.5 Acceptance Criteria for Concrete 

Braced Frames
6.9.6 Rehabilitation Measures 10.9.6 Retrofit Measures for Concrete 

Braced Frames
6.10 Cast-in-Place Concrete Diaphragms 10.10 Cast-in-Place Concrete Diaphragms
6.10.1 Components of Cast-in-Place 

Concrete Diaphragms
10.10.1 Components of Cast-in-Place 

Concrete Diaphragms
6.10.2 Analysis, Modeling, and Acceptance

Criteria
10.10.2 Analysis, Modeling, and Acceptance

Criteria for Cast-in-Place Concrete 
Diaphragms

6.10.3 Rehabilitation Measures 10.10.3 Retrofit Measures for Cast-in-Place 
Concrete Diaphragms

6.11 Precast Concrete Diaphragms 10.11 Precast Concrete Diaphragms
6.11.1 Components of Precast Concrete 

Diaphragms
10.11.1 Components of Precast Concrete 

Diaphragms
6.11.2 Analysis, Modeling, and Acceptance

Criteria
10.11.2 Analysis, Modeling, and Acceptance

Criteria for Precast Concrete 
Diaphragms

6.11.3 Rehabilitation Measures 10.11.3 Retrofit Measures for Precast 
Concrete Diaphragms

6.12 Concrete Foundation Components 10.12 Concrete Foundations
6.12.1 Types of Concrete Foundations 10.12.1 Types of Concrete Foundations
6.12.2 Analysis of Existing Foundations 10.12.2 Analysis of Existing Concrete 

Foundations
6.12.3 Evaluation of Existing Condition 10.12.3 Evaluation of Existing Condition
6.12.4 Rehabilitation Measures 10.12.4 Retrofit Measures for Concrete 

Foundations

Chapter 7 Masonry
7.1 Scope 11.1 Scope
7.2 Material Properties and Condition 

Assessment
11.2 Condition Assessment and Material

Properties
7.2.1 General 11.2.1 General
7.2.2 Properties of In-Place Materials 11.2.2 Condition Assessment
7.2.3 Condition Assessment 11.2.3 Properties of In-Place Materials
7.2.4 Knowledge Factor 11.2.4 Knowledge Factor
7.3 Masonry Walls 11.3 Masonry Walls
7.3.1 Types of Masonry Walls 11.3.1 Types of Masonry Walls
7.3.2 Unreinforced Masonry Walls and 

Wall Piers In-Plane
11.3.2 Unreinforced Masonry (URM) Walls

and Wall Piers Subject to In-Plane 
Actions

7.3.3 Unreinforced Masonry Walls Out-of-
Plane

11.3.3 Unreinforced Masonry Walls Subject 
to Out-of-Plane Actions

7.3.4 Reinforced Masonry Walls and Wall
Piers In-Plane

11.3.4 Reinforced Masonry Walls and Wall
Piers In-Plane

7.3.5 Reinforced Masonry Wall Out-of-
Plane

11.3.5 Reinforced Masonry Wall Out-of-
Plane Actions

7.4 Masonry Infi lls 11.4 Masonry Infi lls
7.4.1 Types of Masonry Infills 11.4.1 Types of Masonry Infi lls
7.4.2 Masonry Infills In-Plane 11.4.2 Masonry Infi ll In-Plane Actions
7.4.3 Masonry Infills Out-of-Plane 11.4.3 Masonry Infi ll Wall Out-of-Plane

Actions
7.5 Anchorage to Masony Walls 11.5 Anchorage to Masony Walls
7.5.1 Types of Anchors 11.5.1 Types of Anchors
7.5.2 Analysis of Anchors 11.5.2 Analysis of Anchors
7.6 Masonry Foundation Elements 11.6 Masonry Foundation Elements
7.6.1 Types of Masonry Foundations 11.6.1 Types of Masonry Foundations
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7.6.2 Analysis of Existing Foundations 11.6.2 Analysis of Existing Foundations
7.6.3 Rehabilitation Measures 11.6.3 Foundation Retrofi t Measures

Chapter 8 Wood and Light Metal Framing
8.1 Scope 12.1 Scope
8.2 Material Properties and Condition 

Assessment
12.2 Material Properties and Condition 

Assessment
8.2.1 General 12.2.1 General
8.2.2 Properties of In-Place Materials and 

Components
12.2.2 Properties of In-Place Materials and 

Components
8.2.3 Condition Assessment 12.2.3 Condition Assessment
8.2.4 Knowledge Factor 12.2.4 Knowledge Factor
8.3 General Assumptions and

Requirements
12.3 General Assumptions and

Requirements
8.3.1 Stiffness 12.3.1 Stiffness
8.3.2 Strength and Acceptance Criteria 12.3.2 Strength and Acceptance Criteria
8.3.3 Connection Requirements 12.3.3 Connection Requirements
8.3.4 Rehabilitation Measures 12.3.4 Retrofi t Measures
8.4 Wood Light-Frame Shear Walls 12.4 Wood and CFS Light-Frame Shear 

Walls
8.4.1 General 12.4.1 General
8.4.2 Types of Wood Frame Shear Walls 12.4.2 Types of Wood Frame Shear Walls
8.4.3 Types of Light Gauge Metal Frame 

Shear Walls
12.4.3 Types of CFS Light-Frame Shear 

Walls
8.4.4 Single-Layer Horizontal Lumber 

Sheathing or Siding Shear Walls
12.4.2.1.1 Single-Layer Horizontal Lumber 

Sheathing or Siding
8.4.5 Diagonal Lumber Sheathing Shear 

Walls
12.4.2.1.2 Diagonal Lumber Sheathing

8.4.6 Vertical Wood Siding Shear Walls 12.4.2.1.3 Vertical Wood Siding Only
8.4.7 Wood Siding over Horizontal 

Sheathing Shear Walls
12.4.2.1.4 Wood Siding over Horizontal 

Sheathing
8.4.8 Wood Siding over Diagonal 

Sheathing
12.4.2.1.5 Wood Siding over Diagonal 

Sheathing
8.4.9 Wood Structural Panel Sheathing 12.4.2.1.6 Wood Structural Panel Sheathing or 

Siding
8.4.10 Stucco on Studs, Sheathing, or 

Fiberboard
12.4.2.1.7 Stucco on Studs

8.4.11 Gypsum Plaster on Wood Lath 12.4.2.1.8 Gypsum Plaster on Wood Lath
8.4.12 Gypsum Plaster on Gypsum Lath 12.4.2.1.9 Gypsum Plaster on Gypsum Lath
8.4.13 Gypsum Wallboard 12.4.2.1.10 Gypsum Wallboard or Drywall
8.4.14 Gypsum Sheathing 12.4.2.1.11 Gypsum Sheathing
8.4.15 Plaster on Metal Lath 12.4.2.1.12 Plaster on Metal Lath
8.4.16 Horizontal Lumber Sheathing with 

Cut-In Braces or Diagonal 
Blocking

12.4.2.1.13 Horizontal Lumber Sheathing with 
Cut-In Braces or Diagonal 
Blocking

8.4.17 Fiberboard or Particleboard 
Sheathing

12.4.2.1.14 Fiberboard or Particleboard 
Sheathing

8.4.18 Light Gauge Metal Frame Shear 
Walls

12.4.3 Types of CFS Light-Frame Shear 
Walls

8.5 Wood Diaphragms 12.5 Wood Diaphragms
8.5.1 General 12.5.1 General
8.5.2 Types of Wood Diaphragms 12.5.2 Types of Wood Diaphragms
8.5.3 Single Straight Sheathing 12.5.2.1.1 Single Straight Sheathing
8.5.4 Double Straight Sheathing 12.5.2.1.2 Double Straight Sheathing
8.5.5 Single Diagonal Sheathing 12.5.2.1.3 Single Diagonal Sheathing
8.5.6 Diagonal Sheathing with Straight 

Sheathing or Flooring Above
12.5.2.1.4 Diagonal Sheathing with Straight 

Sheathing or Flooring Above
8.5.7 Double Diagonal Sheathing 12.5.2.1.5 Double Diagonal Sheathing
8.5.8 Wood Structural Panel Sheathing 12.5.2.1.6 Wood Structural Panel Sheathing
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8.5.9 Wood Structural Panel Overlays on 
Straight or Diagonal Sheathing

12.5.2.2.1 Wood Structural Panel Overlays on 
Straight or Diagonal Sheathing

8.5.10 Wood Structural Panel Overlays on 
Existing Wood Structural Panel 
Sheathing

12.5.2.2.2 Wood Structural Panel Overlays on 
Existing Wood Structural Panel 
Sheathing

8.5.11 Braced Horizontal Diaphragms 12.5.2.1.7 Braced Horizontal Diaphragms
8.6 Wood Foundations 12.6 Wood Foundations
8.6.1 Types of Wood Foundations 12.6.1 Types of Wood Foundations
8.6.2 Analysis, Strength, and Acceptance

Criteria for Wood Foundations
12.6.2 Analysis, Strength, and Acceptance

Criteria for Wood Foundations
8.6.3 Rehabilitation Measures 12.6.3 Retrofit Measures for Wood

Foundations
8.7 Other Wood Elements and 

Components
12.7 Other Wood Elements and 

Components
8.7.1 General 12.7.1 General

Chapter 9 Seismic Isolation and Energy 
Dissipation

9.1 Scope 14.1 Scope
9.2 Seismic Isolation Systems 14.2 Seismic Isolation Systems
9.2.1 General Requirements 14.2.1 General Requirements
9.2.2 Mechanical Properties and Modeling 

of Seismic Isolation Systems
14.2.2 Mechanical Properties and Modeling 

of Seismic Isolation Systems
9.2.3 General Criteria for Seismic 

Isolation Design
14.2.3 General Criteria for Seismic 

Isolation Design
9.2.4 Linear Procedures 14.2.4 Linear Procedures
9.2.5 Nonlinear Procedures 14.2.5 Nonlinear Procedures
9.2.6 Nonstructural Components 14.2.6 Nonstructural Components
9.2.7 Detailed System Requirements 14.2.7 Detailed System Requirements
9.2.8 Design Review 14.2.7.1 Design Review
9.2.9 Isolation System Testing and Design 

Properties
14.2.8 Isolation System Testing and Design 

Properties
9.3 Passive Energy Dissipation Systems 14.3 Passive Energy Dissipation Systems
9.3.1 General Requirements 14.3.1 General Requirements
9.3.2 Implementation of Energy

Dissipation Devices
14.3.2 Implementation of Energy

Dissipation Devices
9.3.3 Modeling of Energy Dissipation 

Devices
14.3.3 Modeling of Energy Dissipation 

Devices
9.3.4 Linear Procedures 14.3.4 Linear Analysis Procedures
9.3.5 Nonlinear Procedures 14.3.5 Nonlinear Analysis Procedures
9.3.6 Detailed System Requirements 14.3.6 Detailed System Requirements
9.3.7 Design Review 14.3.7 Design Review
9.3.8 Required Tests of Energy Dissipation 

Devices
14.3.8 Required Tests of Energy Dissipation 

Devices
9.4 Other Response Control Systems 14.4 Other Response Control Systems

Chapter 10 Simplifi ed Rehabilititation
10.1 Scope
10.2 Procedure 3.3.3.2 Retrofi t Requirements
10.2.1 Procedure for Reduced 

Rehabilitation
3.3.3.2.1 Procedure for Reduced Retrofi t

10.2.2 Procedure for Partial Rehabilitation 3.3.3.2.2 Procedure for Partial Retrofi t
10.3 Correction of Deficiencies 5.8 Tier 2 Defi ciency-Based Retrofi t 

Requirements

Chapter 11 Architectural, Mechanical, and 
Electrical Components

11.1 Scope 13.1 Scope
11.2 Procedure 13.2 Evaluation and Retrofi t Procedure

for Nonstructural Components



xxxiv Outline Map of ASCE 31-03 and ASCE 41-06 to ASCE 41-13

ASCE 41-06 ASCE 41-13

NotesSection Title Section Title

11.2.1 Condition Assessment 13.2.1 Data Collection and Condition 
Assessment

11.2.2 Sample Size 13.2.1 Data Collection and Condition 
Assessment

11.3 Historical and Component 
Evaluation Considerations

13.3 Component Evaluation

11.3.1 Historical Information 13.2.1 Data Collection and Condition 
Assessment

11.3.2 Component Evaluation 13.3 Component Evaluation
11.4 Rehabilitation No corresponding 

section
11.5 Structural-Nonstructural Interaction No corresponding 

section
11.5.1 Response Modifi cation 13.1 Scope
11.5.2 Base Isolation 13.3 Component Evaluation
11.6 Classifi cation of Acceleration-

Sensitive and Deformation-
Sensitive Components

13.2.2 Classifi cation of Acceleration-
Sensitive and Deformation-
Sensitive Components

11.7 Evaluation Procedures 13.4 Evaluation and Retrofi t Procedures
11.7.1 Analytical Procedure 13.4.1 Analytical Procedure
11.7.2 Prescriptive Procedure 13.4.2 Prescriptive Procedure
11.7.3 Force Analysis: Default Equations No corresponding 

section
11.7.4 Force Analysis: General Equations 13.4.3 Force Analysis: General Equations
11.7.5 Deformation Analysis 13.4.4 Deformation Analysis
11.7.6 Other Procedures No corresponding 

section
11.8 Rehabilitation Approaches 13.5 Retrofi t Approaches
11.9 Architectural Components: 

Definitions, Behavior, and 
Acceptance Criteria

13.6 Architectural Components: 
Definitions, Behavior, and 
Acceptance Criteria

11.9.1 Exterior Wall Components 13.6.1 Exterior Wall Components
11.9.2 Partitions 13.6.2 Partitions
11.9.3 Interior Veneers 13.6.3 Interior Veneers
11.9.4 Ceilings 13.6.4 Ceilings
11.9.5 Parapets and Appendages 13.6.5 Parapets and Cornices
11.9.6 Canopies and Marquees 13.6.6 Architectural Appendages and 

Marquees
11.9.7 Chimneys and Stacks 13.6.7 Chimneys and Stacks
11.9.8 Stairs and Stair Enclosures 13.6.8 Stairs and Stair Enclosures
11.9.9 Doors Required for Emergency

Services Egress in Essential 
Facilities

13.6.9 Doors Required for Emergency
Services Egress in Essential 
Facilities

11.10 Mechanical, Electrical, and 
Plumbing Components: 
Definitions, Behavior, and 
Acceptance Criteria

13.7 Mechanical, Electrical, and 
Plumbing Components: 
Definitions, Behavior, and 
Acceptance Criteria

11.10.1 Mechanical Equipment 13.7.1 Mechanical Equipment
11.10.2 Storage Vessels and Water Heaters 13.7.2 Storage Vessels and Water Heaters
11.10.3 Pressure Piping 13.7.3 Pressure Piping
11.10.4 Fire Suppression Piping 13.7.4 Fire Suppression Piping
11.10.5 Fluid Piping other than Fire 

Suppression
13.7.5 Fluid Piping other than Fire 

Suppression
11.10.6 Ductwork 13.7.6 Ductwork
11.10.7 Electrical and Communications 

Equipment
13.7.7 Electrical and Communications 

Equipment
11.10.8 Electrical and Communications 

Distribution Equipment
13.7.8 Electrical and Communications 

Distribution Equipment
11.10.9 Light Fixtures 13.7.9 Light Fixtures
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11.11 Furnishings and Interior Equipment: 
Definitions, Behavior, and 
Acceptance Criteria

13.8 Furnishings and Interior Equipment: 
Definitions, Behavior, and 
Acceptance Criteria

11.11.1 Storage Racks 13.8.1 Storage Racks
11.11.2 Bookcases 13.8.2 Contents
11.11.3 Computer Access Floors 13.8.3 Computer Access Floors
11.11.4 Hazardous Material Storage 13.8.4 Hazardous Material Storage
11.11.5 Computer and Communications 

Racks
13.8.5 Computer and Communications 

Racks
11.11.6 Elevators 13.8.6 Elevators
11.11.7 Conveyors 13.8.7 Conveyors

Appendix A Use of this Standard for Local or
Directed Risk Mitigation 
Programs

Appendix B Use of this Standard for Local or
Directed Risk Mitigation 
Programs

Symbols 1.2.2 Notations
Defi nitions 1.2.1 Defi nitions




