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FOREWORD

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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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.
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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) Ib = pound

g = gram 0Z = ounce

N = Newton (mkgs?) Ibf = pound-force (1b/ft)

Pa = Pascals (N/m?) psi = pounds per square inch

kPa = kilopascals atm = atmosphere

J =Joule ft-1bf = 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 1m = 3.2808 ft = 1.0936yd 1ft =3yd =0.3048m

lcm = 0.3937in. lin. =2.54cm

1km = 0.6214 mile 1 mile = 0.869 nautical mile = 1.6093 km
Area 1 m? = 10.7643 f? 1 £t = 0.0929 m?

1km? = 0.3861 mi’ 1 mi* = 2.59 km?

1ha =2.4710 acre 1 acre = 43,560 ft> = 0.4047 ha
Volume 1L =0.2642 gal 1gal =4qt=3.7854L

Iml=1cm’ 1ft’ =7.481 gal = 28.32L
Mass 1g=0.03530z loz=28.3495¢g

1kg =2.20461b 11b = 0.4536kg
Force IN = 0.22481b/ft 11bf = 4.4482N
Density 1 kg/m? = 0.2048 1b/ft? 11b/ft* = 4.882 kg/m?

1kg/m® = 6.2427 b/ft* 11b/fc = 16.018 kg/m®
Pressure 1kPa = 0.145 psi 1psi = 6.8948 kPa

Energy and Power

Flow
Concentration
Temperature

Fundamental
Constants and
Relationships

1J =1.00W-s = 0.7376 ft1bf

1kJ = 0.2778 W-h = 0.948 Btu

1W = 0.7376ftlbf/s = 3.4122 Btu/h
1kW = 1,3410hp

1L/s = 15.85 gal/min = 2.119 ft'/min
mg/L = ppm,, (in dilute solutions)
°C=(°F-32)x5/9

Acceleration of gravity

Density of water (at 4 °C) =
Specific weight of water (15 °C) =
Weight of water

latm = 14.7psi = 101.35kPa

1 ftlbf = 1.3558]

1Btu = 1.0551kJ

1ftlbf/s = 1.3558 W

1hp = 550ftlb/s = 0.7457kW

1 gal/min = 0.1337 ft’/min = 0.0631 L/s

°F=(°C x 9/5) + 32

32.2ft/s* = 9.81 m/s?
1,000kg/m’ = 1 g/lcm’
62.41b/ft* = 9,810 N/m*

1gal = 8.3451bs = 3.7854kg

Seismic Evaluation and Retrofit of Existing Buildings



This page intentionally left blank



CONTENTS

STANDARDS . . . il
FOREWORD . . . . e v
ACKNOWLEDGMENTS . . . . . . . e vii
UNIT CONVERSIONS . . . e ix
1 GENERAL REQUIREMENTS . . . . . ottt i it it ettt ettt e e e ittt e 1
1.1 SCOPE . . o 1

Cl.1 SCOPE . . 1

1.2 Definitions and Notations . . . . . . . . . . . . e e e e 3

1.2.1 Definitions. . . . . . . . . . e e 3

1.2.2 NOtatioNS . . . . . o o o e e e e e 9

1.3 Evaluation and Retrofit Process. . . . . . . . . . . . e 21

Cl3 Evaluation and Retrofit Process. . . . . . . . . . . . . . 21

1.4 Seismic Evaluation Process . . . . . . . . . .. 22

Cl4 Seismic Evaluation Process . . . . . . . . . .. L 22

1.4.1 Selection of Performance Objective . . . . . . . . .. . . .. . ... 22

Cl4.1 Selection of Performance Objective . . . . . . . .. .. . ... .. o 22

1.4.2 Level of Seismicity . . . . . . . . . . . e 22

143 As-Built Information . . . . . ... 22

C1.4.3 As-Built Information . . . . . ... L 24

1.4.4 Evaluation Procedures. . . . . . . . . . . ... 24

Cl44 Evaluation Procedures. . . . . . . . . . . . .. 24

1.4.5 Evaluation Report. . . . . . . . . . oL 24

Cl1.4.5 Evaluation Report. . . . . . . . . . . e 24

1.5 Seismic Retrofit Process . . . . . . . . . . 24

Cl1.5 Seismic Retrofit Process . . . . . . . . . o e 24

1.5.1 Initial Considerations . . . . . . . . . . . ... e e 24

Cl1.5.1 Initial Considerations . . . . . . . . . . . . ... 24

1.5.2 Selection of Performance Objective . . . . . . . . . . . . .. .. 26

Cl1.5.2 Selection of Performance Objective . . . . . . . . . . . .. .. 26

153 Level of Seismicity . . . . . . . . . . . e 26

1.54 As-Built Information . . . . . . ... 26

1.5.5 Retrofit Procedures . . . . . . . . . .. 26

C1.55 Retrofit Procedures . . . . . . . . . ... 26

1.5.6 Retrofit Strategies . . . . . . . . . . . e 26

C1.5.6 Retrofit Strategies . . . . . . . . . . . e e 27

1.5.7 Retrofit Measures . . . . . . . . . . . L e e 28

1.5.8 Verification of Retrofit Design . . . . . . . . . . . . ... . 28

C1.5.8 Verification of Retrofit Design . . . . . . . .. . .. ... L 28

1.5.9 Construction Documents . . . . . . . .. ..o 28

C1.59 Construction Documents . . . . . . . . . .. e e 28

1.5.10 Construction Quality Assurance . . . . . . . . . . . ... e 28

C1.5.10 Construction Quality ASSUIanCe . . . . . . . . . . oot vt vttt e e 28

2 PERFORMANCE OBJECTIVES AND SEISMIC HAZARDS . . . . . o i i it ittt ittt i i oo e 31
2.1 SCOPE . . . e 31

2.2 Performance Objectives . . . . . . . . . . L e e 31

C2.2 Performance Objectives . . . . . . . . . . . e e e e e 31

2.2.1 Basic Performance Objective for Existing Buildings (BPOE). . . . . . ... ... ... ... 31

C2.2.1 Basic Performance Objective for Existing Buildings (BPOE) . . . . . . . ... ... ... .. 31

222 Enhanced Performance Objectives . . . . . . . . . . . . . 34

C2.22 Enhanced Performance Objectives . . . . . . . . . . . . .. ... ... 34

223 Limited Performance Objectives . . . . . . . . . . . . . 34

Seismic Evaluation and Retrofit of Existing Buildings Xi



C2.2.3 Limited Performance Objectives . . . . . . . . . . . . e 34

224 Basic Performance Objective Equivalent to New Building Standards (BPON). . . . . . . .. 34

C2.2.4 Basic Performance Objective Equivalent to New Building Standards (BPON). . . . . . . .. 34

225 System-Specific Performance Procedures . . . . . . ... ... ... o oL 35

C2.2.5 System-Specific Performance Procedures . . . . . . . . ... ... oL 35

2.3 Target Building Performance Levels . . . . . . . . . . . . .. . 35
Cc23 Target Building Performance Levels . . . . . . . . .. ... .. L 36
2.3.1 Structural Performance Levels and Ranges . . . . . . ... ... ... .. ... ... ... 36

C2.3.1 Structural Performance Levels and Ranges . . . . . . ... .. ... ... .......... 36

2.3.2 Nonstructural Performance Levels . . . . . . .. . ... ... .. . ... 39

C2.3.2 Nonstructural Performance Levels . . . . . . . ... .. ... ... .. .. 39

233 Designation of Target Building Performance Levels. . . . . . . ... ... ... ... .... 43

C2.33 Designation of Target Building Performance Levels. . . . . . ... ... ... ... ..... 43

24 Seismic Hazard . . . . . . . . . e 44
24.1 General Procedure for Hazard Caused by Ground Shaking . . . . . ... ... ... .. ... 44

C24.1 General Procedure for Hazard Caused by Ground Shaking . . . . . ... ... .. ...... 45

242 Site-Specific Procedure for Hazards Caused by Ground Shaking . . . . . ... ... ... .. 48

2.5 Level of Seismicity . . . . . . . . . . e e 49
C25 Level of Seismicity . . . . . . . . . . . . e 49
3 EVALUATION AND RETROFIT REQUIREMENTS . . . . . . . 0ottt it ittt i i i i i e e 51
3.1 SCOPE . . 51
32 As-Built Information . . . . . . ... 51
C3.2 As-Built Information . . . . . .. e e 51
3.2.1 Building Type . . . . . . . o e 51

C3.2.1 Building Type . . . . . . . . 51

322 Building Configuration . . . . . . . . . ... L 54

C3.22 Building Configuration . . . . . . . . . . .. L 54

323 Component Properties . . . . . . . . . . e 54

C3.23 Component Properties . . . . . . . . .. L e 54

324 Site and Foundation Information . . . . . . . .. ... ... . L o o 54

C3.2.4 Site and Foundation Information . . . . . . . . . ... .. Lo o 55

325 Adjacent Buildings . . . . . . ... 55

33 Evaluation and Retrofit Procedures . . . . . . . . . . .. ... 55
3.3.1 Limitations on the Use of the Tier 1 and 2 Evaluation and Retrofit Procedures . . . . . . . . 55

C3.3.1 Limitations on the Use of the Tier 1 and 2 Evaluation and Retrofit Procedures . . . . . . . . 55

332 Tier 1 Screening Procedure . . . . . . . . . . . . L 58

C3.3.2 Tier 1 Screening Procedure . . . . . . . . . . ... 58

333 Tier 2 Deficiency-Based Evaluation and Retrofit Procedures . . . . . .. ... ... ... .. 58

C3.33 Tier 2 Deficiency-Based Evaluation and Retrofit Procedures . . . . . . ... ... ... ... 58

334 Tier 3 Systematic Evaluation and Retrofit Procedures . . . . . . . ... ... ... ... ... 59

4 TIERISCREENING . . . . i ittt ittt ittt ittt ettt oo s naeeeeeennnnneees 61
4.1 SCOPE . . L 61
C4.1 SCOPE . . 61
4.1.1 Performance Level . . . . . . . . . . . e 61

4.1.2 Seismic Hazard Level. . . . . . . . . . .. .. .. 61

413 Level of Seismicity . . . . . . . . . . o . e 61

4.2 Scope of Investigation Required . . . . . . . . . . .. 61
4.2.1 On-Site Investigation and Condition Assessment . . . . . . . .. .. ... ... ....... 61

422 Building Type . . . . . .« . . e 61

C4.2.2 Building Type . . . . . . . o e 61

423 Default Material Values. . . . . . . . . . . . ... 61

C4.2.3 Default Material Properties . . . . . . . . . . . .. L 63

4.3 Benchmark Buildings . . . . . . . . .. 64
C4.3 Benchmark Buildings . . . . . . . . . . 64
4.4 Selection and Use of Checklists . . . . . . . . ... .. ... e 66
C4.4 Selection and Use of Checklists . . . . . . . . . . .. . e 67
4.5 Tier 1 Analysis . . . . . . . o e e e e e 67
4.5.1 OVEIVIEW . . . . o i it e et e e e e 67

452 Seismic forces. . . . . . . .. 67

453 Quick Checks for Strength and Stiffness. . . . . . . ... ... ... . o . 69

xii Contents



5 TIER 2 DEFICIENCY-BASED EVALUATION AND RETROFIT . ... ... ... ..o 73

5.1 SCOPE . . e 73
C5.1 SCOPE . o o e e 73
52 General Requirements. . . . . . . . . ... e 73
C5.2 General Requirements. . . . . . . . . . . L 73
5.2.1 Performance Level and Seismic Hazard Level . . . . . . . .. ... ... ... ... . .... 73

C5.2.1 Performance Level and Seismic Hazard Level . . . . . . . .. ... ... .. ... ...... 73

522 As-Built Information . . . . . ... L 73

C5.2.2 As-Built Information . . . . . . ... o 76

523 Condition ASSESSMENt . . . . . . . . . .. e e e e e e e e e 76

C5.23 Condition ASSESSMENt . . . . . . . . . ... e e e e e e 76

5.2.4 Tier 2 Analysis Methods . . . . . . . . . . . . 76

C5.24 Tier 2 Analysis Methods . . . . . . . . . ... L 76

5.2.5 Tier 2 Acceptance Criteria . . . . . . . . . . . . . . e e 76

C5.2.5 Tier 2 Acceptance Criteria . . . . . . . . . . . . . i e e 76

5.2.6 Knowledge Factor . . . . . . .. .. . . ... 76

C5.2.6 Knowledge Factor . . . . . . . . . . 76

53 Tier 2 Deficiency-Based Evaluation Requirements. . . . . . . . . . .. ... ... ... .. ....... 76
C53 Tier 2 Deficiency-Based Evaluation Requirements. . . . . . .. ... ... ... ... . ......... 77
5.4 Procedures for Basic Configuration of Building Systems . . . . . . . ... .. ... ... ........ 77
54.1 General . . . . . .. 77

542 Building Configuration . . . . . . . . . ... 77

543 Geologic Site Hazards and Foundation Components . . . . . . . .. .. ... ........ 78

5.5 Procedures for Seismic-force-Resisting Systems . . . . . . . . ... L oL e 78
5.5.1 General . . . . . .. e e 78

552 Procedures for Moment Frames . . . . . . . ... ... ... ... ... 78

5.5.3 Procedures for Shear Walls . . . . . . . . . .. . . . L 80

5.5.4 Procedures for Braced Frames . . . . . . . .. .. .. ... ... 81

5.6 Procedures for Diaphragms . . . . . . . . . ..o 82
5.6.1 General Procedures for Diaphragms . . . . . . . . . . . ... L oo 82

5.6.2 Procedures for Wood Diaphragms . . . . . . . . . ... ... 82

5.6.3 Procedures for Metal Deck Diaphragms . . . . . . ... ... ... ... oL 82

5.6.4 Procedures for Precast Concrete Diaphragms . . . . . . . .. ... ... ... ... . ... 82

5.6.5 Diaphragms Other than Wood, Metal Deck, Concrete, or Horizontal Bracing . . . . . . . .. 82

5.7 Procedures for Connections . . . . . . . . . . . L e 82
5.7.1 Anchorage for Normal forces. . . . . . . . . . . . . 82

5.7.2 Connections for Shear Transfer. . . . . . . . .. .. ... ... ... ... . ... ... 82

5.7.3 Connections for Vertical Elements . . . . . . . . ... ... . L 82

574 Interconnection of Elements . . . . . ... ... ... ... 83

5.7.5 Roof and Wall Panel Connections . . . . . . . . . . . . .. .. ... 83

5.8 Tier 2 Deficiency-Based Retrofit Requirements . . . . . . . . . .. ... ... ... ... .. ... ... 83
C5.8 Tier 2 Deficiency-Based Retrofit Requirements . . . . . . . . .. .. ... ... ... .. ... 83
6 TIER 3 SYSTEMATIC EVALUATION AND RETROFIT. . . . . . . . . .0ttt ittt ittt e e e 89
6.1 SCOPE . . e 89
C6.1 SCOPE . o e 89
6.2 Data Collection Requirements . . . . . . . . . ... .. ... e 89
C6.2 Data Collection Requirements . . . . . . . . . . .. L e e 89
6.2.1 Minimum Data Collection Requirements. . . . . . . . .. . ... ... ... .. ...... 89

6.2.2 Usual Data Collection Requirements . . . . . . . ... ... ... ... ... ......... 89

6.2.3 Comprehensive Data Collection Requirements . . . . . . ... .. ... ... .. ...... 90

C6.2.3 Comprehensive Data Collection Requirements . . . . . . ... ... ... ... ....... 90

6.2.4 Knowledge Factor . . . . . . . . . . . e 90

6.3 Tier 3 Evaluation Requirements . . . . . . . .. .. ... ... 91
C6.3 Tier 3 Evaluation Requirements . . . . . . . . . . . . . . 91
6.4 Tier 3 Retrofit Requirements . . . . . . . . . . . . e e e 91
Co6.4 Tier 3 Retrofit Requirements . . . . . . . . . . ... . .. 91
7 ANALYSIS PROCEDURES AND ACCEPTANCE CRITERIA . . . . . . . ittt t ittt i ee oo 93
7.1 SCOPE . . o e 93
C7.1 SCOPE . o o e 93

Seismic Evaluation and Retrofit of Existing Buildings xiii



Xiv

7.2 General Analysis Requirements . . . . . . . . . . .. e
7.2.1 Analysis Procedures. . . . . . . . . L
7.2.2 Component Gravity Loads and Load Combinations . . . . . . . .. ... ... ........
C7.22 Component Gravity Loads and Load Combinations . . . . . . . . ... ... ... ......
723 Mathematical Modeling. . . . . . . . . . . ..
7.2.4 Configuration . . . . . . . . . . e e e
C7.24 Configuration . . . . . . . . ...
7.2.5 Multidirectional Seismic Effects . . . . . . . . .. ..o oo
7.2.6 P-AEffects . . . . . .
C7.2.6 P-AEffects . . . . . . . e
7.2.7 Soil-Structure Interaction. . . . . . . . . . ...
C7.2.7 Soil-Structure Interaction. . . . . . . . ... ...
7.2.8 OVErturning . . . . . . . . . . .ottt e e e
C7.2.8 OVerturning . . . . . . . . . . it e e e e
729 Diaphragms, Chords, Collectors, and Ties . . . . . . . .. ... ... ... ... ......
C7.2.9 Diaphragms, Chords, Collectors, and Ties . . . . . . . . .. ... ... ... .. .......
7.2.10 Continuity . . . . . . . . oo e e e
C.7.2.10  Continuity . . . . . . . . o o e e e e e
7.2.11 Structural Walls and Their Anchorage . . . . . . . .. ... ... ... ... ... ...
7.2.12 Structures Sharing Common Elements . . . . . . . . . ... ... oL
7.2.13 Building Separation . . . . . . . ..
7.2.14 Verification of Analysis Assumptions . . . . . . . . . .. L
C7.2.14  Verification of Analysis ASSumptions . . . . . . . . . . ... .o
7.3 Analysis Procedure Selection . . . . . . . . .. e
C7.3 Analysis Procedure Selection . . . . . . . ...
7.3.1 Linear Procedures . . . . . . . . . . . ...
C7.3.1 Linear Procedures . . . . . . . . . . ..
7.3.2 Nonlinear Procedures . . . . . . . . . . . . . e
733 Alternative Rational Analysis. . . . . . . . . . . . L
7.4 Analysis Procedures . . . . . . . . L e
74.1 Linear Static Procedure (LSP) . . . . . . . . . . . . . . ..
742 Linear Dynamic Procedure (LDP) . . . . . . . . .. .. ... ... ..
743 Nonlinear Static Procedure NSP . . . . . . . . ... ... ...
7.4.4 Nonlinear Dynamic Procedure (NDP) . . . . . . . . .. .. ... ... ... .. ......
1.5 Acceptance Criteria . . . . . . . . . . L o e e e e
7.5.1 General Requirements. . . . . . . . . . . L e e
C7.5.1 General Requirements. . . . . . . . . . . ..
7.5.2 Linear Procedures . . . . . . . . . . . ...
753 Nonlinear Procedures . . . . . . . . .. ...
7.6 Alternative Modeling Parameters and Acceptance Criteria . . . . . . . . . . ... ... ... ......
C7.6 Alternative Modeling Parameters and Acceptance Criteria . . . . . . . . . . ... ... ... ......
7.6.1 Experimental Setup . . . . . . . . .
C7.6.1 Experimental Setup . . . . . . . . . L
7.6.2 Data Reduction and Reporting . . . . . . . . . . . .. L
C.7.6.2  Data Reduction and Reporting . . . . . . . . . .. . ... .
7.6.3 Analysis Parameters and Acceptance Criteria for Subassemblies Based on
Experimental Data . . . . . . . . . ...
C7.6.3 Analysis Parameters and Acceptance Criteria for Subassemblies Based on
Experimental Data . . . . . .. .. ..
FOUNDATIONS AND GEOLOGIC SITE HAZARDS . . . . . . . i ittt e e et e ittt e e
8.1 SCOPE . . L
C8.1 SCOPE . .
8.2 Site Characterization . . . . . . . . . . . . e
C8.2 Site Characterization . . . . . . . . . . . . i e e e e e e e e e e e
8.2.1 Foundation Information. . . . . . . . ... ... . L
8.2.2 Seismic—Geologic Site Hazards . . . . . . . . .. .. ... ..
C8.2.2 Seismic—Geologic Site Hazards . . . . . . . . ... ... .. ... oo
8.3 Mitigation of Seismic—Geologic Site Hazards . . . . . . . . .. ... ... ... ...
C8.3 Mitigation of Seismic—Geologic Site Hazards . . . . . . . . .. ... ... ... ... ... ...,
8.4 Foundation Strength and Stiffness . . . . . . . ... . ... o L
Cc8.4 Foundation Strength and Stiffness . . . . . . . . .. . . L
8.4.1 Expected Foundation Capacities . . . . . . . . . . . . e
C8.4.1 Expected Foundation Capacities . . . . . . . . . . .. .

93
93
93
94
94
96
96
96
98
98
98
98
99
99
99
100
101
101
101
102
102
102
102
103
103
103
103
104
105
105
105
109
109
113
114
114
114
118
119
119
119
120
120
120
121

121

122

123
123
123
123
123
123
124
124
128
128
129
129
130
130

Contents



8.5
C8.5

9.3

94

9.5

9.6

9.7
C9.7
9.8

9.9

8.4.2 Load-Deformation Characteristics for Shallow Foundations . . . . ... ... .. ......

C8.4.2 Load-Deformation Characteristics for Shallow Foundations . . . . . ... ... ... ....
8.4.3 Pile Foundations . . . . . . . . . . ...
8.4.4 Drilled Shafts . . . . . . . . . e
C8.4.4 Drilled Shafts . . . . . . . . e
8.4.5 Deep Foundation Acceptance Criteria . . . . . . . . . . . .. .. e
Kinematic Interaction and Radiation Damping Soil-Structure Interaction Effects . . . . . . .. ... ..
Kinematic Interaction and Radiation Damping Soil-Structure Interaction Effects . . . . . ... ... ..
8.5.1 Kinematic Interaction . . . . . . . . . . . .
852 Foundation Damping Soil-Structure Interaction Effects . . . . . ... ... ... ... ...
C8.5.2 Foundation Damping Soil-Structure Interaction Effects . . . . ... ... ... ... ....
Seismic Earth Pressure . . . . . . . . . .o
Seismic Earth Pressure . . . . . . . . . . . e e
Foundation Retrofit . . . . . . . . . . . . e
Foundation Retrofit . . . . . . . . . . . . e
SCOPE. . o o e
SCOPE. . . o o e
Material Properties and Condition Assessment. . . . . . . . . . . . et e
9.2.1 General . . . . . . . e e
C9.2.1 General . . . . . . L e
9.2.2 Properties of In-Place Materials and Components . . . . . . . . ... ... ... .......
923 Condition ASSESSMENt. . . . . . . . . . vt e e e e e e e e e e
9.2.4 Knowledge Factor. . . . . . . . . . .
General Assumptions and Requirements . . . . . . . . . . .. ... oL
9.3.1 Stiffness . . . . . . e
9.3.2 Strength and Acceptance Criteria. . . . . . . . . . . . . oL
9.33 Retrofit Measures . . . . . . . . . . oL
Steel Moment Frames . . . . . . . . . . . . e e e
94.1 General . . . . . L
C9.4.1 General . . . . . .
942 Fully Restrained (FR) Moment Frames . . . . . .. . ... ... ... .. ..........
943 Partially Restrained (PR) Moment Frames . . . . . . .. ... ... ... .. ........
Steel Braced Frames . . . . . . . . . . . . e
9.5.1 General . . . . . . L e
C9.5.1 General . . . . . e
9.5.2 Concentrically Braced Frames . . . . . . . . . . . .. ... .
953 Eccentrically Braced Frames . . . . . . . ... ... ... ... . oo
954 Buckling-Restrained Braced Frames . . . . . . . . ... ... .. o .
Steel Plate Shear Walls . . . . . . . . . . . e
9.6.1 General . . . . . . L e e
C9.6.1 General . . . . . e
9.6.2 Stiffness of Steel Plate Shear Walls . . . . . . . .. ... ... ... .. ... . . .. ...
9.6.3 Strength of Steel Plate Shear Walls . . . . . . ... ... ... .. ... ... . . ...
9.6.4 Acceptance Criteria for Steel Plate Shear Walls . . . . . . ... .. ... ... ... .....
9.6.5 Retrofit Measures for Steel Plate Shear Walls . . . . . . . ... ... ... ..........
C9.6.5 Retrofit Measures for Steel Plate Shear Walls . . . . . . .. ... ... ... ... ......
Steel Frames with Infills . . . . . . . . . . o e
Steel Frames with Infills . . . . . . . . .. o L
Diaphragms . . . . . . . . e e e
9.8.1 Bare Metal Deck Diaphragms . . . . . . ... ... ... ...
9.8.2 Metal Deck Diaphragms with Structural Concrete Topping . . . . . . . . . . ... ... ...
9.8.3 Metal Deck Diaphragms with Nonstructural Topping . . . . . . . . . . ... ... ... ...
9.84 Horizontal Steel Bracing (Steel Truss Diaphragms) . . . . . . ... ... ... ... ... ..
9.8.5 Archaic Diaphragms . . . . . . . . . L.
9.8.6 Chord and Collector Elements . . . . . . . . . . .. ... e
Steel Pile Foundations . . . . . . . . . . . . e e
9.9.1 General . . . . . e
C9.9.1 General . . . . . . .
9.9.2 Stiffness of Steel Pile Foundations . . . . . . . ... ... ... ... ... ... ... ...
993 Strength of Steel Pile Foundations . . . . . . .. ... ... ... ... oL
9.9.4 Acceptance Criteria for Steel Pile Foundations . . . . .. .. ... .. ... ... ......
C9.94 Acceptance Criteria for Steel Pile Foundations . . . . .. ... ... ... ..........

Seismic Evaluation and Retrofit of Existing Buildings

130
130
139
140
140
140
141
141
141
142
143
143
143
143
144

145
145
145
145
145
145
145
148
149
149
149
149
150
150
150
150
150
161
164
164
165
165
167
168
170
170
170
170
170
170
171
171
171
171
171
171
172
173
174
175
175
176
176
176
176
176
176
176

XV



10

XVi

9.9.5 Retrofit Measures for Steel Pile Foundations . . . . . .. ... ... ... .......... 176

C9.9.5 Retrofit Measures for Steel Pile Foundations . . . . . . .. ... ... ... ......... 176
9.10 Castand Wrought Tron . . . . . . . . . L e 176
9.10.1 General . . . . . ... 176
9.10.2 Stiffness of Cast and WroughtIron. . . . . . . . . .. ... . ... .. .o . 176
9.10.3 Strength and Acceptance Criteria for Cast and Wrought Iron . . . . . . . .. ... ... ... 176
CONCRETE . . . o i it i i i it i ittt ettt i ittt eenanoeeeeeenas 179
10.1 SCOPE . . o e 179
C10.1 SCOPE . o o e 179
10.2 Material Properties and Condition Assessment. . . . . . . . .. . ... ... 179
10.2.1 General . . . . . L e 179
Cl10.2.1  General . . . . . ... 179
10.2.2 Properties of In-Place Materials and Components . . . . . . . ... ... ... ........ 180
10.2.3 Condition ASSESSMENt . . . . . . . . ... e e e e e e e 184
10.2.4 Knowledge Factor . . . . . . . . . . e 185
10.3 General Assumptions and Requirements . . . . . . . .. ... Lo o 185
10.3.1 Modeling and Design . . . . . . . . . ... 185
10.3.2 Strength and Deformability . . . . . . . . . . ... 187
10.3.3 Flexure and Axial Loads . . . . . . . . . . . . . . . . . 188
C10.3.3  Flexure and Axial Loads . . . . . . . . . . . .. ... .. 188
10.3.4 Shear and Torsion . . . . . . . . . . . oo e e 189
C10.3.4 Shearand Torsion . . . . . . . . . . . o 0 i i e e 189
10.3.5 Development and Splices of Reinforcement . . . . . . . ... ... ... ... ........ 189
C10.3.5 Development and Splices of Reinforcement . . . . . . .. ... .. ... ... ... ... 190
10.3.6 Connections to Existing Concrete . . . . . . . . .. ... ... 190
C10.3.6  Connections to Existing Concrete . . . . . . . . . . . . .. 190
10.3.7 Retrofit Measures . . . . . . . . . . .. 191
10.4 Concrete Moment Frames. . . . . . . . . . . . . .. 191
10.4.1 Types of Concrete Moment Frames . . . . . . .. ... .. ... ... ... ... ..... 191
10.4.2 Reinforced Concrete Beam—Column Moment Frames . . . . . .. ... ... ... ..... 191
10.4.3 Posttensioned Concrete Beam—Column Moment Frames . . . . . . . ... ... ... .... 199
10.4.4 Slab—Column Moment Frames . . . . . . . . .. ... ... .. 201
10.5 Precast Concrete Frames . . . . . . . . . . . . e 205
10.5.1 Types of Precast Concrete Frames . . . . . . . . . . ... ... .. ... ... ... 205
10.5.2 Precast Concrete Frames Expected to Resist Seismic forces . . . . ... .. ... ... ... 205
10.5.3 Precast Concrete Frames Not Expected to Resist Seismic forces Directly . . . . . ... ... 205
10.6 Concrete Frames with Infills . . . . . . . . ... . 206
10.6.1 Types of Concrete Frames with Infills . . . . . . . .. .. ... ... ... ... ....... 206
10.6.2 Concrete Frames with Masonry Infills . . . . . . . ... ... ... ... .. .. ... ... 206
10.6.3 Concrete Frames with Concrete Infills . . . . . . . .. ... ... ... ... ... .. ... 208
10.7 Concrete Shear Walls . . . . . . . . . . L L e 209
10.7.1 Types of Concrete Shear Walls and Associated Components . . . . . . . ... ........ 209
C10.7.1  Types of Concrete Shear Walls and Associated Components . . . . . . . .. ... .. .... 209
10.7.2 Reinforced Concrete Shear Walls, Wall Segments, and Coupling Beams . . . . . . ... ... 211
10.8 Precast Concrete Shear Walls . . . . . . . . . . .. L 217
10.8.1 Types of Precast Shear Walls . . . . . . . . . . ... .. ... ... .. 217
10.8.2 Precast Concrete Shear Walls and Wall Segments . . . . . . ... ... ... ... ...... 217
10.9 Concrete Braced Frames . . . . . . . . . .. . L 219
10.9.1 Types of Concrete Braced Frames . . . . . . .. ... .. ... ... ... .. ....... 219
10.9.2 General . . . . . L e 219
10.9.3 Stiffness of Concrete Braced Frames . . . . . . . .. .. ... ... .. ... ... .. ... 219
10.9.4 Strength of Concrete Braced Frames . . . . . . . . . ... ... ... .. ... . ..., 220
10.9.5 Acceptance Criteria for Concrete Braced Frames . . . . . . ... ... ... ... ...... 220
10.9.6 Retrofit Measures for Concrete Braced Frames . . . . . . .. ... .. ... .. ....... 220
C10.9.6  Retrofit Measures for Concrete Braced Frames . . . . . . . ... .. ... ... ....... 220
10.10 Cast-in-Place Concrete Diaphragms . . . . . . . . . . . ... . . e 220
10.10.1  Components of Cast-in-Place Concrete Diaphragms . . . . . . . .. .. ... ... ... .. 220
10.10.2  Analysis, Modeling, and Acceptance Criteria for Cast-in-Place
Concrete Diaphragms . . . . . . . . . ... L 220
10.10.3  Retrofit Measures for Cast-in-Place Concrete Diaphragms . . . . . . . . ... ... ... .. 221
C10.10.3 Retrofit Measures for Cast-in-Place Concrete Diaphragms . . . . . . .. .. ... ... ... 221
10.11 Precast Concrete Diaphragms . . . . . . . . . . . L e 221

Contents



10.11.1  Components of Precast Concrete Diaphragms . . . . . . . . ... ... ... ... ......

C10.11.1 Components of Precast Concrete Diaphragms . . . . . . . . . . ... .. ... ... .....

10.11.2  Analysis, Modeling, and Acceptance Criteria for Precast Concrete Diaphragms . . . . . . . .

C10.11.2 Analysis, Modeling, and Acceptance Criteria for Precast Concrete Diaphragms . . . . . . . .

10.11.3  Retrofit Measures for Precast Concrete Diaphragms. . . . . . . . .. .. .. ... ... ...

C10.11.3 Retrofit Measures for Precast Concrete Diaphragms. . . . . . . . . .. ... ... ... ...

10.12 Concrete Foundations . . . . . . . . . . . L e e e e
10.12.1  Types of Concrete Foundations. . . . . . . . . . . . .. ... ...

10.12.2  Analysis of Existing Concrete Foundations . . . . . . .. ... ... ... ..........

C10.12.2 Analysis of Existing Concrete Foundations . . . . . ... ... ... ... ..........

10.12.3  Evaluation of Existing Condition. . . . . . . . . . . .. ... ..

10.12.4  Retrofit Measures for Concrete Foundations . . . . . . . . ... ... ... ..........

C10.12.4 Retrofit Measures for Concrete Foundations . . . . . . ... ... ... ... .........

11 MASONRY & . ot e e e e e e e e e e e e e e e e e e e e e
11.1 SCOPE . .
Cl1.1 SCOPE . o o e e
11.2 Condition Assessment and Material Properties . . . . . . . . . .. . . ... ... ...
11.2.1 General . . . . . e

CIL.2.1  General . . . . . . . . . . e

11.2.2 Condition ASSESSMENt. . . . . . . . . vt i e e e e e e e e e

Cl11.2.2  Condition ASSESSIMENt. . . . . . v v v v v vttt e e e e e e e e e

11.2.3 Properties of In-Place Materials and Components . . . . . . . ... ... ... ........

11.2.4 Knowledge Factor. . . . . . . . . . .

11.3 Masonry Walls . . . . . . . oL e
CI11.3 Masonry Walls . . . . . . . e
11.3.1 Types of Masonry Walls . . . . . . . . . . . .

C11.3.1  Types of Masonry Walls . . . . . . . . . e

11.32 Unreinforced Masonry (URM) Walls and Wall Piers Subject to In-Plane Actions . . . . . . .

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

11.3.4 Reinforced Masonry Walls and Wall Piers In-Plane . . . . . . ... ... ... ... .....

11.3.5 Reinforced Masonry Wall Out-of-Plane Actions . . . . . . . ... ... ... .........

11.4 Masonry Infills . . . . . . . oL
Cl14 Masonry Infills . . . . . . . e e
11.4.1 Types of Masonry Infills . . . . . . . . ... ... .

11.4.2 Masonry Infill In-Plane Actions . . . . . . . . . .. .. L

Cl11.4.2 Masonry Infill In-Plane Actions . . . . . . . . . . . . L

11.4.3 Masonry Infill Wall Out-of-Plane Actions . . . . . . . .. ... ... .. .. .........

11.5 Anchorage to Masonry Walls . . . . . . . . . .
11.5.1 Types of Anchors . . . . . . . . o e

11.5.2 Analysisof Anchors . . . . . ...

C11.5.2 Analysisof Anchors . . . . . . . . . . L

11.5.3 Quality Assurance for Anchors in Masonry Walls . . . . . . ... ... ... ... . .....

C11.5.3  Quality Assurance for Anchors in Masonry Walls . . . . . . . ... ... ... ........

11.6 Masonry Foundation Elements . . . . . . . . . ... L L
11.6.1 Types of Masonry Foundations . . . . . . . ... ... . ... ... ..

Cl11.6.1  Types of Masonry Foundations . . . . . . . ... ... ... ... ... . .........

11.6.2 Analysis of Existing Foundations . . . . . .. .. ... ... ... .. .

11.6.3 Foundation Retrofit Measures . . . . . . . .. ... ... ... e

C11.6.3  Foundation Retrofit Measures . . . . . . . . . . . . . . . e

12 WOOD AND COLD-FORMED STEELLIGHTFRAME . . . . . . .. .. i i ittt ittt e
12.1 SCOPE . o
Cl2.1 SCOPE . o o
12.2 Material Properties and Condition Assessment . . . . . . . . . . . . ...
12.2.1 General . . . . . L

C12.2.1  General . . . . . . . e e

12.2.2 Properties of In-Place Materials and Components . . . . . . . .. ... ... .........

12.2.3 Condition ASSESSMENt . . . . . . . . .o e e e e e e e e e e

12.2.4 Knowledge Factor. . . . . . . . . . .

12.3 General Assumptions and Requirements . . . . . . . . . . ... L. L
12.3.1 Stiffness . . . . . e

Seismic Evaluation and Retrofit of Existing Buildings

221
221
221
221
221
221
221
221
222
222
222
222
222

225
225
225
225
225
226
226
226
229
232
232
232
233
233
234
241
242
243
244
244
244
244
244
247
248
248
248
248
248
249
249
249
249
249
249
250

251
251
251
251
251
251
252
255
257
257
257

xvii



12.3.2 Strength and Acceptance Criteria. . . . . . . . . . . . .o
12.3.3 Connection Requirements. . . . . . . . . . . .. ..
C12.3.3  Connection Requirements. . . . . . . . . . . . .. . i e
12.3.4 Components Supporting Discontinuous Shear Walls . . . . . ... ... ... .. ......
12.3.5 Retrofit Measures . . . . . . . . . . .. e
C12.3.5  Retrofit MEasures . . . . . . . ..o v i e e e e
12.4 Wood and CFS Light-Frame Shear Walls . . . . . .. ... ... . . . .. . . . ....
12.4.1 General . . . . . .. e
Cl12.4.1  General . . . . . .
12.4.2 Types of Wood Frame Shear Walls . . . . .. ... ... ... ... ... ... ...
12.4.3 Types of CES Light-Frame Shear Walls . . . . . . . .. ... ... ... ... ........

12.4.4 Stiffness, Strength, Acceptance Criteria, and Connection Design for
Wood Frame Shear Walls . . . . . . . . .. .. .

12.4.5 Stiffness, Strength, Acceptance Criteria, and Connection Design for
CFS Light-Frame Shear Walls . . . . . . . . . . .. ... . . e
12.5 Wood Diaphragms . . . . . . . ..
12.5.1 General . . . . . L e
Cl12.5.1  General . . . . . .
12.5.2 Types of Wood Diaphragms . . . . . . ... ... ... ...
12.5.3 Stiffness, Strength, Acceptance Criteria, and Connection Design for Wood Diaphragms . . .
12.6 Wood Foundations . . . . . . . . ... e
12.6.1 Types of Wood Foundations . . . . . . ... ... ... ... ... .. .. ... ...,
C12.6.1 Types of Wood Foundations . . . . . . . .. .. ... .. ..
12.6.2 Analysis, Strength, and Acceptance Criteria for Wood Foundations . . . . . ... ... ...
C12.6.2  Analysis, Strength, and Acceptance Criteria for Wood Foundations . . . . . . ... ... ..
12.6.3 Retrofit Measures for Wood Foundations . . . . . ... ... ... ... ... .. ...,
C12.6.3  Retrofit Measures for Wood Foundations . . . . .. ... ... ... ... ..........
12.7 Other Wood Elements and Components . . . . . . . . . . . .o v v v it i ittt
12.7.1 General . . . . . . e
Cl12.7.1  General . . . . . . . ..
13 ARCHITECTURAL, MECHANICAL, AND ELECTRICALCOMPONENTS ..................
13.1 SCOPE . . L
C13.1 SCOPE . .
13.2 Evaluation and Retrofit Procedure for Nonstructural Components . . . . . . . . . . .. ... ... ...
Cl13.2 Evaluation and Retrofit Procedure for Nonstructural Components . . . . . . .. ... .. ... .....
13.2.1 Data Collection and Condition Assessment . . . . . . . . . . . ..o v
C13.2.1 Data Collection and Condition Assessment . . . . . . . . .. . ... ...,
13.2.2 Classification of Acceleration-Sensitive and Deformation-Sensitive Components . . . . . . .
C13.2.2  Classification of Acceleration-Sensitive and Deformation-Sensitive Components . . . . . . .
13.3 Component Evaluation . . . . . . . . . .. e
C133 Component Evaluation . . . . . . . . . .. e
13.4 Evaluation and Retrofit Procedures . . . . . . . . . ... ... o
13.4.1 Analytical Procedure . . . . . . . . . L
C13.4.1  Analytical Procedure . . . . . . . . . . ...
13.4.2 Prescriptive Procedure . . . . . . ..o
C13.42  Prescriptive Procedure . . . . . . . . . . . e
13.4.3 force Analysis: General Equations . . . . . . . . . .. ...
13.4.4 Deformation Analysis . . . . . . . . . . . L
13.4.5 Component Testing . . . . . . . . . i i it e e e e e e
13.5 Retrofit Approaches . . . . . . . . . . L e
C13.5 Retrofit Approaches . . . . . . . . . . . e e
13.6 Architectural Components: Definition, Behavior, and Acceptance Criteria . . . . . . . .. ... .. ...
13.6.1 Exterior Wall Components . . . . . . . . . . . e e
13.6.2 Partitions . . . . . . ...
13.6.3 Interior Veneers . . . . . . . . . . e e
13.6.4 Ceilings . . . . . o o
13.6.5 Parapets and Cornices . . . . . . . .. ...
13.6.6 Architectural Appendages and Marquees . . . . . . . .. ... Lo
13.6.7 Chimneys and Stacks . . . . . . . . . L e
13.6.8 Stairs and Stair Enclosures . . . . . . . . ... e
13.6.9 Doors Required for Emergency Services Egress in Essential Facilities . . . . . . ... .. ..

13.7 Mechanical, Electrical, and Plumbing Components: Definition, Behavior, and

xviii

Acceptance Criteria . . . . . . . . . ...

257
258
258
258
258
258
259
259
259
260
262

262

269
270
270
270
270
272
275
275
275
275
276
276
276
276
276
276

277
277
271
277
279
279
280
280
280
280
281
281
281
281
281
281
281
284
284
284
284
285
285
289
290
290
291
291
292
292
292

293

Contents



13.7.1 Mechanical Equipment . . . .

13.7.2 Storage Vessels and Water Heaters . . . . . . . . .. ... ... ... ... ... ...

13.7.3 Pressure Piping . . . . . . . . .

13.7.4 Fire Suppression Piping . . . . . . . . ... L

13.7.5 Fluid Piping Other than Fire Suppression . . . . . . . . .. .. ... ... .. ........

13.7.6 Ductwork . . . . . .

13.7.7 Electrical and Communications Equipment . . . . . . .. ... ... ... ... .....

13.7.8 Electrical and Communications Distribution Components . . . . . . . .. . ... ... ...

13.7.9 Light Fixtures . . . . . . . . . . e

13.8 Furnishings and Interior Equipment: Definition, Behavior, and Acceptance Criteria . . . . . . . ... ..
13.8.1 Storage Racks . . . . . . . L

13.8.2 Contents . . . . . . . e

13.8.3 Computer Access Floors . . . . . . . ... L

13.8.4 Hazardous Materials Storage . . . . . . . . . . . ... L

13.8.5 Computer and Communication Racks . . . . . .. ... ... . o oo

13.8.6 Elevators . . . . . . . .

13.8.7 CONVEYOIS . . . v v v e e e e e e e e e e e e e e e e

14 SEISMIC ISOLATION AND ENERGY DISSIPATION . . . . . . 0 i it ittt i ittt ittt oo e e
14.1 SCOPE . o o e
Cl4.1 SCOPE . . e
14.2 Seismic Isolation Systems . . . . . . . . e e
14.2.1 General Requirements. . . . . . . . . . . .. L

C14.2.1  General Requirements. . . . . . . . . .. .. L

14.2.2 Mechanical Properties and Modeling of Seismic Isolation Systems . . . ... ... .....

C14.2.2  Mechanical Properties and Modeling of Seismic Isolation Systems . . . . . . ... ... ..

14.2.3 General Criteria for Seismic Isolation Design . . . . . . . ... . ... ... .. .......

14.2.4 Linear Procedures . . . . . . . . . . ..

14.2.5 Nonlinear Procedures . . . . . . . . . . . . . ... e

14.2.6 Nonstructural Components . . . . . . . . . . . . oL e e e e e

14.2.7 Detailed System Requirements . . . . . . . . . . ... L

14.2.8 Isolation System Testing and Design Properties . . . . . . . .. . ... ... ... ......

14.3 Passive Energy Dissipation Systems . . . . . . . . . . ... e e e e e
14.3.1 General Requirements . . . . . . . ... L

C14.3.1 General Requirements . . . . . . . . .. .. L

14.3.2 Implementation of Energy Dissipation Devices . . . . . . .. ... ... .. ... ......

14.3.3 Modeling of Energy Dissipation Devices . . . . . . ... ... ... ... ..........

C14.3.3 Modeling of Energy Dissipation Devices . . . . . . . .. ... ... .. ... ........

14.3.4 Linear Analysis Procedures . . . . . . . . . . . . ..

Cl14.34 Linear Analysis Procedures . . . . . . . .. ... ... L

14.3.5 Nonlinear Analysis Procedures . . . . . . . . . . . . .. .

14.3.6 Detailed Systems Requirements . . . . . . . . . .. ... ...

14.3.7 Design Review . . . . . . . L

C14.3.77 Design Review . . . . . . . e

14.3.8 Required Tests of Energy Dissipation Devices. . . . . . . .. ... ... ... .. ......

14.4 Other Response Control Systems . . . . . . . . . . . . . i e
Cl4.4 Other Response Control Systems . . . . . . . . . . . oo e
15 SYSTEM-SPECIFIC PERFORMANCE PROCEDURES . . . . . . ...t i ittt ittt te e
15.1 SCOPE . . o e
C15.1 SCOPE . . o
15.2 Special Procedure for Unreinforced Masonry . . . . . . ... .. ... ... o
15.2.1 Scope . .. e

C15.2.1  Scope . . . o o e e

15.2.2 General Requirements . . . . . . . . . .

15.2.3 Analysis . . . . .. e

16 TIER 1 CHECKLISTS. . . . . . i ittt ittt e et ettt ittt it ettt
16.1 Basic Checklists . . . . . . . . . e e

16.1.1 Very Low Seismicity Checklist
C16.1.1  Very Low Seismicity Checklist

Seismic Evaluation and Retrofit of Existing Buildings

293
294
295
295
296
297
297
298
299
299
299
300
300
300
301
301
302

303
303
303
304
304
304
304
304
311
313
315
316
316
318
320
320
321
321
322
322
323
323
325
327
327
327
327
329
329

331
331
331
332
332
332
332
334

339
339
339
339

Xix



16.1.2LS Life Safety Basic Configuration Checklist . . . . . . ... ... ... ... .. ........ 339

C16.1.2LS Life Safety Basic Configuration Checklist . . . . . . . ... ... ... ... ... ...... 339

16.1.2I0 Immediate Occupancy Basic Configuration Checklist . . . . . . . ... ... ... ... ... 340

C16.1.210 Immediate Occupancy Basic Configuration Checklist . . . . . . ... ... ... ... ... .. 340
16.2LS  Life Safety Structural Checklist for Building Types W1: Wood Light Frames and W1a:

Multi-Story, Multi-Unit Residential Wood Frame . . . . . . .. ... ... ... ... . ......... 341
C16.2LS Life Safety Structural Checklist for Building Types W1: Wood Light Frames and Wla:

Multi-Story, Multi-Unit Residential Wood Frame . . . . . . .. . .. ... ... .. ... ... ..... 341
16.210 Immediate Occupancy Structural Checklist for Building Types W1: Wood Light Frames and W1a:

Multi-Story, Multi-Unit Residential Wood Frame . . . . . . . . ... ... ... ... .. ... ..... 342
C16.2I0 Immediate Occupancy Structural Checklist for Building Types W1: Wood Light Frames and W1a:

Multi-Story, Multi-Unit Residential Wood Frame . . . . . . .. ... ... ... ... . ........ 342
16.3LS  Life Safety Structural Checklist for Building Type W2: Wood Frames, Commercial

and Industrial . . . . . ... e e 343
Cl16.3 Life Safety Structural Checklist for Building Type W2: Wood Frames, Commercial

and Industrial . . . . . ... e e 343
16.310 Immediate Occupancy Structural Checklist for Building Type W2: Wood Frames,

Commercial and Industrial . . . . . . . . .. L 344
C16.310 Immediate Occupancy Structural Checklist for Building Type W2: Wood Frames,

Commercial and Industrial . . . . . . . .. ... 344
16.4LS  Life Safety Structural Checklist for Building Types S1: Steel Moment Frames with Stiff

Diaphragms and Sla: Steel Moment Frames with Flexible Diaphragms . . . . . ... .. ... ... .. 345
C16.4LS Life Safety Structural Checklist for Building Type S1: Steel Moment Frames with

Stiff Diaphragms and Type Sla: Steel Moment Frames with Flexible Diaphragms . . . . . ... .. .. 345

16.410 Immediate Occupancy Structural Checklist for Building Types S1: Steel Moment Frames with

Stiff Diaphragms and Sla: Steel Moment Frames with Flexible

Diaphragms . . . . . . . e 346
C16.4I0 Immediate Occupancy Structural Checklist for Building Type S1: Steel Moment

Frames with Stiff Diaphragms and Type Sla: Steel Moment Frames with

Flexible Diaphragms . . . . . . . . . . . . e e 347
16.5LS  Life Safety Structural Checklist for Building Types S2: Steel Braced Frames with Stiff

Diaphragms and S2a: Steel Braced Frames with Flexible Diaphragms . . . . . . . .. .. ... ... .. 348
C16.5LS Life Safety Structural Checklist for Building Types S2: Steel Braced Frames with

Stiff Diaphragms and S2a: Steel Braced Frames with Flexible Diaphragms . . . . . ... ... ... .. 348
16.510 Immediate Occupancy Structural Checklist for Building Types S2: Steel Braced Frames and S2a:

Steel Braced Frames with Flexible Diaphragms . . . . . . . ... ... ... ... ... . .. ... 349
C16.5I0 Immediate Occupancy Structural Checklist for Building Types S2: Steel Braced Frames with

Stiff Diaphragms and S2a: Steel Braced Frames with Flexible Diaphragms . . . . . ... ... ... .. 349
16.6LS  Life Safety Structural Checklist for Building Type S3: Steel Light Frames . . . . . ... ... ... .. 350
C16.6LS Life Safety Structural Checklist for Building Type S3: Steel Light Frames . . . . . . ... .. .. ... 351
16.610 Immediate Occupancy Structural Checklist for Building Type S3: Steel

Light Frames. . . . . . . . . . e e 351
C16.610 Immediate Occupancy Structural Checklist for Building Type S3: Steel

Light Frames. . . . . . . . . o e 351
16.7LS  Life Safety Structural Checklist for Building Type S4: Dual Systems with Backup Steel

Moment Frames and Stiff Diaphragms . . . . . . . . . . . . ... 352
C16.7LS Life Safety Structural Checklist for Building Type S4: Dual Systems with Backup Steel

Moment Frames and Stiff Diaphragms . . . . . . . . .. .. ... L 352
16.710 Immediate Occupancy Structural Checklist for Building Type S4: Dual Systems with Backup Steel

Moment Frames and Stiff Diaphragms . . . . . . . . ... ... 353
C16.710 Immediate Occupancy Structural Checklist for Building Type S4: Dual Systems with Backup

Steel Moment Frames and Stiff Diaphragms . . . . . . . . . .. ... oL oL 353

16.8LS  Life Safety Structural Checklist for Building Types S5: Steel Frames with Infill Masonry

Shear Walls and Stiff Diaphragms and S5a: Steel Frames with Infill Masonry Shear Walls

and Flexible Diaphragms . . . . . . . . . . . . . 355
C16.8LS Life Safety Structural Checklist for Building Types S5: Steel Frames with Infill Masonry

Shear Walls and Stiff Diaphragms and S5a: Steel Frames with Infill Masonry Shear Walls

and Flexible Diaphragms . . . . . . . . . . . . L 355
16.810 Immediate Occupancy Structural Checklist for Building Types S5: Steel Frames with

Infill Masonry Shear Walls and Stiff Diaphragms and S5a: Steel Frames with Infill Masonry

Shear Walls and Flexible Diaphragms . . . . . . . . . . .. ... . L 356
C16.810 Immediate Occupancy Structural Checklist for Building Types S5: Steel Frames with

Infill Masonry Shear Walls and Stiff Diaphragms and S5a: Steel Frames with Infill Masonry

Shear Walls and Flexible Diaphragms . . . . . . . . . . . ... . . 356
16.9LS  Life Safety Structural Checklist for Building Type C1: Concrete Moment Frames . . . . ... ... .. 357

Contents



C16.9LS Life Safety Structural Checklist for Building Type C1: Concrete Moment Frames . . . . . ... .. .. 358
16.910 Immediate Occupancy Structural Checklist for Building Type C1: Concrete Moment

Frames . . . . . . . . e 358
C16.910 Immediate Occupancy Structural Checklist for Building Type C1: Concrete Moment

Frames . . . . . . . e 359
16.10LS Life Safety Structural Checklist for Building Types C2: Concrete Shear Walls with Stiff Diaphragms

and C2a: Concrete Shear Walls with Flexible Diaphragms . . . . . . ... ... ... ... ....... 360
C16.10LS Life Safety Structural Checklist for Building Types C2: Concrete Shear Walls with Stiff Diaphragms

and C2a: Concrete Shear Walls with Flexible Diaphragms . . . . . . . ... ... ... ... ...... 360
16.10I0 Immediate Occupancy Structural Checklist for Building Types C2: Concrete Shear Walls with

Stiff Diaphragms and C2a: Concrete Shear Walls with Flexible Diaphragms . . . . . . . . .. ... ... 361
C16.10I0 Immediate Occupancy Structural Checklist for Building Types C2: Concrete Shear Walls with

Stiff Diaphragms and C2a: Concrete Shear Walls with Flexible Diaphragms . . . . . . . . ... ... .. 361

16.11LS  Life Safety Structural Checklist for Building Types C3: Concrete Frames with Infill Masonry

Shear Walls and C3a: Concrete Frames with Infill Masonry Shear Walls and Flexible

Diaphragms . . . . . . . . 362
C16.11LS Life Safety Structural Checklist for Building Types C3: Concrete Frames with Infill Masonry

Shear Walls and C3a: Concrete Frames with Infill Masonry Shear Walls and Flexible

Diaphragms . . . . . . . . . 362
16.1110  Immediate Occupancy Structural Checklist for Building Types C3: Concrete Frames with Infill

Masonry Shear Walls and Stiff Diaphragms and C3a: Concrete Frames with Infill Masonry

Shear Walls and Flexible Diaphragms . . . . . . . . . ... ... .. ... o 363
C16.1110 Immediate Occupancy Structural Checklist for Building Types C3: Concrete Frames with

Infill Masonry Shear Walls and C3a: Concrete Frames with Infill Masonry Shear Walls and

Flexible Diaphragms . . . . . . . . . . . .. e 363
16.12LS  Life Safety Structural Checklist for Building Types PC1: Precast or Tilt-Up Concrete Shear

Walls with Flexible Diaphragms and PCla: Precast or Tilt-Up Concrete Shear Walls with

Stiff Diaphragms . . . . . . . .. 365
C16.12LS Life Safety Structural Checklist for Building Types PC1: Precast or Tilt-Up Concrete Shear

Walls with Flexible Diaphragms and PCla: Precast or Tilt-Up Concrete Shear Walls with

Stiff Diaphragms . . . . . . . . e e 365
16.12I0 Immediate Occupancy Structural Checklist for Building Types PC1: Precast or Tilt-Up

Concrete Shear Walls with Flexible Diaphragms and PCla: Precast or Tilt-Up Concrete

Shear Walls with Stiff Diaphragms . . . . . . . . . . .. . 366
C16.12I0 Immediate Occupancy Structural Checklist for Building Types PC1: Precast or Tilt-Up

Concrete Shear Walls with Flexible Diaphragms and PCla: Precast or Tilt-Up Concrete

Shear Walls with Stiff Diaphragms . . . . . . . . . .. .. . 366
16.13LS  Life Safety Structural Checklist for Building Type PC2: Precast Concrete Frames with

Shear Walls . . . . . . . . 367
C16.13LS Life Safety Structural Checklist for Building Type PC2: Precast Concrete Frames with

Shear Walls . . . . . . . . e 367
16.1310  Immediate Occupancy Structural Checklist for Building Type PC2: Precast Concrete Frames with

Shear Walls . . . . . . L . e 368
C16.1310 Immediate Occupancy Structural Checklist for Building Type PC2: Precast Concrete Frames with

Shear Walls . . . . . . . . o e 368
16.14LS Life Safety Structural Checklist for Building Type PC2a: Precast Concrete Frames without

Shear Walls . . . . . . . . e 369
C16.14LS Life Safety Structural Checklist for Building Type PC2a: Precast Concrete Frames without

Shear Walls . . . . . . L . e 369
16.1410  Immediate Occupancy Structural Checklist for Building Type PC2a: Precast Concrete Frames

without Shear Walls . . . . . . . . . L e e 370
C16.1410 Immediate Occupancy Structural Checklist for Building Type PC2a: Precast Concrete Frames

without Shear Walls . . . . . . . . . L L e 370

16.15LS  Life Safety Structural Checklist for Building Types RM1: Reinforced Masonry Bearing

Walls with Flexible Diaphragms and RM2: Reinforced Masonry Bearing Walls with

Stiff Diaphragms . . . . . . . . e e e 371
C16.15LS Life Safety Structural Checklist for Building Types RM1: Reinforced Masonry Bearing

Walls with Flexible Diaphragms and RM2: Reinforced Masonry Bearing Walls with

Stiff Diaphragms . . . . . . . . e e e 371
16.15I0  Immediate Occupancy Structural Checklist for Building Types RM1:

Reinforced Masonry Bearing Walls and RM1a: Reinforced Masonry Bearing

Walls with Stiff Diaphragms . . . . . . . . . . . e 372
C16.1510 Immediate Occupancy Structural Checklist for Building Types RM1: Reinforced Masonry

Bearing Walls with Flexible Diaphragms and RM1a: Reinforced Masonry Bearing Walls with

Stiff Diaphragms . . . . . . . . . e e e 372

Seismic Evaluation and Retrofit of Existing Buildings xXxi



16.16LS  Life Safety Structural Checklist for Building Types URM: Unreinforced Masonry Bearing Walls

with Flexible Diaphragms and URMa: Unreinforced Masonry Bearing Walls with

Stiff Diaphragms . . . . . . . . . e e e 373
C16.16LS Life Safety Structural Checklist for Building Types URM: Unreinforced Masonry Bearing

Walls with Flexible Diaphragms and URMa: Unreinforced Masonry Bearing Walls with

Stiff Diaphragms . . . . . . . . e e e e 373
16.1610  Immediate Occupancy Structural Checklist for Building Types URM: Unreinforced

Masonry Bearing Walls with Flexible Diaphragms and URMa: Unreinforced Masonry

Bearing Walls with Stiff Diaphragms . . . . . . . . . . ... 374
C16.1610 Immediate Occupancy Structural Checklist for Building Types URM: Unreinforced

Masonry Bearing Walls with Flexible Diaphragms and URMa: Unreinforced Masonry

Bearing Walls with Stiff Diaphragms . . . . . . . . . . ... 375

16.17 Nonstructural Checklist . . . . . . . . . . . . e 376
C16.17  Nonstructural Checklist . . . . . . . . . . . e 376
17 REFERENCE DOCUMENTS. . . . . . i i i ittt ittt e e ittt ettt i i ittt eeennn 381
17.1 Consensus Standards and Other Reference Documents . . . . . . .. ... ... ... ... ...... 381
Cl17.1 Commentary References . . . . . . . . . .. L 382
APPENDIX A GUIDELINES FOR DEFICIENCY-BASED PROCEDURES . . . . .. ... ... ..., 391
Al General . . . .. e 391
A2 Procedures for Building Systems . . . . . . . . . L e 391
A2.1 General . . . . . .. e e 391

A22 Configuration . . . . . . . . . L e e 392

A23 Condition of Materials . . . . . . . . . . . .. 395

A3 Procedures for Seismic-Force-Resisting Systems. . . . . . . ... ... ... o oL 397
A3l Moment Frames . . . . . . . . . e 397

A32 Shear Walls . . . . . . . . . 403

A33 Braced Frames . . . . . . . . . . e 409

A4 Procedures for Diaphragms . . . . . . . . . . L 412
A4l General . . . . . .. 412

A42 Wood Diaphragms . . . . . . . . .. e 415

A43 Metal Deck Diaphragms . . . . . . . . . .. L 416

A44 Concrete Diaphragms . . . . . . . . . . . L e e 416

A4S Precast Concrete Diaphragms . . . . . . . . . . . ... L 417

A4.6 Horizontal Bracing . . . . . . . . . . . 417

A4.7 Other Diaphragms . . . . . . . . . . . o e e 417

A5 Procedures for Connections . . . . . . . . . . . . .. e e 417
AS1 Anchorage for Normal forces. . . . . . . . . . . . . . .. 417

AS5.2 Shear Transfer. . . . . . . . . . . . e 418

AS3 Vertical Components . . . . . . . . . e e e e e 419

As54 Interconnection of Elements . . . . . . . . ... ... e 420

ASS Panel Connections. . . . . . . . . .. . e 421

A.6 Procedures for Geologic Site Hazards and Foundations . . . . . . . . .. .. ... ... .. ....... 421
A.6.1 Geologic Site Hazards . . . . . . . . . . . . . . e 421

A.6.2 Foundation Configuration . . . . . . . . . . . ... 422

A7 Procedures for Nonstructural Components . . . . . . . . . . . .. . L 422
A1 Partitions. . . . . . . . e 423

A7.2 Ceiling Systems . . . . . . . . . e e e 423

A73 Light Fixtures . . . . . . . . . . e 424

A4 Cladding and Glazing . . . . . . . . . . . . e 424

A5 Masonry VENEET . . . . . . . . . . e 425

A.7.6 Metal Stud Backup Systems . . . . . . . ... 426

A7.77 Concrete Block and Masonry Back-up Systems . . . . . . ... ... ... ... ..., . 426

A8 Parapets, Cornices, Ornamentation, and Appendages . . . . . .. ... ... ... ...... 426

A79 Masonry Chimneys . . . . . . . . . . oot e e e e 426

A7.10 SHAITS . . o o e e e e 426

A7.11 Building Contents and Furnishing . . . . . ... ... .. ... ... ... . ... 427

A.7.12 Mechanical and Electrical Equipment . . . . . . . .. ... ... 0 oL 427

A.7.13 Piping . . . . . . 428

A7.14 DUCES . . . o o e 429

A.7.15 Hazardous Materials. . . . . . . . . . . . e 429

A.7.16 Elevators . . . . . . . e 430

xxii Contents



APPENDIX B APPLYING ASCE 41-13 IN BUILDING CODES, REGULATORY POLICIES,

AND MITIGATION PROGRAMS . . . . i it ittt e e i e et e e et et ittt et e e
B.1 Introduction . . . . . . . .
B.2 Mandatory Mitigation . . . . . . . . . ... e e e

B.2.1 Performance Objectives. . . . . . . . . . . . . e
B.2.2 Implementation Issues. . . . . . . . . . ...
B.2.3 Historic Buildings. . . . . . . . . . . ...
B.2.4 Example Programs . . . . . . . ..
B.3 Voluntary Mitigation. . . . . . . . . . o o o e e e e e e e e e e e e
B.3.1 Performance Objectives. . . . . . . . . . . . . L
B.3.2 Implementation Issues. . . . . . . . . . .. L
B.3.3 Historic Buildings. . . . . . . . . . . . e
B.3.4 Example Programs . . . . . . . ...
B4 Triggered Mitigation. . . . . . . . . . . . L e e e e
B.4.1 Performance Objectives. . . . . . . . . . . ..
B.4.2 Implementation Issues. . . . . . . . . ...
B.4.3 Historic Buildings. . . . . . . . . . . . e
B.4.4 Example Programs . . . . . . ... L

APPENDIX C
Summary Data Sheet

Tier 1 Checklists
16.1
16.1.2LS
16.1.210
16.2LS
16.210
16.3LS
16.310

16.4LS

16.410
16.5LS
16.510
16.6LS
16.610
16.7LS
16.710

16.8LS

16.810

16.9LS
16.910
16.10LS
16.10I0

16.11LS

Basic Checklist . . . . . . . . . e
Life Safety Basic Configuration Checklist . . . . . . . . .. .. ... ... .. ... ....
Immediate Occupancy Basic Configuration Checklist . . . . . . .. ... ... ... .....
Life Safety Structural Checklist for Building Types W1: Wood Light Frames and Wla:
Multi-Story, Multi-Unit Residential Wood Frame . . . . . . .. ... ... ... ... ....
Immediate Occupancy Structural Checklist for Building Types W1: Wood Light Frames

and Wla: Multi-Story, Multi-Unit Residential Wood Frame . . . ... ... ... ... ...
Life Safety Structural Checklist for Building Type W2: Wood Frames, Commercial and
Industrial . . . . . ..
Immediate Occupancy Structural Checklist for Building Type W2: Wood Frames,
Commercial and Industrial . . . . . ... .. ... o
Life Safety Structural Checklist for Building Types S1: Steel Moment

Frames with Stiff Diaphragms and Sla: Steel Moment Frames

with Flexible Diaphragms. . . . . . . . . . . ... . L
Immediate Occupancy Structural Checklist for Building Types S1: Steel Moment Frames
with Stiff Diaphragms and Sla: Steel Moment Frames with Flexible Diaphragms . . . . . .
Life Safety Structural Checklist for Building Types S2: Steel Braced Frames with Stiff
Diaphragms and S2a: Steel Braced Frames with Flexible Diaphragms . . . . . . . . ... ..
Immediate Occupancy Structural Checklist for Building Types S2: Steel Braced Frames

and S2a: Steel Braced Frames with Flexible Diaphragms . . . . . . . .. ... .. ... ...
Life Safety Structural Checklist for Building Type S3: Steel Light Frames. . . . . . . . . ..
Immediate Occupancy Structural Checklist for Building Type S3: Steel Light Frames. . . . .
Life Safety Structural Checklist for Building Type S4: Dual Systems with Backup Steel Moment
Frames and Stiff Diaphragms. . . . . . . . . .. ... L
Immediate Occupancy Structural Checklist for Building Type S4: Dual Systems with Backup
Steel Moment Frames and Stiff Diaphragms. . . . . . .. ... .. ... ... ... ... ..
Life Safety Structural Checklist for Building Types S5: Steel Frames with Infill Masonry
Shear Walls and Stiff Diaphragms and S5a: Steel Frames with Infill Masonry Shear Walls
and Flexible Diaphragms . . . . . . . . . . . .. ...
Immediate Occupancy Structural Checklist for Building Types S5: Steel Frames with Infill
Masonry Shear Walls and Stiff Diaphragms and S5a: Steel Frames with Infill Masonry

Shear Walls and Flexible Diaphragms . . . . . . . .. ... ... ... ... ........
Life Safety Structural Checklist for Building Type C1: Concrete Moment Frames . . . . . .
Immediate Occupancy Structural Checklist for Building Type C1: Concrete Moment Frames.
Life Safety Structural Checklist for Building Types C2: Concrete Shear Walls with Stiff
Diaphragms and C2a: Concrete Shear Walls with Flexible Diaphragms . . . . . . . ... ..
Immediate Occupancy Structural Checklist for Building Types C2: Concrete Shear Walls with
Stiff Diaphragms and C2a: Concrete Shear Walls with Flexible Diaphragms. . . . . . . . ..
Life Safety Structural Checklist for Building Types C3: Concrete Frames with Infill
Masonry Shear Walls and C3a: Concrete Frames with Infill Masonry Shear Walls and
Flexible Diaphragms . . . . . . . . . . . . . e

Seismic Evaluation and Retrofit of Existing Buildings

431
431
431
431
432
432
432
433
433
434
434
434
434
434
435
435
435

437

438
439
440
441
443
445

447

449
451
453
455
457
458
460

462

465

467
469
471
473

475

477

xxiii



XXiv

16.1110

16.12LS

16.1210

16.13LS

16.1310

16.14LS

16.1410

16.15LS

16.1510

16.16LS

16.1610

16.17

Immediate Occupancy Structural Checklist for Building Types C3:

Concrete Frames with Infill Masonry Shear Walls and Stiff

Diaphragms and C3a: Concrete Frames with Infill Masonry Shear

Walls and Flexible Diaphragms . . . . . . . . ... ... .. ... . .. ..
Life Safety Structural Checklist for Building Types PC1: Precast or Tilt-Up Concrete Shear
Walls with Flexible Diaphragms and PCla: Precast or Tilt-Up Concrete Shear Walls with
Stiff Diaphragms . . . . . . . ...
Immediate Occupancy Structural Checklist for Building Types PC1: Precast or Tilt-Up
Concrete Shear Walls with Flexible Diaphragms and PCla: Precast or Tilt-Up Concrete
Shear Walls with Stiff Diaphragms . . . . . . . ... ... ... ... o L.
Life Safety Structural Checklist for Building Type PC2: Precast Concrete Frames with

Shear Walls . . . . . . . . . e
Immediate Occupancy Structural Checklist for Building Type PC2: Precast Concrete

Frames with Shear Walls . . . . . . . ... ... .
Life Safety Structural Checklist for Building Type PC2a: Precast Concrete Frames without
Shear Walls . . . . . . . . L e
Immediate Occupancy Structural Checklist for Building Type PC2a: Precast Concrete
Frames without Shear Walls . . . . . . ... ... ... ... o
Life Safety Structural Checklist for Building Types RM1: Reinforced Masonry

Bearing Walls with Flexible Diaphragms and RM2: Reinforced Masonry Bearing

Walls with Stiff Diaphragms . . . . . . . . . ...
Immediate Occupancy Structural Checklist for Building Types RM1:

Reinforced Masonry Bearing Walls and RM1a: Reinforced Masonry Bearing

Walls with Stiff Diaphragms . . . . . . . . . . ...
Life Safety Structural Checklist for Building Types URM: Unreinforced

Masonry Bearing Walls with Flexible Diaphragms and URMa:

Unreinforced Masonry Bearing Walls with Stiff

Diaphragms . . . . . . . . .
Immediate Occupancy Structural Checklist for Building Types URM: Unreinforced

Masonry Bearing Walls with Flexible Diaphragms and URMa: Unreinforced Masonry
Bearing Walls with Stiff Diaphragms . . . . . . ... .. ... ... .. L.
Nonstructural Checklist . . . . . . . . . ... o

479

481

483

485

487

489

491

493

495

497

499
501

507

Contents



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

ASCE 31-03 ASCE 41-13

Section Title Section Title Notes

Chapter 1  General Provisions

1.1 Scope 1.1 Scope

1.2 Basic Requirements 33 Evaluation and Retrofit Methods

1.2.1 Tier 1—Screening Phase 332 Tier 1 Screening Procedure

122 Tier 2—Evaluation Phase 333 Tier 2 Deficiency-Based Evaluation
and Retrofit Procedures

1.2.3 Tier 3—Detailed Evaluation Phase 334 Tier 3 Systematic Evaluation and
Retrofit Procedures

124 Final Report 1.4.5 Evaluation Report

1.3 Definitions 1.2.1 Definitions

1.4 Notation 1.2.2 Notations

1.5 References References

Chapter 2  Evaluation Requirements

2.1 General

22 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

25 Level of Seismicity 4.1.3 Level of Seismicity

2.6 Building Type 422 Building Type

Chapter 3  Screening Phase (Tier 1)

3.1 General 4.1 Scope

32 Benchmark Buildings 43 Benchmark Buildings

33 Selection and Use of Checklists 4.4 Selection and Use of Checklists

34 Further Evaluation Requirements 3.3.1 Limitations on the Use of the Tier 1
and 2 Evaluation and Retrofit
Procedures

35 Tier 1 Analysis 4.5 Tier 1 Analysis

3.5.1 Overview 4.5.1 Overview

352 Seismic Shear Forces 452 Seismic Shear Forces

353 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  16.1.2 Basic Configuration Checklist

Checklist

39 Nonstructural Checklists 16.17 Nonstructural Checklist

Chapter 4 Evaluation Phase (Tier 2)

4.1 General 5.1 Scope

4.2 Tier 2 Analysis 52 General Requirements

4.2.1 General No corresponding

section

422 Analysis Procedures for LSP and LDP 524 Tier 2 Analysis Methods

423 Mathematical Model for LSP and LDP 7.2.3 Mathematical Modeling

424 Acceptance Criteria for LSP and LDP 525 Tier 2 Acceptance Criteria

425 Out-of-Plane Wall Forces 7.2.11 Structural Walls and Their
Anchorage

4.2.6 Special Procedure for Unreinforced 15.2 Special Procedure for Unreinforced

Masonry Masonry

43 Procedures for Building Systems 54 Procedures for Basic Configuration
of Building Systems

4.3.1 General 54.1 General

432 Configuration 542 Building Configuration
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Section Title Section Title Notes
433 Condition of Materials 5.2.3 Condition Assessment
4.4 Procedures for Lateral-Force-Resisting 5.5 Procedures for Seismic-Force-
Systems Resisting Systems
441 Moment Frames 552 Procedures for Moment Frames
442 Shear Walls 5.53 Procedures for Shear Walls
443 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
452 Wood Diaphragms 5.6.2 Procedures for Wood Diaphragms
453 Metal Deck Diaphragms 5.6.3 Procedures for Metal Deck
Diaphragms
454 Concrete Diaphragms No corresponding
section
4.5.5 Precast Concrete Diaphragms 5.6.4 Procedures for Precast Concrete
Diaphragms
45.6 Horizontal Bracing No corresponding
section
457 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 572 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 543 Geologic Site Hazards and
and Foundations Foundation Components
4.7.1 Geologic Site Hazards 5.4.2.1 Geologic Site Hazards
4.7.2 Condition of Foundations 54.3.2 Foundation Performance
473 Capacity of Foundations 5433 Overturning
Chapter 5  Detailed Evaluation Phase (Tier 3)
5.1 General 334 Tier 3 Systematic Evaluation and
Retrofit Procedures
52 Available Procedures No corresponding
Section
5.2.1 Provisions for Seismic Rehabilitation 6.3 Tier 3 Evaluation Requirements
Design
522 Provisions for Design of New Buildings No corresponding
Section
53 Selection of Detailed Procedures No corresponding
Section
App B Summary Data Sheet App C Summary Data Sheet
XXVi Outline Map of ASCE 31-03 and ASCE 41-06 to ASCE 41-13
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Section Title Section Title Notes
Chapter 1 Rehabilitation Requirements
1.1 Scope 1.1 Scope
1.2 Design Basis 1.3 Evaluation and Retrofit Process
1.3 Seismic Rehabilitation Process 1.5 Seismic Retrofit 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
1.33 As-Built Information 1.5.4 As-Built Information
1.3.4 Rehabilitation Method 1.5.5 Retrofit Procedures
1.3.5 Rehabilitation Measures 1.5.7 Retrofit Measures
1.3.6 Verification of Rehabilitation Design ~ 1.5.8 Verification of Retrofit Design
1.4 Rehabilitation Objectives 22 Performance Objectives
1.4.1 Basic Safety Objective 2.2.1 Basic Performance Objective for
Existing Buildings (BPOE)
1.4.2 Enhanced Rehabilitation Objectives 222 Enhanced Performance Objectives
143 Limited Rehabilitation Objectives 223 Limited Performance Objectives
1.5 Target Building Performance Levels 23 Target Building Performance Levels
1.5.1 Structural Performance Levels and 2.3.1 Structural Performance Levels and
Ranges Ranges
1.5.2 Nonstructural Performance Levels 232 Nonstructural Performance Levels
1.5.3 Designation of Target Building 233 Designation of Target Building
Performance Levels Performance Levels
1.6 Seismic Hazard 24 Seismic Hazard
1.6.1 General Procedure for Hazard Due 24.1 General Procedure for Hazard Due
to Ground Shaking to Ground Shaking
1.6.2 Site-Specific Procedure for Hazard 242 Site-Specific Procedure for Hazard
Due to Ground Shaking 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 32 As-Built Information
22.1 Building Configuration 322 Building Configuration
222 Component Properties 323 Component Properties
223 Site and Foundation Information 324 Site and Foundation Information
224 Adjacent Buildings 325 Adjacent Buildings
225 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 33 Evaluation and Retrofit Methods
23.1 Simplified Rehabilitation Method 333 Tier 2 Deficiency-Based Evaluation
and Retrofit Procedures
232 Systematic Rehabilitation Method 334 Tier 3 Systematic Evaluation and
Retrofit Procedures
24 Analysis Procedures 7.3 Analysis Procedure Selection
2.4.1 Linear Procedures 7.3.1 Linear Procedures
242 Nonlinear Procedures 7.32 Nonlinear Procedures
243 Alternative Rational Analysis 733 Alternative Rational Analysis
244 Acceptance Criteria 7.5.1 General Requirements
2.5 Rehabilitation Strategies 1.5.6 Retrofit 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-A Effects 7.2.6 P-A 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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Section Title Section Title Notes
2,69 Structures Sharing Common 7.2.12 Structures Sharing Common
Elements 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
272 Construction Quality Assurance 1.5.10.2 Construction Quality Assurance
Requirements Requirements
273 Responsibilities of the Authority 1.5.10.3 Responsibilities of the Authority
Having Jurisdiction Having Jurisdiction
2.8 Alternative Modeling Parameters 7.6 Alternative Modeling Parameters
and Acceptance Criteria 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 7.6.3 Evaluation or Retrofit Parameters
Criteria and Acceptance Criteria for
Subassemblies Based on
Experimental Data
Chapter 3 Analysis Procedures
3.1 Scope 7.1 Scope
32 General Analysis Requirements 7.2 General Analysis Requirements
3.2.1 Analysis Procedure Selection 7.2.1 Analysis Procedures
322 Mathematical Modeling 7.2.3 Mathematical Modeling
323 Configuration 7.24 Configuration
324 Diaphragms 7.2.9 Diaphragms, Chords, Collectors, and
Ties
325 P-A Effects 7.2.6 P-A Effects
3.2.6 Soil-Structure Interaction 7.2.7 Soil-Structure Interaction
327 Multidirectional Seismic Effects 7.2.5 Multidirectional Seismic Effects
3.2.8 Component Gravity Loads for Load 7.2.2 Component Gravity Loads and Load
Combinations Combinations
329 Verification of Design Assumptions 7.2.14 Verification of Evaluation or Retrofit
Assumptions
3.2.10 Overturning 7.2.8 Overturning
33 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)
333 Nonlinear Static Procedure 743 Nonlinear Static Procedure (NSP)
334 Nonlinear Dynamic Procedure 744 Nonlinear Dynamic Procedure
(NDP)
34 Acceptance Criteria 7.5 Acceptance Criteria
34.1 General Requirements 7.5.1 General Requirements
342 Linear Procedures 7.5.2 Linear Procedures
343 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
422 Seismic Geologic Site Hazards 8.2.2 Seismic Geologic Site Hazards
4.3 Mitigation of Seismic-Geologic Site 8.3 Mitigation of Seismic-Geologic Site
Hazards Hazards
44 Foundation Strength and Stiffness 8.4 Foundation Strength and Stiffness
441 Expected Capacities of Foundations 8.4.1 Expected Foundation Capacities
442 Load-Deformation Characteristics 8.4.2 Load-Deformation Characteristics of
for Foundations Shallow Foundations
443 Foundation Acceptance Criteria 8.4.5 Deep Foundation Acceptance
Criteria
xxviii Outline Map of ASCE 31-03 and ASCE 41-06 to ASCE 41-13
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Section Title Section Title Notes
4.5 Kinematic Interaction and Radiation 8.5 Kinematic Interaction and Radiation
Damping Soil-Structure Damping Soil-Structure
Interaction Effects Interaction Effects
45.1 Kinematic Interaction 8.5.1 Kinematic Interaction
452 Foundation Damping Soil-Structure 852 Foundation Damping Soil-Structure
Interaction Effects Interaction Effects
4.6 Seismic Earth Pressure 8.6 Seismic Earth Pressure
4.7 Foundation Rehabilitation 8.7 Foundation Retrofit
Chapter 5 Steel
5.1 Scope 9.1 Scope
5.2 Material Properties and Condition 9.2 Material Properties and Condition
Assessment Assessment
5.2.1 General 9.2.1 General
522 Properties of In-Place Materials and 922 Properties of In-Place Materials and
Components Components
5.2.3 Condition Assessment 9.2.3 Condition Assessment
5.3 General Assumptions and 9.3 General Assumptions and
Requirements Requirements
5.3.1 Stiffness 9.3.1 Stiffness
5.3.2 Design Strengths and Acceptance 9.3.2 Strengths and Acceptance Criteria
Criteria
5.33 Rehabilitation Measures 9.3.3 Retrofit Measures
54 Steel Moment Frames 9.4 Steel Moment Frames
5.4.1 General 9.4.1 General
542 Fully Restrained Moment Frames 9.4.2 Fully Restrained (FR) Moment
Frames
543 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
552 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 Infills
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 9.8.2 Metal Deck Diaphragms with
Structural Concrete Topping Structural Concrete Topping
5.83 Metal Deck Diaphragms with 9.8.3 Metal Deck Diaphragms with
Nonstructural Topping Nonstructural Topping
5.8.4 Horizontal Steel Bracing (Steel 9.8.4 Horizontal Steel Bracing (Steel Truss
Truss Diaphragms) 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
59.2 Stiffness 9.9.2 Stiffness of Steel Pile Foundations
5.9.3 Strength 9.9.3 Strength of Steel Pile Foundations
594 Acceptance Criteria 9.94 Acceptance Criteria for Steel Pile
Foundations
595 Rehabilitation Measures 9.9.5 Retrofit Measures for Steel Pile
Foundations
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Section Title Section Title Notes
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 10.2 Material Properties and Condition
Assessment Assessment
6.2.1 General 10.2.1 General
6.2.2 Properties of In-Place Materials and 10.2.2 Properties of In-Place Materials and
Components 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 10.3 General Assumptions and
Requirements 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 10.3.5 Development and Splices of
Reinforcement Reinforcement
6.3.6 Connections to Existing Concrete 10.3.6 Connections to Existing Concrete
6.3.7 Rehabilitation 10.3.7 Retrofit 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 10.4.2 Reinforced Concrete Beam-Column
Moment Frames Moment Frames
6.4.3 Post-Tensioned Concrete Beam- 10.4.3 Post-Tensioned Concrete Beam-
Concrete Moment Frames 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 10.5.2 Precast Concrete Frames Expected
to Resist Lateral Load to Resist Lateral Load
6.5.3 Precast Concrete Frames Not 10.5.3 Precast Concrete Frames Not
Expected to Resist Lateral Loads Expected to Resist Lateral Loads
Directly Directly
6.6 Concrete Frames with Infills 10.6 Concrete Frames with Infills
6.6.1 Types of Concrete Frames with 10.6.1 Types of Concrete Frames with
Infills Infills
6.6.2 Concrete Frames with Masonry 10.6.2 Concrete Frames with Masonry
Infills Infills
6.6.3 Concrete Frames with Concrete 10.6.3 Concrete Frames with Concrete
Infills Infills
6.7 Concrete Shear Walls 10.7 Concrete Shear Walls
6.7.1 Types of Concrete Shear Walls and 10.7.1 Types of Concrete Shear Walls and
Associated Components Associated Components
6.7.2 Reinforced Concrete Shear Walls, 10.7.2 Reinforced Concrete Shear Walls,
Wall Segments, Coupling Beams, Wall Segments, and Coupling
and Reinforced Concrete Columns Beams
Supporting Discontinuous Shear
Walls
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 10.8.2 Precast Concrete Shear Walls and
Wall Segments 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
XXX Outline Map of ASCE 31-03 and ASCE 41-06 to ASCE 41-13
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Section Title Section Title Notes
6.9.2 General Considerations 10.9.2 General
6.9.3 Stiffness 10.9.3 Stiffness of Concrete Braced Frames
6.94 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 10.10.1 Components of Cast-in-Place
Concrete Diaphragms Concrete Diaphragms
6.10.2 Analysis, Modeling, and Acceptance 10.10.2 Analysis, Modeling, and Acceptance
Criteria 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 10.11.1 Components of Precast Concrete
Diaphragms Diaphragms
6.11.2 Analysis, Modeling, and Acceptance ~ 10.11.2 Analysis, Modeling, and Acceptance
Criteria 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 11.2 Condition Assessment and Material
Assessment Properties
7.2.1 General 11.2.1 General
7.2.2 Properties of In-Place Materials 11.2.2 Condition Assessment
723 Condition Assessment 11.2.3 Properties of In-Place Materials
7.24 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 11.3.2 Unreinforced Masonry (URM) Walls
Wall Piers In-Plane and Wall Piers Subject to In-Plane
Actions
7.3.3 Unreinforced Masonry Walls Out-of-  11.3.3 Unreinforced Masonry Walls Subject
Plane to Out-of-Plane Actions
7.34 Reinforced Masonry Walls and Wall 11.34 Reinforced Masonry Walls and Wall
Piers In-Plane Piers In-Plane
7.3.5 Reinforced Masonry Wall Out-of- 11.3.5 Reinforced Masonry Wall Out-of-
Plane Plane Actions
7.4 Masonry Infills 11.4 Masonry Infills
7.4.1 Types of Masonry Infills 11.4.1 Types of Masonry Infills
7.4.2 Masonry Infills In-Plane 11.4.2 Masonry Infill In-Plane Actions
743 Masonry Infills Out-of-Plane 11.4.3 Masonry Infill 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
Seismic Evaluation and Retrofit of Existing Buildings XXXi
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Section Title Section Title Notes

7.6.2 Analysis of Existing Foundations 11.6.2 Analysis of Existing Foundations

7.6.3 Rehabilitation Measures 11.6.3 Foundation Retrofit Measures

Chapter 8 Wood and Light Metal Framing

8.1 Scope 12.1 Scope

8.2 Material Properties and Condition 12.2 Material Properties and Condition
Assessment Assessment

8.2.1 General 12.2.1 General

8.2.2 Properties of In-Place Materials and 12.2.2 Properties of In-Place Materials and
Components 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 12.3 General Assumptions and
Requirements 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 12.34 Retrofit Measures

8.4 Wood Light-Frame Shear Walls 124 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 12.4.3 Types of CFS Light-Frame Shear
Shear Walls Walls

8.4.4 Single-Layer Horizontal Lumber 12.42.1.1 Single-Layer Horizontal Lumber
Sheathing or Siding Shear Walls Sheathing or Siding

8.4.5 Diagonal Lumber Sheathing Shear 124.2.1.2 Diagonal Lumber Sheathing
Walls

8.4.6 Vertical Wood Siding Shear Walls 124.2.1.3 Vertical Wood Siding Only

8.4.7 Wood Siding over Horizontal 1242.1.4 Wood Siding over Horizontal
Sheathing Shear Walls Sheathing

8.4.8 Wood Siding over Diagonal 12.4.2.1.5 Wood Siding over Diagonal
Sheathing Sheathing

8.4.9 Wood Structural Panel Sheathing 124.2.1.6 Wood Structural Panel Sheathing or

Siding

8.4.10 Stucco on Studs, Sheathing, or 12.4.2.1.7 Stucco on Studs
Fiberboard

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 12.42.1.9 Gypsum Plaster on Gypsum Lath

8.4.13 Gypsum Wallboard 12.4.2.1.10 Gypsum Wallboard or Drywall

8.4.14 Gypsum Sheathing 124.2.1.11 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 12.4.2.1.13 Horizontal Lumber Sheathing with
Cut-In Braces or Diagonal Cut-In Braces or Diagonal
Blocking Blocking

8.4.17 Fiberboard or Particleboard 124.2.1.14 Fiberboard or Particleboard
Sheathing Sheathing

8.4.18 Light Gauge Metal Frame Shear 1243 Types of CFS Light-Frame Shear
Walls 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

855 Single Diagonal Sheathing 12.5.2.1.3 Single Diagonal Sheathing

8.5.6 Diagonal Sheathing with Straight 125.2.1.4 Diagonal Sheathing with Straight
Sheathing or Flooring Above 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 12.52.1.6 Wood Structural Panel Sheathing
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859 Wood Structural Panel Overlays on 12.5.2.2.1 Wood Structural Panel Overlays on
Straight or Diagonal Sheathing Straight or Diagonal Sheathing
8.5.10 Wood Structural Panel Overlays on 125222 Wood Structural Panel Overlays on
Existing Wood Structural Panel Existing Wood Structural Panel
Sheathing 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 12.6.2 Analysis, Strength, and Acceptance
Criteria for Wood Foundations Criteria for Wood Foundations
8.6.3 Rehabilitation Measures 12.6.3 Retrofit Measures for Wood
Foundations
8.7 Other Wood Elements and 12.7 Other Wood Elements and
Components 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 ~ 14.2.2 Mechanical Properties and Modeling
of Seismic Isolation Systems of Seismic Isolation Systems
9.2.3 General Criteria for Seismic 14.2.3 General Criteria for Seismic
Isolation Design Isolation Design
9.2.4 Linear Procedures 1424 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
929 Isolation System Testing and Design 14.2.8 Isolation System Testing and Design
Properties 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 143.2 Implementation of Energy
Dissipation Devices Dissipation Devices
933 Modeling of Energy Dissipation 14.3.3 Modeling of Energy Dissipation
Devices Devices
9.34 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  14.3.8 Required Tests of Energy Dissipation
Devices Devices
9.4 Other Response Control Systems 14.4 Other Response Control Systems
Chapter 10 Simplified Rehabilititation
10.1 Scope
10.2 Procedure 3332 Retrofit Requirements
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CHAPTER 1
GENERAL REQUIREMENTS

1.1 SCOPE

This standard for the Seismic Evaluation and Retrofit of Existing
Buildings, referred to herein as “this standard,” specifies nation-
ally applicable provisions for the seismic evaluation and retrofit
of buildings. Seismic evaluation is defined as an approved
process or methodology of evaluating deficiencies in a building
that prevent the building from achieving a selected Performance
Objective. Seismic retrofit is defined in this standard as the
design of measures to improve the seismic performance of struc-
tural or nonstructural components of a building by correcting
deficiencies identified in a seismic evaluation relative to a
selected Performance Objective.

Seismic evaluation and retrofit of existing buildings shall
comply with requirements of this standard for conducting the
seismic evaluation or retrofit to demonstrate compliance with, or
achievement of the selected Performance Objective. This stan-
dard does not preclude a building from being evaluated or ret-
rofitted by other procedures based on rational methods of analysis
in accordance with principles of mechanics and approval by the
authority having jurisdiction.

Definitions and notations used throughout this standard are
contained in Section 1.2. References used throughout this stan-
dard are cited separately in Chapter 17. Where standards are
referenced and no edition or date is appended, then the edition
or dated document listed in Chapter 17 is to be used.

This standard provides three tiered procedures for seismic
evaluation and two tiered procedures for seismic retrofit of exist-
ing buildings appropriate for use in areas of any level of seismic-
ity. The evaluation and retrofit process basis for the standard is
defined in Section 1.3. The processes for using this standard for
seismic evaluation and retrofit and the associated procedures are
defined in Sections 1.4 and 1.5, respectively.

C1.1 SCOPE

This standard consists of two parts: provisions, which contain
the technical requirements, and commentary, intended to explain
the provisions. Commentary for a given section is identified
by the same section number preceded by the letter C, following
the provision section. The standard is an update to ASCE 41-06
and supersedes ASCE 31-03 because content from that standard
has been incorporated into this standard.

Applicability of the Standard: This standard is intended to
serve as a nationally applicable tool for design professionals,
code officials, and building owners undertaking the seismic
evaluation or retrofit of existing buildings. The evaluation and
retrofit requirements are intended to be used for either mandatory
requirement by an authority having jurisdiction or for voluntary

Seismic Evaluation and Retrofit of Existing Buildings

applications where not mandatory. This standard applies to the
seismic retrofit of the overall structural system of a building and
its nonstructural components, including ceilings and partitions,
as well as mechanical, electrical, and plumbing systems. All
aspects of building performance are considered and defined in
terms of structural, nonstructural, foundation, and geologic
hazard issues. Lifelines such as lines for water, electricity, natural
gas, and waste disposal beyond the perimeter of the building,
which may be necessary for buildings to be occupied, are not
considered in this document.

The procedures contained in this standard are specifically
applicable to the evaluation and retrofit of existing buildings to
ascertain compliance with a selected Performance Objective and,
in general, are more appropriate for that purpose than are codes
for new buildings. Codes for new construction are primarily
intended to regulate the design and construction of new build-
ings; as such, they include many provisions that encourage or
require the development of designs with features important for
good seismic performance, including regular configuration,
structural continuity, ductile detailing, and materials of appropri-
ate quality. Many existing buildings were designed and con-
structed without these features and contain characteristics, such
as unfavorable configuration and poor detailing, that preclude
application of regulatory or building code provisions for their
seismic evaluation or retrofit.

This standard is intended to be generally applicable to seismic
evaluation and retrofit of all buildings regardless of importance,
occupancy, historic status, or other classifications of use.

In addition to the direct effects of ground shaking, this stan-
dard also addresses, to a limited extent, other seismic hazards,
such as liquefaction, slope failure, surface fault rupture, and
effects of neighboring structures. Other earthquake-related phe-
nomena, such as tsunami effects, are not considered.

Design of new buildings and evaluation of existing buildings
and components for gravity and wind forces in the absence of
earthquake demands are beyond the scope of this standard.

With careful extrapolation, the procedures of this standard
may also be applied to many nonbuilding structures, such as pipe
racks, steel storage racks, structural towers for tanks and vessels,
piers, wharves, and electrical power generating facilities.
However, the applicability of these procedures has not been fully
examined for every type of structure—particularly those that
have generally been covered by specialized codes or standards,
such as bridges and nuclear power plants.

Techniques for repair of earthquake-damaged buildings are
not included in this standard but are referenced in the commen-
tary pertaining to Chapters 9 through 12 where such guidelines
exist. Any combination of repaired components, undamaged
existing components, and new components can be modeled



using this standard, and each can be checked against Perfor-
mance Level acceptance criteria. If the mechanical properties of
repaired components are known, acceptance criteria for use with
this standard can be either deduced by comparison with other
similar components or derived.

Application to Historic Buildings: This standard is intended
to be applicable to all buildings, including designated historic
buildings. Although the engineering principles for evaluating
and retrofitting historic structures are similar to those for other
buildings, the protections afforded historic buildings can raise
additional issues that limit some of the actions that could be
taken to evaluate and retrofit other buildings. Certain evaluation
or retrofit tasks or techniques suitable or even preferred for
a typical project might not be acceptable from a historic
preservation perspective. These techniques might include the
following:

* Condition assessment or material testing that would disturb
historic elements,

e Potential architectural damage that might otherwise be
found acceptable by an evaluation with a safety-based
Performance Objective;

e Retrofit measures that involve removal of architectural
components to gain access to the structure, and

¢ Retrofit measures that alter the look or configuration of the
building.

Although the expected performance of architectural elements
and finishes must be considered for all types of buildings, the
interaction of architectural and structural elements in historic
buildings often plays a more important role in the overall seismic
performance of the structural system. Disturbance of historic
architectural elements and finishes to allow testing during evalu-
ation and to implement the resulting retrofit measures may be
unacceptable. It is often necessary to evaluate historic buildings
on a case-by-case basis and using general performance, rather
than prescriptive, criteria.

There are national and often state and municipal registers of
historic places, buildings, and districts (neighborhoods). Addi-
tionally for some programs, “eligibility” for the register is suf-
ficient cause for special treatment. All U.S. states and territories
have a designated state historic preservation officer, who should
be consulted regarding these registers.

In addition, an appropriate level of performance for historic
structures needs to be chosen that is acceptable to the authority
having jurisdiction. Some people feel that historic buildings
should meet the safety levels of other buildings because these
levels are a subset of the general seismic safety needs. Others
feel that historic structures, because of their value to society,
should meet a higher level of performance. In other cases, a
reduced level of performance has been allowed to avoid damag-
ing historic fabric during retrofit. In other cases, a higher Perfor-
mance Objective has been used to enhance postearthquake
repairability of historic features.

Codes and policies regulating historic buildings have tried to
balance a desire for improved seismic performance with a com-
mitment to preservation. This standard’s criteria, however, do
not directly or explicitly address specific preservation objectives.
Where historic preservation concerns would inform a project’s
seismic performance objective, this standard might therefore be
inadequate if applied simply as written. In these cases, codes or
policies that invoke this standard might prefer to use it as a
guideline or to supplement it with criteria specific to historic
buildings.

The following resources may be useful where evaluating his-
toric structures:

e Standards for the Treatment of Historic Properties
(Secretary of the Interior 1992);

» Standards for the Treatment of Historic Properties with
Guidelines for Preserving, Rehabilitating, Restoring, and
Reconstructing Historic Buildings (Secretary of the Interior
1995);

* National Park Service, Catalog of Historic Buildings
Preservation Briefs (National Park Service 1995)

* California Historical Building Code (CBSC 2010b);

e 1998 Proceedings on Disaster Management Programs for
Historic Sites (Secretary of the Interior 1998); and

o Technical Preservation Services for Historic Buildings
Sales Publication Catalog, available online at www.cr.nps
.gov/hps/tps/index.htm.

Intent of This Standard: It is expected that most buildings
shown to be in compliance or retrofitted in accordance with this
standard would perform within the desired levels when subjected
to the selected earthquake(s). However, compliance with this
standard does not guarantee such performance; rather, it repre-
sents the current standard of practice in designing to attain this
performance. The practice of earthquake engineering is rapidly
evolving, and both the understanding of the behavior of build-
ings subjected to strong earthquakes and the ability to predict
this behavior are advancing. In the future, new knowledge and
technology will improve the reliability of accomplishing these
goals.

Featured in this standard are descriptions of damage states in
relation to specific Performance Levels. These descriptions are
intended to aid the authority having jurisdiction, design profes-
sionals, and owners in selecting appropriate Performance Levels
for evaluation and retrofit design. They are not intended to be
used for condition assessment of earthquake-damaged buildings.
Although there may be similarities between these damage
descriptions and those used for postearthquake damage assess-
ment, many factors enter into the processes of assessing seismic
performance. No single parameter in this standard should be
cited as defining either a Performance Level or the safety or
usefulness of an earthquake-damaged building.

Guidance for Programs, Ordinances, and Laws: This stan-
dard does not explicitly address the determination of whether or
not an evaluation or retrofit project should be undertaken for a
particular building. Guidance on the use of this standard in vol-
untary, mandatory, or code-triggered risk-mitigation programs is
provided in Appendix B. Determining where these provisions
should be required is beyond the scope of this standard. Once
the decision to evaluate or retrofit a building has been made, this
standard can be referenced for detailed engineering guidance on
how to conduct a seismic analysis and design.

Coordinating with Codes for New Construction and Ordi-
nances: Application of these provisions should be coordinated
with other requirements that may be in effect, such as ordinances
governing historic structures or hospital construction. Because
codes for new buildings have chapters that briefly address exist-
ing buildings, care must be taken in coordinating and referencing
the adoption of this standard to avoid ambiguity and confusion
with other ordinances and codes.

Overarching Philosophical Approach: This standard is
based on both experience-based judgment and academic research
and component testing.

Experience-based judgment is largely derived from the obser-
vations of unretrofitted building performance in past earthquakes
and to a much lesser extent, the observations of the performance
of retrofitted buildings in earthquakes. In addition, experience
from past evaluations and retrofits of existing buildings using
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ASCE 31-03, ASCE 41-06, and practice before these earlier
editions were published has also helped inform changes to this
standard. Earthquake observations that have significantly influ-
enced this standard have been from the following earthquakes:
1971 Sylmar (San Fernando, California), 1985 Michoacan
(Mexico City), 1987 Whittier Narrows (southern California),
1989 Loma Prieta (San Francisco), 1994 Northridge (Los
Angeles), 1995 Hyogo-ken Nanbu (Japan), 2001 Nisqually
(Washington state), 2003 San Simeon (central California), 2010
Chile, 2010 and 2011 Christchurch (New Zealand), 2011 Great
East Japan earthquake and tsunami, and many other less signifi-
cant earthquakes. More information about these observations can
be obtained from reconnaissance reports, such as those produced
by the Earthquake Engineering Research Institute, the Japan
Association for Earthquake Engineering, and the New Zealand
Society for Earthquake Engineering. Though each earthquake
may help validate or revise the fundamental assumptions under-
lying the procedures presented in ASCE 31-03 and ASCE 41-06,
each may also offer new insights into the potential weaknesses
in certain systems that should be considered. This knowledge
was incorporated into this updated standard. Users of this stan-
dard are strongly encouraged to learn from past observations and
participate in future efforts to document and interpret the perfor-
mance of buildings. Tier 1 screening procedures in Chapter 4,
deficiency-based procedures in Chapter 5, and nonstructural pro-
visions in Chapter 13 rely most heavily on experience-based
information and judgment.

Research data from partial and full-scale structural and non-
structural component testing, using shaking tables, quasistatic
component testing, materials testing, and computer modeling,
and their adaptation to the practice of seismic evaluation and
retrofit are the second major source of information for this stan-
dard. References to such tests are provided in the Commentary,
particularly in the Tier 3 analysis and materials chapters, 8
through 12 and 14.

1.2 DEFINITIONS AND NOTATIONS

1.2.1 Definitions Acceleration-Sensitive =~ Component: A
component that is sensitive to, and subject to, damage from
inertial loading.

Acceptance Criteria: Limiting values of properties, such as
drift, strength demand, and inelastic deformation, used to deter-
mine the acceptability of a component at a given Performance
Level.

Action: An internal moment, shear, torque, axial force, defor-
mation, displacement, or rotation corresponding to a displace-
ment caused by a structural degree of freedom; designated as
force- or deformation-controlled.

Active Fault: A fault for which there is an average historic
slip rate of 1 mm per year or more and evidence of seismic activ-
ity within Holocene times (the past 11,000 years).

Adjusted Resistance: The reference resistance adjusted to
include the effects of applicable adjustment factors resulting
from end use and other modifying factors, excluding time-effect
adjustments, which are considered separately and are not
included.

Aspect Ratio: Ratio of full height to length for concrete and
masonry shear walls; ratio of story height to length for wood
shear walls; ratio of span to depth for horizontal diaphragms.

Assembly: Two or more interconnected components.

Authority Having Jurisdiction: The organization, political
subdivision, office, or individual legally charged with responsi-
bility for administering and enforcing the provisions of this
standard.
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Balloon Framing: Continuous stud framing from sill to roof,
with intervening floor joists nailed to studs and supported by a
let-in ribbon.

Base: The level at which the horizontal seismic ground
motions are considered to be imparted to the structure.

Beam: A structural member whose primary function is to
carry loads transverse to its longitudinal axis.

Bearing Wall: A wall that supports gravity loads of at least
2001b/ft from floors or roofs.

Bed Joint: The horizontal layer of mortar on which a masonry
unit is laid.

Benchmark Building: A building designed and constructed
or evaluated to a specific performance level using an acceptable
code or standard listed in Table 4-6.

Boundary Component: A structural component at the bound-
ary of a shear wall or a diaphragm or at an edge of an opening
in a shear wall or a diaphragm that possesses tensile or compres-
sive strength to transfer lateral forces to the seismic-force-
resisting system.

BPOE—Basic Performance Objective for Existing Build-
ings: A series of defined Performance Objectives based on a
building’s Risk Category meant for evaluation and retrofit of
existing buildings; see Section 2.2.1 in Chapter 2.

BPON—Basic Performance Objective Equivalent to New
Building Standards: A series of defined Performance Objec-
tives based on a building’s Risk Category meant for evaluation
and retrofit of existing buildings to achieve a level of perfor-
mance commensurate with the intended performance of build-
ings designed to a standard for new construction; see Section
2.2.4 in Chapter 2.

Braced Frame: A vertical seismic-force-resisting element
consisting of vertical, horizontal, and diagonal components
joined by concentric or eccentric connections.

BSE-1E: Basic Safety Earthquake-1 for use with the Basic
Performance Objective for Existing Buildings, taken as a seismic
hazard with a 20% probability of exceedance in 50 years, but
not greater than the BSE-1N, at a site.

BSE-IN: Basic Safety Earthquake-1 for use with the Basic
Performance Objective Equivalent to New Building Standards,
taken as two-thirds of the BSE-2N at a site.

BSE-1X: Basic Safety Earthquake-1, either the BSE-1E or
BSE-1N.

BSE-2E: Basic Safety Earthquake-2 for use with the Basic
Performance Objective for Existing Buildings, taken as a seismic
hazard with a 5% probability of exceedance in 50 years, but not
greater than the BSE-2N, at a site.

BSE-2N: Basic Safety Earthquake-2 for use with the
Basic Performance Objective Equivalent to New Building Stan-
dards, taken as the ground shaking based on the Risk-Targeted
Maximum Considered Earthquake (MCER) per ASCE 7 at a site.

BSE-2X: Basic Safety Earthquake-2, either the BSE-2E or
BSE-2N.

Building Performance Level: A limiting damage state for a
building, considering structural and nonstructural components,
used in the definition of Performance Objectives.

Building Type: A building classification defined in Section
3.2.1 (Table 3-1) that groups buildings with common seismic-
force-resisting systems and performance characteristics in past
earthquakes.

Capacity: The permissible strength or deformation for a com-
ponent action.

Cast Iron: A hard, brittle, nonmalleable iron—carbon alloy
containing 2.0% to 4.5% carbon. Shapes are obtained by reduc-
ing iron ore in a blast furnace, forming it into bars (or pigs), and
remelting and casting it into its final form.



Cavity Wall: A masonry wall with an air space between
wythes.

Checklist: Set of evaluation statements that shall be
completed as part of the Tier 1 screening. Each statement
represents a potential deficiency based on performance in past
earthquakes.

Chord: See Diaphragm Chord.

Clay Tile Masonry: Masonry constructed with hollow units
made of clay tile.

Clay-Unit Masonry: Masonry constructed with solid,
cored, or hollow units made of clay; can be ungrouted or
grouted.

Closed Stirrups or Ties: Transverse reinforcement defined in
ACI 318 consisting of standard stirrups or ties with 90-degree
hooks and lap splices in a pattern that encloses longitudinal
reinforcement.

Code Official: The individual representing the authority
having jurisdiction who is legally charged with responsibility for
administering and enforcing the provisions of a legally adopted
regulation, building code, or policy.

Collar Joint: Vertical longitudinal joint between wythes of
masonry or between masonry wythe and backup construction;
can be filled with mortar or grout.

Collector: See Diaphragm Collector.

Column (or Beam) Jacketing: A retrofit method in which a
concrete column or beam is encased in a steel or concrete
“jacket” to strengthen or repair the member by confining the
concrete.

Common Building Type: One of the common building types
listed and described in Table 3-1.

Component: A part of an architectural, mechanical, electrical,
or structural system of a building.

Composite Masonry Wall: Multi-wythe masonry wall acting
with composite action.

Composite Panel: A structural panel composed of thin
wood strands or wafers bonded together with exterior
adhesive.

Concentrically Braced Frame (CBF): Braced frame element
in which component work-lines intersect at a single point or at
multiple points such that the distance between intersecting work
lines (or eccentricity) is less than or equal to the width of the
smallest component connected at the joint.

Concrete Masonry: Masonry constructed with solid or
hollow units made of concrete; can be ungrouted or
grouted.

Condition of Service: The environment to which a structure
is subjected.

Connection: A link that transmits actions from one compo-
nent or element to another component or element, categorized
by type of action (moment, shear, or axial).

Connection Hardware: Proprietary or custom-fabricated
body of a component that is used to link wood components.

Connectors: Nails, screws, lags, bolts, split rings, shear
plates, headed studs, and welds used to link components to other
components.

Contents: Movable items within the building introduced by
the owner or occupants.

Continuity Plates: Column stiffeners at the top and bottom
of a panel zone.

Control Node: A node located at the center of mass at
the roof of a building used in the nonlinear static procedure
(NSP) to measure the effects of earthquake shaking on a
building.

Coupling Beam: A component that ties or couples adjacent
shear walls acting in the same plane.
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Cripple Studs: Short studs between a header and top plate at
openings in wall framing, or studs between the base and sill of
an opening.

Cripple Wall: Short wall between the foundation and the first
floor framing.

Critical Action: The component action that reaches its elastic
limit at the lowest level of lateral deflection or loading of the
structure.

Cross Tie: A component that spans the width of the dia-
phragm and delivers out-of-plane wall forces over the full depth
of the diaphragm.

Cross Wall: A wood-framed wall sheathed with lumber, struc-
tural panels, or gypsum wallboard.

Decay: Decomposition of wood caused by action of wood-
destroying fungi. The term “dry rot” is used interchangeably
with decay.

Decking: Solid sawn lumber or glue-laminated decking, nom-
inally 2 to 4 in. thick and 4 or more in. wide. Decking may be
tongue-and-groove or connected at longitudinal joints with nails
or metal clips.

Deep Foundation: Driven piles made of steel, concrete,
or wood, cast-in-place concrete piers, or drilled shafts of
concrete.

Deformability: The ratio of the ultimate deformation to the
limit deformation.

Deformation-Controlled Action: An action that has an asso-
ciated deformation that is allowed to exceed the yield value of
the element being evaluated. The extent of permissible deforma-
tion beyond yield is based on component modification factors
(m-factors).

Deformation-Sensitive Component: A component that is
sensitive to deformation imposed by the drift or deformation
of the structure, including deflection or deformation of
diaphragms.

Demand: The amount of force or deformation imposed on an
element or component.

Design Earthquake: A user-specified earthquake for the
evaluation or retrofit of a building that has ground-shaking cri-
teria described in Chapter 2.

Design Professional: The individual in responsible charge of
the evaluation or retrofit design being performed using this
standard.

Design Resistance (Force or Moment, as appropriate):
Resistance provided by a member or connection; the product of
adjusted resistance, the resistance factor, and the time-effect
factor.

Diagonal Bracing: Inclined components designed to carry
axial force, enabling a structural frame to act as a truss to resist
lateral forces.

Diaphragm: A horizontal (or nearly horizontal) structural
element, such as a floor or roof system, used to transfer inertial
lateral forces to vertical elements of the seismic-force-resisting
system.

Diaphragm Chord: A boundary component perpendicular to
the applied force that is provided to resist tension or compression
caused by the diaphragm moment.

Diaphragm Collector: A component parallel to the applied
force that transfers lateral forces from the diaphragm of the
structure to vertical elements of the seismic-force-resisting
system.

Diaphragm Ratio: See Aspect Ratio.

Diaphragm Strut: See Diaphragm Tie.

Diaphragm Tie: A component parallel to the applied load that
is provided to transfer wall anchorage or diaphragm inertial
forces within the diaphragm. Also called diaphragm strut. See
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Cross Tie, for case where Diaphragm Tie spans the entire dia-
phragm width.

Differential Compaction: An earthquake-induced process in
which soils become more compact and settle in a nonuniform
manner across a site.

Dimensioned Lumber: Lumber from nominal 2 through 4 in.
thick and nominal 2 or more in. wide.

Displacement-Dependent Energy Dissipation Devices:
Devices that have mechanical properties such that the force
in the device is related to the relative displacement in the
device.

Dowel-Type Fasteners: Bolts, lag screws, wood screws,
nails, and spikes.

Drag Strut: See Diaphragm Collector.

Dressed Size: The dimensions of lumber after surfacing with
a planing machine.

Drift: Horizontal deflection at the top of the story relative to
the bottom of the story.

Dry Rot: See Decay.

Dry Service: Structures wherein the maximum equilibrium
moisture content does not exceed 19%.

Eccentrically Braced Frame (EBF): Braced-frame element
in which component work lines do not intersect at a single point
and the distance between the intersecting work lines (or eccen-
tricity) exceeds the width of the smallest component connecting
at the joint.

Edge Distance: The distance from the edge of the member to
the center of the nearest fastener.

Effective Damping: The value of equivalent viscous damping
corresponding to the energy dissipated by the building, or
element thereof, during a cycle of response.

Effective Stiffness: The value of the lateral force in the build-
ing, or an element thereof, divided by the corresponding lateral
displacement.

Effective Void Ratio: Ratio of collar joint area without mortar
to the total area of the collar joint.

Element: An assembly of structural components that act
together in resisting forces, including gravity frames, moment-
resisting frames, braced frames, shear walls, and diaphragms.

Energy Dissipation Device: Non-gravity-load-supporting
element designed to dissipate energy in a stable manner during
repeated cycles of earthquake demand.

Energy Dissipation System: Complete collection of all
energy dissipation devices, their supporting framing, and
connections.

Evaluation: An approved process or methodology of evaluat-
ing a building for a selected Performance Objective.

Expected Strength: The mean value of resistance of a com-
ponent at the deformation level anticipated for a population of
similar components, including consideration of the variability in
material strength as well as strain-hardening and plastic section
development.

Fair Condition: Masonry found during condition assessment
to have mortar and units intact but with minor cracking.

Fault: Plane or zone along which earth materials on opposite
sides have moved differentially in response to tectonic forces.

Flexible Component: A component, including its attach-
ments, having a fundamental period greater than 0.065s.

Flexible Connection: A link between components that permits
rotational or translational movement without degradation of per-
formance, including universal joints, bellows expansion joints,
and flexible metal hose.

Flexible Diaphragm: A diaphragm with horizontal deforma-
tion along its length twice or more than twice the average
story drift.
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Force-Controlled Action: An action that is not allowed to
exceed the nominal strength of the element being evaluated.

Foundation System: An assembly of structural components,
located at the soil-structure interface, that transfers loads from
the superstructure into the supporting soil.

Fundamental Period: The natural period of the building in
the direction under consideration that has the greatest mass
participation.

Gauge or Row Spacing: The center-to-center distance
between fastener rows or gauge lines.

Global System: The primary components of a building that
collectively resist seismic forces.

Glulam Beam: Shortened term for glue-laminated beam,
which is a wood-based component made up of layers of wood
bonded with adhesive.

Good Condition: Masonry found during condition assess-
ment to have mortar and units intact and no visible cracking.

Grade: The classification of lumber with regard to strength
and utility, in accordance with the grading rules of an approved
agency.

Grading Rules: Systematic and standardized criteria for
rating the quality of wood products.

Gypsum Wallboard or Drywall: An interior wall surface
sheathing material; can sometimes be considered for resisting
lateral forces.

Head Joint: Vertical mortar joint placed between masonry
units in the same wythe.

Header Course: A course where the masonry units are ori-
ented perpendicular to those in the course above or below to tie
the wythes of the wall together, typically with the masonry unit
long dimension perpendicular to the wall.

High-Deformability Component: A component whose
deformability is not less than 3.5 when subjected to four fully
reversed cycles at the limit deformation.

Hollow Masonry Unit: A masonry unit with net cross-
sectional area in every plane parallel to the bearing surface
less than 75% of the gross cross-sectional area in the same
plane.

Hoops: Transverse reinforcement defined in Chapter 21 of
ACI 318 consisting of closed ties with 135-degree hooks embed-
ded into the core and no lap splices.

In-Plane Wall: See Shear Wall.

Infill: A panel of masonry placed within a steel or concrete
frame. Panels separated from the surrounding frame by a gap are
termed “isolated infills.” Panels that are in full contact with a
frame around its full perimeter are termed ‘““shear infills.”

Isolation Interface: The boundary between the upper portion
of the structure (superstructure), which is isolated, and the lower
portion of the structure, which is assumed to move rigidly with
the ground.

Isolation System: The collection of structural components
that includes all individual isolator units, all structural com-
ponents that transfer force between components of the isolation
system, and all connections to other structural components.
The isolation system also includes the wind-restraint system,
if such a system is used to meet the design requirements of
this section.

Isolator Unit: A horizontally flexible and vertically stiff struc-
tural component of the isolation system that permits large lateral
deformations under seismic load. An isolator unit shall be used
either as part of or in addition to the weight-supporting system
of the building.

Joint: An area where ends, surfaces, or edges of two or more
components are attached; categorized by type of fastener or weld
used and method of force transfer.



King Stud: Full-height studs adjacent to openings that provide
out-of-plane stability to cripple studs at openings.

Knee Joint: A joint that in the direction of framing has one
column and one beam.

Landslide: A downslope mass movement of earth resulting
from any cause.

Level of Seismicity: A degree of expected seismic hazard. For
this standard, levels are categorized as very low, low, moderate,
or high, based on mapped acceleration values and site amplifica-
tion factors, as defined in Section 2.5 (Table 2-5).

Light Framing: Repetitive framing with small, uniformly
spaced members.

Lightweight Concrete: Structural concrete that has an air-dry
unit weight not exceeding 1151b/ft>.

Limit Deformation: Two times the initial deformation that
occurs at a load equal to 40% of the maximum strength.

Limited-Deformability Component: A component that
is neither a low-deformability nor a high-deformability
component.

Linear Dynamic Procedure (LDP): A Tier 2 or Tier 3
response-spectrum-based modal analysis procedure, the use of
which is required where the distribution of lateral forces is
expected to depart from that assumed for the linear static
procedure.

Linear Static Procedure (LSP): A Tier 2 or Tier 3 lateral
force analysis procedure using a pseudolateral force. This pro-
cedure is used for buildings for which the linear dynamic pro-
cedure is not required.

Link Beam: A component between points of eccentrically
connected members in an eccentrically braced frame element.

Link Intermediate Web Stiffeners: Vertical web stiffeners
placed within a link.

Link Rotation Angle: Angle of plastic rotation between the
link and the beam outside of the link, derived using the specified
base shear, V.

Liquefaction: An earthquake-induced process in which satu-
rated, loose, granular soils lose shear strength and liquefy as a
result of increase in pore-water pressure during earthquake
shaking.

Load and Resistance Factor Design: A method of propor-
tioning structural components (members, connectors, connec-
tions, and assemblages) using load factors and strength reduction
factors such that no applicable limit state is exceeded when the
structure is subjected to all design load combinations.

Load Duration: The period of continuous application of a
given load, or the cumulative period of intermittent applications
of load. See Time-Effect Factor.

Load Path: A path through which seismic forces are
delivered from the point at which inertial forces are generated
in the structure to the foundation and, ultimately, the supporting
soil.

Load Sharing: The load redistribution mechanism among
parallel components constrained to deflect together.

Load/Slip Constant: The ratio of the applied load to a con-
nection and the resulting lateral deformation of the connection
in the direction of the applied load.

Local Component: A specific element or connection in a
building’s global system.

Low-Deformability Component: A component whose
deformability is 1.5 or less.

Lower-Bound Strength: The mean minus one standard devi-
ation of the yield strengths, Q,, for a population of similar
components.

Lumber: The product of the sawmill and planing mill, usually
not further manufactured other than by sawing, resawing, passing
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lengthwise through a standard planing machine, cross-cutting to
length, and matching.

Masonry: The assemblage of masonry units, mortar, and pos-
sibly grout or reinforcement; classified with respect to the type
of masonry unit, including clay-unit masonry, concrete masonry,
or hollow-clay tile masonry.

Mat-Formed Panel: A structural panel manufactured in
a mat-formed process including oriented strand board and
waferboard.

Maximum Considered Earthquake, Risk-Targeted (MCEg):
An extreme seismic hazard level set forth in ASCE 7 and deter-
mined for the orientation that results in the largest maximum
response to horizontal ground motions and with adjustments for
a targeted risk.

Maximum Displacement: The maximum earthquake dis-
placement of an isolation or energy dissipation system, or ele-
ments thereof, excluding additional displacement caused by
accidental torsion.

Mean Return Period: The average period of time, in years,
between the expected occurrences of an earthquake of specified
severity.

Means of Egress: A path for exiting a building, including but
not limited to doors, corridors, ramps, and stairways.

Moisture Content: The weight of the water in wood expressed
as a percentage of the weight of the oven-dried wood.

Moment-Resisting Frame (MRF): A frame capable of resist-
ing horizontal forces caused by the members (beams and
columns) and joints resisting forces primarily by flexure.

Narrow Wood Shear Wall: Wood shear walls with an aspect
ratio (height to width) greater than 2:1.

Nominal Size: The approximate rough-sawn commercial size
by which lumber products are known and sold in the market.
Actual rough-sawn sizes vary from nominal. Reference to stan-
dards or grade rules is required to determine nominal to actual
finished size relationships, which have changed over time.

Nominal Strength: The capacity of a structure or component
to resist the effects of loads, as determined by (1) computations
using specified material strengths and dimensions, and formulas
derived from accepted principles of structural mechanics; or (2)
field tests or laboratory tests of scaled models, allowing for
modeling effects and differences between laboratory and field
conditions.

Nonbearing Wall: A wall that supports gravity loads less than
2001b/ft.

Noncompact Member: A steel section that has width-to-
thickness ratios exceeding the limiting values for compactness
specified in AISC 360.

Noncomposite Masonry Wall: Multi-wythe masonry wall
acting without composite action.

Nonstructural Component: An architectural, mechanical, or
electrical component of a building that is permanently installed
in, or is an integral part of, a building system.

Nonstructural Performance Level: A limiting damage
state for nonstructural building components used to define
Performance Objectives.

Normal Wall: A wall perpendicular to the direction of seismic
forces.

Occupancy: The purpose for which a building, or part thereof,
is used or intended to be used, designated in accordance with the
governing regulation, building code, or policy.

Open Front: An exterior building wall plane on one side only,
without vertical elements of the seismic-force-resisting system
in one or more stories.

Ordinary Moment Frame: A moment frame system that
meets the requirements for ordinary moment frames as
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defined in seismic provisions for new construction in AISC 341,
Chapter 9.

Oriented Strand Board: A structural panel composed of thin,
elongated wood strands with surface layers arranged in the long
panel direction and core layers arranged in the cross-panel
direction.

Out-of-Plane Wall: A wall that resists lateral forces applied
normal to its plane.

Overturning: Behavior that results when the moment pro-
duced at the base of vertical seismic-force-resisting elements is
larger than the resistance provided by the building weight and
the foundation resistance to uplift.

Owner: The individual(s) or entity having legal possession or
rights to sanction evaluation or retrofit of a building.

P-A (P-Delta) Effect: The secondary effect of vertical loads
and lateral deflection on the shears and moments in various
components of a structure.

Panel: A sheet-type wood product.

Panel Rigidity or Stiffness: The in-plane shear rigidity of a
panel; the product of panel thickness and modulus of rigidity.

Panel Shear: Shear stress acting through the panel
thickness.

Panel Zone: Area of a column at a beam-to-column connec-
tion delineated by beam and column flanges.

Parapet: Portions of a wall extending above the roof
diaphragm.

Partially Grouted Masonry Wall: A masonry wall contain-
ing grout in some of the cells.

Particleboard: A panel manufactured from small pieces of
wood, hemp, and flax, bonded with synthetic or organic binders
and pressed into flat sheets.

Perforated Wall or Perforated Infill Panel: A wall or panel
not meeting the requirements for a solid wall or infill panel.

Performance Objective: One or more pairings of a selected
Seismic Hazard Level with both an acceptable or desired
Structural Performance Level and an acceptable or desired
Nonstructural Performance Level.

Pier: Vertical portion of a wall between two horizontally
adjacent openings. Piers resist axial stresses from gravity forces
and bending moments from combined gravity and lateral forces.

Pitch or Spacing: The longitudinal center-to-center distance
between any two consecutive holes or fasteners in a row.

Platform Framing: Construction method in which stud walls
are constructed one floor at a time, with a floor or roof joist
bearing on top of the wall framing at each level.

Ply: A single sheet of veneer, or several strips laid with adjoin-
ing edges that form one veneer lamina in a glued plywood panel.

Plywood: A structural panel composed of plies of wood
veneer arranged in cross-aligned layers bonded with adhesive
cured upon application of heat and pressure.

Pointing: The partial reconstruction of the bed joints of a
masonry wall by removing unsound mortar and replacing it with
new mortar.

Pole: A round timber of any size or length, usually used with
the larger end in the ground.

Pole Structure: A structure framed with generally round,
continuous poles that provide the primary vertical frame and
lateral-load-resisting system.

Poor Condition: Masonry found during condition assessment
to have degraded mortar, degraded masonry units, or significant
cracking.

Pounding: The action of two adjacent buildings coming into
contact with each other during earthquake excitation as a result
of their close proximity and differences in dynamic response
characteristics.

Seismic Evaluation and Retrofit of Existing Buildings

Preservative: A chemical that, when suitably applied to
wood, makes the wood resistant to attack by fungi, insects,
marine borers, or weather conditions.

Pressure-Preservative-Treated Wood: Wood products
pressure-treated by an approved process and preservative.

Primary Component: An element that is required to resist
the seismic forces and accommodate seismic deformations for
the structure to achieve the selected performance level.

Primary (Strong) Panel Axis: The direction that coincides
with the length of the panel.

Probability of Exceedance: The chance, expressed as a per-
centage (%), that a more severe event will occur within a speci-
fied period, expressed in number of years.

Pseudo Seismic Force (V): The calculated lateral force used
for the Tier 1 Quick Checks and for the Tier 2 Linear Static
Procedure. The pseudo lateral force represents the force required,
in a linear analysis, to impose the expected actual deformation
of the structure in its yielded state where subjected to the design
earthquake motions.

Punched Metal Plate: A light steel plate fastener with
punched teeth of various shapes and configurations that are
pressed into wood members to effect force transfer.

Quick Check: Analysis procedure used in Tier 1 screenings
to determine if the seismic-force-resisting system has sufficient
strength or stiffness.

Redundancy: The quality of having alternative load paths in
a structure by which lateral forces can be transferred, allowing
the structure to remain stable following the failure of any single
element.

Reentrant Corner: Plan irregularity in a diaphragm, such
as an extending wing, plan inset, or E-, T-, X-, or L-shaped
configuration, where large tensile and compressive forces can
develop.

Reinforced Masonry: Masonry with the following minimum
amounts of vertical and horizontal reinforcement: vertical rein-
forcement of at least 0.20in.” in cross-section at each corner or
end, at each side of each opening, and at a maximum spacing of
4ft throughout. Horizontal reinforcement of at least 0.20 in.? in
cross-section at the top of the wall, at the top and bottom of wall
openings, at structurally connected roof and floor openings, and
at a maximum spacing of 10ft.

Repointing: A method of repairing cracked or deteriorating
mortar joints in which the damaged or deteriorated mortar is
removed and the joints are refilled with new mortar.

Required Member Resistance (or Required Strength):
Action on a component or connection, determined by structural
analysis, resulting from the factored loads and the critical load
combinations.

Resistance: The capacity of a structure, component, or con-
nection to resist the effects of loads.

Resistance Factor: A reduction factor applied to member
resistance that accounts for unavoidable deviations of the actual
strength from the nominal value and for the manner and conse-
quences of failure.

Retrofit: Improving the seismic performance of structural or
nonstructural components of a building.

Retrofit Measures: Modifications to existing components, or
installation of new components, that correct deficiencies identi-
fied in a seismic evaluation as part of a scheme to rehabilitate a
building to achieve a selected Performance Objective.

Retrofit Method: One or more procedures and strategies for
improving the seismic performance of existing buildings.

Retrofit Strategy: A technical approach for developing
rehabilitation measures for a building to improve seismic
performance.



Rigid Component: A component, including attachments,
having a fundamental period less than or equal to 0.06s.

Rigid Diaphragm: A diaphragm with horizontal deformation
along its length less than half the average story drift.

Risk Category: A categorization of a building for determina-
tion of earthquake performance based on the governing regula-
tion, building code, or policy or in lieu of an applicable regulation,
building code, or policy, ASCE 7.

Rough Lumber: Lumber as it comes from the saw before any
dressing operation.

Row of Fasteners: Two or more fasteners aligned with the
direction of load.

Running Bond: A pattern of masonry where the head joints
are staggered between adjacent courses by at least one-quarter
of the length of a masonry unit.

Scragging: The process of subjecting an elastomeric bearing
to one or more cycles of large-amplitude displacement.

Seasoned Lumber: Lumber that has been dried either by
open-air drying within the limits of moisture content attainable
by this method, or by controlled air drying.

Secondary Component: An element that accommodates
seismic deformations but is not required to resist the seismic
forces it may attract for the structure to achieve the selected
performance level.

Seismic-Force-Resisting System: Those elements of the
structure that provide its basic strength and stiffness to resist
seismic forces.

Seismic Hazard Level: Ground-shaking demands of speci-
fied severity, developed on either a probabilistic or deterministic
basis.

Shallow Foundation: Isolated or continuous spread footings
or mats.

Shear Wall: A wall that resists lateral forces applied parallel
with its plane; also known as an In-Plane Wall.

Sheathing: Lumber or panel products that are attached to
parallel framing members, typically forming wall, floor, ceiling,
or roof surfaces.

Short Captive Column: A column with a height-to-depth
ratio less than 75% of the nominal height-to-depth ratios of the
typical columns at that level.

Shrinkage: Reduction in the dimensions of wood caused by
a decrease of moisture content.

Site Class: A classification assigned to a site based on the
types of soils present and their engineering properties, as defined
in Section 2.4.1.6.1.

Slip-Critical Joint: A bolted joint in which slip resistance of
the connection is required.

Solid Masonry Unit: A masonry unit with net cross-
sectional area in every plane parallel to the bearing surface equal
to 75% or more of the gross cross-sectional area in the same
plane.

Solid Wall or Solid Infill Panel: A wall or infill panel with
openings not exceeding 5% of the wall surface area. The
maximum length or height of an opening in a solid wall must
not exceed 10% of the wall width or story height. Openings in
a solid wall or infill panel must be located within the middle 50%
of a wall length and story height and must not be contiguous
with adjacent openings.

Special Moment Frame (SMF): A moment frame system
that meets the special requirements for frames as defined in
seismic provisions for new construction.

Stack Bond: A placement of masonry units such that the head
joints in successive courses are aligned vertically.

Stiff Diaphragm: A diaphragm that is neither flexible nor
rigid.
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Storage Racks: Industrial pallet racks, movable shelf racks,
and stacker racks made of cold-formed or hot-rolled structural
members; does not include other types of racks, such as drive-in
and drive-through racks, cantilever wall-hung racks, portable
racks, or racks made of materials other than steel.

Story: The portion of a structure between the tops of two
successive finished floor surfaces and, for the topmost story,
from the top of the floor finish to the top of the roof structural
element.

Story Shear Force: Portion of the pseudo lateral force carried
by each story of the building.

Strength: The maximum axial force, shear force, or moment
that can be resisted by a component.

Stress Resultant: The net axial force, shear, or bending
moment imposed on a cross-section of a structural component.

Strong-Back System: A secondary system, such as a frame,
commonly used to provide out-of-plane support for an unrein-
forced or underreinforced masonry wall.

Strong Column-Weak Beam: A connection where the capac-
ity of the column in any moment frame joint is greater than that
of the beams, ensuring inelastic action in the beams.

Structural Component: A component of a building that pro-
vides gravity- or lateral-load resistance as part of a continuous
load path to the foundation, including beams, columns, slabs,
braces, walls, wall piers, coupling beams, and connections; des-
ignated as primary or secondary.

Structural Performance Level: A limiting structural damage
state; used in the definition of Performance Objectives.

Structural Performance Range: A range of structural damage
states; used in the definition of Performance Objectives.

Structural System: An assemblage of structural components
that are joined together to provide regular interaction or
interdependence.

Stud: Vertical framing member in interior or exterior walls of
a building.

Subassembly: A portion of an assembly.

Subdiaphragm: A portion of a larger diaphragm used to dis-
tribute loads between diaphragm ties, struts, or cross ties.

Superstructure: In a building with a seismic isolation system,
the portion of the structure above the isolation system.

Target Displacement: An estimate of the maximum expected
displacement of the roof of a building calculated for the design
earthquake.

Tie: See Diaphragm Tie.

Tie-Down: A device used to resist uplift of the chords of
light-framed shear walls.

Tie-Down System: For seismically isolated structures, the
collection of structural connections, components, and elements
that provide restraint against uplift of the structure above the
isolation system.

Tier 1 Screening: Completion of checklists of evaluation
statements that identifies potential deficiencies in a building
based on performance of similar buildings in past earthquakes.

Tier 2 Evaluation: An approach applicable to certain types
of buildings and Performance Objectives based on specific
evaluation of potential deficiencies to determine if they
represent actual deficiencies that may require mitigation.
Analysis of the response of the entire building may not be
required.

Tier 2 Retrofit: The mitigation of deficiencies identified in
the Tier 1 screening.

Tier 3 Evaluation: An approach to evaluation in which com-
plete analysis of the response of the building to seismic hazards
is performed, implicitly or explicitly recognizing nonlinear
response.
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Tier 3 Retrofit: An approach to retrofitting in which complete
analysis of the response of the building to seismic hazards
is performed, implicitly or explicitly recognizing nonlinear
response.

Timber: Lumber of nominal cross-section dimensions of 5in.
or more.

Time-Effect Factor: A factor applied to adjusted resistance
to account for effects of duration of load. (See Load
Duration.)

Total Design Displacement: The design earthquake displace-
ment of an isolation or energy dissipation system, or components
thereof, including additional displacement caused by actual and
accidental torsion.

Total Maximum Displacement: The maximum earthquake
displacement of an isolation or energy dissipation system, or
components thereof, including additional displacement caused
by actual and accidental torsion.

Transverse Wall: A wall that is oriented transverse to in-plane
shear walls and resists lateral forces applied normal to its plane;
also known as an out-of-plane wall.

Ultimate Deformation: The deformation at the point where
gravity load support cannot be maintained.

Unreinforced Masonry (URM) Bearing Wall: An unrein-
forced masonry wall that provides vertical support for a floor or
roof for which the total superimposed vertical load exceeds
1001b/ft of wall.

Unreinforced Masonry (URM) Wall: A masonry wall con-
taining less than the minimum amounts of reinforcement as
defined for reinforced masonry walls; assumed to resist gravity
and lateral loads solely through resistance of the masonry
materials.

V-Braced Frame: A concentrically braced frame (CBF) in
which a pair of diagonal braces located either above or below a
beam is connected to a single point within the clear beam span.

Velocity-Dependent Energy Dissipation Devices: Devices
that have mechanical characteristics such that the force in the
device is dependent on the relative velocity in the device.

Veneer: A masonry wythe that provides the exterior finish of
a wall system and transfers out-of-plane load directly to a
backing but is not considered to add load-resisting capacity to
the wall system.

Vertical Irregularity: A discontinuity of strength, stiffness,
geometry, or mass in one story with respect to adjacent stories.

Waferboard: A non-veneered structural panel manufactured
from 2- to 3-in. flakes or wafers bonded together with a phenolic
resin and pressed into sheet panels.

Wall Pier: Vertical portion of a wall between two horizontally
adjacent openings.

Wind-Restraint System: The collection of structural compo-
nents that provides restraint of the seismic-isolated structure for
wind loads; may be either an integral part of isolator units or a
separate device.

Wood Structural Panel: A wood-based panel product bonded
with an exterior adhesive, meeting the requirements of NIST PS
1-95 or PS 2-92, including plywood, oriented-strand board,
waferboard, and composite panels.

Wrought Iron: An easily welded or forged iron containing
little or no carbon. Initially malleable, it hardens quickly when
rapidly cooled.

Wythe: A continuous vertical section of a wall, one masonry
unit in thickness.

X-Braced Frame: A concentrically braced frame in which a
pair of diagonal braces crosses near the midlength of the braces.

Y-Braced Frame: An eccentrically braced frame (EBF) in
which the stem of the Y is the link of the EBF system.

Seismic Evaluation and Retrofit of Existing Buildings

Yield Story Drift: The lateral displacement of one level rela-
tive to the level above or below at which yield stress is first
developed in a frame member.

1.2.2 Notations
A Cross-sectional area of a pile, Eq. (8-13)
Cross-sectional area of shear wall boundary members
or diaphragm chords, in.%, Egs. (12-2), (12-4),
(12-5)
Bonded rubber area of a lead-rubber bearing, Eqgs.
(C14-5), (C14-8), and (C14-9)
Ay Gross area of bolt or rivet, Egs. (9-18), (9-22), and
(9-24)
Sum of net mortared area of bed joints above and
below the test unit, Egs. (11-1) and (15-1)
Apse Area of foundation footprint if the foundation
components are interconnected laterally, Egs.
(8-18) and (8-28)

A, Average cross-sectional area of the diagonal brace,
Eq. (4-10)
A, Area of column, Eq. (9-8)

Summation of the cross-sectional area of all columns
in the story under consideration, Eq. (4-8)

Critical contact area of a footing required to support
vertical loads, Sec. 8.4.2.3.1 and Table 8-3

Aol Area of the end column in a frame, Eq. (4-12)

A Area of a reinforced concrete shear wall resisting
shear, Section C10.7.2.3

A, Effective net area of the horizontal leg, Eq. (9-20)

Af Actual area of the footing, Chapter 8

A, Gross area of column, in.2, Egs. (9-2), (9-4), and
(10-3)

Gross area of the horizontal leg, Eq. (9-19)
Gross area of cast iron column, Eq. (9-36)
Gross area of column, Eq. (10-3)

A; Effective cross-sectional area of a beam-column
joint, in a plane parallel to the plane of
reinforcement generating shear in the joint,
Eq. (10-4)

A, Area of net mortared or grouted section of a wall or
wall pier, Chapters 11 and 15

A, Area of net mortared and/or grouted section of
masonry infill, Eq. (11-19)

A, Area of opening in a masonry infill wall, Eq. (11-18)

A, Area of wall tributary to the connection, Eq.
(4-13)

Gross area of prestressed concrete elements,
Eq. (4-14)
Lead plug area in a lead-rubber bearing, Eq. (C14-1)

A, Area of bonded rubber in a lead-rubber bearing,
Eq. (C14-2)

Aveet Area of the smallest rectangle that covers the footing
footprint, Fig. 8-3 and Table 8-3

A, Area of nonprestressed tension reinforcement, in.2,
Chapters 10 and 11

Al Area of compression reinforcement, in.2, Chapter 10

A, Area of shear reinforcement, Chapter 10

Shear area of masonry wall pier, Egs. (C11-1) and
(Cl11-2)
A, Summation of the net horizontal cross-sectional

area for concrete and masonry wall or length for
wood of all shear walls in the direction of loading,
Eq. (4-9)

Nominal area of the web, Eq. (9-7)

Area of link web, Egs. (9-28) and (9-31)
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Area of the web cross section, = b,d, Chapter 10

Area of infill wall, Eq. (11-16)

Total area of a frame bay infilled with masonry,
including openings in the infill wall, Eq.
(11-18)

Accidental torsion amplification factor, Eq. (7-4)

Story acceleration at level x, Eq. (13-6)

Width of footing, typically taken as the dimension
perpendicular to the direction of seismic force
unless noted otherwise, Section 8.4

Damping coefficient used to adjust spectral response
for the effect of viscous damping, Eq. (2-11)

Bessel function used to compute base slab averaging
effects, Egs. (8-15) and (8-16)

Numerical damping coefficient equal to the value of
B;, as determined in Section 2.4.1.7.1, for an
effective damping ratio p, Eq. (14-4)

Numerical damping coefficient taken equal to the
value of B;, as determined in Section 2.4.1.7.1, for
an effective damping ratio S, Eq. (14-6)

Width of footing, typically taken as the dimension
perpendicular to the direction of seismic force
unless noted otherwise, Chapter 8

Modification factor to relate expected maximum
inelastic displacements calculated for linear
elastic response, Section 4.5.2.1

Compliant, per Chapter 16 Checklists

Damping coefficient for an energy dissipation device
or device j, Chapter 14

Modification factor to relate spectral displacement
of an equivalent single-degree-of-freedom
(SDOF) system to the roof displacement of
the building multi-degree-of-freedom (MDOF)
system, Egs. (7-28) and (C7-4)

Damping coefficient for fluid viscoelastic device,
Eq. (14-30)

Modification factor to relate expected maximum
inelastic displacements to displacements calcu-
lated for linear elastic response, Chapter 7

Modification factor to represent the effects of
pinched hysteresis shape, cyclic stiffness deg-
radation and strength deterioration on the
maximum displacement response, Chapter 7

Coefficient to account for effect of nonuniform
moment given in AISC 360, Chapter 9

Stage combination factors for use with velocity-
dependent energy dissipation devices, Egs.
(14-36) and (14-37)

Effective mass factor to account for higher modal
mass participation effects, Chapter 7

Horizontal force factor, Eq. (15-11) and Table
15-3

Numerical value for adjustment of period 7, Egs.
(4-5) and (7-18)

Coefficient of variation, defined as the standard
deviation divided by the mean

Vertical distribution factor, based on story weights
and heights for the pseudo seismic force, Egs.
(7-24) and (7-25)

Concrete Moment Frames building type, as defined
in Table 3-1

Concrete Shear Wall with Stiff Diaphragms building
type, as defined in Table 3-1

Concrete Shear Wall with Flexible Diaphragms
building type, as defined in Table 3-1

C3

C3a
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DCR
DCR;

D CRmax

Dy
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Concrete Frames with Infill Masonry Shear Walls
with Stiff Diaphragms building type, as defined in
Table 3-1

Concrete Frames with Infill Masonry Shear Walls
with Flexible Diaphragms building type, as
defined in Table 3-1

Generalized deformation metric

Depth of the soil-foundation interface with respect
to the ground surface, Section 8.4

Constant representing the flexibility of a plate, Eqs.
(C8-2) and (C8-3)

In-plane width dimension of masonry, Chapter 11

Response displacement of an isolator unit, Chapter
14

Relative displacement between two ends of an
energy dissipation device, Chapter 14

Depth of diaphragm, Chapter 15

Maximum negative displacement of an energy
dissipation device, Egs. (14-26) and (14-28)

Maximum positive displacement of an energy
dissipation device, Egs. (14-26) and (14-28)

Sliding velocity of a sliding isolator unit, Eq. (C14-
12)

Relative velocity between two ends of an energy
dissipation device, Egs. (14-27) and (14-30)

Average displacement of an energy dissipation
device, equal to (ID*l + ID1)/2, Eq. (14-29)

Required clearance between a glass component and
the frame, Eq. (11-9)

Depth to the foundation-soil interface, Section 8.4

Demand-capacity ratio, computed in accordance
with Eq. (7-16)

Average demand-capacity ratio for elements in a
story, computed in accordance with Eq. (7-17)
Demand-capacity ratio for element i in accordance

with Eq. (7-17)

Largest demand-capacity ratio for any primary
component of a building in the direction under
consideration, Section C7.4.1.3.1

Design displacement, at the center of rigidity of
the isolation system in the direction under
consideration, Eqs. (14-4), (14-19), and (14-21)

Design earthquake target displacement at a control
node located at the center of mass of the first floor
above the isolation system in the direction under
consideration, Eq. (14-15)

Maximum displacement at the center of rigidity
of the isolation system in the direction
under consideration, Egs. (14-6), (14-20) and
(14-22)

BSE-2 target displacement at a control node located
at the center of mass of the first floor above
the isolation system in the direction under
consideration, Eq. (14-16)

Relative seismic displacement that the component
must be designed to accommodate, Egs. (13-9),
(13-10), (13-12), and (13-13)

Quick check drift ratio for moment frames,
Eq. (4-7)

Drift ratio for nonstructural components, Eq. (13-8)

Total design displacement of a component of the
isolation system, including both translational
displacement at the center of rigidity and the
component of torsional displacement in the
direction under consideration, Eq. (14-8)
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Total maximum displacement of a component of the
isolation system, including both translational
displacement at the center of rigidity and the
component of torsional displacement in the
direction under consideration, as specified by
Eq. (14-9)

Yield displacement of a lead-rubber bearing, Eqs.
(C14-3), (C14-4), (C14-6), (C14-7)

Vertical ground acceleration, Eq. (C14-13)

Young’s modulus of elasticity

Modulus of elasticity of concrete, Chapter 10

Compression modulus of an elastomeric bearing,
Egs. (C14-9) and (C14-10)

Expected elastic modulus of frame material, Chapter
11

Energy dissipated, in an isolator unit during a full
cycle of reversible load over a test displacement
range from A* to A7, as measured by the area
enclosed by the loop of the force—deflection curve,
Eq. (14-18)

Modulus of elasticity of masonry, Chapter 11

Expected elastic modulus of masonry in compression,
Chapter 11

Modulus of elasticity of reinforcement, Ib/in.?,
Chapter 10

Restoring force of an isolator, Eq. (14-3)

Force in an energy dissipation device, Eqs. (14-25),
(14-27), and (14-30)

Negative force in an isolator or energy dissipation
device during a single cycle of prototype testing
at a displacement amplitude of A, Egs. (14-17),
(C14-17), (14-26), (14-28), and (14-43)

Positive force in an isolator or energy dissipation
device during a single cycle of prototype testing
at a displacement amplitude of A", Egs. (14-17),
(C14-17), (14-26), (14-28), and (14-43)

Pseudo-seismic force applied at the isolation base
level, Eq. (14-12)

Factor to adjust spectral acceleration in the short-
period range for site class, per Table 2-3

Allowable axial buckling stress, Eq. (9-36)

Total inertial force on a flexible diaphragm,
Eq. (C7-1)

Lateral pseudo-seismic force at level i, Egs. (4-3a),
(7-25), (C7-2), and (14-32)

The bearing (compressive) strength of the infill,
Eq. (C11-3)

The mth mode horizontal inertia force at level i,
Eq. (14-39)

Axial tensile force for the evaluation or retrofit
of ties between the diaphragm and chords or
boundaries, Eq. (7-7)

Horizontal seismic force for design of a structural or
nonstructural component and its connection to the
structure, Eq. (7-8)

Horizontal seismic force for anchorage of a wall to
a diaphragm, Eq. (7-9)

Out-of-plane force per unit area for evaluation or
retrofit of a wall spanning between two out-of-
plane supports, Egs. (7-13) and (7-14)

Component seismic design force applied horizontally
at the center of gravity of the component or
distributed according to the mass distribution of
the component, Chapter 13

Effective prestressing force of a prestressing tendon

Seismic Evaluation and Retrofit of Existing Buildings
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Minimum horizontal seismic force for anchorage of
a wall to a diaphragm, Eq. (7-10)

Minimum out-of-plane force per unit area for
evaluation or retrofit of a wall spanning between
two out-of-plane supports, Egs. (7-13) and (7-14)

Component seismic design force applied vertically
at the center of gravity of the component or
distributed according to the mass distribution of
the component, Eq. (13-7)

Diaphragm inertial force at floor level x, Eq. (7-26)

Expected tensile strength, Eqgs. (9-20), (9-22), and
(9-24)

Factor to adjust spectral acceleration at 1s for site
class, per Table 2-4

Design shear strength of bolts or rivets, Chapter 9

Unfactored nominal shear strength of bolts or rivets
given in AISC 360, Eq. (9-18)

Pseudo-seismic force applied at floor level x,
Chapters 4, 7, and 14

Force applied to a wall at level x

Specified minimum yield stress for the type of steel
being used, Chapters 9 and 16

Yield force of a lead-rubber bearing, Eq. (C14-4)

F, of a beam, Chapter 9, F,. and F, of a column,
Chapter 9

Expected yield strength, Chapter 9

F, of a flange, Chapter 9

Lower-bound yield strength, Chapter 9

Soil shear modulus

Modulus of rigidity of wood structural panels,
Ib/in.%, Egs. (12-2), (12-4), and (12-5)

Initial or maximum soil shear modulus, Egs. (8-4),
(8-5), (8-6), (8-7), and (8-12)

Shear stiffness of shear wall or diaphragm assembly,
Egs. (12-1) and (12-3) and Tables 12-1 and 12-2

Effective shear modulus of a lead-rubber bearing,
Egs. (C14-8) and (C14-10)

Shear modulus of masonry, Chapter 11

Expected shear modulus of masonry, Chapter 11

Horizontal load on footing, Chapter 4

Least clear height of opening on either side of pier,
Chapter 15

Height of the retaining wall, Eq. (8-30)

Moment of inertia

Moment of inertia of a beam, Egs. (9-1) and
9-17)

Moment of inertia of a column, Eq. (9-2)

Equivalent moment of inertia of transformed
concrete column section, Eq. (11-15)

Moment of inertia of most flexible frame member
confining infill panel, Chapter 11

Moment of inertia of gross concrete or masonry
section about centroidal axis, neglecting reinfor-
cement, Chapters 10 and 11

Immediate Occupancy Performance Level

Component performance factor; 1.0 shall be used
for the Life Safety and Position Retention
Nonstructural Performance Levels and 1.5 shall
be used for the Operational Nonstructural
Performance Level, Egs. (13-1), (13-2), (13-3),
and (13-5)

Force-delivery reduction factor. A coefficient used in
linear procedures to estimate the actual forces
delivered to force-controlled components by other
(yielding) components, Sec. 7.5.2.1.2
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Length factor for brace; defined in AISC 360,
Chapter 9

Bulk modulus of an elastomeric bearing, Eq. (C14-
10)

Storage stiffness of a solid viscoelastic device, Eq.
(14-28)

Loss stiffness of a solid viscoelastic device, Eq.
(14-29)

Sloping ground correction factor, Section C8.2.2.2

Rotational stiffness of a partially restrained con-
nection, Egs. (9-15), (9-16), and (9-17)

Effective rotational stiffness of the foundation,
Eq. (8-24)

Overburden correction factor, Section C8.2.2.2

Effective fixed-base stiffness of the structure,
Eq. (8-25)

Flexural stiffness, Eqs. (9-27) and (9-29)

Effective stiffness of the isolation system at the
design displacement in the horizontal direction
under consideration, Eqgs. (14-5), (14-19), and
(14-21)

Format conversion factor for calculating LRFD
reference resistance based on allowable stress
factor, Section C8.3.2.5

Effective stiffness of the building in the direction
under consideration, for use with the NSP, Sec.
74324

Elastic stiffness of a link beam, Egs. (9-27) and
(9-30)

Flexural stiffness of the equivalent composite
cantilever column, Eqs. (11-14) and (11-15)

Elastic stiffness of the building in the direction
under consideration, for use with the NSP,
Eq. (7-27)

Initial in-plane stiffness of an uncracked infilled
frame with unreinforced masonry infill panel that
has an opening in it, Eq. (11-18)

Initial in-plane stiffness of an uncracked infilled
frame with solid unreinforced masonry infill
panel, Eq. (11-14)

Effective stiffness of the isolation system at the
maximum displacement in the horizontal direction
under consideration, Eqs. (14-7), (14-20), and
(14-22)

Approximate stiffness of the support system of
the component, its bracing, and its attachment,
determined in terms of load per unit deflection
at the center of gravity of the component,
Eq. (13-4)

Shear stiffness, Egs. (9-27) and (9-28)

Horizontal spring stiffness, Chapter 4

Shear stiffness of the equivalent composite cantilever
column, Eq. (11-14)

Maximum effective stiffness of the isolation system
based on upper-bound isolator stiffness properties
in the horizontal direction under consideration,
Eq. (14-7)

Global stiffness of steel plate shear wall, Egs. (9-33)
and (9-35)

Effective translational stiffness of the foundation,
Eq. (8-27)

Total length of a frame, Eq. (4-12)

Length of pile in vertical dimension, Eq. (8-13)

Length of beam, center-to-center of columns,
Chapter 9

L,

LS

(M]
M*

MCEg

Mg

MCE);
MCEy
MCLx

M,

&

n

M, nb
MIIL'

MnCS

Length of member along which deformations are
assumed to occur, Chapter 10

Length of wall or wall pier, Chapter 11

Diaphragm span, distance between shear walls or
collectors, Eqgs. (12-3), (12-4), and (12-5)

Length or span of beam, Egs. (9-6) and (9-17)

Distance between points braced against lateral
displacement of the compression flange or between
points braced to prevent twist of the cross-sections;
given in AISC 360, Chapter 9

Average length of the diagonal brace, Eq. (4-10)

Length of beam, clear span between columns,
Chapter 9

Length of cross wall

Length critical contact area equal to A/b, Sec.
8.4.2.3.1 and Table 8-3

Distance between lateral supports for a diaphragm,
Eq. (C7-1)

Span, in feet, of a flexible diaphragm that provides
lateral support for a wall, the span is between
vertical primary seismic-force-resisting elements
that provide lateral support to the flexible dia-
phragm in the direction considered, Eq. (7-11)

Length of footing in plan dimension, Section 8.4

Effective span for an open-front building

Length of infill panel, Tables 11-8 and 11-9 and
Fig. C11-6

The limiting unbraced length between points of
lateral restraint for the full plastic moment capacity
to be effective; given in AISC 360 Egs. (9-6)
and (9-9)

The limiting unbraced length between points of
lateral support beyond which elastic lateral
torsional buckling of the beam is the failure mode;
given in AISC 360, Eq. (9-9)

Life Safety Performance Level

Design moment at a section, Eq. (10-3)

Diagonal mass matrix, Eq. (C7-4)

Effective mass for the first mode, Eqs. (8-25) and
(8-26)

Expected ultimate moment capacity of footing,
Eq. (8-8)

Risk-Targeted Maximum Considered Earthquake
per ASCE 7

Expected flexural strength of a member or joint, Egs.
(9-3), (9-4), (9-6), (9-15), (9-16), (9-18), (9-22),
(9-24), (9-25), (9-26), and (9-32)

Expected bending strength of a member about the
x-axis, Egs. (9-10), (9-11), (9-13), and (10-1)

Expected bending strength of a member about y-
axis, Egs. (9-10), (9-11), (9-13), and (10-1)

Lower-bound flexural strength of the member about
the x-axis, Eq. (9-12)

Lower-bound flexural strength of the member about
the y-axis, Eq. (9-12)

Moment acting on the slab column strip, Chapter 10

Moment in girder at level j, Eq. (4-11)

Nominal moment strength at section, Chapters 9
and 10

Nominal moment strength at beam section,
Chapter 10

Nominal moment strength at column section,
Chapter 10

Nominal moment strength of the slab column strip,
Chapter 10
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Total overturning moment induced on the
element by seismic forces applied at and
above the level under consideration, Egs. (7-5)
and (7-6)

Plastic moment capacity determined in accordance
with AISC 360, Eq. (9-9)

Expected plastic moment capacity, Eq. (9-6)

Limiting buckling moment determined in accordance
with AISC 360, Eq. (9-9)

Tier 1 system modification factor, Chapter 4

Stabilizing moment produced by dead loads acting
on the element, Egs. (7-5) and (7-6)

Design moment, Chapter 10

Design bending moment about the x-axis for axial
load Py, kip-in., Eq. (10-1)

Design bending moment about the y-axis for axial
load Py, kip-in., Eq. (10-1)

Bending moment in the member about the x-axis,
calculated in accordance with Section 7.5.2.1.2,
Eq. (9-12)

Bending moment in the member about the y-axis,
calculated in accordance with Section 7.5.2.1.2,
Eq. (9-12)

Bending moment in a member for the x-axis, Eqgs.
(9-10), (9-11), and (9-13)

Bending moment in a member for the y-axis, Eqgs.
(9-10), (9-11), and (9-13)

Yield moment strength at section, Eq. (10-5)

Standard Penetration Test blow count in soil, Section
24.1.6.1

Number of piles in a pile group, Eq. (8-13)

Normal load on the bearing of a sliding isolator,
Eq. (C14-12)

Average Standard Penetration Test (SPT) blow count
in soil within the upper 100ft of soil, calculated
in accordance with Eq. (2-3)

SPT blow count corrected to an equivalent hammer
energy efficiency of 60%, Eq. (8-5)

SPT blow count normalized for an effective stress of
1 ton/ft* and corrected to an equivalent hammer
energy efficiency of 60%, Eq. (8-6)

Not applicable

Number of bolts or rivets, Egs. (9-18), (9-22), and
(9-24)

Number of diagonal braces in tension and
compression if the braces are designed for
compression, number of diagonal braces in
tension if the braces are designed for tension only,
Eq. (4-10)

Noncompliant

Constant load on an isolator, Egs. (C14-19), (C14-
20), (C14-21), (C14-22), and (C14-24)

No limit

Factored axial load normal to cross-section occurring
simultaneously with V,. To be taken as positive for
compression, negative for tension, and to include
effects of tension caused by creep and shrinkage,
Eq. (10-3)

Vertical load on footing, Eq. (8-8)

Axial force in a member, Eqgs. (9-2) and (9-4)

Axial force in a concrete column, Eq. (C10-1)

Axial load at failure of a masonry core or prism test
sample, Egs. (11-3) and (11-4)

Lower-bound of vertical compressive strength for
wall or wall pier, Egs. (11-7) and (11-13)

Seismic Evaluation and Retrofit of Existing Buildings

Pcg

Pey
Py

P D+L

PI

Py

P test

Pyp

PCla

PC2

PC2a

Qull()w

0.
QCE
Ocrp
QCE./'
QCL
QCL('
O
Or

Expected axial strength of a member or joint, Egs.
(9-19), (9-20), (9-21), and (9-26)

Expected gravity compressive force applied to a wall
or pier component stress

Lower-bound axial strength of a column, wall, or
wall pier

Superimposed dead load at the top of the wall or wall
pier under consideration, Chapters 11 and 15

Gravity compressive stress at the test location
considering actual dead plus live loads in place at
time of testing, Eqgs. (11-1) and (15-1)

Probability of exceedance in Y years, expressed as a
decimal, Eq. (1-2)

Plasticity index for soil, determined as the difference
in water content of soil at the liquid limit and
plastic limit, Section 2.4.1.6.1

Nominal axial load strength at zero eccentricity,
Chapter 10

Mean return period, Eq. (1-2)

Splitting test load of masonry sample, Eqgs. (15-2)
and (15-3)

Design axial force in a member, Egs. (9-10), (9-11),
and (9-12)

Self-weight of wall, Egs. (11-8), (11-11), and
(15-20)

Expected yield axial strength of a member, Eqgs.
(9-2) and (9-4)

Seismic force caused by overturning moment on the
bearing of a sliding isolator, Eq. (C14-13)

Precast/Tilt-up Concrete Shear Walls with Flex-
ible Diaphragms building type, as defined in Table
3-1

Precast/Tilt-up Concrete Shear Walls with Stiff
Diaphragms building type, as defined in Table
3-1

Precast Concrete Frames with Shear Walls building
type, as defined in Table 3-1

Precast Concrete Frames without Shear Walls
building type, as defined in Table 3-1

Generalized force in a component, Figs. 2-3, 2-5,
8-1, 9-1, 10-1, 11-1, and 12-1

Characteristic strength of an isolator unit, Chapter
14

Allowable bearing load specified for the design of
deep foundations for gravity loads (dead plus live
loads) in the available design documents, Eq.
(8-2)

Expected bearing capacity of deep or shallow
foundation, Section 8.4

Expected strength of a deformation controlled action
of an element at the deformation level under
consideration

Expected bending strength of the beam, Eq. (9-14)

Expected final lateral strength of URM walls or pier
components, Eq. (11-10)

Lower-bound estimate of the strength of a force-
controlled action of an element at the deformation
level under consideration

Lower-bound strength of the connection, Eq. (9-14)

Action caused by dead load, Egs. (7-1), (7-2),
and (7-3)

Action caused by the response to selected Seismic
Hazard Level, Egs. (7-34) and (7-35)

Action caused by gravity loads, Egs. (7-1), (7-2),
(7-3), and (8-3)
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expected bearing load on footing due to gravity
loads, including load due caused by overburden
soil above the footing, Eq. (8-8)

Action caused by live load, Egs. (7-1) and (7-3)

Action caused by snow load, Egs. (7-1) and (7-3)

Deformation-controlled action caused by gravity
loads and earthquake forces

Force-controlled action caused by gravity loads and
earthquake forces

Yield strength of a component, Section 7.5.1.2

Mean minus one standard deviation strength for a
force-controlled action determined from a series
of representative subassembly tests, Section 7.6.3

Substitute yield strength, Fig. 2-5

Radius of curvature of the sliding surface of a sliding
isolator, Eq. (C14-12)

Radius of a spherical isolation device, Fig. C14-5
and Eq. (C14-21)

Nonstructural component response modification
factor from Table 11-2 and Egs. (13-1) and (13-5)

Reinforced Masonry Bearing Walls with Flexible
Diaphragms building type, as defined in Table 3-1

Reinforced Masonry Bearing Walls with Stiff
Diaphragms building type, as defined in Table 3-1

Ratio of response spectra factor for base slab
averaging, Eq. (8-15)

Ratio of response spectra factor for embedment, Eq.
(8-19)

The elastic section modulus of a member

The shape factor, defined as the ratio of the loaded
area to the perimeter area of single rubber area,
of a lead-rubber bearing, Egs. (C14-10) and
(C14-11)

Spectral response acceleration parameter at a one-
second period, obtained from response acceleration
contour maps

Steel Moment Frames with Stiff Diaphragms
building type, as defined in Table 3-1

Steel Moment Frames with Flexible Diaphragms
building type, as defined in Table 3-1

Steel Braced Frames with Stiff Diaphragms building
type, as defined in Table 3-1

Steel Braced Frames with Flexible Diaphragms
building type, as defined in Table 3-1

Steel Light Frames building type, as defined in Table
3-1

Steel Frames with Concrete Shear Walls building
type, as defined in Table 3-1

Steel Frames with Infill Masonry Shear Walls and
Stiff Diaphragms building type, as defined in
Table 3-1

Steel Frames with Infill Masonry Shear Walls and
Flexible Diaphragms building type, as defined in
Table 3-1

Spectral response acceleration

Design short-period spectral response acceleration
parameter, adjusted for site class, for determining
level of seismicity, Eq. (2-12)

Design spectral response acceleration parameter at a
one-second period, adjusted for site class, for
determining level of seismicity, Eq. (2-13)

Distance between n-th pile and axis of rotation of a
pile group, Eq. (8-14)

System property adjustment
14.2.2.1.3 and 14.3.2.3

factor, Sections

SRSS

Sxi

SXS

Ty [Ty

)

T1
T2
T3

Tc

TC E

Tp

T,

Ty

Square root sum of squares

Spectral response acceleration parameter at short
periods, obtained from response acceleration
contour maps

Spectral response acceleration parameter at a 1s
period for any Seismic Hazard Level and any
damping, adjusted for site class

Spectral response acceleration parameter at short
periods for the selected Seismic Hazard Level and
damping, adjusted for site class

Fundamental period of the building in the direction
under consideration, sec

Fundamental period of the building using a model
with a fixed base, seconds, Section 8.5

Tensile load in column, Eq. (9-13)

Fundamental period of the building using a model
with a flexible base, seconds, Section 8.5

Effective period lengthening ratio, Eqs. (8-20),
(8-21), and (8-29) and Fig. 8-7

Period at which the constant acceleration region
of the design response spectrum begins at a value
= 0.2Ts, Eq. (2-10)

Tier 1 Evaluation

Tier 2 Evaluation

Tier 3 Evaluation

Period of the highest mode in the same direction as
T to achieve a 90% modal mass participation,
C7.4423

Connection force for concrete or masonry walls to a
flexible diaphragm, Eq. (4-13)

Expected tensile strength of column computed in
accordance with Eqgs. (9-8) and (9-13)

Effective period, in seconds, of the seismic-isolated
structure at the design displacement in the
direction under consideration, Eqs. (14-4) and
(14-5)

Effective fundamental period of the building in the
direction under consideration, in seconds for use
with the NSP, Egs. (7-27), (7-28), and (7-29)

Effective fundamental period, in seconds, of the
building structure above the isolation interface on
a fixed base in the direction under consideration,
Egs. (9-10) and (9-11)

Elastic fundamental period of the building in the
direction under consideration, for use with the
NSP, Eq. (7-27)

The long-period transition parameter, to be obtained
from published maps, site-specific response
analysis, or any other method approved by the
authority having jurisdiction.

Effective period, in seconds, of the seismic-isolated
structure at the maximum displacement in the
direction under consideration, Eqgs. (14-6) and
14-7)

m-th mode period of the building including the
stiffness of the velocity-dependent devices,
Eq. (14-40)

Fundamental period of the nonstructural component,
Eq. (13-4)

Characteristic period of the response spectrum at
which the constant acceleration segment of the
response spectrum transitions to the constant
velocity segment, Eq. (2-9)

The period of the structure about the isolation
system, Eq. (14-14)
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V*

Vee

VCL

Secant fundamental period of a building calculated
using Eq. (7-27), but replacing the effective
stiffness (K,) with the secant stiffness (K,) at the
target displacement, Eq. (14-42)

Velocity of sliding, Eq. (C14-14)

Unreinforced Masonry Bearing Walls with
Flexible Diaphragms building type as defined in
Table 3-1

Unreinforced Masonry Bearing Walls with Stiff
Diaphragms building type as defined in Table 3-1

Modified equivalent base shear, Chapter 14

Pseudo-seismic force, Chapters 4 and 7

Design shear force at section concurrent with
moment, M, Eq. (10-3)

Shear strength of an unreinforced masonry pier,
Chapter 15

The total lateral seismic design force on elements
of the isolation system or elements below the
isolation system, Eq. (14-10)

Expected initial shear strength of wall or pier
based on bed-joint sliding shear strength,
Chapter 11

Expected final shear strength of wall or pier based
on bed-joint sliding shear strength, Chapter 11

Nominal shear strength provided by concrete,
Chapter 10

Column shear force, Eq. (4-7)

Total shear capacity of cross walls in the direction
of analysis immediately above the diaphragm
level being investigated, Chapter 15

Total shear capacity of cross walls in the direction
of analysis immediately below the diaphragm
level being investigated, Chapter 15

Expected shear strength of a member, Egs. (9-5),
(9-7), (9-11), (9-31), (9-32), and (9-34)

Lower-bound shear strength, Eq. (11-4)

Base shear at A, Fig. 7-3, Chapter 7

Diaphragm shear

Lower-bound shear strength based on diagonal
tension stress for wall or wall pier, Eq. (11-12)

Expected story shear strength of the bare frame taken
as the shear capacity of the column, Tables 11-8
and 11-9

Shear caused by gravity loads, in accordance with
Section 4.2.4.2

Shear acting on slab critical section caused by
gravity loads, Chapter 10

The total calculated lateral shear force in the direction
under consideration in an element or at story i
caused by earthquake response to the selected
ground shaking level, as indicated by the selected
linear analysis procedure, Eq. (7-17)

Expected shear strength of infill panel, Eq. (11-19)
and Tables 11-8 and 11-9

Story shear force, Chapters 4, 7, and 14

Nominal shear strength at section, Chapter 10

Shear strength of column without modification for
flexural ductility, Eq. (10-3)

Shear strength of slab at critical section, Chapter 10

Punching shear capacity, Chapter 10

Shear force at the development of the flexural
capacity of a concrete element, Chapter 10

Shear force on an unreinforced masonry wall pier,
Chapters 11 and 15

Panel zone shear, Chapter 9
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Expected shear strength of wall or wall pier based
on rocking, Egs. (11-8), (15-20), (15-21), and
(15-24)

Nominal shear strength provided by shear
reinforcement, Chapter 10

The total lateral seismic design force or shear
on elements above the isolation system,
Eq. (14-11)

Base shear in the building at the target displacement,
Chapter 3

Lower-bound shear strength based on toe crushing
for a wall or wall pier, Eq. (11-11)

Test load at first observed movement of a masonry
unit for an in-place masonry shear test, Egs. (11-1)
and (15-1)

Factored shear force at section, Chapter 10

Total shear force resisted by a shear wall at the level
under consideration, Chapter 15

Effective yield strength of the building in the
direction under consideration, for use with the
NSP, Sec. 7.4.3.2.4

Yield strength of the panel zone, Section 9.4.2.4.2
and 9.4.24.3

Nominal shear strength of a member modified by the
axial load magnitude, Chapter 9

Weight of a component, calculated as specified in
this standard, Chapter 7

Effective seismic weight of a building, including
total dead load and applicable portions of
other gravity loads listed in Sections 4.5.2.1 and
7.4.13.1

Weight tributary to that portion of the diaphragm
extending half of the distance to each adjacent tie
or diaphragm boundary, Eq. (7-7)

Weight of the smaller portion of the building, Eq.
(7-8)

The effective seismic weight of the structure above
the isolation interface, Eq. (14-5)

The gravity load on a bearing in a sliding isolator,
Eq. (C14-13)

Total dead load tributary to a diaphragm, Chapter 15

Energy dissipated in a building or element thereof or
energy dissipation device during a full cycle of
displacement, Eqgs. (14-29) and (14-44)

Total seismic weight of all stories above level j

Work done by an energy dissipating device, j, in
one complete cycle corresponding to floor
displacement, Eqs. (14-31), (14-33), (14-34), (14-
41), and (14-42)

Maximum strain energy in a frame, Egs. (14-31),
(14-32), (14-33), and (14-41)

Work done by device j in one complete cycle
corresponding to modal floor displacements 6,
Eqgs. (14-38) and (14-40)

Maximum strain energy in the frame in the m-th
mode, Eqs. (14-38) and (14-39)

Weight of the wall tributary to the wall anchor, Egs.
(7-9) and (7-10)

Weight of the wall per unit area, Eqgs. (7-13) and
(7-14)

Component operating weight, Eqgs. (13-1), (13-2),
(13-3), (13-4), (13-5), and (13-7)

Total dead load of an unreinforced masonry wall
above the level under consideration or above an
open front of a building, Chapter 15
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Dead load of an unreinforced masonry wall assigned
to level x, taken from mid-story below level x to
mid-story above level x, Chapter 15

Wood Light Frames building type, as defined in
Table 3-1

Multi-Story, Multi-Unit Residential Wood Frames
building type, as defined in Table 3-1

Wood Frames, Commercial and Industrial building
type, as defined in Table 3-1

Height of upper support attachment at level x as
measured from grade, Eq. (13-8)

Height of lower support attachment at level x or y as
measured from grade

Time period in years corresponding to a mean
return period and probability of exceedance,
Eq. (1-2)

Height of lower support attachment at level y as
measured from grade, Eq. (13-8)

Plastic section modulus, Egs. (9-1), (9-2), (9-3),
(9-4), and (9-6)

Adjusted resistance for mechanical fastener,
Chapter 8

Parameter used to measure deformation capacity in
component load—deformation curves, Figs. 7-4,
C7-3, 9-1, 10-1, 11-1

Site class factor, Egs. (7-22) and (7-29)

Longitudinal dimension of full footprint of building
foundation, Eq. (8-11)

Clear width of wall between vertical boundary
elements, Egs. (9-33) and (9-34)

Equivalent width of infill strut, Egs. (11-7), (11-9),
(11-10), (11-11), and (11-12)

Parameter used to measure deformation capacity in
component load—deformation curve, Fig. 2-5

Radiation damping coefficient, Eq. (8-21)

Radiation damping coefficient, Eq. (8-21)

Diameter of masonry core multiplied by its length or
area of the side of a square prism, Eqs. (15-2) and
(15-3)

Component amplification factor from Table 11-2 and
Egs. 11-1 and 11-5

Parameter used to measure deformation capacity in
component load—deformation curves, Figs. 7-4,
C7-3, 9-1, 10-1, 11-1

Width of rectangular footings and the flange width
of I-shaped footings, Fig. 8-3 and Table 8-3

Shear wall length or width, Egs. (12-1) and (12-2)

Diaphragm width, Egs. (12-4) and (12-5)

The shortest plan dimension of the building,
measured perpendicular to d, Eqs. (14-8) and
(14-9)

Parameter relating effective foundation area to
building period, Eqgs. (8-17) and (8-18)

Connection dimension, Egs. (9-22) and (9-23)

Beam flange width in equations for beam—column
connections in Sections 9.4.2.4.2 and 9.4.2.4.3

Column flange width in equations for beam—column
connections in Sections 9.4.2.4.2 and 9.4.2.4.3

Effective foundation size, ft, Eqs. (8-17) and (8-18)

Effective width of slab when using an effective beam
width model, Eq. (C10-3)

Flange width, Chapter 9

Width of rectangular glass, Eq. (13-11)

Connection dimension, Egs. (9-24) and (9-25)

Web width, in., Chapter 10

Cr

C2

Parameter used to measure residual strength, Fig.
7-4, Egs. (C7-3), (9-1), (10-1), and (11-1)

Size of rectangular or equivalent rectangular column,
capital, or bracket measured in the direction of the
span for which moments are being determined,
in., Chapter 10

Clearance (gap) between vertical glass edges and the
frame, Eq. (13-11)

Size of rectangular or equivalent rectangular column,
capital, or bracket measured in perpendicular to
the direction of the span for which moments are
being determined, in., Section Chapter 10

Clearance (gap) between horizontal glass edges and
the frame, Eq. (13-11)

Radiation damping coefficient, Eq. (8-21)

Parameter used to measure deformation capacity,
Figs. 7-4, C7-3, 8-4, 9-1, 10-1, 11-1

Distance from extreme compression fiber to centroid
of tension reinforcement, in., Eq. (10-3)

Width of a parapet, Fig. 13-1

The longest plan dimension of the building, Egs.
(14-8) and (14-9)

Elongation of anchorage at end of wall determined
by anchorage details and load magnitude,
Eq. (8-1)

Deflection at yield of tie-down anchorage or
deflection at load level to anchorage at end of wall
determined by anchorage details and dead load,
in., Eq. (8-2)

Overall beam depth, Chapter 9

Nominal diameter of reinforcing bar, Chapters 10,
12, and 16

Depth of the bolt group, Tables 9-4 and 9-6

Column depth, Chapters 9 and 10

Depth, ft, of a layer of soils having similar properties,
and located within 100 ft of the surface, Eqs. (2-3)
and (2-4)

Overall panel zone depth between continuity plates,
Chapter 9

Length of eccentrically braced frame (EBF) link
beam, Chapter 9

Parameter used to measure deformation capacity,
Figs. 7-4, C7-3, 8-4, 9-1, 10-1, 11-1

Foundation embedment depth, ft, Eq. (8-19)

Actual eccentricity measured in plan between the
center of mass of the structure above the isolation
interface and the center of rigidity of the isolation
system, plus accidental eccentricity taken as 5%
of the maximum building dimension perpendicular
to the direction of force under consideration, Eqs.
(14-8) and (14-9)

Nail deformation at yield load per nail for wood
structural panel sheathing, Egs. (12-2), (12-4), and
(12-5)

Void ratio, Eq. (8-7)

Parameter used to measure deformation capacity,
Figs. 7-4, 8-4, 9-1, 10-1, 11-1

Fundamental frequency of the building, Chapter 14

Axial compressive stress caused by gravity loads,
Egs. (11-11) and (11-12)

Expected vertical compressive stress on a masonry
wall, Chapter 11

Compressive strength of concrete, Chapters 10
and 16

Flexible diaphragm inertial force per foot, Eq. (C7-1)
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Lower-bound masonry diagonal tension strength,
Eq. (11-12)

Average axial stress in diagonal bracing elements at
level j, Eq. (4-10)

Average flexural stress in the columns and beams at
level j, Eq. (4-15)

Factor to calculate post-yield stiffness of a lead-
rubber bearing, Eq. (C14-2)

Lower-bound masonry compressive strength,
Chapters 11 and 15

Coefficient of friction at large velocities of a
sliding isolator, Egs. (C14-14), (C14-21), and
(C14-22)

Coefficient of friction at large velocities of a sliding
isolator based on initial bearing pressure, Eq.
(C14-15)

Coefficient of friction at large velocities of a sliding
isolator based on the instantaneous additional
bearing pressure of due to earthquake effects,
Eq. (C14-15)

Expected compressive strength of masonry,
Chapter 11

Coefficient of friction at small velocities of a sliding
isolator, Eq. (C14-14)

Average compressive stress in concrete caused by
effective prestress force only, after allowance for
all prestress losses, Chapter 10

Stress in reinforcement, Ib/in.?, Egs. (10-1) and
(10-2)

Tensile splitting strength of masonry, Chapters 11
and 15

Average mortar tensile splitting strength of masonry,
Eq. (11-5)

Mean minus one standard deviation mortar tensile
splitting strength of masonry, Eq. (11-7)

Lower-bound masonry tensile strength, Chapter 11

Expected masonry flexural tensile strength, Chapter
11

Expected shear strength of masonry infill bed joints,
Eq. (11-19)

Yield stress of reinforcing steel, Chapter 10

Expected yield strength of reinforcing steel,
Chapter 10

Lower-bound yield strength of reinforcing steel,
Chapter 10

Lower-bound yield strength of shear reinforcing
steel, Eq. (C10-1)

Acceleration of gravity 386.1in./sec® (or 9,807 mm/
sec” for SI units)

Parameter used to measure deformation capacity,
Figs. 7-4, 8-4, 9-1, 10-1, 11-1

Period effect factor = 1 + 0.15 - In 7,, Eq. (3-16)

Average story height above and below a beam—
column joint, Egs. (4-7) and (4-15)

Effective structure height, Sec. 8.5.2, Eq. (8-22),
Fig. 8-7

Clear height of wall between beams, Eq. (9-33)

Distance from inside of compression flange to inside
of tension flange, Chapter 9

Height of member along which deformations are
measured, Chapter 10

Overall thickness of member, in., Chapter 10

Height of a column, pilaster, or wall, Eq. (4-11),
Chapter 11

Shear wall height, Chapters 10 and 12

Seismic Evaluation and Retrofit of Existing Buildings
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Average roof elevation of structure, relative to grade
elevation, Eqgs. (13-1) and (13-6)

Height of the parapet above the point of anchorage
of the wall to the diaphragm, Fig. 13-1

Assumed web depth for stability, Chapter 9

Gross cross-sectional dimension of column core
measured in the direction of joint shear, in.,
Chapter 10

Height of a composite column, Eq. (11-15)

Height of column between beam centerlines,
Fig. C11-6

Effective height of wall or wall pier components
under consideration, Chapter 11

Height from the base to floor level i or x, Eqgs. (4-3a),
(7-25), (8-22), (14-13)

Height of infill panel, Chapter 11

Height above base to roof level, ft, Eqs. (4-5), (4-12),
(7-12), (7-18), (13-4) and (13-5¢)

Height of rectangular glass, Eq. (13-11)

Height of infill wall, Eq. (11-16)

Height from base to floor level x, ft, Egs. (7-25) and
9-9)

Number of story level under consideration

Exponent related to the building period, used to
define the vertical distribution of lateral forces,
Egs. (4-3a) and (7-25)

Coefficient used for calculation of column
shear strength based on displacement ductility,
Eq. (10-3)

Factor to account for diaphragm flexibility, Eqgs.
(7-9), (7-10), and (7-11)

Stiffness of a representative beam, Eq. (4-7)

Exponent related to the building period above the
isolation system and the damping of the isolation
system, used to define the vertical distribution of
lateral forces, Eqgs. (14-13) and (14-14)

Stiffness of a representative column, Eq. (4-7)

Distance from the center of the split tee stem to the
edge of the split tee flange fillet, Eq. (9-25)

Effective stiffness of an isolator unit or an energy
dissipation device, Chapter 14

Horizontal seismic coefficient in soil acting on
retaining wall, Eq. (8-30)

Factor to account for variation in force over the
height of the building when all diaphragms are
rigid, Egs. (7-9) and (7-12)

Post-yield stiffness of a lead-rubber bearing, Egs.
(C14-2), (C14-3), (C14-4), (C14-5), and (C14-24)

Winkler spring stiffness in overturning (rotation) for
pile group, expressed as moment/unit rotation,
Eq. (8-14)

Winkler spring stiffness in vertical direction,
expressed as force/unit displacement/unit area,
Eq. (8-11)

Pile group axial spring stiffness expressed as force/
unit displacement, Eq. (8-13)

Shear buckling coefficient, Chapter 9

Vertical stiffness of an elastomeric bearing, Eq.
(C14-9)

Axial stiffness of n-th pile in a pile group, Eq. (8-14)

Clear length of brace, Chapter 9

Length of slab span in a slab-column in the direction
of seismic forces, Chapter 10

Length of slab span in a slab-column in the direction
perpendicular to the seismic forces, Chapter 10
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Clear length of beam, Chapter 9

Length of beam, Eq. (9-1)

Provided length of straight development, lap splice,
or standard hook, in., Eq. (10-1)

Assumed distance to infill strut reaction point for
beams, Eq. (7-11)

Length of column, Egs. (9-2) and (9-36)

Assumed distance to infill strut reaction point for
columns, Chapter 11

Required length of development for a straight bar,
in., Eq. (10-1)

Length of embedment of reinforcement, in., Eq.
(10-2)

Length of plastic hinge used for calculation of
inelastic deformation capacity, in., Eq. (10-5)
Length of entire wall or a segment of wall
considered in the direction of shear force, in.,

Chapter 10

Component demand modification factor to account
for expected ductility associated with this action
at the selected Structural Performance Level.
m-factors are specified in Chapters 8 through 12
and 14

Effective m-factor due to lateral torsional buckling,
Eq. (9-9)

mass at level i, Eq. (C7-5)

Largest m-factor for all primary elements of the
building in the direction under consideration,
Eq. (7-21), Table 7-2

Value of m-factor for the column in tension,
Eq. (9-13)

Value of m for bending about the x-axis of a member,
Eqgs. (9-10), (9-11), (9-13), and (10-1)

Value of m for bending about the y-axis of a member,
Egs. (9-10), (9-11), (9-13), and (10-1)

Total number of stories in the vertical seismic
framing above the base, Egs. (4-6) and (C3-2)

Shear wave velocity reduction factor, Eq. (8-12)

Total number of columns, Egs. (4-8) and (4-11)

Total number of frames, Eqgs. (4-8) and (4-11)

Number of prestressed strands

The instantaneous bearing pressure on a sliding
isolator due to the initial pressure and the pressure
due to earthquake effects, Eq. (C14-15)

atmospheric pressure

Vertical bearing pressure, Eq. (8-6)

Allowable bearing pressure specified in the available
design documents for the design of shallow
foundations for gravity loads (dead plus live
loads), Eq. (8-1)

Expected bearing capacity of shallow foundation
expressed in load per unit area, Section 8.4

Expected transverse strength of an infill panel, Eq.
(7-21)

Vertical bearing capacity of the soil springs per unit
area of the footing, Sec. 8.4

Governing radius of gyration, Chapter 9

Equivalent foundation radius for rotation, Eq. (§8-23),
Fig. 8-7

Diagonal length of infill panel, Fig. C11-6

Equivalent foundation radius for translation, Eq.
(8-28), Fig. 8-7

Spacing of shear reinforcement, Eqs. (10-3) and
(C10-1)

Average span length of braced spans, Eq. (4-10)
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Minimum separation distance between adjacent
buildings at level i, Eq. (7-15)

Undrained shear strength of soil, Ibs/ft?, Section
2.4.1.61

Average undrained shear strength in the top 100 feet,
Section 2.4.1.61

Average value of the undrained soil shear strength
in the upper 100 ft of soil, calculated in accordance
with Eq. (2-3), Ibs/ft®

Thickness of continuity plate, Chapter 9

Thickness of footing, Eq. (C8-3)

Effective thickness of wood structural panel or
plywood for shear, in., Egs. (12-2), (12-4), and
(12-5)

Thickness of wall, Chapters 10 and 11

Thickness of a rubber layer in a lead-rubber bearing,
Chapter 14

Thickness of angle, Egs. (9-21) and (9-23)

Thickness of beam flange, Chapter 9

Thickness of beam web, Chapter 9

Thickness of column flange, Chapter 9

Thickness of column web, Chapter 9

Thickness of flange, Chapter 9

Thickness of infill panel, Chapter 11

Thickness of panel zone including doubler plates,
Eq. (9-5)

Thickness of flange plate, Eq. (9-26)

Thickness of split-Tee stem, Eqgs. (9-24) and
(9-25)

Thickness of web, Chapter 9

Thickness of steel plate shear wall, Eq. (9-33)

Thickness of wall web, in., Chapter 10

Thickness of infill wall, Eq. (C11-3)

Thickness of panel zone (doubler plates not
necessarily included), Chapter 9

pore-water pressure, Eq. (8-5)

Maximum shear in the direction under consideration,
Eq. (8-5)

Shear stress based on masonry bond lay-up, Section
15.2.2.3.1

Shear stress for unreinforced masonry, Chapters 11
and 15

Average shear stress at level j, Eqgs. (4-8) and
(4-9)

Unit shear strength for a cross wall, Chapter 15

Expected masonry shear strength, Eqs. (11-2),
(11-9), (15-4), and (15-5)

Lower-bound masonry shear strength, Eqs. (11-6)
and (11-7)

Effective shear wave velocity for site soil conditions,
ft/s, Section 8.5

Shear wave velocity in soil at layer i, ft/s, Eq. (2-3)

Shear wave velocity in soil at low strains, ft/s, Eq.
(8-4), Section 8.5

Average value of the soil shear wave velocity in the
upper 1001t of soil, calculated in accordance with
Eq. (2-3), ft/s

Lower-bound bed-joint shear strength defined as
lower 20th percentile of v,,, Eq. (11-6)

Bed-joint shear stress from single test, Eqs. (11-1)
and (15-1)

Mortar shear test value, Chapters 11 and 15

Unit shear capacity for a diaphragm, Chapter 15

Shear at yield in the direction under consideration in
Ib/ft, Chapter 8
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Water content of soil, calculated as the ratio of the
weight of water in a unit volume of soil to the
weight of soil in the unit volume, expressed as a
percentage, Section 2.4.1.6.1

Length of connection member, Egs. (9-23) and
(9-25)

Portion of the effective seismic weight located
on or assigned to floor level i, Egs. (4-3a),
(7-25), (7-26), (C7-2), (8-22), (8-26), (14-13), and
(14-35)

Portion of the effective seismic weight located on or
assigned to floor level x, Egs. (4-3a), (7-25),
(7-26), and (14-13)

Width of panel zone between column flanges,
Chapter 9

Elevation in structure of component relative to grade
elevation, Egs. (13-1) and (13-6)

Distance from the centerline of the flexible
diaphragm, Eq. (C7-1)

The distance between the center of rigidity of the
isolation system rigidity and the element of
interest, measured perpendicular to the direction
of seismic loading under consideration, Egs.
(14-8) and (14-9)

Height, in feet, of the wall anchor above the
base of the structure, not to exceed h,, Eq.
(7-12)

Calculated deflection of diaphragm, wall, or bracing
element

Generalized deformation, Figs. 2-3, 2-5, 9-1, 10-1,
8-1

Total elastic and plastic displacement, Chapter 9

Negative displacement amplitude of an isolator
or energy dissipation unit during a cycle of
prototype testing, Eqgs. (14-17), (14-18), (14-43),
and (C14-17)

Positive displacement amplitude of an isolator
or energy dissipation unit during a cycle of
prototype testing, Eqs. (14-17), (14-18), (14-43),
and (C14-17)

Average displacement of an energy dissipation
device during a cycle of prototype testing, equal
to (A"l + 1AT1)/2, Eq. (14-44)

Buckling restrained brace story drift deformation
parameter per AISC 341, Section 9.5.4.4

Axial deformation at expected buckling load,
Section 5.6.2

Diaphragm deformation, Egs. (7-19) and (7-20)

Lesser of the target displacement or displacement
corresponding to the maximum base shear defined
in Fig. 7-3, Eq. (7-32)

Differentiated displacement between the top and
bottom of the wall or wall pier components
under consideration over a height, h,, Fig.
Cll1-1

Relative seismic displacement (drift) causing glass
fallout from the curtain wall, storefront, or
partition, as determined in accordance with an
approved engineering analysis method, Eqgs.
(13-12) and (13-13)

Story displacement (drift) of story i divided by the
story height, Chapter 5

Lateral deflection of building 1 at level i relative to
the ground for the selected Seismic Hazard Level,
Eq. (7-15)
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Estimated lateral deflection of building 2 at level
i relative to the ground using the provisions of
this standard or other approved approximate
procedures for the selected Seismic Hazard Level,
Eq. (7-15)

Deflection of infill panel at mid-length when
subjected to transverse loads, Eq. (11-20)

Additional earth pressure on retaining wall caused
by earthquake shaking, Eq. (8-30)

Axial deformation at expected tensile yield load,
Section 5.6.2

Lateral displacement associated with the onset of toe
crushing V,.,, Table 11-4

In-plane wall deformation, Eq. (7-19)

Calculated deflection of diaphragm, shear wall, or
bracing element at yield

Displacement at effective yield strength, Fig. 7-3,
Eq. (7-32)

Generalized yield deformation, unitless, Fig. 9-1

First modal mass participation factor, Eq. (C7-4)

Sum of individual chord-splice slip values on both
sides of the diaphragm, each multiplied by its
distance to the nearest support, Eqs. (12-3), (12-4),
and (12-5)

Total energy dissipated in the isolation system during
a full cycle of response at the design displacement,
Dy, Eq. (14-21)

Total energy dissipated in the isolation system
during a full cycle of response at the maximum
displacement, Dy, Eq. (14-22)

Sum, for all isolator units, of the maximum absolute
value of force, kips (kN), at a positive displacement
equal to Dp, Eq. (14-19)

Sum, for all isolator units, of the maximum absolute
value of force, kips (kN), at a positive displacement
equal to Dy, Eq. (14-20)

Sum, for all isolator units, of the maximum absolute
value of force, kips (kN), at anegative displacement
equal to Dy, Eq. (14-19)

Sum, for all isolator units, of the maximum absolute
value of force, kips (kN), at anegative displacement
equal to Dy, Eq. (14-20)

Total rubber thickness in a lead rubber bearing, Egs.
(C14-2), (C14-5), and (C14-8)

Factor equal to 0.5 for fixed-free cantilevered shear
wall, or 1.0 for fixed-fixed wall pier, Eqgs. (7-8)
and (7-11)

Dimensionless parameter to relate axial failure to
shear reinforcement and axial force in a concrete
column, Eq. (C10-1)

Velocity exponent for a fluid viscoelastic device, Eq.
(14-30)

Positive post-yield slope ratio equal to the positive
post-yield stiffness divided by the effective
stiffness, Fig. 7-3

Negative post-yield slope ratio equal to the negative
post-yield stiffness divided by the effective
stiffness, Fig. 7-3, Eq. (7-33)

Effective negative post-yield slope ratio equal to the
effective post-yield negative stiffness divided by
the effective stiffness, Eqs. (7-32) and (7-33)

Negative slope ratio caused by P-A effects, Fig. 7-3,
Eq. (7-33)

Effective viscous damping ratio expressed as a
decimal (as opposed to percent)
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Factor to adjust empirical fundamental period of the
building, Egs. (4-5) and (7-18)

Ratio of the compression strength to the tension
strength of a buckling restrained braced frame per
AISC 341, Section 9.5.4.3

Ratio of expected frame strength, to expected infill
strength, Chapter 11

Effective damping ratio of the structure—foundation
system, Eq. (8-20)

Effective damping of the isolation system at the
design displacement, Eq. (14-4)

Effective stiffness factor for cracked section of a slab
modeled using an effective beam width model,
Eq. (C10-4)

Effective damping of isolator unit or an energy
dissipation device, Eqs. (14-18), (14-31), (14-33),
and (14-44)

Effective damping in m-th mode prescribed by Eq.
(14-38)

Soil-structure interaction damping ratio, Egs. (8-20)
and (8-21), Fig. 8-7

Effective damping of the isolation system at the
maximum displacement, Eq. (14-6)

m-th mode damping in the building frame, Eq. (9-33)

Unit weight, weight/unit volume (Ibs/ft*), Eq. (8-4)

Coefficient for calculation of joint shear strength,
Eq. (10-4)

Fraction of unbalanced moment transferred by
flexure at slab—column connections, Chapter 10

Total unit weight of soil, Egs. (8-9) and (8-30)

The average of displacements at the extreme points
of the diaphragm at level x

Deflection at level x of building B, determined
by an elastic analysis as defined in Chapter 3,
Eq. (11-8)

Displacement at the center of mass of the roof,
Section 7.4.3.3.1

Displacement at level i caused by seismic force F;
Eq. (C7-2)

Displacement at level i, Eq. (14-32)

The maximum displacement at any point of the
diaphragm at level x, Section 7.4.3.3.1

m-th mode horizontal displacement at level i, Eq.
(14-39)

m-th relative displacement between the ends of
device j along its axis, Eq. (14-40)

Relative displacement between the ends of energy
dissipating device j along the axis of the device,
Eq. (14-34)

Target displacement, Sec. 7.4.3.3.2

Deflection at level x of building A, Egs. (13-8) and
(13-9)

Deflection at building level x of building B, Eq.
(13-9)

Deflection at level y of building A, Eq. (11-7)

Displacement multiplier, greater than 1.0, to account
for the effects of torsion, Section 7.2.3.2.2

Generalized deformation, radians, Figs. 9-1, 10-1

Angle between infill diagonal and horizontal axis,
tan 8 = h;,¢/L;,, radians, Eq. (7-7)

Angle between lower edge of compressive strut and
beam, radians, Egs. (7-11) and (7-12)

Angle between lower edge of compressive strut and
column, radians, Egs. (7-9) and (7-10)

Story drift ratio, radians, Chapter 5
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o8

Angle of inclination of energy dissipation device to
the horizontal, Eq. (14-35)

Generalized yield deformation, radians, Fig. 9-1

Yield rotation, radians, Egs. (9-1), (9-2), (9-30), and
(10-5)

A knowledge factor used to reduce component
strength based on the level of knowledge obtained
for individual components during data collection,
Sections 5.2.6 and 6.2.4

Near field effect factor, Eq. (7-33)

Correction factor related to unit weight of concrete,
Egs. (10-3) and (10-4)

Property variation factor for seismic isolator units,
Chapter 14

Coefficient used to determine equivalent width of
infill strut, Eq. (7-7)

Infill slenderness factor, Eq. (7-21) and Table 11-11

Multiplier to covert nominal isolator or energy
dissipation device property to the lower-bound
based on environmental and aging effects, Chapter
14

Multiplier to covert nominal isolator or energy
dissipation device property to the upper-bound
based on environmental and aging effects, Chapter
14

Multiplier to covert nominal isolator or energy
dissipation device property to the lower-bound
based on manufacturing variation, Chapter 14

Multiplier to covert nominal isolator or energy
dissipation device property to the upper-bound
based on manufacturing variation, Chapter 14

Multiplier to covert nominal isolator or energy
dissipation device property to the lower-bound
based on the product of all the different Ap.c. iowers
Chapter 14

Multiplier to covert nominal isolator or energy
dissipation device property to the upper-bound
based on the product of all the different A, uper
Chapter 14

Expected ductility demand

Coefficient of shear friction, Chapter 10

Maximum strength ratio, Eq. (7-32)

Response modification factor for overturning
moment My, Eq. (7-6)

Coefficient of sliding friction, Eq. (C14-12)

Ratio of the elastic strength demand to yield strength,
Egs. (7-31) and (C7-3)

Poisson’s ratio, Egs. (8-4) and (8-11)

Poisson’s ratio for the foundation material, Eq.
(C8-3)

Ratio of nonprestressed tension reinforcement,
Chapters 10 and 11

Reinforcement ratio producing balanced strain
conditions, Chapter 10

Total of vertical reinforcement ratio plus horizontal
reinforcement ratio in a wall or wall pier, Chapter
11

Horizontal reinforcement ratio in a wall or wall pier,
Chapter 11

Yield deformation of a link beam, Chapter 9

Ratio of distributed shear reinforcement in a plane
perpendicular to the direction of the applied shear,
Chapter 10

Vertical reinforcement ratio in a wall or wall pier,
Chapter 11
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P Ratio of nonprestressed compression reinforcement,
Chapter 10

p” Reinforcement ratio for transverse joint reinforce-
ment, Chapter 10

p” Volumetric ratio of horizontal confinement
reinforcement in a joint

o Standard deviation of the variation of the material
strengths, Section 7.5.1.4

o1, 05,05 Triaxial components of the state of stress the soil is
under below the footing, Section 8.4.2.2

Omp Mean effective stress (o] + o5 +0c%) averaged over
the relevant region below the footing Eqgs. (8-8)
and (8-9)

o’y Effective vertical stress, Eq. (8-9)

Oy Yield shear stress of lead, Eq. (C14-1)

(0] Strength reduction factor

Angle of shearing resistance for soil, Chapter 8
Bonded diameter of a circular lead-rubber bearing,

Eq. (C14-11)

o First mode shape vector, Eq. (C7-4)

O, Ordinate of mode shape 1 at the roof control node,
Eqgs. (C7-4) and (C7-5)

o; Modal displacement of floor i, Eqs. (8-22), (8-26),
and (14-35)

O First mode displacement at level i, Eq. (14-13)

Oin Ordinate of mode shape i at level n, Eq. (C7-5)

&y Relative modal displacement in horizontal direction

of energy dissipation device j, Eq. (14-35)

X A factor for calculation of out-of-plane wall
anchorage forces, Egs. (7-9), (7-10), (7-13), and
(7-14), Table 7-1

w Factor to increase the strength of a buckling
restrained brace to account for strain hardening
per AISC 341, Section 9.5.4.3

W, Fundamental angular frequency equal to 2mf;, Eq.
(14-29)

1.3 EVALUATION AND RETROFIT PROCESS

The evaluation procedure or the design of retrofit measures to
achieve the selected performance objective shall be performed
in accordance with the evaluation process specified in Section
1.4, or the retrofit process specified in Section 1.5. The use of
alternative performance-based criteria and procedures approved
by the authority having jurisdiction shall be permitted.

C1.3 EVALUATION AND RETROFIT PROCESS

Provisions of this standard for seismic evaluation and retrofit are
based on a performance-based design methodology that differs
from seismic design procedures for the design of new buildings
currently specified in national model building codes and stan-
dards. The framework in which these requirements are specified
is purposefully broad so that performance objectives can accom-
modate buildings of different types, address a variety of perfor-
mance levels, and reflect the variation of seismic hazards across
the United States and U.S. territories.

This standard merges ASCE 31 (ASCE 31-03) Seismic Evalu-
ation of Existing Buildings with ASCE 41 (ASCE 41-06) Seismic
Rehabilitation of Existing Buildings into a common document.
The combination of these documents eliminates significant dif-
ferences between the ASCE 31 seismic evaluation and ASCE 41
retrofit processes to form a common methodology and approach.
The provisions and commentary of this standard are based pri-

Seismic Evaluation and Retrofit of Existing Buildings

marily on ASCE 31 and ASCE 41 but have been significantly
updated and reorganized.

ASCE 31 evolved from and replaced FEMA 310, Handbook
for the Seismic Evaluation of Buildings—A Prestandard (FEMA
1998e). ASCE 31 was developed to reflect the evaluation experi-
ence of design professionals and lessons learned from past
earthquakes.

The predecessor to ASCE 41 was FEMA 356 Prestandard and
Commentary for the Seismic Rehabilitation of Buildings (FEMA
2000g). FEMA 356 was based on FEMA 273 (FEMA 1997a),
which was developed by a large team of specialists in earthquake
engineering and seismic evaluation and retrofit. The standard
incorporates many advances made in the analysis and design
evaluation of structures that are likely to have general or wide-
spread application in the performance evaluation of existing
structures and reflect known laboratory experience and field
observations of earthquake damage. The acceptance criteria have
been specified using actual laboratory test results, where avail-
able, supplemented by the engineering judgment of various
development teams. Engineering judgment should be exercised
in determining the applicability of various analysis techniques
and material acceptance criteria in each situation.

The commentary to this standard contains specific references
to many other documents. In addition, this standard is related
generically to the following publications.

1. ASCE/SEI 7-10 (2010) Minimum Design Loads for
Buildings and Other Structures.

2. FEMA P-750 (2009¢c) NEHRP Recommended Seismic
Provisions for New Buildings and Other Structures, also
referred to herein as the 2009 NEHRP Recommended
Provisions.

3. FEMA 172 (1992a) NEHRP Handbook of Techniques for
the Seismic Rehabilitation of Existing Buildings, originally
produced by URS/Blume and Associates and reviewed by
the Building Seismic Safety Council (BSSC), contains con-
struction techniques for implementing engineering solu-
tions to the seismic deficiencies of existing buildings.

4. FEMA 275 (1998a) Planning for Seismic Rehabilitation:
Societal Issues, discusses societal and implementation
issues associated with rehabilitation and describes several
case histories.

5. FEMA 276 (1997¢) Guidelines for the Seismic Rehabilita-
tion of Buildings: Example Applications, intended as a
companion document to FEMA 273 (1997a) and FEMA
274 (1997b), describes examples of buildings that have
been seismically rehabilitated in various seismic regions
and for different Performance Objectives. Costs of the
work are given, and references are made to FEMA 156
(1995a) and 157 (1995b). Because this document is based
on previous case histories, none of the examples was reha-
bilitated specifically in accordance with this standard.
However, performance levels defined in this standard are
not intended to be significantly different from parallel
levels used previously, and the case studies are therefore
considered representative.

Judgment by the Design Professional. Although this stan-
dard provides prescriptive direction for the evaluation and retro-
fit of existing buildings, it is not to be taken as the only direction.
This standard provides direction for common details, deficien-
cies, and behavior observed in past earthquakes that are found
in common building types. However, every structure is unique
and may contain features and details that are not covered by this
standard. It is important that the design professional use judg-
ment where applying the provisions of this standard. The design
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professional should always look for uncommon details and
behavior about the structure that may have the potential for
damage or collapse or that may improve the performance of the
building relative to buildings of the same building type.

The design professional should review initial considerations
with the authority having jurisdiction to determine any restric-
tions that exist on the use of evaluation procedures. Initial con-
siderations include structural characteristics of the building;
seismic hazards, including geologic site hazards known to
be present at the site; results of prior seismic evaluations;
building use and occupancy requirements; historic status; eco-
nomic considerations; societal issues; and local jurisdictional
requirements.

1.4 SEISMIC EVALUATION PROCESS

Seismic evaluation shall be conducted in accordance with the
process outlined in Sections 1.4.1 through 1.4.5.

C1.4 SEISMIC EVALUATION PROCESS

A major portion of the process is dedicated to instructing the
evaluating design professional on how to determine if a building
is adequately designed and constructed to resist seismic forces.
The need for evaluation using this standard may have been
caused by a client’s concern for knowing the vulnerability of the
building; by a regulation, building code, or policy trigger for
analysis or modification of the building; by a requirement for
a financial transaction; or from many other sources. When
resources are limited, before using the evaluation methods of this
standard, the design professional might consider using FEMA
154 (1988), Rapid Visual Screening of Buildings for Potential
Seismic Hazards: A Handbook (updated in 2002).

Before conducting the seismic evaluation based on this
standard, the design professional should understand the evalua-
tion process and the basic requirements specified in this section.
The evaluation process consists of the following three tiers, as
shown in Figure C1-1: Tier 1 screening procedure, Tier 2
deficiency-based evaluation procedure, and Tier 3 systematic
evaluation procedure. As indicated in Figure C1-1, the design
professional may choose to (1) report deficiencies and recom-
mend mitigation or (2) conduct further evaluation, after any tier
of the evaluation process. The evaluation process can begin with
the Tier 3 systematic evaluation and not incur the expense of the
earlier tiers. This decision is appropriate when there is little
professional doubt, either that the building has significant seismic
deficiencies related to a selected Performance Objective or that
the work to be done will trigger retrofit work. The advantage of
doing the Tier 1 or 2 assessments as the starting point is that it
may identify other deficiency-based alternatives for retrofitting
the building.

Some design professionals have based the seismic evaluation
of buildings on the provisions for the design of new buildings.
Although this route may seem appropriate, it must be done with
full knowledge of the inherent assumptions. Codes for new
buildings contain requirements that govern building configura-
tion, strength, stiffness, detailing, and special inspection and
testing. The strength and stiffness requirements are easily trans-
ferred to existing buildings; the other provisions are not. If the
seismic-force-resisting elements of an existing building do not
have details of construction similar to those required for new
construction, the basic assumptions of ductility will not be met
and the results of the evaluation may not be valid. This procedure
could lead to evaluating a building as unacceptable for a given
Performance Objective when it is acceptable or to evaluating a
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building as acceptable when it is unacceptable for a given Per-
formance Objective. Care must be taken in applying code provi-
sions for new buildings to structures that have noncompliant
elements; this subject is not addressed in this standard.

Potential seismic deficiencies in existing buildings may be
identified using this standard. If the evaluation is voluntary, the
owner may choose to accept the risk of damage from future
earthquakes rather than upgrade, or demolish the building. If the
evaluation is required by a local ordinance for a hazard-reduction
program or triggered by a regulation, building code, or policy,
the owner may have to choose among retrofit, demolition, occu-
pancy limitations, or other options.

1.4.1 Selection of Performance Objective Unless otherwise
specified by the authority having jurisdiction, a seismic
Performance Objective shall be selected for the building in
accordance with the requirements of Section 2.2. The Structural
Performance Level and Nonstructural Performance Level and
the Seismic Hazard Level for their evaluation shall be deter-
mined by the owner or client in consultation with the design
professional or the authority having jurisdiction, if so required.

C1.4.1 Selection of Performance Objective This standard
may be used on a voluntary basis or may be required by the
authority having jurisdiction. In jurisdictionally mandated
seismic retrofit programs, the code official serves as the authority
having jurisdiction. In voluntary seismic retrofit programs, either
the building owner or the owner’s designated agents are permit-
ted to select performance objectives and decide at what stage to
complete the evaluation.

Chapter 2 identifies six Structural Performance Levels (S-1
through S-5, plus S-6, Not Considered) and four Nonstructural
Performance Levels (N-A through N-C, plus N-D, Not Consid-
ered. For Tier 1 and Tier 2 evaluations, two Performance Levels
for both structural and nonstructural components are addressed
in this standard: Life Safety (S-3) and Immediate Occupancy
(S-1) as defined in Section 2.3.1.

The concepts and terminology of performance-based design
should be carefully studied and discussed with building owners
before use. The terminology used for target Building Perfor-
mance Levels is intended to represent goals of design. The actual
ground motion is seldom comparable to that specified in the
Performance Objective, so in most events, designs targeted at
various damage states may only determine relative performance.
Even given a ground motion similar to that specified in the Per-
formance Objective and used in design, variations from stated
performance objectives should be expected, and compliance
with this standard should not be considered a guarantee of per-
formance. Variations in actual performance could be associated
with unknown geometry and member sizes in existing buildings,
deterioration of materials, incomplete site data, variation of
ground motion that can occur within a small area, and incom-
plete knowledge and simplifications related to modeling and
analysis. Information on the expected reliability of achieving
various target Building Performance Levels when the require-
ments are followed can be found in Chapter 2 of FEMA 274
(FEMA 1997b).

1.4.2 Level of Seismicity The level of seismicity at the build-
ing site shall be determined in accordance with Section 2.5.

1.4.3 As-Built Information Available as-built information for
the building shall be obtained and a site visit shall be conducted
as specified in Section 3.2 and the applicable requirements of
Chapters 4 through 6. For Tier 1 screenings and Tier 2 evalua-
tions, the as-built information shall include the classification of
building type in accordance with Section 3.2.1.
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| Understand the Evaluation Process (Section 1.4) |

v

| Select Performance Objective (Section 2.2)

v

| Define Building Performance Levels (Section 2.3) |

v

| Define Seismic Hazard and Level of Seismicity (Sections 2.4, 2.5) |

v

Obtain As-Built Information (Section 3.2)

Tier 1 Screening Procedure
(Sections 3.3.2, 4.1)

v

Level of Investigation (Section 4.2)

Benchmark Building
(Section 4.3)

Conforms with
Common Building Type
and Height Limit

(Section 3.2.1,
Table 3-2)

Tier 3 Systematic Evaluation
Procedure (Sections 3.3.4, 6.1)

v

Data Collection (Section 6.2)

v

Structural System Analysis
(Chapter 7)

v

Complete Structural and
Nonstructural Checklists
(Section 4.4, Chapter16)

Foundation Evaluation
(Chapter 8)

v

Quick Check Analysis

Structural Element Evaluation
(Chapters 9-12)

N

Tier 2 Deficiency-Based
Evaluation Procedure
(Sections 3.3.3, 5.1)

v

Additional Analysis (Chapter 7)

Building
Complies

Structural and/or
Nonstructural
Deficiencies

Does NOT

v

Nonstructural Component
Analysis (Chapter 13)

Building Building

Complies

Comply

Structural and/or
Nonstructural
Deficiencies

Building
Does NOT

Comply

Evaluation Report (Section 1.4.5)

*

** The evaluation process may proceed directly to the Tier 3 Systematic Evaluation as an option.

FIG. C1-1. Evaluation Process
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It may be beneficial for the engineer to perform a Tier 1 Screening Evaluation prior to a Tier 3 Systematic Evaluation even though it is not required.
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C1.4.3 As-Built Information A sample form for collecting and
documenting building data is included in Appendix C.

1.4.4 Evaluation Procedures Based on the selected Perfor-
mance Objective, level of seismicity, and building type, an appli-
cable evaluation procedure shall be selected in accordance with
Section 3.3.

C1.4.4 Evaluation Procedures This standard contains three
procedures for seismic evaluation. The Tier 1 screening and Tier
2 deficiency-based procedures are intended for buildings meeting
the criteria for the Common Building Types in Table 3-1 and
limitations in Table 3-2. Where these two procedures are permit-
ted and selected for use, the evaluation process must begin with
a Tier 1 (Section 3.3.2), followed by the Tier 2 (Section 3.3.3)
as warranted.

Where the Tier 1 and Tier 2 procedures are not permitted
based on Section 3.3 or by the authority having jurisdiction or
where the design professional chooses to conduct a more detailed
evaluation, a Tier 3 evaluation shall be conducted in accordance
with Section 3.3.4.

1.4.5 Evaluation Report Where required by the authority
having jurisdiction or if desired by the design professional,
building owner, or client, an evaluation report shall be prepared
after a seismic evaluation has been performed. When such a
report is required, it shall include, at a minimum, the following
items:

1. Scope and Intent: The purpose for the evaluation including
jurisdiction requirements (if any), a summary of the
evaluation procedure(s) used, and level of investigation
conducted

2. Site and Building Data:

a. General building description (including number of
stories and dimensions)

b. Structural system description (framing, seismic-force-
resisting system, floor and roof diaphragm construction,
basement, and foundation system)

c. Nonstructural systems description (all nonstructural ele-
ments that affect seismic performance of the building
or whose failure could cause serious life-threatening
injuries to occupants or those near the structure)
Common Building Type
Performance Level
Level of seismicity
. Soil type
3. List of Assumptions: Material properties, site soil

conditions

4. Findings: A list of seismic deficiencies identified

me A

aQ

C1.4.5 Evaluation Report The evaluation report serves to
communicate the results to the owner or client and record the
process and assumptions used to complete the evaluation. Each
section should be carefully written in a manner that is under-
standable to its intended audience. The extent of the report may
range from a letter to a detailed document. Depending on the
availability of information and the scope of the evaluation effort,
the final report may include the following items (in addition to
the required items):

1. Site and Building Data:
a. Building occupancy and use
b. Level of inspections and testing conducted
c. Availability of original design and construction
documents
d. Historical significance
e. Past performance of the building type in earthquakes
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2. Recommendations: schemes or further
evaluation

3. Appendix: References, preliminary calculations, photo-
graphs, material test results, all necessary checklists,

summary data sheet, and analysis procedure

Mitigation

1.5 SEISMIC RETROFIT PROCESS

Seismic retrofit design of an existing building shall be conducted
in accordance with the process outlined in Sections 1.5.1 through
1.5.10.

C1.5 SEISMIC RETROFIT PROCESS

The steps are presented in this section in the order in which they
would typically be followed in the retrofit process. However, the
criteria for performing these steps are presented in a somewhat
different order to facilitate presentation of the concepts.

Figure C1-2 depicts the retrofit process specified in this stan-
dard and shows specific chapter references in parentheses at
points where input from this standard is to be obtained. Although
Fig. C1-2 is written for voluntary retrofits, it can also be used as
a guide for mandatory retrofits.

This standard requires the selection of a Performance Objec-
tive for a building that has been previously identified as needing
seismic retrofit.

Before embarking on a retrofit program, an evaluation should
be performed to determine whether the building, in its existing
condition, has the desired seismic performance capability. This
standard contains an evaluation methodology as summarized in
Section 1.4 that may be used for this purpose. Evaluations can
also be performed in accordance with other means that are
acceptable to the owner and the authority having jurisdiction.
Such acceptable means could include qualitative review by a
design professional of a building that is of a type that has
performed poorly in past earthquakes. However, the determina-
tion of retrofit scope requires some process for identifying spe-
cific deficiencies to be mitigated for a selected Performance
Objective.

1.5.1 Initial Considerations Before beginning a seismic retro-
fit design, a seismic evaluation shall be performed to identify
the seismic deficiencies relative to the selected Performance
Objective. This evaluation may be performed in accordance with
Section 1.4 or by other approved methods.

C1.5.1 Initial Considerations The process of building retrofit
will be simplified and made more efficient if information that
significantly affects the retrofit design is obtained and considered
before beginning the process. Retrofit requirements mandated by
the authority having jurisdiction would be particularly important
to determine in the initial stages of a project.

Unless already completed for a prior seismic evaluation (see
Section C1.4), the design professional is encouraged to review
the initial considerations with the authority having jurisdiction
to determine any restrictions that exist on the design of retrofit
measures. Initial considerations include structural characteristics
of the building, seismic hazards including geologic site hazards
known to be present at the site, results of prior seismic evalua-
tions, building use and occupancy requirements, historic status,
economic considerations, societal issues, and local jurisdictional
requirements.

The building owner should be aware of the range of costs and
impacts of retrofit, including both the variation associated with
different Performance Objectives and the potential additional
costs often associated with seismic retrofit, such as other life
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| Understand the Retrofit Process (Section 1.5) |

v

| Prior Evaluation (Figure C1-1) |

v

| Select Performance Objective (Section 2.2)

v

| Define Building Performance Levels (Section 2.3) |

v

| Define Seismic Hazard and Level of Seismicity (Sections 2.4, 2.5) |

v

| Obtain As-Built Information (Section 3.2) |
|

+ +

k Optional

Basic, Enhanced, or Limited
Performance Objective

¥

Tier 2 Deficiency-Based
Retrofit Procedure (Section 5.1)

v

Retrofit Measures for Structural

Basic, Enhanced, Limited, or
New Building Standard
Equivalent Performance Objective

¥

Tier 3 Systematic Retrofit
Procedure (Section 6.1)

v

Preliminary Retrofit Scheme

and Nonstructural Deficiencies (Section 1.5)

v v

Additional Analysis Structural System Analysis with
(Chapter 7) Retrofit Measures (Chapter 7)

v

Foundation Analysis and Design
(Chapter 8)

v

Structural Element Analysis and
Design (Chapters 9-12)

v

Nonstructural Component
Analysis (Chapter 13)

v

Seismic Damping or Isolation
Analysis and Design
(where applicable, Chapter 14)

Modify
Retrofit
Measures

Compliance with
Performance
Objective

Modify
Retrofit
Scheme

Compliance with
Performance
Objective

| Determine Retrofit Project Feasibility |

v

| Prepare Construction Documents for Retrofit (Section 1.5.9) |

v

| Construction Quality Assurance (Section 1.5.10) |

FIG. C1-2. Retrofit Process
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safety upgrades, hazardous material removal, work associated
with the Americans with Disabilities Act, and nonseismic build-
ing remodeling. Also to be considered are potential federal tax
incentives for the retrofit of historic buildings and for some other
older nonresidential buildings.

Seismic hazards other than ground shaking may exist at the
building site. The risk and possible extent of damage from geo-
logic site hazards identified in Section 8.2.2 should be consid-
ered before undertaking a retrofit aimed solely at reducing
damage caused by shaking. In some cases it may be feasible to
mitigate the site hazard or retrofit the building and still meet the
selected performance level. In other cases, the risk caused by site
hazards may be so extreme and difficult to control that retrofit
is neither cost-effective nor feasible.

The use of the building must be considered in weighing the
significance of potential temporary or permanent disruptions
associated with various risk-mitigation schemes. Other limita-
tions on modifications to the building caused by historic or
aesthetic features must also be understood. The historic status of
every building at least 50 years old should be determined (see
Appendix B, Considerations for Historic Buildings). This deter-
mination should be made early as it could influence the choices
of retrofit approaches and techniques.

There are many ways to reduce seismic risk, whether the risk
is to property, life safety, or postearthquake use of the building.
The occupancy of vulnerable buildings can be reduced, redun-
dant facilities can be provided, and nonhistoric buildings can be
demolished and replaced. The risks posed by nonstructural com-
ponents and contents can be reduced. Seismic site hazards other
than shaking can be mitigated.

Most often, however, when all alternatives are considered,
the options of modifying the building to reduce the risk of
damage should be studied. Such corrective measures include
stiffening or strengthening the structure, adding local compo-
nents to eliminate irregularities or tie the structure together,
reducing the demand on the structure through the use of seismic
isolation or energy dissipation devices, and reducing the height
or mass of the structure. Retrofit strategies are discussed in
Section 1.5.6.

1.5.2 Selection of Performance Objective A seismic Perfor-
mance Objective shall be selected for the building in accordance
with Section 2.2.

C1.5.2 Selection of Performance Objective The determina-
tion of the Performance Objective differs depending on whether
the retrofit is mandated or voluntary. For a voluntary building
retrofit, the building owner shall select a seismic retrofit for the
building as specified in Section 2.2. In a mandated retrofit
project, the minimum retrofit objective is either stipulated
directly by local code or ordinance or the code official is pro-
vided with guidelines for negotiating the retrofit objective.
Because almost all structural seismic retrofit work requires a
building permit, the code official will become an important part
of the process. For voluntary retrofit efforts, the building owner
and the code official need to come to agreement about the
intended retrofit objective. The code official will verify that the
proposed voluntary upgrade does violate any other regulatory,
building code or policy requirements or trigger additional code
stipulated work. For jurisdictionally required retrofit efforts,
whether caused by passive or active programs (see Appendix B),
the code official will verify that the required objective is met.
Because the approaches and technology of this standard are not
yet in the mainstream of design and construction practices of the
United States, it is imperative that the code official either develop
the expertise in this methodology or utilize a peer review type
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of process to verify the appropriate application of this standard.
A jurisdiction must also remain flexible and open to other
approaches to evaluation and retrofit, which may provide a rea-
sonable assurance of meeting the appropriate Performance
Objective.

1.5.3 Level of Seismicity The level of seismicity of the build-
ing shall be determined in accordance with Section 2.5.

1.5.4 As-Built Information As-built information for the
building shall be obtained and a site visit shall be conducted
as specified in Section 3.2 and the applicable sections of
Chapters 5 or 6.

For a Tier 2 deficiency-based evaluation or retrofit, the as-built
information shall include the classification of Common Building
Type in accordance with Section 3.2.1. For a Tier 3 systematic
evaluation or retrofit, configuration, dimensions, and materials
properties shall be determined consistent with the material
requirements Chapters 6 through 14.

1.5.5 Retrofit Procedures The selection and applicability of
Tier 2 or Tier 3 retrofit procedures shall be determined in accor-
dance with Section 3.3 based on the selected Performance
Objective, level of seismicity, and Common Building Type.

C1.5.5 Retrofit Procedures Retrofit procedures include the
Tier 2 Deficiency-Based Retrofit procedures or the Tier 3
Systematic Retrofit procedures. These procedures are defined in
Section 3.3 and further explained in the associated commentary
of that section.

This standard is arranged such that there are four analysis
procedures that can be used, including the Linear Static Proce-
dure, Linear Dynamic Procedure, Nonlinear Static Procedure,
and Nonlinear Dynamic Procedure. The linear analysis proce-
dures are intended to provide a conservative estimate of building
response and performance in an earthquake. Because the actual
response of buildings to earthquakes is not typically linear, the
nonlinear analysis procedures should provide a more accurate
representation of building response and performance. In recogni-
tion of the improved representation of building behavior when
nonlinear analysis is conducted, the nonlinear procedures have
less conservative limits on permissible building response than
do linear procedures. Buildings that are found to be seismically
deficient based on linear analysis may comply with this standard
if a nonlinear analysis is performed. Therefore, performing a
nonlinear analysis can minimize or eliminate unnecessary
seismic retrofit and potentially lower construction costs.

Nonlinear analysis procedures are more complicated, take
more time to implement, and require a considerable amount of
expertise to properly implement. The requirements for nonlinear
analysis application to a specific structural system may involve
subtle and exacting modeling assumptions that should be
reviewed in context to assure that they are consistent with current
knowledge and understanding. The owner or reviewing officials
should take care to institute qualified, independent technical
review procedures and actions where the consequences of the
analysis overturn earlier assessments of unacceptable perfor-
mance. Indeed, it may be prudent to institute independent techni-
cal peer review for most such analyses-based designs. Often it
is advisable to institute independent peer review at the beginning
of the analysis rather than at the end; this avoids disputes when
the budget has been spent and technical issues not satisfactorily
resolved.

1.5.6 Retrofit Strategies The targeted Performance Objective
shall be achieved by designing retrofit measures based on a
strategy of addressing deficiencies identified by a prior seismic
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evaluation. Each retrofit measure shall be evaluated in conjunc-
tion with other retrofit measures, and the existing structure as a
whole, to assure that the modified building achieves the target
Performance Objective. The effects of building modifications on
stiffness, strength, yield behavior, and deformability shall be
taken into account in an analytical model of the retrofitted struc-
ture. The compatibility of new and existing components shall be
checked at displacements consistent with the demands produced
by the selected Seismic Hazard Level and geologic site hazards
present at the site.

One or more of the following strategies shall be permitted as
retrofit measures.

* Local modification of components

* Removal or reduction of existing irregularities

* Global structural stiffening

* Global structural strengthening

* Mass reduction

» Seismic isolation, in accordance with Chapter 14

e Supplemental energy dissipation, in accordance with

Chapter 14
* Other retrofit strategies approved by the authority having
jurisdiction
C1.5.6 Retrofit Strategies Although not specifically required
by any of the strategies, it is very beneficial for the retrofitted
seismic-force-resisting system to have an appropriate level of
redundancy so that any localized failure of a few components of
the system will not result in local collapse or an instability. This
should be considered when developing retrofit designs.

Local Modification of Components. Some existing buildings
have substantial strength and stiffness, but some of their compo-
nents may not have adequate strength, toughness, or deformation
capacity to satisfy the Performance Objectives. An appropriate
strategy for such structures may be to perform local modifica-
tions of components that are inadequate while retaining the basic
configuration of the building’s seismic-force-resisting system.
Local modifications that can be considered include improvement
of component connectivity, component strength, component
deformation capacity, or all three. This strategy tends to be the
most economical retrofit approach where only a few of the build-
ing’s components are inadequate.

Local strengthening allows one or more under-strength com-
ponents or connections to resist the strength demands predicted
by the analysis without affecting the overall response of the
structure. This could include measures such as cover plating steel
beams or columns, or adding wood structural panel sheathing to
an existing timber diaphragm. Such measures increase the
strength of the component and allow it to resist more earthquake-
induced force before the onset of damage.

Local corrective measures that improve the deformation
capacity or ductility of a component allow it to resist large
deformation levels with reduced amounts of damage, without
necessarily increasing the strength. One such measure is place-
ment of a confinement jacket around a reinforced concrete
column to improve its ability to deform without spalling or
degrading reinforcement splices. Another measure is reduction
of the cross-section of selected structural components to increase
their flexibility and response displacement capacity.

Removal or Reduction of Existing Irregularities. Removal
or reduction of existing irregularities may be an effective retrofit
strategy if a seismic evaluation shows that the irregularities
result in the inability of the building to meet the selected Struc-
tural Performance Objective.

The results of analysis should be reviewed to detect existing
irregularities. Stiffness, mass, and strength irregularities may be
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detected by reviewing the results of a linear analysis, by examin-
ing the distribution of structural displacements and DCRs, or by
reviewing the results of a nonlinear analysis by examining the
distribution of structural displacements and inelastic deforma-
tion demands. If the distribution of values of structural displace-
ments, DCRs, or inelastic deformation demands predicted by the
analysis is nonuniform with disproportionately high values
within one story relative to the adjacent story, or at one side of
a building relative to the other, then an irregularity exists.

Such irregularities are often, but not always, caused by the
presence of a discontinuity in the structure, such as termination
of a perimeter shear wall above the first story. Simple removal
of the irregularity may be sufficient to reduce demands predicted
by the analysis to acceptable levels. However, removal of dis-
continuities may be inappropriate in the case of historic build-
ings, and the effect of such alterations on important historic
features should be considered carefully.

Effective corrective measures for removal or reduction of
irregularities, such as soft or weak stories, include the addition
of braced frames or shear walls within the soft or weak story.
Torsional irregularities can be corrected by the addition of
moment frames, braced frames, or shear walls to balance the
distribution of stiffness and mass within a story. Discontinuous
components such as columns or walls can be extended through
the zone of discontinuity.

Partial demolition can also be an effective corrective measure
for irregularities, although this obviously has significant impact
on the appearance and utility of the building, and this may not
be an appropriate alternative for historic structures. Portions of
the structure that create the irregularity, such as setback towers
or side wings, can be removed. Expansion joints can be created
to transform a single irregular building into multiple regular
structures; however, care must be taken to avoid the potential
problems associated with pounding.

Global Structural Stiffening. Global stiffening of the struc-
ture may be an effective retrofit strategy if the results of a seismic
evaluation show deficiencies attributable to excessive lateral
deflection of the building and critical components do not have
adequate ductility to resist the resulting deformations. Construc-
tion of new braced frames or shear walls within an existing
structure are effective measures for adding stiffness.

Global Structural Strengthening. Global strengthening of
the structure may be an effective retrofit strategy if the results of
a seismic evaluation show unacceptable performance attribut-
able to a global deficiency in structural strength. This can be
identified where the onset of global inelastic behavior occurs at
levels of ground shaking that are substantially less than the
selected level of ground shaking, or large DCRs (or inelastic
deformation demands) are present throughout the structure.
By providing supplemental strength to such a seismic-force-
resisting system, it is possible to raise the threshold of ground
motion at which the onset of damage occurs. Shear walls and
braced frames are effective elements for this purpose, but they
may be significantly stiffer than the structure to which they are
added, requiring them to provide nearly all of the structure’s
lateral resistance. Moment-resisting frames, being more flexible,
may be more compatible with existing elements in some struc-
tures; however, such flexible elements may not become effective
in the building’s response until existing brittle elements have
already been damaged.

Mass Reduction. Mass reduction may be an effective retrofit
strategy if the results of a seismic evaluation show deficiencies
attributable to excessive building mass, global structural flexibil-
ity, or global structural weakness. Mass and stiffness control the
amount of force and deformation induced in a structure by
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ground motion. Reductions in mass can result in direct reduc-
tions in both the amount of force and the deformation demand
produced by earthquakes and, therefore, can be used in lieu of
structural strengthening and stiffening. Mass can be reduced
through demolition of upper stories, replacement of heavy clad-
ding and interior partitions, or removal of heavy storage and
equipment loads.

Seismic Isolation. Seismic isolation may be an effective ret-
rofit strategy if the results of a seismic evaluation show deficien-
cies attributable to excessive seismic forces or deformation
demands, or if it is desired to protect important contents and
nonstructural components from damage. Where a structure is
seismically isolated, compliant bearings are inserted between the
superstructure and its foundations. This produces a system
(structure and isolation bearings) with a nearly rigid body trans-
lation of the structure above the bearings. Most of the deforma-
tion induced in the isolated system by the ground motion occurs
within the compliant bearings, which are specifically designed
to resist these concentrated displacements. Most bearings also
have excellent energy dissipation characteristics (damping).
Together, this results in greatly reduced demands on the existing
structural and nonstructural components of the building and its
contents. For this reason, seismic isolation is often an appropri-
ate strategy to achieve Enhanced Performance Objectives that
include the protection of historic fabric, valuable contents, and
equipment, or for buildings that contain important operations
and functions. This technique is most effective for relatively stiff
buildings with low profiles and large mass. It is less effective for
light, flexible structures.

Supplemental Energy Dissipation. Installation of supple-
mental energy dissipation devices may be an effective retrofit
strategy if the results of a seismic evaluation show deficiencies
attributable to excessive deformations caused by global struc-
tural flexibility in a building. Many available technologies allow
the energy imparted to a structure by ground motion to be dis-
sipated in a controlled manner through the action of special
devices—fluid viscoelastic dampers (hydraulic cylinders), yield-
ing plates, or friction pads—resulting in an overall reduction in
the displacements of the structure. The most commonly used
devices dissipate energy through frictional, hysteretic, or visco-
elastic processes. To dissipate substantial energy, dissipation
devices typically must undergo significant deformation (or
stroke), which requires that the structure experience substantial
lateral displacements. Therefore, these systems are most effec-
tive in structures that are relatively flexible and have some
inelastic deformation capacity. Energy dissipaters are most com-
monly installed in structures as components of braced frames.
Depending on the characteristics of the device, either static or
dynamic stiffness is added to the structure as well as energy
dissipation capacity (damping). In some cases, although the
structural displacements are reduced, the forces delivered to the
structure can actually be increased.

1.5.7 Retrofit Measures Retrofit measures shall be designed
using the applicable retrofit procedures and requirements.

1.5.8 Verification of Retrofit Design The design of retrofit
measures shall be verified to meet the requirements of this stan-
dard through an analysis of the building including the retrofit
measures. The analysis shall be consistent with the applicable
retrofit procedures specified in Section 3.3. A separate analytical
evaluation shall be performed for each combination of building
performance and seismic hazard specified in the selected
Performance Objective.

If the design of retrofit measures fails to comply with the
acceptance criteria for the selected Performance Objective, the
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retrofit measures shall be redesigned or an alternative retrofit
strategy with a different Performance Objective shall be imple-
mented. This process shall be repeated until the design is in
compliance with the acceptance criteria for the selected Perfor-
mance Objective.

C1.5.8 Verification of Retrofit Design An analysis of the
building with all proposed retrofit measures included should
demonstrate that all elements meet the acceptance criteria for the
Performance Objective being targeted. When an element does
not meet the performance requirements specified in the standard,
the element or the structure as a whole can be modified or one
can show that the element’s behavior does not affect the perfor-
mance of the building. If the element’s failure does not have a
deleterious effect on other elements, compromise the support of
gravity load, and compromise the achievement of the total struc-
ture meeting the Performance Objective, then the element need
not be modified. Analysis must be performed to justify those
conclusions, which includes an analysis of performance of the
building without reliance on any gravity and lateral load resis-
tance characteristics of the element under consideration before
its failure.

1.5.9 Construction Documents If the design of retrofit mea-
sures meets the acceptance criteria for the selected Performance
Objective, and the decision is made to proceed with the retrofit,
construction documents shall be prepared and shall include
requirements for construction quality assurance in accordance
with Section 1.5.10.

C1.5.9 Construction Documents At this stage, a cost estimate
can be made to review the economic acceptability of the design.
Cost estimating or reviewing economic acceptability of the ret-
rofit design is not included in this standard, but is an essential
part of the retrofit process shown in Figure C1-2.

If the design proves uneconomical or otherwise not feasible,
further refinement may be considered in analysis, a different
retrofit scheme may be designed or a different Performance
Objective may be considered.

A successful retrofit project requires a good set of construction
documents with a quality assurance program to ensure that the
design is implemented properly. Section 1.5.10 specifies provi-
sions for a quality assurance program during the construction or
implementation of the retrofit design. Other aspects of the imple-
mentation process, including details of the preparation of con-
struction documents, obtaining a building permit, selection of a
contractor, details of historic preservation techniques for particu-
lar kinds of materials, and financing are not covered in this
standard.

1.5.10 Construction Quality Assurance Construction of seis-
mic retrofit work shall be checked for quality of construction and
general compliance with the intent of the plans and specifications
of the retrofit design. Construction quality assurance shall
conform to the requirements of this section and the additional
testing and inspection requirements of the governing regulations,
building code or policies and reference standards of Chapters 8
through 14.

C1.5.10 Construction Quality Assurance The design profes-
sional responsible for the seismic retrofit of a specific building
may find it appropriate to specify more stringent or more detailed
requirements. Such additional requirements may be particularly
appropriate for those buildings having Enhanced Performance
Objectives.

1.5.10.1 Construction Quality Assurance Plan A Quality Assur-
ance Plan (QAP) shall be prepared by the design professional
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and approved by the authority having jurisdiction. The QAP
shall identify components of the work that are subject to quality
assurance procedures and identify special inspection, testing,
and observation requirements to confirm construction quality,
including also those requirements of the applicable code. The
QAP shall also include a process for modifying the retrofit
design to reflect unforeseen conditions discovered during con-
struction that maintains achievement of the Performance
Objective for the building.

C1.5.10.1 Construction Quality Assurance Plan The quality
assurance plan (QAP) should, as a minimum, include the
following:

1. Required contractor quality control procedures; and
2. Required design professional construction quality assur-
ance services, including but not limited to the following:

2.1. Review of required contractor submittals;

2.2. Monitoring of required inspection reports and test
results;

2.3. Construction consultation as required by the con-
tractor on the intent of the construction documents;
and

2.4. Construction observation in accordance with Section
1.5.10.2.1.

1.5.10.2 Construction Quality Assurance Requirements

1.5.10.2.1 Requirements for the Design Professional The
design professional shall be responsible for preparing the QAP
applicable to the portion of the work for which they are in
responsible charge, overseeing the implementation of the plan
and reviewing special inspection and testing reports.

The design professional shall be responsible for performing
periodic structural observation of the retrofit work. Structural
observation shall be performed at significant stages of construc-
tion and shall include visual observation of the work for
substantial conformance with the construction documents and
confirmation of conditions assumed during design. Such struc-
tural observation shall be performed in addition to any special
inspection and testing that is otherwise required for the
work.

The design professional shall be responsible for modifying the
retrofit design to reflect conditions discovered during construc-
tion to maintain the targeted Performance Objective by the modi-
fied design.

C1.5.10.2.1 Requirements for the Design Professional Follow-
ing structural observations, the design professional should report
any observed deficiencies in writing to the owner’s representa-
tive, the special inspector, the contractor, and the code official.
Upon completion of the work, the design professional should
submit to the authority having jurisdiction a written statement
attesting that the site visits have been made and identifying any
reported deficiencies that, to the best of the structural construc-
tion observer’s knowledge, have not been resolved or rectified.

1.5.10.2.2 Special Inspection The owner shall engage the ser-
vices of a special inspector to observe construction of the fol-
lowing retrofit work:

1. The governing regulation, building code, or policy.

2. If no governing regulation, building code, or policy exists,
items designated in Section 11A.1.3 of ASCE 7.

3. Other work designated for such special inspection by the
design professional or the authority having jurisdiction.

C1.5.10.2.2 Special Inspection The special inspector should be
a qualified person who should demonstrate competence, to the
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satisfaction of the authority having jurisdiction, for inspection of
the particular type of construction or operation requiring special
inspection.

1.5.10.2.3 Testing The special inspector shall be responsible for
verifying that special test requirements, as described in the QAP,
are performed by an approved testing agency for the following
retrofit work:

1. Work described in Section 11A.2 of ASCE 7,
2. Other work designated for such testing by the design pro-
fessional or the authority having jurisdiction.

1.5.10.2.4 Reporting and Compliance Procedures The special
inspector shall furnish copies of progress reports to the owner’s
representative and the design professional, noting any uncor-
rected deficiencies and corrections of previously reported defi-
ciencies. All observed deficiencies shall be brought to the
immediate attention of the contractor for correction.

Upon completion of construction, the special inspector shall
submit a final report to the owner’s representative and the design
professional, indicating the extent to which inspected work was
completed in accordance with approved construction documents.
Noncompliant work shall have been corrected before completion
of construction.

1.5.10.3 Responsibilities of the Authority Having Jurisdic-
tion The authority having jurisdiction shall be responsible for
reviewing and approving the QAP and specifying minimum
special inspection, testing, and reporting requirements.

C1.5.10.3 Responsibilities of the Authority Having Jurisdic-
tion The authority having jurisdiction should act to enhance and
encourage the protection of the public that is represented by such
retrofit. These actions should include those described in the fol-
lowing subsections.

Construction Document Submittals—Permitting. As part
of the permitting process, the authority having jurisdiction
should require that construction documents be submitted for a
permit to construct the proposed seismic retrofit measures.
The documents should include a statement of the design basis
for the retrofit, drawings (or adequately detailed sketches),
structural/seismic calculations, and a QAP as recommended by
Section 1.5.10.1. Appropriate structural construction specifica-
tions are also recommended if structural requirements are not
adequately defined by notes on drawings.

The authority having jurisdiction should require that it be
demonstrated (in the design calculations, by third-party review,
or by other means) that the design of the seismic retrofit mea-
sures has been performed in conformance with local building
regulations, the stated design basis, the intent of this standard,
accepted engineering principles, or all of the elements. The
authority having jurisdiction should be aware that compliance
with the building code provisions for new structures is often not
possible and is not required by this standard. It is not intended
that the authority having jurisdiction assure compliance of
the submittals with the structural requirements for new
construction.

The authority having jurisdiction should maintain a permanent
public file of the construction documents submitted as part of
the permitting process for construction of the seismic retrofit
measures.

Construction Phase Role. The authority having jurisdiction
should monitor the implementation of the QAP. In particular, the
following actions should be taken:

1. Files of inspection reports should be maintained for a
defined length of time following completion of construction
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and issuance of a certificate of occupancy. These files
should include both reports submitted by special inspectors
employed by the owner, as in Section 1.5.10.2.2, and those
submitted by inspectors employed by the authority having
jurisdiction;

. Before issuance of a certificate of occupancy, the authority

having jurisdiction should ascertain that either all reported
noncompliant aspects of construction have been rectified,

or such noncompliant aspects have been accepted by the
design professional in responsible charge as acceptable
substitutes that are consistent with the general intent of the
construction documents; and

. Files of test reports prepared in accordance with Section

1.5.10.2.4 should be maintained for a defined length of
time following completion of construction and issuance of
a certificate of occupancy.
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CHAPTER 2
PERFORMANCE OBJECTIVES AND SEISMIC HAZARDS

2.1 SCOPE

The selection of a Performance Objective shall be in accordance
with Section 2.2 using target Building Performance Levels for
structural and nonstructural components in Section 2.3 and
Seismic Hazard Levels in Section 2.4. Where required by this
standard, the Level of Seismicity shall be determined in accor-
dance with Section 2.5.

2.2 PERFORMANCE OBJECTIVES

A Performance Objective shall consist of one or more pairings
of a selected Seismic Hazard Level, as defined in Section 2.4,
with a target Structural Performance Level and a target Non-
structural Performance Level, defined in Sections 2.3.1 and
2.3.2, respectively.

C2.2 PERFORMANCE OBJECTIVES

Performance Objectives shall be selected considering basic,
enhanced, limited, or partial objectives, as defined in Sections
2.2.1 through 2.2.3, or an objective intended to be equivalent
with the provisions for new buildings, as defined in Section
2.2.4. Recommendations regarding the selection of a Perfor-
mance Objective for any building are beyond the scope of this
standard. FEMA 274 (1997b) discusses issues to consider when
combining various Performance and Seismic Hazard Levels. It
should be noted that not all combinations constitute reasonable
or cost-effective Performance Objectives.

This standard sets forth myriad Performance Objectives,
including specific objectives that are intended to be equivalent
to the performance objectives of buildings designed to new
building standards and specific objectives that are intended to
mimic the performance historically accepted for what is deemed
“reduced code performance” in documents such as the Interna-
tional Existing Building Code (ICC 2012). These performance
objectives provide Structural and Nonstructural Performance
Levels at specifically defined Seismic Hazard Levels for build-
ings based on the different Risk Categories a building could be
classified in based on the International Building Code (ICC
2012) or ASCE 7. Determination of which Risk Category a
building should be classified in is outside of the scope of this
document.

Building performance can be described qualitatively in terms
of the safety afforded to building occupants during and after the
event; the cost and feasibility of restoring the building to its pre-
earthquake condition; the length of time the building is removed
from service to effect repairs; and economic, architectural, or
historic effects on the larger community. These performance
characteristics are directly related to the extent of damage that
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would be sustained by the building and its systems in the seismic
event.

In this standard, the extent of damage to a building in a speci-
fied earthquake ground motion for which performance evalua-
tions is defined as a Building Performance Level.

This standard uses several probabilistic Seismic Hazard
Levels to describe earthquake ground motions for which perfor-
mance evaluations are made, except in certain areas near active
faults, where deterministic caps are imposed on the probabilistic
hazard parameters. Such ground motions are often referred to
either as a probability of exceedance in a specified time period,
say 20% probability of exceedance in 50 years, or as a return
period for exceedance of the specified ground motion, such as
225 years. Table C2-1 shows the ground motion probabilities
of exceedance and corresponding return period used in this
standard.

This standard explicitly sets forth four Seismic Hazard Levels
in Section 2.4.

The Performance Objective selected as a basis for design
determines, to a great extent, the cost and feasibility of any
project, and the benefit to be obtained in terms of improved
safety, reduction in property damage, and interruption of use in
the event of future earthquakes. Table C2-2 indicates the range
of performance objectives that might be considered in use of
this standard for a typical building, such as one classified under
Risk Category II, based on the Performance Levels described
in Section 2.3 and the Seismic Hazard Levels set forth in Section
2.4 for both structural and nonstructural system expected
performance.

2.2.1 Basic Performance Objective for Existing Buildings
(BPOE) The Basic Performance Objective for Existing Build-
ings (BPOE) is a specified performance objective that varies
with Risk Category, as shown in Table 2-1, where the Risk
Category is defined by the governing regulations, building code,
or policy, or in lieu of any regulations, building code, or policy,
per ASCE 7. Tier 1, Tier 2, or Tier 3 procedures may be used to
demonstrate compliance with the BPOE, subject to the limita-
tions on their use in Chapter 3. The Risk Categories shall be
determined consistent with the applicable regulations, building
code, or policy or in lieu of any regulations, building code, or
policy, per ASCE 7.

C2.2.1 Basic Performance Objective for Existing Buildings
(BPOE) The BPOE is one specific, named Performance
Objective. This standard does not mandate specific Performance
Objectives. It only defines them for use. The notation (S-N) in
Table 2-1 is used where S and N are the respective Structural
Performance Levels and Nonstructural Performance Levels, as
defined in Sections 2.3.1 and 2.3.2.
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Table C2-1. Probabililty of Exceedance and Mean Return
Period

Probability of Exceedance Mean Return Period (years)

50%/30 years 43
50%/50 years 72
20%/50 years 225
10%/50 years 475
5%/50 years 975
2%I50 years 2,475

Table C2-2. Performance Objectives

Target Building Performance Levels

Immediate Collapse
Operational Occupancy Life Safety Prevention
Seismic Hazard Performance  Performance Performance Performance

Level Level (1-A) Level (1-B) Level (3-C) Level (5-D)
50%/50 years a b c d
BSE-1E e f g h
(20%/50 years)
BSE-2E i j k 1
(5%/50 years)
BSE-2N m n o p

(ASCE 7 MCEy)

NOTES: Each cell in the above matrix represents a discrete Performance
Objective.
The Performance Objectives in the matrix above can be used to represent
the three specific Performance Objectives for a standard building that would
be considered Risk Category I & II defined in Sections 2.2.1,2.2.2, and 2.2.3,
as follows:

Basic Performance Objective for Existing
Buildings (BPOE)
Enhanced Objectives

gandl

gandi, j, m,n, o0, orp
land e or f
gandlanda, orb

k, m, n, or o alone

g alone

1 alone

c,d,e, orf

Limited Objectives

The BPOE varies by Risk Category. This standard does not
specify how to assign a building to a Risk Category. Risk
Categories are used here to facilitate the coordination with regu-
lations, building codes, and policies, such as the International
Building Code and the International Existing Building Code,
which do use them. The intention is that regulations, building
codes, and policies need to cover all Risk Categories but might
prefer to cite this standard in a simple way. Defining the BPOE
as in Table 2-1 allows a regulation, building code, or policy to
simply cite the BPOE without creating its own table to spell out
the Seismic Hazard Level and Performance Levels for each Risk
Category.

The BPOE, or objectives close to it, has been used for char-
acterizing seismic performance in other standards and regula-
tions and has been implemented in many individual projects and
mitigation programs. The BPOE also approximates the regula-
tory policy traditionally applied to existing buildings in many
seismically active areas of the United States. The BPOE accepts
a lower level of safety and a higher risk of collapse than would
that provided by similar standards for new buildings. Buildings
meeting the BPOE are expected to experience little damage from
relatively frequent, moderate earthquakes but significantly more
damage and potential economic loss from the most severe and
infrequent earthquakes that could affect them. The level of
damage and potential economic loss experienced by buildings
rehabilitated to the BPOE likely will be greater than that expected
in similar, properly designed and constructed new buildings or
existing buildings evaluated and retrofit to the Basic Perfor-
mance Objective Equivalent to New Building Standards (BPON)
in Section 2.2.4.

There are three overarching historical reasons for accepting a
somewhat greater risk in existing buildings:

* Accepting performance less than “full code” ensures that
recent buildings are not immediately rendered deficient
whenever the code changes in such a manner as to become
more conservative.

* The increase in risk is tempered by the recognition that an
existing building often has a shorter remaining life than a
new building. That is, if the traditional code-based demand

Table 2-1. Basic Performance Obijective for Existing Buildings (BPOE)

Tier 1° Tier 2° Tier 3
Risk Category BSE-1E BSE-1E BSE-1E BSE-2E
I &1I Life Safety Structural Life Safety Structural Life Safety Structural Collapse Prevention Structural

Performance Performance Performance Performance
Life Safety Nonstructural Life Safety Nonstructural Life Safety Nonstructural Nonstructural Performance
Performance Performance Performance Not Considered
3-C) (3-0) (3-0) (5-D)
I See footnote b for Structural Damage Control Structural Damage Control Structural Limited Safety Structural
Performance Performance Performance Performance
Position Retention Position Retention Position Retention Nonstructural
Nonstructural Nonstructural Nonstructural Performance
Performance Performance Performance Not Considered
(2-B) (2-B) (2-B) (4-D)
v Immediate Occupancy Structural Immediate Occupancy Immediate Occupancy Life Safety Structural
Performance Structural Performance Structural Performance Performance
Position Retention Position Retention Position Retention Nonstructural
Nonstructural Nonstructural Nonstructural Performance
Performance Performance Performance Not Considered
(1-B) (1-B) (1-B) (3-D)

“For Tier 1 and 2 assessments, seismic performance for the BSE-2E is not explicitly evaluated.
*For Risk Category III, the Tier 1 screening checklists shall be based on the Life Safety Performance Level (S-3), except that checklist statements using the
Quick Check procedures of Section 4.5.3 shall be based on MS-factors and other limits that are an average of the values for Life Safety and Immediate

Occupancy.
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for new buildings presumes a 50-year life, then an existing
building with, say, a 30-year life has a smaller chance of
experiencing the code-level event over its remaining years
(or an equivalent chance of experiencing a somewhat
smaller maximum event). This rationale is less applicable
when the retrofit is part of a change of occupancy to a
higher Risk Category, or where the retrofit is part of a major
renovation that “renews” the building or is intended to
substantially extend its useful life.

* The BPOE recognizes that the cost of achieving the higher
level of certainty in performance that comes with “new
building equivalence” is often disproportionate to the
incremental benefit. For new construction, building code
provisions ensure a high probability of safety in the design
earthquake (as well as a reasonable expectation of repara-
bility). Because of more complete design flexibility and
construction quality control, the new building code can
achieve that higher confidence for new buildings at mar-
ginal additional cost.

The constraints of existing buildings, however, often make the
same level of performance reliability as a new building much
more expensive. Therefore, whereas the BPOE seeks safety with
reasonable confidence, it rationally reduces the incremental cer-
tainty of performance that comes cheaply with new construction
but is costly for retrofit.

The traditional reasons for the lower performance objective
might not apply in all cases. Nevertheless, the BPOE and similar
objectives have been deemed appropriate for many mitigation
programs and remain valuable for the precedent they provide.
Where the desired (or required) performance is similar to that
required of new buildings assigned to Risk Category III or IV in
ASCE 7, the BPOE has not traditionally been used and might
not be appropriate. For those buildings, the evaluation or retrofit
performance objective has been to such a level consistent with
a new building assigned to that Risk Category per Section 2.2.4.
As noted in Section C2.2, however, the selection of what Per-
formance Objective one should use is beyond the scope of this
standard.

Past codes and guidelines allowed a higher risk similar to the
BPOE by applying a reduction factor to the code-level force
demand used to design the building. FEMA 178 (1992b), for
example, modified the demand by factors of 0.67 or 0.85. This
approach was retained in national model codes, such as the
International Building Code and the International Existing
Building Code (ICC 2012a and 2012b), which allow a 0.75
factor on earthquake loads for certain triggered evaluations or
retrofit. ASCE 31-03 achieved approximately the same effect by
increasing component capacities, m-factors, in its Tier 2 proce-
dure from what the commensurate factors are in ASCE 41-06
and by applying a 0.75 factor to code-based demands in its Tier
3 procedure.

Many jurisdictions have adopted such reductions in their
building regulations for a long time. The cities of Long Beach,
Los Angeles, Oakland, and San Francisco are among many com-
munities that have used the 0.75 reduction for many decades.
The California Building Code (CBSC 2010a) has, since the 1998
edition, permitted the use of a lower probabilistic hazard for
retrofit of state-owned buildings of 20% in 50 years, where the
traditional 10% in 50-year hazard was used for new building
design. In some cases, there have also been hazardous building
ordinances that required owners to undertake seismic safety
evaluations and seismic retrofit using seismic hazards less than
those for new building design for these actions. Thus, there is a
precedent both in standards formulation and enforced building
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regulations for using a reduced hazard for the evaluation and
retrofit of existing buildings.

Simply reducing the ground motion demand by a factor of
0.75 does not result in a spatially uniform hazard because of
differences in the seismic hazard curves for different locations.
For example, reducing 2% in a 50-year ground motion parameter
in San Francisco by 25% results in a ground motion parameter
with approximately a 5% in 50-year probability of exceedance,
whereas the same 25% reduction in the 2% in 50-year ground
motion for Memphis results in an approximately 3% in 50-year
hazard.

Therefore, this BPOE standard does not apply a single factor
to the code-level demand. Instead, it specifies a different demand
with a higher probability of exceedance. For new buildings,
probabilities of exceedance of 2% in 50 years and 10% in
50 years have commonly been used (before the adoption of
Risk-Targeted Maximum Considered Earthquake ground
motions in ASCE 7). For the BPOE, this standard sets the
Seismic Hazard Levels based on 5% in 50-year and 20% in
50-year probabilities of exceedance.

Tiers 1 and 2, as will be found in Chapters 4 and 5, provide
means for evaluating the expected seismic performance of a
building only for the Immediate Occupancy and Life Safety
Performance Levels at the BSE-1E hazard. A commensurate
check at the BSE-2E hazard is not included, so these tiers do not
strictly include a two-level assessment, as the Tier 3 systematic
procedure does.

The three-tiered evaluation procedure requires a successively
more complete engineering assessment of the expected seismic
performance of the building, with successively more effort to
determine compliance. Tier 1 requirements tend to be general
and conservative in nature, Tier 2 procedures are more detailed,
and Tier 3 procedures are specific and involved.

When these tiers were formulated, it was expected that a Tier
1 assessment would identify more buildings as potentially unsafe
than would a Tier 2 because it used more exacting standards and
significantly more work. Similarly, it was expected that a full-
building, systematic Tier 3 assessment would find some build-
ings that did not pass a Tier 2 assessment to be acceptable. In
essence, these tiers have been formulated so that the likelihood
of an error in assessing a building as acceptable in a lower tier
is less than in a higher tier.

The Tier 1 and Tier 2 columns specify only that Structural
Performance Levels at the BSE-1E Seismic Hazard Level be
evaluated, whereas Tier 3 requires checks of Structural Perfor-
mance Levels at the BSE-1E and BSE-2E Seismic Hazard Level.
For example, when using Tier 1 or Tier 2 for a Risk Category II
building, the Tier 1 and Tier 2 BPOE does not include an evalu-
ation of the Structural Collapse Prevention Performance Level,
whereas the Tier 3 BPOE does. For Tier 1 or Tier 2, Collapse
Prevention with the BSE-2E hazard is implied by meeting the
criteria for Life Safety Structural Performance Level with the
BSE-1E hazard and the requirements in Chapter 3 that permit
the use of Tier 1 and Tier 2 deficiency-based procedures. In other
words, although Tier 1 and Tier 2 procedures do not explicitly
address Collapse Prevention, they are deemed to comply with
the full BPOE based on demonstrated compliance with the Life
Safety portion.

The reason that Tier 1 and Tier 2 only need to have one
seismic hazard check whereas Tier 3 requires a check of two
hazard levels relates to the fundamental basis of the deficiency-
based procedures. The deficiency-based procedures are based on
decades of observations of actual damage to buildings in major
earthquakes worldwide. The original documentation is contained
in ATC-14 (1987). Because of a lack of specific strong motion
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records, all events were considered equal even though many
were likely BSE-2E level events. It is fair to conclude that
because the procedures were calibrated to a BSE-1E level event
and many of the buildings actually experienced a BSE-2E level
event successfully, only a one-level check would be needed.

It is important to recognize that the inventory of damaged
buildings used to infer the deficiency-based procedure was
mostly of moderate size and height. The standard’s committee
felt that a similar limitation was needed to designate when the
deficiency-only procedures could be used. A number of criteria
regarding the building’s size, structural system, and configura-
tion were developed; these criteria must be met to be able to use
the deficiency-based provisions.

The Tier 3 procedure was intended as a systematic procedure
for all buildings, regardless of configuration size or structural
system. This range includes complex buildings that could not be
classified into one of the common building types from which the
experience base for Tiers 1 and 2 were derived. For such build-
ings, where there are not sufficient observations of their perfor-
mance from past earthquakes, arigorous, full-building assessment
should be conducted to ensure sufficient robustness and margin
of safety beyond the design-level earthquake.

2.2.2 Enhanced Performance Objectives A seismic evalua-
tion that demonstrates compliance with or a retrofit that provides
building performance exceeding that of the BPOE is termed an
Enhanced Performance Objective. Enhanced Performance
Objectives shall be achieved using one or more of the following
three methods:

1. Target Structural Performance Levels or Nonstructural
Performance Levels that exceed those of the BPOE at the
BSE-1E hazard level, the BSE-2E hazard level, or both
given the building’s Risk Category.

2. Target Structural Performance Levels or Nonstructural
Performance Levels of the BPOE using a Seismic Hazard
Level that exceeds either the BSE-1E or BSE-2E hazard
levels, or both given the building’s Risk Category.

3. Target Building Performance Levels of the BPOE using a
Risk Category higher than the building would be assigned.

C2.2.2 Enhanced Performance Objectives Enhanced Per-
formance Objectives can be obtained by using higher target
Building Performance Levels, higher Seismic Hazard Levels, a
higher Risk Rategory, or any combination thereof.

2.2.3 Limited Performance Objectives A performance objec-
tive less than that of the BPOE is termed a Limited Performance
Objective. Limited Performance Objectives shall be achieved
using a Reduced Performance Objective, specified in Section
2.2.3.1, or a Partial Retrofit Objective, specified in Section
2.2.3.2. Where a Limited Performance Objective is used for
modifications of the building, the retrofit design shall

1. not result in a reduction in the Structural Performance
Level or Nonstructural Performance Levels of the existing
building for the same Seismic Hazard Level;

2. not create a new structural irregularity or make an existing
structural irregularity more severe;

3. not result in an increase in the seismic forces to any com-
ponent that is deficient in capacity to resist such forces; and

4. incorporate structural elements that are connected to the
existing structure in compliance with the requirements of
this standard.

C2.2.3 Limited Performance Objectives The goal of retrofit
is to improve the earthquake performance of the building. A
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reduction in performance of individual components should not
necessarily be a measure of the overall building performance. A
partial or limited retrofit could increase forces on some noncriti-
cal components while improving the overall performance of the
building.

2.2.3.1 Reduced Performance Objective A seismic evalua-
tion or a retrofit that addresses the entire building structural and
nonstructural systems, but uses a lower selected Seismic Hazard
Level or lower target Building Performance Level than the
BPOE, is termed a Reduced Performance Objective. The follow-
ing objectives are deemed to be Reduced Performance Objectives:

1. Target Structural Performance Levels or Nonstructural
Performance Levels that are less than those of the BPOE
at the BSE-1E hazard level, the BSE-2E hazard level, or
both, given the building’s Risk Category.

2. Target Structural Performance Levels or Nonstructural
Performance Levels of the BPOE using Seismic Hazard
Levels that are less than either the BSE-1E or BSE-2E
hazard levels, or both, given the building’s Risk Category.

3. For a Tier 3 evaluation or retrofit, satisfying one, but not
the other, Performance Level at the BSE-1E or BSE-2E,
given the building’s Risk Category.

4. Building Performance Levels using the BPOE for a lower
Risk Category than the building would be assigned.

C2.2.3.1 Reduced Performance Objective Life Safety Build-
ing Performance at the BSE-1E hazard is a commonly used
performance objective. Although it matches part of the BPOE,
it might be considered a reduced objective for buildings that do
not meet the limitations when Tier 1 and Tier 2 procedures
can be used and a Tier 3 procedure is used because it ignores
the other part of the BPOE, Collapse Prevention Building
Performance at the BSE-2E.

2.2.3.2 Partial Retrofit Objective Retrofit that addresses a
portion or portions of the building without evaluating or reha-
bilitating the complete lateral-force-resisting system is termed
partial retrofit.

C2.2.3.2 Partial Retrofit Objective A partial retrofit should
be designed and constructed assuming future completion of a
Performance Objective intended to improve the performance of
the entire structure. Care must be taken so that the partial retrofit
does not decrease the performance of the entire building.

2.2.4 Basic Performance Objective Equivalent to New
Building Standards (BPON) The Basic Performance Objective
Equivalent to New Building Standards (BPON) is a specific
performance objective to be used only with Tier 3 systematic
evaluation or retrofit that varies with Risk Category, as shown
in Table 2-2, where the risk category is defined by the governing
regulations, building code, or policy, or in lieu of any regula-
tions, building code, or policy, per ASCE 7.

C2.2.4 Basic Performance Objective Equivalent to New
Building Standards (BPON) The BPON is intended to provide
performance equivalent to that which is intended for new build-
ings designed to ASCE 7. This section relates the ASCE 7 Risk
Categories to ASCE 41 Performance Pbjectives using Seismic
Hazard Levels specified in ASCE 7. This Performance Objective
classifies as a special case of the Enhanced Performance
Objective using the terminology of Section 2.2 because it is
greater than the BPOE. This Performance Objective is specifi-
cally set forth to provide guidance to the engineer, owner, or
building official wishing to evaluate or retrofit to an equivalent
performance objective as a new code-designed building.
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The relationships in Table C2-3 provide guidance for relating
new building performance using seismic performance terminol-
ogy of this standard. Though this Performance Objective attempts
to provide equivalent performance with new building design
standards, the gravity load resisting and original lateral systems
of an existing building, even after retrofit, are generally not as
robust as those of a new building. This is the result of prescrip-
tive requirements contained within the new building standards
that might not have been present either in the original design
standard to which the building was constructed or in the require-
ments of this standard. Use of this standard does not preclude

Table 2-2. Basic Performance Objective Equivalent to New
Building Standards (BPON)

Seismic Hazard Level

Risk
Category BSE-1N BSE-2N
I1&11 Life Safety Structural Collapse Prevention Structural
Performance Performance
Position Retention Nonstructural
Nonstructural Performance
Performance Not Considered
(3-B) (5-D)
1II Damage Control Structural Limited Safety Structural
Performance Performance
Position Retention Nonstructural
Nonstructural Performance
Performance Not Considered
(2-B) (4-D)
v Immediate Occupancy Life Safety Structural
Structural Performance Performance

Operational Nonstructural
Performance
(1-A)

Nonstructural Performance
Not Considered
(3-D)

the use of prescriptive detailing requirements required in current
building design standards.

Therefore, compared with a similarly configured new build-
ing, there is a higher degree of uncertainty in obtaining the tar-
geted performance objective for the existing building retrofitted
according to the provisions of this standard than would be
expected for a new building. The uncertainty is generally biased
toward the new design standard producing a building that will
perform better than the intended performance of the code.
However, that degree of improved performance is variable and
difficult to quantify. Conversely, the provisions of this standard
can provide a more reliable and predictable assessment of the
building’s performance to design-level earthquake shaking.

The acceptance criteria for structural components given in this
standard have not been directly calibrated to the expected per-
formance of new building components designed to new building
codes and standards.

2.2.5 System-Specific Performance Procedures The system-
specific performance procedures in Chapter 15 are permitted to
be used to meet the Performance Objective as defined for that
procedure in Chapter 15.

C2.2.5 System-Specific Performance Procedures System-
specific performance procedures have traditionally been used to
achieve a Reduced Performance or Partial Retrofit Objective
where performance is less than the BPOE. Each procedure
defines its Performance Objective at the beginning of each
section in Chapter 15.

2.3 TARGET BUILDING PERFORMANCE LEVELS

A target Building Performance Level shall consist of a combina-
tion of a target Structural Performance Level from Section 2.3.1
and a target Nonstructural Performance Level from Section

Table C2-3. Damage Control and Building Performance Levels

Target Building Performance Levels

Collapse Prevention
Level (5-D)

Life Safety
Level (3-C)

Immediate Occupancy
Level (1-B)

Operational
Level (1-A)

Overall damage
Structural components

Nonstructural components

Comparison with
performance intended for
typical buildings designed
to codes or standards for
new buildings, for the
design earthquake

Severe

Little residual stiffness and
strength to resist lateral
loads, but gravity load-
bearing columns and walls
function. Large permanent
drifts. Some exits blocked.
Building is near collapse in
aftershocks and should not
continue to be occupied.

Extensive damage. Infills
and unbraced parapets

failed or at incipient failure.

Significantly more damage
and greater life safety risk.

Moderate

Some residual strength and
stiffness left in all stories.
Gravity-load-bearing
elements function. No out-
of-plane failure of walls.
Some permanent drift.
Damage to partitions.
Continued occupancy might
not be likely before repair.
Building might not be
economical to repair.
Falling hazards, such as
parapets, mitigated, but
many architectural,
mechanical, and electrical
systems are damaged.

Somewhat more damage
and slightly higher life
safety risk.

Light

No permanent drift.
Structure substantially
retains original strength
and stiffness. Continued
occupancy likely.

Equipment and contents
are generally secure but
might not operate due to
mechanical failure or lack
of utilities. Some cracking
of facades, partitions, and
ceilings as well as
structural elements.
Elevators can be restarted.
Fire protection operable.

Less damage and low life
safety risk.

Very light

No permanent drift. Structure
substantially retains original
strength and stiffness. Minor
cracking of facades, partitions,
and ceilings as well as
structural elements. All
systems important to normal
operation are functional.
Continued occupancy and use
highly likely.

Negligible damage occurs.
Power and other utilities are
available, possibly from
standby sources.

Much less damage and very
low life safety risk.

Seismic Evaluation and Retrofit of Existing Buildings
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2.3.2. The target Building Performance Level is designated
alphanumerically, as shown in Section 2.3.3.

C2.3 TARGET BUILDING PERFORMANCE LEVELS

Building performance is a combination of the performance
of both structural and nonstructural components. Table C2-3
describes the approximate limiting levels of structural and non-
structural damage that might be expected of buildings evaluated
or retrofitted to the levels defined in this standard. On average,
the expected damage would be less. For comparative purposes,
the estimated performance of a typical new building subjected
to the BSE-IN level of shaking is indicated. Performance
descriptions in Table C2-3 are estimates rather than precise pre-
dictions, and variation among buildings of the same target Build-
ing Performance Level must be expected.

Building performance in this standard is expressed in terms
of target Building Performance Levels. These target Building
Performance Levels are discrete damage states selected from
among the infinite spectrum of possible damage states that build-
ings could experience during an earthquake. The particular
damage states identified as target Building Performance Levels
in this standard have been selected because they have readily
identifiable consequences associated with the postearthquake
disposition of the building that are meaningful to the building
community. These consequences include the ability to resume
normal functions within the building, the advisability of post-
earthquake occupancy, and the risk to life safety.

Because of inherent uncertainties in prediction of ground
motion and analytical prediction of building performance, some
variation in actual performance should be expected. Compliance
with this standard should not be considered a guarantee of per-
formance. Information on the reliability of achieving various
performance levels can be found in Chapter 2 of FEMA 274
(1997b).

Table C2-4 describes damage patterns commonly associated
with structural elements for Structural Performance Levels when
the assessed seismic hazard has occurred. The damage states
described in the table might occur in some elements at the Struc-
tural Performance Level, but it is unlikely that all of the damage
states described will occur in all elements of a building at that
Structural Performance Level. The descriptions of damage states
do not replace or supplement the quantitative definitions of per-
formance provided elsewhere in this standard and are not
intended for use in postearthquake evaluation of damage or for
judging the safety of, or required level of repair to, a structure
after an earthquake. They are presented to assist engineers using
this standard to understand the relative degrees of damage at
each defined performance level.

Damage patterns in structural elements depend on the modes
of behavior of those elements. More complete descriptions of
damage patterns and levels of damage associated with damage
levels can be found in other documents, such as FEMA 306
(1998b) for concrete and masonry wall buildings and FEMA 352
(2000c) for steel moment-frame buildings.

In Table C2-4, the difference between damage associated with
Collapse Prevention and Life Safety Performance Levels is a
matter of degree or certainty. For a given structure, the damage
patterns and the locations of initial damage are similar for both
Performance Levels, but damage at the Life Safety Performance
Level is somewhat less extensive and, because of differences
in quantitative acceptance criteria, less likely to give rise to
collapse.

2.3.1 Structural Performance Levels and Ranges The Struc-
tural Performance Level of a building shall be selected from six
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discrete Structural Performance Levels and two intermediate
Structural Performance Ranges defined in this section.

The discrete Structural Performance Levels are Immediate
Occupancy (S-1), Damage Control (S-2), Life Safety (S-3),
Limited Safety (S-4), Collapse Prevention (S-5), and Not Con-
sidered (S-6). Design procedures and acceptance criteria corre-
sponding to these Structural Performance Levels shall be as
specified in Chapters 4 through 14.

The intermediate Structural Performance Ranges are the
Enhanced Safety Range and the Reduced Safety Range. Accep-
tance criteria for performance within the Enhanced Safety Struc-
tural Performance Range shall be obtained by interpolating
between the acceptance criteria provided for the Immediate
Occupancy and Life Safety Structural Performance Levels.
Acceptance criteria for performance within the Reduced Safety
Structural Performance Range shall be obtained by interpolating
between the acceptance criteria provided for the Life Safety and
Collapse Prevention Structural Performance Levels.

C2.3.1 Structural Performance Levels and Ranges Different
structural performance requirements might be desired by indi-
vidual building owners for specific buildings and time periods
of concern. The first five Structural Performance Levels defined
in this standard have been selected to correlate with the most
commonly specified structural performance requirements. The
specification of two Structural Performance Ranges allows
design professionals with other requirements to create custom-
ized Building Performance Objectives.

Table C2-4 relates these Structural Performance Levels to the
limiting damage states for common vertical and horizontal ele-
ments of lateral-force-resisting systems. Later sections of this
standard specify design parameters (such as m-factors, compo-
nent capacities, and inelastic deformation capacities) specified
as limiting values for attaining these Structural Performance
Levels for a selected earthquake demand.

The postearthquake state of the buildings described in these
tables is for illustrative purposes to convey conceptually what
earthquake damage correlates with the different performance
levels. This table is not intended for and should not be used in
the postearthquake safety evaluation process or as an expectation
of postearthquake performance of a building evaluated or retrofit
to this standard.

2.3.1.1 Immediate Occupancy Structural Performance Level
(S-1) Structural Performance Level S-1, Immediate Occupancy,
is defined as the postearthquake damage state in which a struc-
ture remains safe to occupy and essentially retains its preearth-
quake strength and stiffness. A structure in compliance with the
acceptance criteria of this standard for Immediate Occupancy is
expected to achieve this postearthquake state.

C2.3.1.1 Immediate Occupancy Structural Performance
Level (S-1) Structural Performance Level S-1, Immediate
Occupancy, means the postearthquake damage state in which
only very limited structural damage has occurred. The basic
vertical- and lateral-force-resisting systems of the building retain
almost all of their preearthquake strength and stiffness. The risk
of life-threatening injury as a result of structural damage is very
low, and although some minor structural repairs might be appro-
priate, these repairs would generally not be required before reoc-
cupancy. Continued use of the building is not limited by its
structural condition but might be limited by damage or disrup-
tion to nonstructural elements of the building, furnishings, or
equipment and availability of external utility services.

2.3.1.2 Enhanced Safety Structural Performance Range
The Enhanced Structural Performance Range is defined as the
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Table C2-4. Structural Performance Levels and lllustrative Damage

Seismic-Force-Resisting
System

Type

Structural Performance Levels

Collapse Prevention (S-5)

Life Safety (S-3)

Immediate Occupancy (S-1)

Concrete frames

Steel moment frames

Braced steel frames

Concrete walls

Unreinforced masonry
infill walls®

Primary elements

Secondary
elements

Drift

Primary elements

Secondary
elements

Drift

Primary and
secondary
elements

Drift

Primary elements

Secondary
elements

Drift

Primary and
secondary

Drift

Extensive cracking and hinge
formation in ductile elements.
Limited cracking or splice
failure in some nonductile
columns. Severe damage in
short columns.

Extensive spalling in columns
and beams. Limited column
shortening. Severe joint
damage. Some reinforcing
buckled.

Transient drift sufficient to cause
extensive nonstructural
damage. Extensive permanent
drift.

Extensive distortion of beams
and column panels. Many
fractures at moment
connections, but shear
connections remain intact. A
few elements might
experience partial fracture.

Same as for primary elements.

Transient drift sufficient to cause
extensive nonstructural
damage. Extensive permanent
drift.

Extensive yielding and buckling
of braces. Many braces and
their connections might fail.

Transient drift sufficient to cause
extensive nonstructural
damage. Extensive permanent
drift.

Major flexural or shear cracks
and voids. Sliding at joints.
Extensive crushing and
buckling of reinforcement.
Severe boundary element
damage. Coupling beams
shattered and virtually
disintegrated.

Panels shattered and virtually
disintegrated.

Transient drift sufficient to cause
extensive nonstructural
damage. Extensive permanent
drift.

Extensive cracking and
crushing; portions of outer
wythe shed, some infill walls
on the verge of falling out.

Transient drift sufficient to
cause extensive nonstructural
damage. Extensive permanent
drift.
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Extensive damage to beams.
Spalling of cover and shear
cracking in ductile columns.
Minor spalling in
nonductile columns. Joint
cracks.

Major cracking and hinge
formation in ductile
elements. Limited cracking
or splice failure in some
nonductile columns. Severe
damage in short columns.

Transient drift sufficient to
cause nonstructural damage.
Noticeable permanent drift.

Hinges form. Local buckling
of some beam elements.
Severe joint distortion;
isolated moment connection
fractures, but shear
connections remain intact.

Extensive distortion of beams
and column panels. Many
fractures at moment
connections, but shear
connections remain intact.

Transient drift sufficient to
cause nonstructural damage.
Noticeable permanent drift.

Many braces yield or buckle
but do not totally fail.
Many connections might
fail.

Transient drift sufficient to
cause nonstructural damage.
Noticeable permanent drift.

Some boundary element
cracking and spalling and
limited buckling of
reinforcement. Some sliding
at joints. Damage around
openings. Some crushing
and flexural cracking.
Coupling beams: extensive
shear and flexural cracks;
some crushing, but concrete
generally remains in place.

Major flexural and shear
cracks. Sliding at
construction joints.
Extensive crushing. Severe
boundary element damage.
Coupling beams shattered
and virtually disintegrated.

Transient drift sufficient to
cause nonstructural damage.
Noticeable permanent drift.

Extensive cracking and some
crushing but wall remains
in place. No falling units.
Extensive crushing and
spalling of veneers at
corners of openings and
configuration changes.

Transient drift sufficient to
cause nonstructural damage.
Noticeable permanent drift.

Minor cracking. Limited
yielding possible at a few
locations. Minor spalling of
concrete cover.

Minor spalling in a few places
in ductile columns and
beams. Flexural cracking in
beams and columns. Shear
cracking in joints.

Transient drift that causes
minor or no nonstructural
damage. Negligible
permanent drift.

Minor local yielding at a few
places. No fractures. Minor
buckling or observable
permanent distortion of
members.

Same as for primary elements.

Transient drift that causes
minor or no nonstructural
damage. Negligible
permanent drift.

Minor yielding or buckling of
braces.

Transient drift that causes
minor or no nonstructural
damage. Negligible
permanent drift.

Minor diagonal cracking of
walls. Coupling beams
experience diagonal
cracking.

Minor cracking of walls.
Some evidence of sliding at
construction joints.
Coupling beams experience
x-cracks. Minor spalling.

Transient drift that causes
minor or no nonstructural
damage. Negligible
permanent drift.

Minor cracking of masonry
infills and veneers. Minor
spalling in veneers at a few
corner openings.

Transient drift that causes
minor or no nonstructural
damage. Negligible
permanent drift.

Continued
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Table C2-4. (Continued)

Seismic-Force-Resisting
System

Type

Structural Performance Levels

Collapse Prevention (S-5)

Life Safety (S-3)

Immediate Occupancy (S-1)

Unreinforced masonry
(noninfill) walls

Reinforced masonry
walls

Wood stud walls

Precast concrete walls

Foundations

Diaphragms

Primary elements

Secondary
elements
Drift

Primary elements

Secondary
elements

Drift

Primary elements

Secondary
elements

Drift

Primary elements

Secondary

elements
Drift

General

Metal deck

Wood

Cast-in-place
concrete

Precast concrete

Extensive cracking; face course
and veneer might peel off.
Noticeable in-plane and out-
of-plane offsets.

Nonbearing panels dislodge.

Transient drift sufficient to cause
extensive nonstructural
damage. Extensive permanent
drift.

Crushing; extensive cracking.
Damage around openings and
at corners. Some fallen units.

Panels shattered and virtually
disintegrated.

Transient drift sufficient to cause
extensive nonstructural
damage. Extensive permanent
drift.

Connections loose. Nails
partially withdrawn. Some
splitting of members and
panels. Sheathing pulled away
from studs.

Sheathing sheared off. Let-in
braces fractured and buckled.
Framing split and fractured.

Transient drift sufficient to cause
extensive nonstructural
damage. Extensive permanent
drift.

Some wall connection failures
but no wall elements
dislodged.

Same as for primary elements.

Transient drift sufficient to cause
extensive nonstructural
damage. Extensive permanent
drift.

Significant settlement and tilting
of buildings with shallow
foundations or buildings on
liquefiable soils.

Large distortion with buckling
of some units and tearing of
many welds and seam
attachments.

Large permanent distortion with
partial withdrawal of nails
and extensive splitting of
elements.

Extensive crushing and
observable offset across many
cracks.

Connections between units fail.
Units shift relative to each
other. Crushing and spalling
at joints.

Major cracking. Noticeable
in-plane offsets of masonry
and minor out-of-plane
offsets.

Same as for primary elements.

Transient drift sufficient to

cause nonstructural damage.

Noticeable permanent drift.

Major cracking distributed
throughout wall. Some
isolated crushing.

Crushing; extensive cracking;
damage around openings
and at corners; some fallen
units.

Transient drift sufficient to

cause nonstructural damage.

Noticeable permanent drift.

Moderate loosening of
connections and minor
splitting of members.

Connections loose. Nails
partially withdrawn. Some
splitting of members and
panels.

Transient drift sufficient to

cause nonstructural damage.

Noticeable permanent drift.

Local crushing and spalling at
wall connections, but no

gross failure of connections.

Some connection failures but
no elements dislodged.
Transient drift sufficient to

cause nonstructural damage.

Noticeable permanent drift.

Localized settlement of
buildings with shallow
foundations.

Some localized failure of
welded connections of deck
to framing and between
panels. Minor local
buckling of deck.

Some splitting at connections.
Loosening of sheathing.
Observable withdrawal of
fasteners. Splitting of
framing and sheathing.

Extensive cracking. Local
crushing and spalling.

Extensive cracking. Local
crushing and spalling.

Minor cracking of veneers.
Minor spalling in veneers at
a few corner openings. No
observable out-of-plane
offsets.

Same as for primary elements.

Transient drift that causes
minor or no nonstructural
damage. Negligible
permanent drift.

Minor cracking. No out-of-
plane offsets.

Same as for primary elements.

Transient drift that causes
minor or no nonstructural
damage. Negligible
permanent drift.

Distributed minor hairline
cracking of gypsum and
plaster veneers, primarily at
door and window openings.

Same as for primary elements.

Transient drift that causes
minor or no nonstructural
damage. Negligible
permanent drift.

Minor working and cracking
at connections.

Same as for primary elements.

Transient drift that causes
minor or no nonstructural
damage. Negligible
permanent drift.

Minor settlement and
negligible tilting.

Connections between deck
units and framing intact.
Minor distortions.

No observable loosening or
withdrawal of fasteners. No
splitting of sheathing or
framing.

Distributed cracking. Some
minor cracks of larger size.

Some minor cracking along
joints.

“For limiting damage to frame elements of infill frames, refer to the rows for concrete or steel frames.

continuous range of damage states between the Life Safety
Structural Performance Level
Occupancy Structural Performance Level (S-1).

C2.3.1.2 Enhanced Safety Structural Performance Range
Design within the Enhanced Structural Performance Range
might be desirable to minimize repair time and operation inter-
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(S-3) and the Immediate

ruption, as a partial means of protecting valuable equipment and
contents or to preserve important historic features when the cost
of design for Immediate Occupancy is excessive.

2.3.1.2.1 Damage Control Structural Performance Level (S-2)
Structural Performance Level S-2, Damage Control, is defined
as a postearthquake damage state between the Life Safety
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Structural Performance Level (S-3) and the Immediate
Occupancy Structural Performance Level (S-1). Acceptance cri-
teria for evaluation or retrofit based on the Damage Control
Structural Performance Level shall be taken halfway between
those for Life Safety Structural Performance (S-3) and Immediate
Occupancy Structural Performance (S-1).

C2.3.1.2.1 Damage Control Structural Performance Level (S-2)
The Damage Control Structural Performance Level is set
forth as a midway point between Life Safety and Immediate
Occupancy. It is intended to provide a structure with a greater
reliability of resisting collapse and being less damaged than a
typical structure, but not to the extent required of a structure
designed to meet the Immediate Occupancy Performance
Level.

Although this level is a numerically intermediate level between
Life Safety and Immediate Occupancy, the two performance
objectives are essentially different from each other. The primary
consideration for Immediate Occupancy is that the damage is
limited in such a manner as to permit reoccupation of the build-
ing, with limited repair work occurring while the building is
occupied. The primary consideration for Life Safety is that a
margin of safety against collapse be maintained and that consid-
eration for occupants to return to the building is a secondary
impact to the Life Safety objective being achieved. The Damage
Control Performance Level provides for a greater margin of
safety against collapse than the Life Safety Performance Level
would. It might control damage in such a manner as to permit
return to function more quickly than the Life Safety Performance
Level, but not as quickly as the Immediate Occupancy Perfor-
mance Level does.

2.3.1.3 Life Safety Structural Performance Level (S-3)
Structural Performance Level S-3, Life Safety, is defined as the
postearthquake damage state in which a structure has damaged
components but retains a margin against the onset of partial or
total collapse. A structure in compliance with the acceptance
criteria specified in this standard for this Structural Performance
Level is expected to achieve this state.

C2.3.1.3 Life Safety Structural Performance Level (S-3)
Structural Performance Level S-3, Life Safety, means the post-
earthquake damage state in which significant damage to the
structure has occurred but some margin against either partial or
total structural collapse remains. Some structural elements and
components are severely damaged, but this damage has not
resulted in large falling debris hazards, either inside or outside
the building. Injuries might occur during the earthquake;
however, the overall risk of life-threatening injury as a result of
structural damage is expected to be low. It should be possible to
repair the structure; however, for economic reasons, this repair
might not be practical. Although the damaged structure is not an
imminent collapse risk, it would be prudent to implement struc-
tural repairs or install temporary bracing before reoccupancy.

2.3.1.4 Reduced Safety Structural Performance Range (S-4)
The Reduced Safety Structural Performance Range is defined as
the continuous range of damage states between the Life Safety
Structural Performance Level (S-3) and the Collapse Prevention
Structural Performance Level (S-5).

C2.3.1.4 Reduced Safety Structural Performance Range
(S-4) The Reduced Safety Structural Performance Range is a
range encompassing any performance level between Life Safety
and Collapse Prevention.

2.3.1.4.1 Limited Safety Structural Performance Level (S-4)
Structural Performance Level S-4, Limited Safety, is defined as
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a postearthquake damage state between the Life Safety Structural
Performance Level (S-3) and the Collapse Prevention Structural
Performance Level (S-5). Acceptance criteria for evaluation or
retrofit based on the Limited Safety Structural Performance
Level shall be taken halfway between those for Life Safety
Structural Performance Level (S-3) and the Collapse Prevention
Structural Performance Level (S-5).

C2.3.1.4.1 Limited Safety Structural Performance Level (S-4)
The Limited Safety Structural Performance Level is set forth as
a midway point between Life Safety and Collapse Prevention. It
is intended to provide a structure with a greater reliability of
resisting collapse than a structure that only meets the Collapse
Prevention Performance Level, but not to the full level of safety
that the Life Safety Performance Level would imply.

2.3.1.5 Collapse Prevention Structural Performance Level
(S-5) Structural Performance Level S-5, Collapse Prevention,
is defined as the postearthquake damage state in which a struc-
ture has damaged components and continues to support gravity
loads but retains no margin against collapse. A structure in com-
pliance with the acceptance criteria specified in this standard
for this Structural Performance Level is expected to achieve
this state.

C2.3.1.5 Collapse Prevention Structural Performance Level
(S-5) Structural Performance Level S-5, Collapse Prevention,
means the postearthquake damage state in which the building is
on the verge of partial or total collapse. Substantial damage to
the structure has occurred, potentially including significant deg-
radation in the stiffness and strength of the lateral-force-resisting
system, large permanent lateral deformation of the structure,
and—to a more limited extent—degradation in vertical-load-
carrying capacity. However, all significant components of the
gravity-load-resisting system must continue to carry their gravity
loads. Significant risk of injury caused by falling hazards from
structural debris might exist. The structure might not be techni-
cally practical to repair and is not safe for reoccupancy because
aftershock activity could induce collapse.

2.3.1.6 Structural Performance Not Considered (S-6) Where
an evaluation or retrofit does not address the structure, the
Structural Performance Level shall be Structural Performance
Not Considered (S-6).

C2.3.1.6 Structural Performance Not Considered (S-6) Some
owners might desire to address certain nonstructural vulnerabili-
ties in an evaluation or retrofit program—for example, bracing
parapets or anchoring hazardous material storage containers—
without addressing the performance of the structure itself. Such
retrofit programs are sometimes attractive because they can
permit a significant reduction in seismic risk at relatively low
cost.

2.3.2 Nonstructural Performance Levels The target Non-
structural Performance Level for a building shall be selected
from four discrete Nonstructural Performance Levels: Operational
(N-A), Position Retention (N-B), Life Safety (N-C), and Not
Considered (N-D). Design procedures and acceptance criteria
corresponding to these Nonstructural Performance Levels shall
be as specified in Chapter 13.

C2.3.2 Nonstructural Performance Levels Nonstructural
Performance Levels other than Not Considered (N-D) are sum-
marized in Tables C2-5, C2-6, and C2-7. Between the discrete
Nonstructural Performance Levels, there are ranges of perfor-
mance that can result from a partial set of nonstructural compo-
nents meeting a discrete Performance Level and the remainder
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Table C2-5. Nonstructural Performance Levels and lllustrative Damage—Architectural Components

Nonstructural Performance Levels

Component Group Life Safety (N-C)

Position Retention (N-B)

Operational (N-A)

Cladding Extensive distortion in connections
and damage to cladding components,
including loss of weather-tightness
and security. Overhead panels do not
fall.

Extensively cracked glass with
potential loss of weather-tightness
and security. Overhead panes do not
shatter or fall.

Glazing

Partitions (masonry and
hollow clay tile)

Distributed damage; some severe
cracking, crushing, and dislodging in
some areas.

Partitions (plaster and
gypsum)
Ceilings

Distributed damage; some severe
cracking and racking in some areas.

Extensive damage. Plaster ceilings
cracked and spalled but did not drop
as a unit. Tiles in grid ceilings
dislodged and falling; grids distorted
and pulled apart. Potential impact on
immediate egress. Potential damage
to adjacent partitions and suspended
equipment.

Extensive damage; some falling in
unoccupied areas.

Extensively damaged but elements
have not fallen.

Extensive damage. No collapse.
Some racking and cracking of slabs.
Usable.

Distributed damage. Some racked
and jammed doors.

Parapets and ornamentation
Canopies and marquees

Chimneys and stacks
Stairs and fire escapes

Doors

Connections yield; minor cracks or
bending in cladding. Limited loss of
weather-tightness.

Some cracked panes; none broken.
Limited loss of weather-tightness.

Minor cracking at openings. Minor
crushing and cracking at corners.
Some minor dislodging, but no wall
failure.

Cracking at openings. Minor
cracking and racking throughout.
Limited damage. Plaster ceilings
cracked and spalled but did not
drop as a unit. Suspended ceiling
grids largely undamaged, though
individual tiles falling.

Minor damage.

Some damage to the elements, but
essentially in place.

Minor cracking.
Minor damage.

Minor damage. Doors operable.

Connections yield; negligible damage
to panels. No loss of function or
weather-tightness.

No cracked or broken panes.

Minor cracking at openings. Minor
crushing and cracking at corners.

Minor cracking.

Generally negligible damage with no
impact on reoccupancy or
functionality.

Minor damage.

Minor damage to the elements, but
essentially in place.

Negligible damage.
Negligible damage.

Some minor damage. Doors operable.

NOTES: This table describes damage patterns commonly associated with nonstructural components for Nonstructural Performance Levels. The damage states
described in the table might occur in some elements at the Nonstructural Performance Level, but it is unlikely that all of the damage states described will occur
in all components at that Nonstructural Performance Level. The descriptions of damage states do not replace or supplement the quantitative definitions of
performance provided elsewhere in this standard and are not intended for use in postearthquake evaluation of damage or for judging the safety of, or required
level of repair to, a structure after an earthquake. They are presented to assist engineers using this standard to understand the relative degrees of damage at

each defined performance level.

Damage patterns in nonstructural elements depend on the modes of behavior of those elements. More complete descriptions of damage patterns and levels of
damage associated with damage levels can be found in other documents, such as FEMA E-74 (2011).

of the nonstructural components meeting a lower Performance
Level. The Not Considered (N-D) Performance Level is intended
to denote the Performance Level for which nonstructural com-
ponents have not been evaluated, installed, or retrofitted, with
specific attention paid to seismic design, or a situation in which
only selected components have been retrofit but not enough to
fully conform to the Life Safety Nonstructural Performance
Level. For some nonstructural components at the Not Considered
Performance Level, the typical installation or attachment details
for the nonstructural component might provide some nominal
capacity to resist seismic forces, including resistance by the use
of friction.

For simplicity and ease of use, this standard treats Non-
structural Performance Levels N-A through N-C as cumulative.
That is, any provision required to achieve N-B performance is
also required to achieve N-A performance, and any provision
required to achieve N-C performance is also required for N-A
or N-B performance. Although this is rational in most cases,
there are cases in which a safety-related N-C provision might
have little actual relevance to a cost- or downtime-based objec-
tive. For example, an unessential piece of overhead equipment
or an unreinforced masonry partition might legitimately threaten
safety during the shaking, but if the damage is easily contained
and the component is easily removed, repaired, or replaced,
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the effect on functional recovery is likely to be small. Never-
theless, for purposes of creating a usable and enforceable stan-
dard, these cases are not formally recognized as exceptions.
Negotiation of scope exceptions among stakeholders on a
given project or mitigation program is outside the scope of this
standard.

By necessity, this standard is generic with respect to building
uses. Though certain Nonstructural Performance Levels might
be more or less appropriate for certain large classes of buildings
(for example, buildings assigned to different Risk Categories as
defined by the applicable regulations, building code, policy stan-
dards, or ASCE 7), the standard does not distinguish between
actual uses within a class. For example, a rational safety-based
objective for an assisted living facility or daycare center might
consider certain vulnerabilities that would be reasonably ignored
in an office building. Similarly, a downtime-based objective for
an apartment building might reasonably require less attention to
certain items than a downtime-based objective for a restaurant
or department store that provides a public accommodation or for
a manufacturing facility sensitive to dust and debris. Customized
scopes that borrow from the N-A, N-B, and N-C provisions thus
make sense for special occupancies. Nevertheless, this standard
provides only generic provisions expected to apply to most
buildings similarly situated. Again, negotiation of scope excep-
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Table C2-6. Nonstructural Performance Levels and lllustrative Damage—Mechanical, Electrical, and Plumbing Systems and
Components

System or Component Group

Nonstructural Performance Levels

Life Safety (N-C)

Position Retention (N-B)

Operational (N-A)

Elevators

HVAC equipment

Manufacturing equipment

Ducts

Piping

Fire suppression piping

Fire alarm systems
Emergency lighting
Electrical distribution
equipment

Light fixtures

Plumbing

Elevators out of service; counterweights do
not dislodge.

Units shifted on supports, rupturing attached
ducting, piping, and conduit, but did not
fall. Units might not operate.

Units slid and overturned; utilities
disconnected. Heavy units require
reconnection and realignment. Sensitive
equipment might not be functional.

Ducts broke loose from equipment and
louvers; some supports failed; some ducts
fell.

Some lines rupturea. Some supports failing.
Some piping falling.

Some sprinkler heads damaged by swaying
ceilings. Leaks develop at some couplings.

Ceiling-mounted sensors damaged. Might
not function.

Some lights fall. Power might be available
from emergency generator.

Units shift on supports and might not
operate. Generators provided for emergency
power start; utility service lost.

Many broken light fixtures. Falling hazards
generally avoided in heavier fixtures.
Some fixtures broken, lines broken; mains
disrupted at source.

Elevators operable; can be started
when power available.

Units are secure and possibly
operate if power and other
required utilities are available.

Units secure but potentially not
operable.

Minor damage at joints but ducts
remain serviceable.

Minor leaks develop at a few
joints. Some supports damaged,
but systems remain suspended.

Minor leakage at a few heads or
pipe joints. System remains
operable.

System is functional.

System is functional.

Units are secure and generally
operable. Emergency generators
start but might not be adequate to
service all power requirements.
Minor damage. Some pendant
lights broken.

Fixtures and lines serviceable;
however, utility service might not
be available.

Elevators operate.

Units are secure and operate if
emergency power and other
utilities provided.

Units secure and operable if
power and utilities available.

Negligible damage.

Negligible damage.

Negligible damage.

System is functional.
System is functional.

Units are functional. Emergency
power is provided, as needed.

Negligible damage.

System is functional. On-site
water supply provided, if
required.

NOTES: This table describes damage patterns commonly associated with nonstructural components for Nonstructural Performance Levels. The damage states
described in the table might occur in some elements at the Nonstructural Performance Level, but it is unlikely that all of the damage states described will occur
in a component at that Nonstructural Performance Level. The descriptions of damage states do not replace or supplement the quantitative definitions of per-
formance provided elsewhere in this standard and are not intended for use in postearthquake evaluation of damage or for judging the safety of, or required
level of repair to, a structure after an earthquake. They are presented to assist engineers using this standard to understand the relative degrees of damage at
each defined performance level.

Damage patterns in nonstructural elements depend on the modes of behavior of those elements. More complete descriptions of damage patterns and levels of
damage associated with damage levels can be found in other documents, such as FEMA E-74 (2011).

Table C2-7. Nonstructural Performance Levels and lllustrative Damage—Contents

Nonstructural Performance Levels

Contents Life Safety (N-C) Position Retention (N-B) Operational (N-A)

Units secure and remain connected.
Power might not be available to
operate, and internal damage might
occur.

Some equipment slid off desks.

Drawers slid open, but cabinets did

Units rolled and overturned,
disconnecting cables. Raised-access
floors collapse. Power not available.

Computer systems Units undamaged and operable; power

available.

Desktop equipment
File cabinets

Some equipment slid off desks.
Cabinets overturned and spilled

Equipment secured to desks and operable.
Drawers slid open, but cabinets did not tip.

contents. not tip.
Bookshelves Shelves overturned and spilled Books slid on shelves and some Books remained on shelves.
contents. toppled from shelves.

Hazardous materials Minor damage; occasional materials

spilled; gaseous materials contained.

Negligible damage; materials
contained.

Negligible damage; materials contained.

NOTES: This table describes damage patterns commonly associated with nonstructural components for Nonstructural Performance Levels. The damage states
described in the table might occur in some elements at the Nonstructural Performance Level, but it is unlikely that all of the damage states described will occur
in a component at that Nonstructural Performance Level. The descriptions of damage states do not replace or supplement the quantitative definitions of per-
formance provided elsewhere in this standard and are not intended for use in postearthquake evaluation of damage or for judging the safety of, or required
level of repair to, a structure after an earthquake. They are presented to assist engineers using this standard to understand the relative degrees of damage at
each defined performance level.

Damage patterns in nonstructural elements depend on the modes of behavior of those elements. More complete descriptions of damage patterns and levels of
damage associated with damage levels can be found in other documents, such as FEMA E-74 (2011).
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tions among stakeholders on a given project or mitigation
program is outside the scope of this standard.

2.3.2.1 Operational Nonstructural Performance Level (N-A)
Nonstructural Performance Level N-A, Operational, is the post-
earthquake damage state in which the nonstructural components
are able to provide the functions they provided in the building
before the earthquake. Nonstructural components in compliance
with the acceptance criteria of this standard for Operational
Nonstructural Performance (N-A) and the requirements of ASCE
7, Chapter 13, where I, = 1.5 are expected to achieve this post-
earthquake state.

C2.3.2.1 Operational Nonstructural Performance Level (N-A)
At this Performance Level, most nonstructural systems required
for normal use of the building are functional, although minor
cleanup and repair of some items might be required. Achieving
the Operational Nonstructural Performance Level requires con-
siderations of many elements beyond those that are normally
within the sole province of the structural engineer’s responsibili-
ties. For N-A performance, in addition to ensuring that nonstruc-
tural components are properly mounted and braced within the
structure, it is often necessary to provide emergency standby
equipment to provide utility services from external sources that
might be disrupted. It might also be necessary to perform quali-
fication testing to ensure that all necessary equipment will func-
tion during or after strong shaking.

Specific design procedures and acceptance criteria for this
Nonstructural Performance Level are included in this standard.
One of the major requirements for Operational Nonstructural
Performance is equipment certification for function following
the design Seismic Hazard Level event. The following docu-
ments, though they do not comprise a complete set of references,
might be useful for qualifying equipment for Operational Non-
structural Performance.

1. ACI156. Acceptance Criteria for Seismic Certification by
Shake-Table Testing of Nonstructural Components (1CC-
ES, 2010).

2. DOE/EH-545. Seismic Evaluation Procedure for Equipment
in U.S. Department of Energy Facilities (U.S. Department
of Energy 1997).

3. IEEE 693. IEEE Recommended Practice for Seismic
Design of Substations (IEEE 1997).

4. CERL Technical Report 97/58. The CERL Equipment
Fragility and Protection Procedure (CEFAPP): Experi-
mental Definition of Equipment Vulnerability to Transient
Support Motions (Wilcoski et al. 1997).

5. ASCE 7-10. Minimum Design Loads for Buildings and
Other Structures (ASCE 2010).

Requirements and criteria for seismic qualification testing are
outside the scope of this standard. Nevertheless, where such
testing is performed, the general philosophy of this standard
suggests that the testing protocols and documentation should be
independently peer-reviewed for adequacy by a qualified struc-
tural engineer. Design review procedures similar to those in
Sections 14.2.7.1 and 14.3.7 might be appropriate.

The Operational Nonstructural Performance Level essentially
mirrors the requirements of ASCE 7 nonstructural seismic provi-
sions for cases where I, is taken as 1.5. Chapter 13 of ASCE 7
and its associated commentary provide additional detail.

2.3.2.2 Position Retention Nonstructural Performance Level
(N-B) Nonstructural Performance Level N-B, Position Reten-
tion, is the postearthquake damage state in which nonstructural
components might be damaged to the extent that they cannot

42

immediately function but are secured in place so that damage
caused by falling, toppling, or breaking of utility connections is
avoided. Building access and Life Safety systems, including
doors, stairways, elevators, emergency lighting, fire alarms, and
fire suppression systems, generally remain available and opera-
ble, provided that power and utility services are available.
Nonstructural components in compliance with the acceptance
criteria of this standard for Position Retention Nonstructural
Performance (N-B) and the requirements of ASCE 7 Chapter 13
are expected to achieve this postearthquake state.

C2.3.2.2 Position Retention Nonstructural Performance
Level (N-B) This level of performance is more restrictive than
the Life Safety Level because it involves bracing and anchorage
of certain components that, based on their past performance, are
not expected to pose significant risks to Life Safety.

Presuming that the building is structurally safe, occupants of
a building or space performing at the N-B level are able to
occupy the building safely, though normal use might be impaired,
some cleanup might be needed, and some inspection might be
warranted. In general, building equipment is secured in place
and might be able to function if necessary utility service is avail-
able. However, some components might experience misalign-
ments or internal damage and be inoperable. Power, water,
natural gas, communications lines, and other utilities required
for normal building use might not be available. Cladding,
glazing, ceilings, and partitions might be damaged but would
not present safety hazards or unoccupiable conditions. The risk
of life-threatening injury caused by nonstructural damage is
very low.

The Position Retention Performance Level essentially mirrors
the requirements of ASCE 7 nonstructural seismic provisions for
cases where I, is taken as 1.0. Chapter 13 of ASCE 7 and its
associated commentary provide additional detail.

2.3.2.3 Life Safety Nonstructural Performance Level (N-C)
Nonstructural Performance Level N-C, Life Safety, is the post-
earthquake damage state in which nonstructural components
may be damaged, but the consequential damage does not pose
a life-safety threat. Nonstructural components in compliance
with the acceptance criteria of this standard for Life Safety
Nonstructural Performance (N-C) and the requirements of
ASCE 7, Chapter 13, are expected to achieve this postearthquake
state.

C2.3.2.3 Life Safety Nonstructural Performance Level (N-C)
In a building performing at the N-C level, nonstructural com-
ponents might have sustained significant and costly damage,
but they would not become dislodged and fall in a manner that
could cause death or serious injury, either to occupants or to
people in immediately adjacent areas. Egress routes within the
building are not extensively blocked but might be impaired by
lightweight structural, architectural, mechanical, or furnishings
debris, but Life Safety systems (including fire suppression
systems) and hazardous materials storage and distribution should
be functional.

2.3.2.4 Nonstructural Performance Not Considered (N-D)
Where an evaluation or retrofit does not address all nonstructural
components to one of the levels in the previous sections,
the Nonstructural Performance Level shall be Nonstructural
Performance Not Considered (N-D).

C2.3.2.4 Nonstructural Performance Not Considered (N-D)
In some cases, the decision to rehabilitate the structure might be
made without addressing the vulnerabilities of nonstructural
components. In practice, this decision is often made where
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nonstructural mitigation would disrupt normal uses of the build-
ing. Because many more earthquake-related deaths result from
structural collapse than from nonstructural hazards, mitigation
programs focused on reducing casualties might reasonably
require only structural evaluation and retrofit. Another possibil-
ity is to address structural issues and only those nonstructural
hazards where very heavy elements can fall on occupants or
hazards around the perimeter of the building. The crushing inju-
ries caused by falling hazards have a higher likelihood of life
loss than other types of earthquake-caused injuries. For example,
parapet bracing ordinances were one of the first seismic building
safety requirements because these nonstructural elements were
observed to fail at earthquake ground motions much lower than
those that damaged most buildings.

Mitigation of any select subset of high-hazard nonstructural
elements, where the subset is less than the complete set required
for Life Safety Nonstructural Performance (N-C), would fall
under this performance level solely because all nonstructural life
safety hazards would not have been addressed in a manner suf-
ficient to qualify for Life Safety Nonstructural Performance
(N-O).

2.3.3 Designation of Target Building Performance Levels
A target Building Performance Level is designated alphanumeri-
cally with a numeral representing the Structural Performance
Level and a letter representing the Nonstructural Performance
Level, such as 1-B, 3-C, 5-E, or 6-C.

C2.3.3 Designation of Target Building Performance Levels
Several common target Building Performance Levels described
in this section are shown in Figure C2-1. Many combinations are
possible because structural performance can be selected at any
level in the two Structural Performance Ranges. Table C2-8
indicates some of the possible combinations of target Building
Performance Levels and provides names for those most likely to
be selected as the basis for design.

2.3.3.1 Operational Building Performance Level (1-A) To
attain the Operational Building Performance Level (1-A), the
structural components of the building shall meet the require-
ments of Section 2.3.1.1 for the Immediate Occupancy Structural
Performance Level (S-1) and the nonstructural components shall
meet the requirements of Section 2.3.2.1 for the Operational
Nonstructural Performance Level (N-A).

C2.3.3.1 Operational Building Performance Level (1-A)
Buildings meeting this target Building Performance Level are
expected to sustain minimal or no damage to their structural
and nonstructural components. The building is suitable for its
normal occupancy and use, although possibly in a slightly

impaired mode, with power, water, and other required utilities
provided from emergency sources, and possibly with some
nonessential systems not functioning. Buildings meeting this
target Building Performance Level pose an extremely low Life
Safety risk.

Under very low levels of earthquake ground motion, most
buildings should be able to meet or exceed this target Building
Performance Level. Typically, it is not economically practical to
modify existing buildings to meet this target Building Perfor-
mance Level for severe ground shaking, except for buildings that
house essential services.

2.3.3.2 Immediate Occupancy Building Performance Level
(1-B) To attain the Immediate Occupancy Building Performance

higher performance
less loss

Expected Postearthquake
Damage State

Operational (1-A)

Backup utility services maintain
functions; very little damage.
(S-1 & N-A)

Immediate Occupancy (1-B)
The building remains safe to
occupy; any repairs are minor.
(S-1 & N-B)

Life Safety (3-C)

Structure remains stable and
has significant reserve
capacity; hazardous
nonstructural damage is
controlled. (S-3 & N-C)

Collapse Prevention (5-E)
The building remains standing,
but only barely; any other
damage or loss is acceptable.
(S-5 & N-E)

lower performance
more loss

FIG. C2-1. Target Building Performance Levels and Ranges

Table C2-8. Target Building Performance Levels

Structural Performance Levels

Nonstructural Performance Immediate Damage Limited Collapse Not Considered
Levels Occupancy (S-1) Control (S-2) Life Safety (S-3) Safety (S-4) Prevention (S-5) (S-6)
Operational (N-A) Operational 1-A 2-A NR* NR* NR*
Position Retention (N-B) Immediate 2-B 4-B NR¢ NR¢
Occupancy 1-B
Life Safety (N-C) 1-C 2-C Life Safety 3-C 4-C 5-C 6-C
Not Considered (N-D) NR* NR* 4-D Collapse No evaluation

Prevention 5-D or retrofit

NOTE: NR = Not recommended.

“Combining low Structural Performance Level with high Nonstructural Performance Level, or the converse, is not recommended for several reasons. For
example, having a low Structural Performance Level may lead to damage that prohibits actually achieving the desired Nonstructural Performance Level regard-
less of whether the nonstructural elements were retrofit to meet that Performance Level. Additionally, not addressing nonstructural hazards when a higher
Structural Performance Level retrofit is undertaken may lead to an unbalanced design, where life safety hazards caused by nonstructural items are still present.

Seismic Evaluation and Retrofit of Existing Buildings
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Level (1-B), the structural components of the building shall meet
the requirements of Section 2.3.1.1 for the Immediate Occupancy
Structural Performance Level (S-1) and the nonstructural com-
ponents of the building shall meet the requirements of Section
2.3.2.2 for the Position Retention Nonstructural Performance
Level (N-B).

C2.3.3.2 Immediate Occupancy Building Performance Level
(1-B) Buildings meeting this target Building Performance
Level are expected to sustain minimal or no damage to their
structural elements and only minor damage to their nonstructural
components. Although it would be safe to reoccupy a building
meeting this target Building Performance Level immediately
after a major earthquake, nonstructural systems might not func-
tion, either because of the lack of electrical power or internal
damage to equipment. Therefore, although immediate reoccu-
pancy of the building is possible, it might be necessary to
perform some cleanup and repair and await the restoration of
utility service before the building can function in a normal mode.
The risk to Life Safety at this target Building Performance Level
is very low.

Many building owners might wish to achieve this level of
performance when the building is subjected to moderate earth-
quake ground motion. In addition, some owners might desire
such performance for very important buildings under severe
earthquake ground shaking. This level provides most of the
protection obtained under the Operational Building Performance
Level without the cost of providing standby utilities and
performing rigorous seismic qualification of equipment
performance.

2.3.3.3 Life Safety Building Performance Level (3-C) To
attain the Life Safety Building Performance Level (3-C), the
structural components of the building shall meet the require-
ments of Section 2.3.1.3 for the Life Safety Structural
Performance Level (S-3) and the nonstructural components shall
meet the requirements of Section 2.3.2.3 for the Life Safety
Nonstructural Performance Level (N-C).

C2.3.3.3 Life Safety Building Performance Level (3-C) For
purposes of this document, the term Life Safety as a seismic
performance descriptor is used in a specific way. A building
conforming to a Life Safety description does not mean that there
will be no injuries to occupants or persons in the immediate
vicinity of the building in an earthquake of the Seismic Hazard
Level assessed, but few, if any, of the occupant injuries are
expected to be serious enough to require skilled medical atten-
tion for the injured person to survive. An injury to a person that
occurs because of the earthquake performance of a building
evaluated as not life safe is one that requires skilled medical
attention within 24 hours of the injury for the person to survive.
It is recognized that many injuries, indeed most, that could
occur to occupants of a building are not likely to be evaluated
as posing a survival threat because the injury could be treated
by first aid treatment. An injury might be evaluated as consistent
with this Life Safety descriptor even though the person has
been injured.

Buildings meeting this level may experience extensive damage
to structural and nonstructural components. Repairs may be
required before reoccupancy of the building occurs, and repair
may be deemed economically impractical. The risk to Life
Safety in buildings meeting this target Building Performance
Level is low.

This target Building Performance Level may entail more
damage than anticipated for new buildings that have been prop-
erly designed and constructed for seismic resistance when sub-
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jected to their design earthquakes. Building owners may desire
to meet this target Building Performance Level for severe ground
shaking.

2.3.3.4 Collapse Prevention Building Performance Level
(5-D) To attain the Collapse Prevention Building Performance
Level (5-D), the structural components of the building shall meet
the requirements of Section 2.3.1.5 for the Collapse Prevention
Structural Performance Level (S-5). Nonstructural components
are Not Considered (N-D).

2.4 SEISMIC HAZARD

The seismic hazard caused by ground shaking shall be based on
the location of the building with respect to causative faults, the
regional and site-specific geologic and geotechnical characteris-
tics, and the specified Seismic Hazard Levels. Assessment of the
site-failure hazards caused by earthquake-induced geologic and
geotechnical conditions shall be performed in accordance with
Chapter 8. The site class shall be determined consistent with the
requirements of Section 2.4.1.6.1.

Seismic hazard caused by ground shaking shall be defined as
acceleration response spectra or ground motion acceleration his-
tories determined on either a probabilistic or deterministic basis.
Acceleration response spectra shall be developed in accordance
with either the general procedure of Section 2.4.1 or the site-
specific procedure of Section 2.4.2. Ground motion acceleration
histories shall be developed in accordance with Section 2.4.2.2.
The Level of Seismicity of the site of the building shall be deter-
mined as specified in Section 2.5.

The site-specific procedure shall be used where any of the
following conditions apply:

1. The building is located on Site Class E soils (as defined in
Section 2.4.1.6.1), and the mapped BSE-2N spectral
response acceleration at short periods (Sys) exceeds 2.0;

2. The building is located on Site Class F soils (as defined in
Section 2.4.1.6.1).

EXCEPTION: Where S determined in accordance with
Section 2.4.1.1 is less than 0.20 for buildings located on Site
Class F soils, use of a Site Class E soil profile without a site-
specific study is permitted.

2.4.1 General Procedure for Hazard Caused by Ground
Shaking The seismic hazard caused by ground shaking is
defined for any Seismic Hazard Level using approved 5%-
damped response spectrum ordinates for short (0.2s) and
long (1s) periods, in the direction of maximum horizontal
response.

The design short-period spectral response acceleration param-
eter, Sys, and the design long-period response acceleration
parameter, Sx;, shall be determined as follows:

1. If the desired Seismic Hazard Level is BSE-2N, BSE-IN,
BSE-2E, or BSE-1E, obtain the design spectral response
acceleration parameters in accordance with Sections 2.4.1.1
through 2.4.1.4;

2. If the desired Seismic Hazard Level is one for which
approved seismic hazard maps are available either in print
or electronically, obtain spectral response acceleration
parameters directly from them. Values between map
contour lines shall be interpolated between contour lines
on either side of the site, or by using the value shown on
the map for the higher contour adjacent to the site;

3. If the desired Seismic Hazard Level is one for which
approved probabilistic seismic hazard curves (but not
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maps) are available, obtain spectral response acceleration
parameters by direct logarithmic interpolation of the
seismic hazard curves, in accordance with Section 2.4.1.5;

4. Obtain the design spectral response acceleration parame-
ters by adjusting the mapped or interpolated spectral
response acceleration parameters for site class effects, in
accordance with Section 2.4.1.6;

5. Using the design spectral response acceleration parameters
that have been adjusted for site class effects, develop
the general response spectrum in accordance with Section
24.1.7.

C2.4.1 General Procedure for Hazard Caused by Ground
Shaking Although the performance objective options featured
in this standard allow consideration of any Seismic Hazard Level
that might be of interest, there are four levels specified explicitly
in the standard for use for specific Performance Objectives. This
standard uses seismic hazard maps prepared by the U.S. Geologic
Survey (USGS) National Seismic Hazard Mapping Project based
on its 2008 update (Petersen et al. 2008), as well as the Risk-
Targeted Maximum Considered Earthquake (MCEg) ground
motion maps in ASCE 7. Both suites of maps incorporate three
of the Next Generation Attenuation Relationships (Power et al.
2008), among many other changes with respect to their previous
editions. It is important to note that these maps also incorporate
adjustments from “geomean” ground motions (the product of
hazard assessment using modern ground motion attenuation
functions) to “maximum-direction” ground motions, for reasons
explained in the Part 1 commentary of FEMA P-750 (2009¢c).
The adjustment to get “maximum direction values” from
“geomean values” is a factor of 1.1 for the short-period param-
eters and 1.3 for the long-period parameters. Although the maps
provide a ready source for this type of information, this standard
may be used with approved seismic hazard data from any source,
as long as it is expressed as 5%-damped response spectrum
ordinates for short-period (0.2s) and long-period (15s) periods,
in the maximum direction of horizontal response. In fact, site-
specific procedures can be used where available seismic hazard
maps do not adequately characterize the local hazard. Such con-
ditions might exist at some locations near active seismic faults.
Such site-specific hazard values can be determined either by a
knowledgeable professional expert on such studies or from Web-
based tools maintained by the U.S. Geological Survey or similar
state or local agencies.

This standard requires that “maximum direction” values be
used. However, at the discretion of the designer or regulator, the
“geomean” values may be used for Reduced Performance Objec-
tive evaluations or retrofits by dividing the short-period param-
eter Sxs by 1.1 and the long-period parameter Sy, by 1.3. For
periods between the short period, T = 0.2s, and long period,
T = 1.0s, one can divide by a factor that is an interpolation
between 1.1 for T=0.2s and 1.3 for 7= 1.0s and the period of
the desired response spectrum parameter to obtain other geomean
response spectrum parameters.

2.4.1.1 BSE-2N Spectral Response Acceleration Parameters
The design short-period spectral response acceleration parame-
ter, Sys, and the design spectral response acceleration parameter
at a 1-s period, Sy, for the BSE-2N Seismic Hazard Level shall
be determined using values of Sg and S, taken from the Risk-
Targeted Maximum Considered Earthquake (MCEg) spectral
response acceleration contour maps in Chapter 22 of ASCE 7,
modified for site class in accordance with Section 2.4.1.6. Values
between contour lines shall be interpolated in accordance with
the procedure given in Section 2.4.1.
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C2.4.1.1 BSE-2N Spectral Response Acceleration Param-
eters The BSE-2N Seismic Hazard Level is consistent with the
MCEy ground motions in ASCE 7 and FEMA P-750 (2009c¢). In
most areas of the United States, the BSE-2N Seismic Hazard
Level can be thought of as the seismic hazard with a 2% prob-
ability of exceedance in 50 years (2%/50-year) multiplied by a
risk coefficient. The resulting MCEg ground motion, which can
be larger or smaller than the 2%/50-year values, is such that new
buildings designed by the IBC (ICC, 2012) for that ground
motion have a 1% probability of collapse in 50 years (approxi-
mately). At sites close to known faults with significant slip rates
and characteristic earthquakes with magnitudes in excess of
about 6.0, the MCEy ground motion is limited by a deterministic
estimate of ground motion based on the 84th-percentile shaking
likely to be experienced in such a characteristic event. Ground-
shaking levels determined in this manner typically correspond
to risks of collapse greater than 1% in 50 years. The design
professional is referred to FEMA P-750 (2009¢) and Luco et al.
(2007) for further discussion of MCEy ground motions and risk
targeting, respectively.

The MCER ground motion was chosen for use with the new
design code equivalent performance objectives so that consistent
ground motion parameters are used between ASCE 7 and this
standard.

2.4.1.2 BSE-1IN Spectral Response Acceleration Parameters
The design short-period spectral response acceleration parame-
ter, Sys, and the design spectral response acceleration parameter
at a 1-s period, Sy, for the BSE-1N Seismic Hazard Level shall
be taken as two-thirds of the values of the parameters for the
BSE-2N Seismic Hazard Level, determined in accordance with
Section 2.4.1.1.

C2.4.1.2 BSE-IN Spectral Response Acceleration Param-
eters The BSE-1N parameters are intended to match the design
earthquake ground motions in ASCE 7 for use in the BPON.

In building design provisions before the 1997 NEHRP (FEMA,
1997e and 1997f), the seismic hazard was generally based on an
earthquake with a 10% probability of exceedance in 50 years.
That hazard was retained in ASCE 41-06 as one of two options
for the BSE-1, along with 2/3 of the MCE. Starting with the 1997
NEHRP provisions, and subsequently the 2000 IBC (ICC, 2000),
the 10%/50-year Seismic Hazard Level is no longer explicitly
referenced in new building design standards and is no longer
explicitly referenced in this standard. This lack of inclusion in
the standard’s pre-defined Seismic Hazard Levels, however, does
not prohibit the use of the 10%/50-year ground motion as the
Seismic Hazard Level for any performance objective other
than the explicitly defined BPOE or BPON Performance
Objectives.

2.4.1.3 BSE-2E Spectral Response Acceleration Parameters
The design short-period spectral response acceleration parame-
ter, Sxs, and the design spectral response acceleration parameter
at a 1-s period, Sy,, for the BSE-2E Seismic Hazard Level shall
be taken as values from approved 5%/50-year maximum direc-
tion spectral response acceleration contour maps (denoted Sg and
S, in this standard), modified for site class in accordance with
Section 2.4.1.6. Values between contour lines shall be interpo-
lated in accordance with the procedure in Section 2.4.1. Values
for BSE-2E need not be greater than those for BSE-2N.

C2.4.1.3 BSE-2E Spectral Response Acceleration Param-
eters For the BSE-2E Seismic Hazard Level, the 5%/50-year
probability of exceedance was chosen initially because it repre-
sented ground motions approximately 75% as large as those
prescribed for new buildings in California, where the 75%
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approach originated and has been most widely used (see Section
C2.2.1). This definition has also been used in the California
State Building Code for state buildings since the mid-1990s.
Furthermore, when examining the anticipated risk of collapse
using the same idealized fragility curves used in developing the
Risk-Targeted Maximum Considered Earthquake (MCEy) hazard
parameters in ASCE 7, one finds that on average the risk of col-
lapse for structures designed using the 5%/50-year hazard level
is more uniform than would be achieved with a constant 75%
demand adjustment factor. Values shall be those approved by the
authority having jurisdiction.

Because of the deterministic caps placed on some of the prob-
abilistic ground motions for new building designs, some of the
5%/50-year hazard parameters are greater than their MCEgy
counterparts. Given that the philosophy is to provide for lesser
design parameters than for new buildings (as discussed in Section
C2.2.1), it is not consistent to have the BSE-2E ground motions
be greater than the BSE-2N values, notwithstanding the different
bases of analysis of the two standards. It is for this reason that
the 5%/50-year hazard parameters are capped at the BSE-2N
values. Furthermore, this limit means that in locations where the
MCEg demand is capped, the BSE-2E demand is the same as the
BSE-2N demand (or more than 75% of it), eliminating some or
all of the intended, traditional effect of the BPOE, as discussed
in Section C2.2.1.

2.4.1.4 BSE-1E Spectral Response Acceleration Parameters
The design short-period spectral response acceleration parame-
ter, Sxs, and the design spectral response acceleration parameter
at a 1-s period, Sx;, for the BSE-1E Seismic Hazard Level shall
be taken as values from approved 20%/50-year maximum direc-
tion spectral response acceleration contour maps (denoted Sg and
S, in this standard), and modified for site class in accordance
with Section 2.4.1.6. Values between contour lines shall be inter-
polated in accordance with the procedure in Section 2.4.1. Values
for BSE-1E need not be greater than those for BSE-1N.

C2.4.1.4 BSE-1E Spectral Response Acceleration Param-
eters The BSE-1E Seismic Hazard Level is the analogous
reduction to BSE-1N as the BSE-2E is to the BSE-2N.

2.4.1.5 Response Acceleration Parameters for Other Pro-
babilities of Exceedance Acceleration response spectra for
Seismic Hazard Levels corresponding to probabilities of exceed-
ance other than those listed in Sections 2.4.1.3 (for BSE-2E)
and 2.4.1.4 (for BSE-1E) shall be obtained directly from
approved seismic hazard curves or a site-specific seismic hazard
evaluation.

C2.4.1.5 Response Acceleration Parameters for Other Pro-
babilities of Exceedance Response acceleration parameters
other than those specifically defined in this standard can be used
for Limited (i.e., less than BPOE) or Enhanced (i.e., more than
BPOE)Performance Objectives. Seismic hazard parameters are
available from the USGS through their website: earthquake
.usgs.gov.

2.4.1.6 Adjustment for Site Class The design short-period
spectral response acceleration parameter, Sys, and the design
spectral response acceleration parameter at 1s, Sy, shall be
obtained from Egs. (2-1) and (2-2), respectively, as follows:

Sxs = FuSs 2-1
Sx1=F5 (2-2)

where F, and F, are site coefficients determined respectively
from Tables 2-3 and 2-4, based on the site class and the values

46

Table 2-3. Values of F, as a Function of Site Class and Mapped
Short-Period Spectral Response Acceleration Ss

Mapped Spectral Acceleration at Short-Period Ss*

Site Class $5<0.25 S5=0.50 Ss=0.75 Ss=1.00 Ss2>1.25
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.2 1.2 1.1 1.0 1.0
D 1.6 1.4 1.2 1.1 1.0
E 2.5 1.7 1.2 0.9 0.9
F b b b b b

“Straight-line interpolation shall be used for intermediate values of Ss.
"Site-specific geotechnical investigation and dynamic site response analyses
shall be performed.

Table 2-4. Values of F, as a Function of Site Class and Mapped
Spectral Response Acceleration at 1-s Period S,

Mapped Spectral Acceleration at 1-s Period S;*

Site Class S$,<041 §;=0.2 5 =03 $; =04 S, 2 0.50
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.7 1.6 1.5 1.4 1.3
D 2.4 2.0 1.8 1.6 1.5
E 3.5 32 2.8 2.4 2.4
F b b b b b

“Straight-line interpolation shall be used for intermediate values of S;.
*Site-specific geotechnical investigation and dynamic site response analyses
shall be performed.

of the response acceleration parameters Ss and S; for the selected
return period.

2.4.1.6.1 Site Classes Site classes shall be defined as follows:

1. Site Class A: Hard rock with average shear wave velocity,
vs > 5,000 ft/s;

2. Site Class B: Rock with 2,500 ft/s < v; < 5,000 ft/s;

3. Site Class C: Very dense soil and soft rock with
1,200 ft/s <v; <2,500ft/s or with either standard
blow count N >50 or undrained shear strength
5, > 2,000 1b/ft?;

4. Site Class D: Stiff soil with 600 ft/s < v, <1,200 ft/s or
with 15 <N <50 or 1,000 Ib/ft? <, < 2,000 Ib/ft*;

5. Site Class E: Any profile with more than 10ft of soft clay
defined as soil with plasticity index PI > 20, or water
content w > 40%, and 5, < 500 1b/ft? or a soil profile with
v, <600 ft/s; and

6. Site Class F: Soils requiring site-specific evaluations:

A. Soils vulnerable to potential failure or collapse under
seismic loading, such as liquefiable soils, quick and
highly sensitive clays, or collapsible weakly cemented
soils;

B. Peats or highly organic clays (H > 10 ft of peat or highly
organic clay, where H = thickness of soil);

C. Very high plasticity clays (H > 25 ft with PI > 75); or

D. Very thick soft or medium-stiff clays (H > 120ft).

The parameters vy, N, and s, are, respectively, the average
values of the shear wave velocity, standard penetration test
(SPT) blow count, and undrained shear strength of the upper
100ft of soils at the site. These values shall be calculated from
Eq. (2-3):
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d;
Vo N5y = (2-3)
4 d; di
i=1 Vsi ’ Ni ' Sui

where N; = SPT blow count in soil layer i;
n = number of layers of similar soil materials for which
data are available;
d; = depth of layer i;
s,; = undrained shear strength in layer i;
v,; = shear wave velocity of the soil in layer i; and

id,. =100ft (2-4)

i=1

Where v, data are available for the site, such data shall be used
to classify the site. If such data are not available, N data shall be
used for cohesionless soil sites (sands, gravels), and s, data for
cohesive soil sites (clays). For rock in profile classes B and C,
classification shall be based either on measured or estimated
values of v,. Classification of a site as Class A rock shall be based
on measurements of v, either for material at the site itself or for
rock having the same formation adjacent to the site; otherwise,
Class B rock shall be assumed. Class A or B profiles shall not
be assumed to be present if there is more than 10ft of soil
between the rock surface and the base of the building.

2.4.1.6.2 Default Site Class If there are insufficient data avail-
able to classify a soil profile as Class A, B, or C and there is no
evidence of soft clay soils characteristic of Class E in the vicinity
of the site, the default site class shall be taken as Class D. If
there is evidence of Class E soils in the vicinity of the site and
no other data supporting selection of Class A, B, C, or D, the
default site class shall be taken as Class E.

C2.4.1.6.2 Default Site Class For most sites, the site coeffi-
cients for Site Class D provide a sufficiently conservative esti-
mation of the effect of the site amplification on the mapped
spectral response parameters. However, in some cases, where
very soft soil is encountered, the approximations from assuming
Site Class D may not sufficiently account for the site amplifica-
tion of rock ground motions. In those cases, it is more appropri-
ate to assume a Site Class E, which is why the standard requires
the use of Site Class E if there is knowledge of the potential
for the site to be classified as Site Class E. It should be noted
that the site coefficients for Site Class E are smaller than those
for Site Class D in the short period range. This difference is
caused by the softer site not amplifying short-period shaking as
much. Because of that, an assumption of Site Class E may be
unconservative if the building is a short-period dominated build-
ing. In addition, the assumption of Site Class E as opposed to
Site Class D, though providing a lower short-period response
parameter, may cause the building to be classified in a higher
level of seismicity. In those cases, the design professional and
the authority having jurisdiction should exercise judgment about
what site class is appropriate for consideration.

2.4.1.7 General Response Spectrum A general response spec-
trum shall be developed as specified in Sections 2.4.1.7.1 and
24.1.7.2.

2.4.1.7.1 General Horizontal Response Spectrum A general
horizontal response spectrum, as shown in Fig. 2-1, shall be
developed using Egs. (2-5), (2-6), (2-7), and (2-8) for spectral
response acceleration, S,, versus structural period, 7, in the hori-
zontal direction.
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FIG. 2-1. General Horizontal Response Spectrum

S, :KB%—Z]TLS+O.4} (2-5)
for 0 < T < T,, and

S, =Sxs/B, for Ty < T < Ts, and (2-6)
S, =8Sx1/(BT),forTg <T <T, 2-7
S, =TSy /(BT?), for T > T, (2-8)

where T and T, are given by Eqgs. (2-9) and (2-10):
T5 = Sx1/Sxs (2-9)
T, =0.2T; (2-10)

T, = the long-period transition parameter, shall be obtained
from published maps, site-specific response analysis, or any
other method approved by the authority having jurisdiction.
and where

B, =4/[5.6—In(100B)]

and P is the effective viscous damping ratio.

Use of spectral response accelerations calculated using Eq.
(2-5) in the extreme short-period range (T < Ty) shall only be
permitted in dynamic analysis procedures and only for modes
other than the fundamental mode.

(2-11)

2.4.1.7.2 General Vertical Response Spectrum Where a vertical
response spectrum is required for analysis per Chapter 7, it shall
be developed by taking two-thirds of the maximum horizontal
spectral ordinate, at each period, obtained for the horizontal
response spectrum or by alternative rational procedures.
Alternatively, it shall be permitted to develop a site-specific
vertical response spectrum in accordance with Section 2.4.2.

C2.4.1.7.2 General Vertical Response Spectrum Traditionally,
the vertical response spectra are taken as two-thirds of the hori-
zontal spectrum developed for the site. Although this method
produces a reasonable approximation for most sites, vertical
response spectra at sites located within a few kilometers of the
zone of fault rupture can have stronger vertical response spectra
than those determined by this approximation. Chapter 23 of
FEMA P-750 (2009c) provides additional information on verti-
cal ground motions, including procedures to construct a separate
vertical earthquake response spectrum.

Development of site-specific response spectra for such near
field sites is recommended where vertical response must be
considered for buildings. Kehoe and Attalla (2000) present mod-
eling considerations that should be accounted for where analyz-
ing for vertical effects.
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2.4.2 Site-Specific Procedure for Hazards Caused by Ground
Shaking Where site-specific ground-shaking characterization is
used as the basis of evaluation or retrofit design, the characteriza-
tion shall be developed in accordance with this section.

2.4.2.1 Site-Specific Response Spectra Development of site-
specific response spectra shall be based on the geologic, seismo-
logic, and soil characteristics associated with the specific site and
as specified in Sections 2.4.2.1.1 through 2.4.2.1.6.

For sites located within 3mi (S5km) of an active fault that
controls the hazard of the site-specific response spectra, the
effect of fault-normal and fault-parallel motions shall be consid-
ered. In lieu of a more detailed assessment, the fault-parallel
response spectrum can be taken as the maximum direction spec-
trum adjusted as follows:

* 1/1.1(0.91) times the ordinates of the fault-normal response
spectrum for periods less than or equal to 0.25s;

e 1/1.3(0.77) times the ordinates of the fault-normal response
spectrum for periods equal to or greater than 1.0s; and

e Interpolation can be used for periods between 0.2s
and 1.0s.

C2.4.2.1 Site-Specific Response Spectra The code official
should consider requiring an independent third-party review of
the site-specific spectra by an individual with expertise in the
evaluation of ground motion.

For cases within 3 mi (5Skm) of active faults, generally termed
near-field cases, there is a distinct difference in magnitude of the
response spectrum from acceleration records oriented perpen-
dicular to the fault, termed fault-normal, and those oriented
parallel to the fault, termed fault-parallel. The fault-normal spec-
trum is larger than the fault-parallel spectrum. Because of this
specific case, the fault-normal direction is the maximum direc-
tion. Therefore, the fault-parallel direction response spectrum
does not need to have the maximum direction correction applied
to it and can be represented by the geomean parameters.

2.4.2.1.1 Damping Ratios Response spectra shall be developed
for an effective viscous damping ratio of 5% of critical damping,
B = 0.05, and for other damping ratios appropriate to the indi-
cated structural behavior, as defined in Section 7.2.3.6.

2.4.2.1.2 Minimum Spectral Amplitude The 5% damped site-
specific spectral amplitudes in the period range of greatest sig-
nificance to the structural response shall not be specified as less
than 80% of the spectral amplitudes of the general response
spectrum in Section 2.4.1.7.

For sites located within 3mi (5km) of an active fault, and
when separate fault-normal and fault-parallel spectra are devel-
oped, the fault-parallel spectrum shall not be less than the
following:

e 1/1.1 (0.91) times the ordinates of 80% of the general
response spectrum in Section 2.4.1.7 for periods less than
or equal to 0.2s;

* 1/1.3 (0.77) times the ordinates of 80% of the general
response spectrum in Section 2.4.1.7 for periods equal to
or greater than 1.0s; and

* Interpolation might be used for periods between 0.2s
and 1.0s.

The minimum requirements above apply to free-field response
spectra. Soil foundation structure interaction reductions, such as
those permitted by Section 8.5.1, are to be taken after these
minimum requirements are checked.

2.4.2.1.3 Basis of the Response Spectra Probabilistic site-
specific spectra shall be mean spectra with the maximum direc-
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tion adjustment at the probability of exceedance for the specific
Seismic Hazard Level in Section 2.4.1.

2.4.2.1.4 Site-Specific BSE-2N and BSE-IN Spectral Response
Acceleration Parameters The site-specific response accelera-
tion parameters for the BSE-2N Seismic Hazard Level shall be
determined based on the provisions in Chapter 21 of ASCE 7.
The site-specific response acceleration parameters for the
BSE-1N Seismic Hazard Level shall be two-thirds (2/3) of the
BSE-2N response acceleration parameters.

2.4.2.1.5 Site-Specific BSE-2E and BSE-IE Spectral Response
Acceleration Parameters The site-specific response accelera-
tion parameters for the BSE-2E Seismic Hazard Level shall be
taken as the smaller of the following:

1. The values of the parameters from mean probabilistic site-
specific spectra at the 5%/50-year probability of exceed-
ance adjusted for maximum direction; or

2. The values of the parameters determined for the BSE-2N
Seismic Hazard Level.

The site-specific response acceleration parameters for the
BSE-1E Seismic Hazard Level shall be taken as the values of
the parameters from mean probabilistic site-specific spectra
at the 20%/50-year probability of exceedance adjusted for
maximum direction.

2.4.2.1.6 Site-Specific Response Acceleration Parameters
Where a site-specific response spectrum has been developed
and other sections of this standard require the design response
acceleration parameters, Sy, Sx;, and T, they shall be obtained
using the site-specific response spectrum in accordance with
this section.

Values of the design response acceleration parameter at short
periods, Sxs, shall be taken as the response acceleration obtained
from the site-specific spectrum at a period of 0.2, except that
it shall not be taken as less than 90% of the peak response accel-
eration at any period larger than 0.2s.

Values of the design response acceleration parameter at long
periods, Sy, shall be taken as the greater of the spectral accelera-
tion, S,, at a period of 1s or two times the spectral acceleration,
S,, at a period of 2s.

The values of the design parameters Sxs and Sy, shall not be
less than 80% of the values determined in accordance with
Section 2.4.1.7.

The value of Ty shall be determined in accordance with
Eq. (2-9) using the values of Sys and Sx; determined in this
section.

2.4.2.2 Ground Motion Acceleration Histories Response his-
tory analysis shall be performed with no fewer than three data
sets, each containing two horizontal components or, if vertical
motion is to be considered, two horizontal components and one
vertical component of ground motion acceleration histories that
shall be selected and scaled from no fewer than three recorded
events. Ground motion acceleration histories shall have magni-
tude, fault distances, and source mechanisms that are consistent
with those that control the BSE-2N ground motion, or separate
suites can be selected for the BSE-IN, BSE-2N, BSE-1E, or
BSE-2E Seismic Hazard Levels.

Where three recorded ground motion acceleration history data
sets that have these characteristics are not available or are evalu-
ated as inappropriate for the site location and conditions, simu-
lated ground motion acceleration history data sets that have
equivalent duration and spectral content on average shall be used
to make up the total number required.
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Where three-dimensional analyses are performed, ground
motion acceleration histories shall consist of pairs of appropriate
horizontal ground motion acceleration components that shall be
selected and scaled from individual recorded events, or they
shall be determined in consistent manners.

For each pair of horizontal ground motion acceleration histo-
ries, a square root of the sum of the squares (SRSS) spectrum
shall be constructed by taking the SRSS of the 5% damped
response spectra for the scaled components with an identical
scale factor applied to both components of a pair. Each pair of
motions shall be scaled such that in the period range from 0.2T
to 1.57, the average of the SRSS spectra from all horizontal
acceleration history pairs does not fall below the corresponding
ordinate of the target response spectrum.

At sites within 3mi (5km) of an active fault that controls the
hazard, each pair of horizontal ground motion acceleration his-
tories shall be rotated to the fault-normal and fault-parallel direc-
tions of the causative fault and shall be scaled so that the average
of the fault-normal components is not less than the target
response spectrum for the period range from 0.27 to 1.57.

Where spectral matching techniques are used, it shall be per-
mitted to modify the components such that the average of the
spectra from all ground motion acceleration histories in each
direction does not fall below 71% of the target spectrum in the
period range from 0.27 to 1.57 for sites located more than 3 mi
(5km) of the active fault that controls the hazard. At sites located
within 3mi (5km), the records shall be modified such that the
average of the ground motion acceleration histories in each
direction are matched to separate target fault-normal and fault-
parallel spectra determined in accordance with Section 2.4.2, in
the period range from 0.27 to 1.57.

For seismically isolated systems, T shall be taken as the effec-
tive period of the isolation system at the BSE-2N hazard level
using lower bound isolator properties.

Use of alternate ground motion selection and scaling methods
not specifically covered shall be permitted subject to satisfaction
of independent peer review.

C2.4.2.2 Ground Motion Acceleration Histories The linear
and nonlinear response history analyses require ground motion
acceleration histories that are representative of the seismic
hazard at the site. There is considerable variability in the manner
in which the ground shaking occurs at a site because of the
earthquake occurring on different faults near the site or by earth-
quakes of different magnitudes. Because of that variability,
several different ground motion acceleration histories should be
used when performing response history analysis. Also, because
each specific ground motion acceleration history causes the
structure to respond differently, there is dispersion in the response
parameters. Three records is the minimum number of ground
motion acceleration histories that should be used.

Recognizing that real earthquakes do not affect the structure
in one direction only, pairs of horizontal records are required to
be used when performing a three-dimensional analysis. Vertical
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Table 2-5. Level of Seismicity Definitions

Level of Seismicity” Sps S
Very low <0.167g <0.067g
Low 20.167g 20.067 g

<0.33¢g <0.133g
Moderate >0.33¢g 20.133¢g

<0.50¢g <0.20¢g
High >0.50¢g 20.20g

“The higher level of seismicity defined by Sps or Sp; shall govern.

records should be included when the provisions require the con-
sideration of vertical seismic effects, per Section 7.2.5.2.

The general response spectra in Section 2.4.1 are uniform
hazard response spectra, meaning that they aggregate all possible
earthquake scenarios for the given return period. Therefore, the
individual ground motion acceleration histories may only match
the uniform hazard spectrum over a certain period range. To
address this difference, spectra from each pair are combined
using the SRSS method at each point on the spectrum. After that,
the spectra from the SRSS from each pair are then averaged
together. That average spectrum is then compared with the
design response spectrum, and the records are scaled if that
spectrum does not exceed the general response spectrum.

2.5 LEVEL OF SEISMICITY

The Level of Seismicity shall be defined as High, Moderate,
Low, or Very Low as defined in Table 2-5, where S, and S, are
defined as follows:

Sps = %Fass (2-12)
2
Spi =§F;,Sl (2-13)

where F, and F, are site coefficients determined in accordance
with Section 2.4.1.6 and the values of the response acceleration
parameters Sg and S, are those associated with the BSE-2N in
accordance with Section 2.4.1.1.

C2.5 LEVEL OF SEISMICITY

The Levels of Seismicity in this standard have been adjusted to
match the Seismic Design Categories in ASCE 7 as follows:

SDC A: Very Low
SDC B: Low
SDC C: Moderate
SDC D-F: High

Therefore, the parameters Sps and Sp, correspond to the
parameters at the BSE-IN level.
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CHAPTER 3
EVALUATION AND RETROFIT REQUIREMENTS

3.1 SCOPE

This chapter contains general requirements for seismic evalua-
tion and retrofit, including data collection, the evaluation and
retrofit procedures, and limitations on their use in demonstrating
or achieving compliance with the Performance Objectives speci-
fied in this standard.

Section 3.2 specifies the data collection procedures for obtain-
ing required as-built information on buildings. Section 3.3 out-
lines the evaluation and retrofit procedures contained in this
standard: Tier 1 Screening, Tier 2 Deficiency-Based Evaluation
and Retrofit, and Tier 3 Systematic Evaluation and Retrofit.

3.2 AS-BUILT INFORMATION

Before beginning an evaluation or retrofit in accordance with
this standard, sufficient general information about the building
shall be obtained to determine the permitted evaluation or retrofit
procedures, in accordance with Section 3.3. This step includes
determining the building type classification, in accordance with
Section 3.2.1.

Once a procedure has been selected, the required building data
to be collected shall be in accordance with the requirements of
this section, in addition to any data required for the specific
procedures as identified in Chapters 4, 5, and 6.

The as-built information on building configuration, building
components, site and foundation, and adjacent structures shall
be obtained in accordance with Sections 3.2.2, 3.2.3, 3.2.4, and
3.2.5, respectively. This data shall be obtained from available
drawings, specifications, and other documents for the existing
construction. Data collected from available documents shall be
supplemented and verified by on-site investigations, including
nondestructive examination and testing of building materials
and components as required for the procedures in Chapters 4, 5,
or 6.

At least one site visit shall be made to observe exposed condi-
tions of building configuration, building components, site and
foundation, and adjacent structures, made accessible by the
owner, to verify that as-built information obtained from other
sources is representative of the existing conditions.

C3.2 AS-BUILT INFORMATION

Existing building characteristics pertinent to seismic perfor-
mance should be obtained from the following sources, as
appropriate:

1. field observation of exposed conditions and configuration
made accessible by the owner;

2. construction documents, engineering analyses, reports, soil
borings and test logs, maintenance histories, and manufac-
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turers’ literature and test data, which may be available from
the owner or the code official;

3. reference standards and codes from the period of construc-
tion, as cited in Chapters 9 through 12;

4. destructive and nondestructive examination and testing of
selected building materials and components as specified in
Section 6.2; and

5. interviews with building owners, tenants, managers, the
original architect and engineer, contractor(s), and the local
building official.

The information required for an existing building may also be
available from a previously conducted seismic evaluation of the
building. Where seismic retrofit has been mandated according to
building construction classification, familiarity with the building
type and typical seismic deficiencies is recommended. Such
information is available from several sources, including Chap-
ters 4 and 5 of this standard. Such information may be sufficient
for the Tier 1 screening and Tier 2 deficiency-based procedures,
but additional as-built information may be needed for the Tier 3
systematic procedures.

Where a destructive and nondestructive testing program is
necessary to obtain as-built information, it is prudent to perform
preliminary calculations on select key locations or parameters
before establishing a detailed testing program. These calcula-
tions are meant to provide knowledge at a reasonable cost and
with as little disruption as possible of construction features and
material properties at concealed locations.

If the building is a historic structure, it is also important
to identify the locations of historically significant features and
fabric, which should be thoroughly investigated. Care should be
taken in the design and investigation process to minimize the
effect of work on these features. Refer to the Standards for the
Treatment of Historic Properties with Guidelines for Preserving,
Rehabilitating, Restoring, and Reconstructing Historic Build-
ings (Secretary of the Interior 1995). The services of a historic
preservation expert may be necessary.

3.2.1 Building Type Where required by this standard, the
building shall be classified as one or more of the Common
Building Types listed in Table 3-1 based on the seismic-force-
resisting system and the diaphragm type. Separate building types
shall be used for buildings with different seismic-force-resisting
systems in different directions.

C3.2.1 Building Type Fundamental to the Tier 1 and Tier 2
procedures is the grouping of buildings into sets that have similar
behavioral characteristics. The classification of building type
is required to determine whether the Tier 1 or Tier 2 proce-
dures are permitted for evaluation or retrofit, as indicated in
Section 3.3.
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Table 3-1. Common Building Types

Wood Light Frames
W1

Wila

(Multi-Story, Multi-Unit,

Residential)

These buildings are single- or multiple-family dwellings one or more stories high. Building loads are light, and the framing
spans are short. Floor and roof framing consists of wood joists or rafters on wood studs spaced no more than 24in. apart.
The first-floor framing is supported directly on the foundation system or is raised up on cripple studs and post-and-beam
supports. The foundation may consist of a variety of elements. Chimneys, where present, consist of solid brick masonry,
masonry veneer, or wood frame with internal metal flues. Seismic forces are resisted by wood frame diaphragms and
shear walls. Floor and roof diaphragms consist of straight or diagonal lumber sheathing, tongue-and-groove planks,
oriented strand board, or plywood. Shear walls consist of straight or lumber sheathing, plank siding, oriented strand
board, plywood, stucco, gypsum board, particle board, or fiberboard. Interior partitions are sheathed with plaster or
gypsum board.

These buildings are multi-story, similar in construction to W1 buildings, but have plan areas on each floor of more than
3,000 ft%. Older construction often has open-front garages at the lowest story.

Wood Frames, Commercial and Industrial

w2

Steel Moment Frames

S1
(with Stiff Diaphragms)

Sla
(with Flexible
Diaphragms)

Steel Braced Frames

S2
(with Stiff Diaphragms)

S2a

(with Flexible
Diaphragms)

Steel Light Frames

S3

These buildings are commercial or industrial buildings with a floor area of 5,000 ft? or more. There are few, if any, interior
walls. The floor and roof framing consists of wood or steel trusses, glulam or steel beams, and wood posts or steel
columns. The foundation system may consist of a variety of elements. Seismic forces are resisted by wood diaphragms
and exterior stud walls sheathed with plywood, oriented strand board, stucco, plaster, or straight or diagonal wood
sheathing, or they may be braced with rod bracing. Wall openings for storefronts and garages, where present, are framed
by post-and-beam framing.

These buildings consist of a frame assembly of steel beams and steel columns. Floor and roof framing consists of
cast-in-place concrete slabs or metal deck with concrete fill supported on steel beams, open web joists, or steel trusses.
Seismic forces are resisted by steel moment frames that develop their stiffness through rigid or semi-rigid beam—
column connections. Where all connections are moment-resisting connections, the entire frame participates in seismic
force resistance. Where only selected connections are moment-resisting connections, resistance is provided along
discrete frame lines. Columns are oriented so that each principal direction of the building has columns resisting forces
in strong axis bending. Diaphragms consist of concrete or metal deck with concrete fill and are stiff relative to the
frames. Where the exterior of the structure is concealed, walls consist of metal panel curtain walls, glazing, brick
masonry, or precast concrete panels. Where the interior of the structure is finished, frames are concealed by
ceilings, partition walls, and architectural column furring. The foundation system may consist of a variety of
elements.

These buildings are similar to S1 buildings, except that diaphragms consist of wood framing; untopped metal deck; or metal
deck with lightweight insulating concrete, poured gypsum, or similar nonstructural topping, and are flexible relative to the
frames.

These buildings have a frame of steel columns, beams, and braces. Braced frames develop resistance to seismic forces by
the bracing action of the diagonal members. The braces induce forces in the associated beams and columns such that all
elements work together in a manner similar to a truss; all element stresses are primarily axial. Diaphragms transfer
seismic loads to braced frames. The diaphragms consist of concrete or metal deck with concrete fill and are stiff relative
to the frames. The foundation system may consist of a variety of elements.
Three variations in the configuration and design of braced frames exist. These variations are
* Concentrically braced frames: Component work lines intersect at a single point or at multiple points such that the
distance between intersecting work lines (or eccentricity) is less than or equal to the width of the smallest component
connected at the joint.

* Eccentrically braced frames: Component work lines do not intersect at a single point, and the distance between
the intersecting work lines (or eccentricity) exceeds the width of the smallest component connecting at the joint.
Some of the members are subjected to shear and flexural stresses because of that eccentricity (see Section
A3.3.3).

* Buckling restrained braced frames: Special types of concentrically braced frames where the steel bracing members are
encased within a rigid casing that is intended to prevent buckling of the steel brace.

These buildings are similar to S2 buildings, except that diaphragms consist of wood framing; untopped metal deck; or metal
deck with lightweight insulating concrete, poured gypsum, or similar nonstructural topping, and are flexible relative to the
frames.

These buildings are pre-engineered and prefabricated with transverse rigid steel frames. They are one-story high. The roof
and walls consist of lightweight metal, fiberglass, or cementitious panels. The frames are designed for maximum
efficiency, and the beams and columns consist of tapered, built-up sections with thin plates. The frames are built-in
segments assembled in the field with bolted or welded joints. Seismic forces in the transverse direction are resisted by the
rigid frames. Seismic forces in the longitudinal direction are resisted by wall panel shear elements or rod bracing.
Diaphragm forces are resisted by untopped metal deck, roof panel shear elements, or a system of tension-only rod
bracing. The foundation system may consist of a variety of elements.

Dual Frame Systems with Backup Steel Moment Frames and Stiff Diaphragms

S4

52

These buildings consist of a frame assembly of steel beams and steel columns. The floor and roof diaphragms consist of
cast-in-place concrete slabs or metal deck with or without concrete fill. Framing consists of steel beams, open web joists,
or steel trusses. Seismic forces are resisted primarily by either steel braced frames or cast-in-place concrete shear walls in
combination with backup steel moment frames. These walls are bearing walls where the steel frame does not provide a
complete vertical support system. The steel moment frames are designed to work together with the steel braced frames or
concrete shear walls in proportion to their relative rigidity. The steel moment frames provide a secondary seismic-force-
resisting system based on the stiffness of the frame and the moment capacity of the beam—column connections. The
moment frames are typically capable of resisting 25% of the building’s seismic forces. The foundation system may
consist of a variety of elements.
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Table 3-1. (Continued)

Steel Frames with Infill Masonry Shear Walls

S5
(with Stiff Diaphragms)

S5a
(with Flexible
Diaphragms)

Concrete Moment Frames
C1

Concrete Shear Walls

C2
(with Stiff Diaphragms)

C2a
(with Flexible
Diaphragms)

This is an older type of building construction that consists of a frame assembly of steel beams and steel columns. The floor
and roof diaphragms consist of cast-in-place concrete slabs or metal deck with concrete fill and are stiff relative to the
walls. Framing consists of steel beams, open web joists, or steel trusses. Walls consist of infill panels constructed of solid
clay brick, concrete block, or hollow clay tile masonry. Infill walls may completely encase the frame members and
present a smooth masonry exterior with no indication of the frame. The seismic performance of this type of construction
depends on the interaction between the frame and infill panels. The combined behavior is more like a shear wall structure
than a frame structure. Solidly infilled masonry panels form diagonal compression struts between the intersections of the
frame members. If the walls are offset from the frame and do not fully engage the frame members, diagonal compression
struts do not develop. The strength of the infill panel is limited by the shear capacity of the masonry bed joint or the
compression capacity of the strut. The post-cracking strength is determined by an analysis of a moment frame that is
partially restrained by the cracked infill. The foundation system may consist of a variety of elements.

These buildings are similar to S5 buildings, except that diaphragms consist of wood sheathing or untopped metal deck, or
have large aspect ratios and are flexible relative to the walls.

These buildings consist of a frame assembly of cast-in-place concrete beams and columns. Floor and roof framing consists
of cast-in-place concrete slabs, concrete beams, one-way joists, two-way waffle joists, or flat slabs. Seismic forces are
resisted by concrete moment frames that develop their stiffness through monolithic beam—column connections. In older
construction, or in levels of low seismicity, the moment frames may consist of the column strips of two-way flat slab
systems. Modern frames in levels of high seismicity have joint reinforcing, closely spaced ties, and special detailing to
provide ductile performance. This detailing is not present in older construction. The foundation system may consist of a
variety of elements.

These buildings have floor and roof framing that consists of cast-in-place concrete slabs, concrete beams, one-way joists,
two-way waffle joists, or flat slabs. Buildings may also have steel beams, columns, and concrete slabs for the gravity
framing. Floors are supported on concrete columns or bearing walls. Seismic forces are resisted by cast-in-place concrete
shear walls. In older construction, shear walls are lightly reinforced but often extend throughout the building. In more
recent construction, shear walls occur in isolated locations, are more heavily reinforced, and have concrete slabs that are
stiff relative to the walls. The foundation system may consist of a variety of elements.

These buildings are similar to C2 buildings, except that diaphragms consist of wood sheathing, or have large aspect ratios,
and are flexible relative to the walls.

Concrete Frames with Infill Masonry Shear Walls

C3
(with Stiff Diaphragms)

C3a
(with Flexible
Diaphragms)

This is an older type of building construction that consists of a frame assembly of cast-in-place concrete beams and
columns. The floor and roof diaphragms consist of cast-in-place concrete slabs and are stiff relative to the walls. Walls
consist of infill panels constructed of solid clay brick, concrete block, or hollow clay tile masonry. The seismic
performance of this type of construction depends on the interaction between the frame and the infill panels. The
combined behavior is more like a shear wall structure than a frame structure. Solidly infilled masonry panels form
diagonal compression struts between the intersections of the frame members. If the walls are offset from the frame and do
not fully engage the frame members, the diagonal compression struts do not develop. The strength of the infill panel is
limited by the shear capacity of the masonry bed joint or the compression capacity of the strut. The postcracking strength
is determined by an analysis of a moment frame that is partially restrained by the cracked infill. The shear strength of the
concrete columns, after racking of the infill, may limit the semiductile behavior of the system. The foundation system
may consist of a variety of elements.

These buildings are similar to C3 buildings, except that diaphragms consist of wood sheathing or untopped metal deck or
have large aspect ratios and are flexible relative to the walls.

Precast or Tilt-Up Concrete Shear Walls

PC1
(with Flexible
Diaphragms)

PCla
(with Stiff Diaphragms)

Precast Concrete Frames

PC2
(with Shear Walls)

PC2a
(without Shear Walls)

These buildings have precast concrete perimeter wall panels that are typically cast on-site and tilted into place. Floor and
roof framing consists of wood joists, glulam beams, steel beams, or open web joists. Framing is supported on interior
steel or wood columns and perimeter concrete bearing walls. The floors and roof consist of wood sheathing or untopped
metal deck. Seismic forces are resisted by the precast concrete perimeter wall panels. Wall panels may be solid or have
large window and door openings that cause the panels to behave more as frames than as shear walls. In older
construction, wood framing is attached to the walls with wood ledgers. The foundation system may consist of a variety of
elements.

These buildings are similar to PC1 buildings, except that diaphragms consist of precast elements, cast-in-place concrete, or
metal deck with concrete fill and are stiff relative to the walls.

These buildings consist of a frame assembly of precast concrete girders and columns with the presence of shear walls. Floor
and roof framing consists of precast concrete planks, tees, or double-tees supported on precast concrete girders and
columns. Seismic forces are resisted by precast or cast-in-place concrete shear walls. Diaphragms consist of precast
elements interconnected with welded inserts, cast-in-place closure strips, or reinforced concrete topping slabs. The
foundation system may consist of a variety of elements.

These buildings are similar to PC2 buildings, except that concrete shear walls are not present. Seismic forces are resisted by
precast concrete moment frames that develop their stiffness through beam—column joints rigidly connected by welded
inserts or cast-in-place concrete closures. Diaphragms consist of precast elements interconnected with welded inserts,
cast-in-place closure strips, or reinforced concrete topping slabs. The foundation system may consist of a variety of
elements.

Continued
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Table 3-1. (Continued)

Reinforced Masonry Bearing Walls with Flexible Diaphragms

RM1 These buildings have bearing walls that consist of reinforced brick or concrete block masonry. The floor and roof framing
consists of steel or wood beams and girders or open web joists and are supported by steel, wood, or masonry columns.
Seismic forces are resisted by the reinforced brick or concrete block masonry shear walls. Diaphragms consist of straight
or diagonal wood sheathing, plywood, or untopped metal deck and are flexible relative to the walls. The foundation
system may consist of a variety of elements.

Reinforced Masonry Bearing Walls with Stiff Diaphragms

RM2 These building are similar to RM1 buildings, except that the diaphragms consist of metal deck with concrete fill, precast
concrete planks, tees, or double-tees, with or without a cast-in-place concrete topping slab and are stiff relative to the
walls. The floor and roof framing is supported on interior steel or concrete frames or interior reinforced masonry walls.
The foundation system may consist of a variety of elements.

Unreinforced Masonry Bearing Walls

URM These buildings have perimeter bearing walls that consist of unreinforced clay brick, stone, or concrete masonry. Interior
(with Flexible bearing walls, where present, also consist of unreinforced clay brick, stone, or concrete masonry. In older construction,
Diaphragms) floor and roof framing consists of straight or diagonal lumber sheathing supported by wood joists, which, in turn, are
supported on posts and timbers. In more recent construction, floors consist of structural panel or plywood sheathing rather
than lumber sheathing. The diaphragms are flexible relative to the walls. Where they exist, ties between the walls and
diaphragms consist of anchors or bent steel plates embedded in the mortar joints and attached to framing. The foundation
system may consist of a variety of elements.

URMa
(with Stiff Diaphragms)

These buildings are similar to URM buildings, except that the diaphragms are stiff relative to the unreinforced masonry
walls and interior framing. In older construction or large, multi-story buildings, diaphragms consist of cast-in-place

concrete. In levels of low seismicity, more recent construction consists of metal deck and concrete fill supported on steel
framing. The foundation system may consist of a variety of elements.

Steel Plate Shear Walls

S6 These buildings have a frame of steel columns, beams, and shear walls. Shear walls are constructed with steel plates with
horizontal and vertical boundary elements adjacent to the webs The boundary elements are designed to remain essentially
elastic under maximum forces that can be generated by the fully yielded webs. Diaphragms transfer seismic forces to
braced frames. The diaphragms consist of concrete or metal deck with concrete fill and are stiff relative to the shear
walls. The foundation system may consist of a variety of elements.

These groups of building types were first defined in ATC-14
(1987) and have since been used in the FEMA guideline docu-
ments and previous editions of ASCE 31 and 41.

The Common Building Types are defined in Table 3-1.
Because most structures are unique in some fashion, judgment
should be used where selecting the building type, with the focus
on the seismic-force-resisting system and elements.

In the specific case of building type S4: Dual Frame System
with Backup Steel Moment Frames and Stiff Diaphragms, the
building may be reclassified as S2: Steel Braced Frames with
Stiff Diaphragms or C2: Concrete Shear Walls with Stiff
Diaphragms if the secondary moment frame is not strong enough
or stiff enough to behave as a true dual system.

Tier 3 procedures are required for building types not listed.

3.2.2 Building Configuration The as-built building configura-
tion information shall include data on the type and arrangement
of existing structural components of the vertical- and seismic-
force-resisting systems, and the nonstructural components of the
building that either affect the stiffness or strength of the struc-
tural components or affect the continuity of the structural load
path. The as-built building configuration shall be examined to
identify the vertical and seismic load paths.

C3.2.2 Building Configuration The as-built information on
building configuration should identify the load-resisting compo-
nents. Load-resisting components may include structural and
nonstructural components that participate in resisting seismic
loads, whether or not they were intended to do so by the original
designers. This information should identify potential seismic
deficiencies in load-resisting components, which may include
discontinuities in the load path, weak links, irregularities, and
inadequate strength and deformation capacities.

3.2.3 Component Properties Sufficient as-built information
shall be collected on components of the building, including their
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geometric and material properties and their interconnection with
other components, to permit computation of their strengths and
deformation capacities based on the requirements of the selected
procedure.

C3.2.3 Component Properties Meaningful structural analysis
of a building’s probable seismic behavior and reliable design of
retrofit measures require good understanding of the existing
components (such as beams, columns, and diaphragms), their
interconnection, and their material properties (mainly the
mechanical properties, such as strength, deformability, and
toughness). The strength and deformation capacity of existing
components should be computed, as specified in Chapters 8
through 13, based on derived material properties and detailed
component knowledge. Existing component action strengths
must be determined for two basic purposes: to allow calculation
of their ability to deliver load to other components and to
allow determination of their capacity to resist forces and
deformations.

3.2.4 Site and Foundation Information Data on foundation
configuration and soil surface and subsurface conditions at the
site shall be obtained from existing documentation, visual site
reconnaissance, or a program of site-specific subsurface investi-
gation in accordance with Chapter 8. A site-specific subsurface
investigation shall be performed where Enhanced Performance
Objectives are selected, or where insufficient data are available
to quantify foundation capacities or determine the presence of
geologic site hazards identified in Section 8.2.2. Where historic
information indicates that geologic site hazards have occurred in
the vicinity of the site, a site-specific subsurface investigation
shall be performed to investigate the potential for geologic site
hazards at the site. Use of applicable existing foundation capac-
ity or geologic site hazard information available for the site shall
be permitted.
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A site reconnaissance shall be performed to observe variations
from existing building drawings, foundation modifications not
shown on existing documentation, the presence of adjacent
development or grading activities, and evidence of poor founda-
tion performance.

C3.2.4 Site and Foundation Information Sources of appli-
cable existing site and foundation information include original
design information, foundation capacity information included on
the drawings, and previous geotechnical reports for the site or
for other sites in the immediate vicinity.

Adjacent building development or grading activities that
impose loads on or reduce the lateral support of the structure can
affect building performance in a future earthquake. Evidence of
poor foundation performance includes settlement of building
floor slabs and foundations, differential movement visible at
adjacent exterior sidewalks, and other miscellaneous site
construction.

3.2.5 Adjacent Buildings Sufficient data shall be collected on
the configuration and separation of adjacent structures to permit
investigation of the interaction issues identified in Sections
3.2.5.1 through 3.2.5.3 where required by the selected procedure.
If the necessary information on adjacent structures is not avail-
able, the potential consequences of the interactions that are not
being evaluated shall be documented.

3.2.5.1 Building Pounding Data shall be collected to permit
evaluation of the effects of building pounding, wherever a
portion of an adjacent structure is located within 4% of the height
above grade at the location of potential impact.

C3.2.5.1 Building Pounding Building pounding can alter the
basic response of the building to ground motion and impart
additional inertial loads and energy to the building from the
adjacent structure. Of particular concern is the potential for
extreme local damage to structural elements at the zones of
impact, particularly where the floor and roof levels of adjacent
building do not align in height.

3.2.5.2 Shared Element Condition Data shall be collected on
adjacent structures that share common vertical- or seismic-force-
resisting elements with the building to permit investigation of
the implications of the adjacent structure’s influence on the per-
formance of the investigated building in accordance with the
selected evaluation procedure.

C3.2.5.2 Shared Element Condition Buildings sharing com-
mon elements, such as party walls, have several potential prob-
lems. If the buildings attempt to move independently, one
building may pull the shared element away from the other, result-
ing in a partial collapse. If the buildings behave as an integral
unit, the additional mass and inertial loads of one structure may
result in extreme demands on the seismic-force-resisting system
of the other. All instances of shared elements should be reported
to the building owner, and the owner should be encouraged to
inform adjacent building owners of identified hazards.

3.2.5.3 Hazards from Adjacent Buildings Data on hazards
posed to the subject building by adjacent buildings and their
elements shall be collected to permit consideration of their
potential to damage the subject building as a result of an earth-
quake. If there is a potential for such hazards from an adjacent
building, the authority having jurisdiction over the subject build-
ing shall be informed of the effect of such hazards on achieving
the selected Performance Objective.

C3.2.5.3 Hazards from Adjacent Buildings Hazards from
adjacent buildings, such as falling debris, rooftop equipment and
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tanks, cladding panels, aggressive chemical leakage, fire, or
explosion that may affect building performance or the operation
of the building after an earthquake should be considered and
discussed with the building owner. Consideration should be
given to hardening those portions of the building that may be
impacted by debris or other hazards from adjacent structures.
Where Immediate Occupancy Performance is desired and ingress
to the building may be impaired by such hazards, consideration
should be given to providing suitably resistant access to the
building. Sufficient information should be collected on adjacent
structures to allow preliminary evaluation of the likelihood and
nature of hazards, such as potential falling debris, fire, and blast
pressures. Evaluations similar to those in FEMA 154 (FEMA
1988) may be adequate for this purpose.

3.3 EVALUATION AND RETROFIT PROCEDURES

Seismic evaluation or retrofit of the building shall be performed
to demonstrate compliance with the selected Performance
Objective in accordance with the requirements of the following
sections. Section 3.3.1 covers the limitations on the use of the
Tier 1 and Tier 2 procedures. Section 3.3.2 addresses the Tier 1
screening procedure for evaluation. Section 3.3.3 addresses the
Tier 2 deficiency-based procedures for evaluation and retrofit.
Section 3.3.4 addresses the Tier 3 systematic procedures for
evaluation and retrofit.

A building defined as one of the common building types, or
those buildings that have seismic isolation or supplemental
energy dissipation systems installed, that meet the requirements
of Section 4.3, Benchmark Buildings, shall be deemed to meet
the Basic Performance Objective for Existing Buildings (BPOE).
The nonstructural performance must still be evaluated.

3.3.1 Limitations on the Use of the Tier 1 and 2 Evaluation
and Retrofit Procedures The Tier 1 screening and Tier 2
deficiency-based procedures shall be permitted to demonstrate
compliance with the performance objectives of this standard for
the following Performance Levels:

¢ Structural Performance Levels: Immediate Occupancy
(S-1), Damage Control (S-2), or Life Safety (S-3)

¢ Nonstructural Performance Levels: Position Retention
(N-B) and Life Safety (N-C)

In addition, Tier 1 and Tier 2 procedures are permitted only
for buildings that conform to the limitations of Section 3.3.1.1
or 3.3.1.2.

The Tier 3 systematic procedures may be used for evaluation
and retrofit to demonstrate compliance with the performance
objectives of this standard for any Structural Performance Level
or Nonstructural Performance Level and for any building type.
The Tier 3 procedure shall be used where use of the Tier 1 and
Tier 2 procedures is not permitted.

C3.3.1 Limitations on the Use of the Tier 1 and 2 Evaluation
and Retrofit Procedures The primary intent of the Tier 1
screening and Tier 2 deficiency-based procedures is to evaluate
and, where warranted, reduce seismic risk efficiently, where
possible and appropriate, by using simplified procedures targeted
to specific building types. The Tier 1 and Tier 2 procedures are
less complicated than the complete analytical evaluation and
retrofit design procedures found under the Tier 3 systematic
procedures.

The purpose of Table 3-2 is to identify buildings where the
Tier 1 screening and Tier 2 deficiency-based procedures alone
may not be adequate to come to the correct conclusion about the
building’s seismic performance and a more rigorous procedure
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Table 3-2. Limitations on the Use of the Tier 1 and Tier 2 Procedures

Number of Stories” beyond which the Tier 3 Systematic Procedures Are Required

Level of Seismicity

Very Low Low Moderate High
Common Building Type® S-3 S-1 S-3 S-1 S-3 S-1 S-3 S-1

Wood Frames

Light (W1) NL NL NL 4 4 4 4 4

Multi-story, multi-unit residential (W1a) NL NL NL 6 6 6 6 4

Commercial and industrial (W2) NL NL NL 6 6 6 6 4
Steel Moment Frames

Rigid diaphragm (S1) NL NL NL 12 12 8 8 6

Flexible diaphragm (S1a) NL NL NL 12 12 8 8 6
Steel Braced Frames

Rigid diaphragm (S2) NL NL NL 8 8 8 8 6

Flexible diaphragm (S2a) NL NL NL 8 8 8 8 6
Steel Light Frames (S3) NL 1 1 1 1 1 1 1
Dual Systems with Backup Steel Moment Frames (S4) NL NL NL 12 12 8 8 6
Steel Frames with Infill Masonry Shear Walls

Rigid diaphragm (S5) NL NL NL 12 12 8 8 4

Flexible diaphragm (S5a) NL NL NL 12 12 8 8 4
Steel Plate Shear Wall (S6) NP* NP NP* NP NP NP* NP* NP
Concrete Moment Frames (C1) NL NL NL 12 12 8 8 6
Concrete Shear Walls

Rigid diaphragm (C2) NL NL NL 12 12 8 8 6

Flexible diaphragm (C2a) NL NL NL 12 12 8 8 6
Concrete Frame with Infill Masonry Shear Walls

Rigid diaphragm (C3) NL NL NL 12 12 8 8 4

Flexible diaphragm (C3a) NL NL NL 12 12 8 8 4
Precast or Tilt-Up Concrete Shear Walls

Flexible diaphragm (PC1) NL NL 3 2 2 2 2 2

Rigid diaphragm (PCla) NL NL 3 2 2 2 2 2
Precast Concrete Frames

With shear walls (PC2) NL NL NL 6 6 NP 4 NP

Without shear walls (PC2a) NL NL NL 6 6 NP 4 NP
Reinforced Masonry Bearing Walls

Flexible diaphragm (RM1) NL NL NL 8 8 8 8 6

Rigid diaphragm (RM2) NL NL NL 8 8 8 8 6
Unreinforced Masonry Bearing Walls

Flexible diaphragm (URM) NL NL 6 4 6 NP 4 NP

Rigid diaphragm (URMa) NL NL 6 4 6 NP 4 NP
Seismic Isolation or Passive Dissipation NP¢ NP¢ NP¢ NP* NP¢ NP* NP¢ NP¢

NOTE: The Tier 3 systematic procedures are required for buildings with more than the number of stories listed herein.

“Common building types are defined in Section 3.2.1.

’Number of stories shall be considered as the number of stories above lowest adjacent grade.

NL = No Limit (No limit on the number of stories).
NP = Not Permitted (Tier 3 systematic procedures are required).

‘No deficiency-based procedures exist for these building types. If they do not meet the Benchmark Building requirements, Tier 3 systematic procedures are

required

is required to meet the objectives of this standard. If the number
of stories exceeds the limits in Table 3-2, the more detailed Tier
3 systematic procedures are required to adequately evaluate or
retrofit the building.

In many cases, deficiency-based retrofit represents a cost-
effective improvement in seismic performance, and it often
requires less detailed evaluation or partial analysis to qualify for
a specific performance level. Partial Retrofit Objective measures,
which target high-risk building deficiencies such as parapets and
other exterior falling hazards, are included as deficiency-based
techniques. Partial Retrofit Objective measures need not be
limited to buildings that conform to the limitations of Table 3-2.
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Acceptance of the specific partial retrofit method for regulatory
purposes depends on the authority having jurisdiction.

Regardless of whether it is permitted for use, the Tier 1 screen-
ing in Chapter 4 is a good starting point for the identification of
potential deficiencies for any building type covered here and
being evaluated using this standard.

3.3.1.1 Buildings Conforming to One of the Common
Building Types Where a building conforms to one of the
Common Building Types contained in Table 3-1, the limitations
in Table 3-2 with regard to building size, Structural Performance
Level, and Level of Seismicity determine whether the Tier 1
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screening and Tier 2 deficiency-based procedures are allowed to
demonstrate compliance with the Performance Objectives of this
standard.

3.3.1.2 Buildings Composed of More than One of the
Common Building Types The limitations in this section apply
to mixed seismic-force-resisting systems defined as combina-
tions of the Common Building Types in either the same or
different directions. In all cases, each individual seismic-force-
resisting system, as defined in the following sections, must
conform to one of the Common Building Types. The Tier 1 and
Tier 2 procedures are not permitted to demonstrate compliance
with the Performance Objectives of this standard for mixed
systems except as indicated in the following sections.

C3.3.1.2 Buildings Composed of More than One of the
Common Building Types Although the Tier 1 and Tier 2 pro-
cedures are based on experience with buildings conforming to
one of the Common Building Types in Table 3-1, there are condi-
tions where the Tier 1 and Tier 2 procedures are valid indicators
of performance in a building with more than one type of seismic-
force-resisting system. Examples of such combinations are noted
in the commentary of the following sections.

3.3.1.2.1 Combinations of Systems in Different Directions
It is acceptable to use the Tier 1 and Tier 2 procedures to dem-
onstrate compliance with a Performance Objective for a building
with a different seismic-force-resisting system in each principal
direction provided the seismic-force-resisting systems in both
directions conform to a Common Building Type in Table 3-1
and the building satisfies the height limits in Table 3-2 for
the system with the lesser of the allowed height limit in both
directions.

C3.3.1.2.1 Combinations of Systems in Different Directions
Where a building consists of different systems in each of the
two principal directions, the systems can be evaluated and ret-
rofitted somewhat independently using the Tier 1 and Tier 2
procedures. An example is a concrete building with shear walls
(C2) in one direction and moment frames (C1) in the orthogonal
direction.

3.3.1.2.2 Combinations of Systems in the Same Direction It is
acceptable to use Tier 1 and Tier 2 procedures to demonstrate
compliance with a performance objective for a building with a
combination of different seismic-force-resisting systems in a
single principal direction subject to the requirements of Sections
3.3.1.2.2.1 for horizontal combinations, 3.3.1.2.2.2 for vertical
combinations, and 3.3.1.2.2.3 for combinations of stiff and flex-
ible diaphragms. Otherwise, the Tier 3 procedures shall be used
for such evaluations and retrofit.

Alternatively, the Tier 1 and Tier 2 procedures shall be permit-
ted to demonstrate compliance for a building with more than one
type of seismic-force-resisting system along a single axis of the
building, including changes over the height of the building, if
the building is being evaluated for the Life Safety Performance
Level and all statements in the Basic Configuration Checklist of
Section 16.1.2 are found to be “Compliant.”

C3.3.1.2.2 Combinations of Systems in the Same Direction
Under certain conditions, the Tier 1 and Tier 2 procedures are
considered valid indicators of performance for mixed systems.
Sections 3.3.1.2.2.1 through 3.3.1.2.2.3 provide three specific
cases where the checklists and deficiency-based procedures can
be used because the mixed systems can be evaluated individually
with sufficient certainty and reliability.

In addition, where no irregularities exist, multiple checklists
can be used for evaluating combinations of systems without the

Seismic Evaluation and Retrofit of Existing Buildings

additional restrictions in Sections 3.3.1.2.2.1 through 3.3.1.2.2.3.
In this condition, design professionals must use appropriate
judgment in completing some of the Quick Check procedures in
Section 4.5 because of the potential complexity of determining
average stress levels across different seismic-force-resisting
systems. If any statements in the Basic Configuration Checklist
are found to be “Noncompliant” or “Unknown,” then because of
the presence of an irregularity, the combination of systems is
judged to be too different from the assumptions inherent in the
Common Building Types that serve as the basis for the Tier 1
and Tier 2 procedures. Tier 3 is required for that condition unless
the building, even with irregularities, meets the requirements of
Sections 3.3.1.2.2.1 through 3.3.1.2.2.3.

3.3.1.2.2.1 Horizontal Combinations The Tier 1 and Tier 2
procedures shall be permitted for a building with a horizontal
combination of two seismic-force-resisting systems in the same
direction provided the following criteria are satisfied:

¢ The Performance Level is Life Safety (S-3) Performance
Level.

e The building possesses seismic-force-resisting systems
conforming to one or two of the Common Building Types
in Table 3-1 in each principal direction.

¢ Each line of resistance in each direction conforms to one
of the Common Building Types in Table 3-1.

* The building has flexible diaphragms at all levels above the
base of the structure.

¢ The building height complies with the lowest height limit
in Table 3-2 for any system in the direction under
consideration.

¢ Where the Tier 1 checklists require the use of Quick Check
procedures in Section 4.5, seismic forces are distributed to
the vertical elements of the seismic-force-resisting system
based on tributary areas.

C3.3.1.2.2.1 Horizontal Combinations An example of a
building meeting the requirements of this section is a Precast or
Tilt-Up Concrete Shear Wall building (PC1) with a wood struc-
tural panel diaphragm and a line of steel braced frames (S2) in
the interior.

3.3.1.2.2.2 Vertical Combinations The Tier 1 and Tier 2 pro-
cedures shall be permitted for a building with a vertical combina-
tion of two seismic-force-resisting systems in the same direction,
provided the following criteria are satisfied:

¢ The Performance Level is Life Safety (S-3) Performance
Level.

e Each story consists of a seismic-force-resisting system
conforming to one of the Common Building Types in
Table 3-1.

¢ The total building height complies with the lowest height
limit in Table 3-2 for any system in the direction under
consideration.

C3.3.1.2.2.2 Vertical Combinations An example of a building
meeting the requirements of this section is a multi-story, multi-
unit, residential, wood light frame structure (W1A) over a one-
story concrete shear wall structure (C2) at the base.

3.3.1.2.2.3 Combinations of Stiff and Flexible Diaphragms
The Tier 1 and Tier 2 procedures shall be permitted for a building
with a seismic-force-resisting system with a stiff diaphragm on
the lower floors and the same seismic-force-resisting system
with a flexible diaphragm on the upper floors as long as the total
building height meets the more restrictive limitation for the
Common Building Type in Table 3-2.
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C3.3.1.2.2.3 Combinations of Stiff and Flexible Diaphragms
An example of a building meeting the requirements of this
section is a reinforced masonry bearing wall building with con-
crete diaphragms at the floor levels (RM2) and a bare steel deck
diaphragm at the roof (RM1).

3.3.2 Tier 1 Screening Procedure Where a seismic evaluation
is to use the Tier 1 and Tier 2 procedures as permitted by Table
3-2, seismic evaluation shall begin with the Tier 1 screening
procedure, conducted in accordance with the requirements of
Chapter 4. Benchmark Building criteria shall be checked in
accordance with Section 4.3. Checklists, as applicable, of
compliant-noncompliant statements related to structural, non-
structural, and foundation conditions shall be selected and
completed in accordance with the requirements of Section 4.4
(Table 4-7).

The Tier 1 screening procedure shall be used only for seismic
evaluation to demonstrate compliance with a Basic Performance
Objective for Existing Buildings (BPOE) as defined in Section
2.2.1 and is not permitted to demonstrate compliance with the
Basic Performance Objectives Equivalent to New Building Stan-
dards (BPON), as defined in Section 2.2.4. The Tier 1 procedure
includes acceptance criteria for the Immediate Occupancy and
Life Safety Structural Performance Levels (S-1 and S-3) and for
the Position Retention and Life Safety Nonstructural Perfor-
mance Levels (N-B and N-C).

C3.3.2 Tier 1 Screening Procedure The Tier 1 screening pro-
cedure consists of several sets of checklists that allow a rapid
evaluation of the structural, nonstructural, and foundation and
geologic hazard elements of the building and site conditions. The
purpose of a Tier 1 procedure is to screen out buildings that
comply with the provisions of this standard or to quickly identify
potential deficiencies. In some cases, Quick Checks may be
required during a Tier 1 screening; however, the level of analysis
necessary is minimal. If deficiencies are identified for a building
using the checklists, the design professional may proceed to Tier
2 and conduct a more detailed evaluation of the building or
conclude the evaluation and state that potential deficiencies were
identified.

3.3.3 Tier 2 Deficiency-Based Evaluation and Retrofit Pro-
cedures For buildings satisfying the criteria for the applicability
of the Tier 2 deficiency-based procedures and for which potential
deficiencies were identified in the Tier 1 screening, a Tier 2
deficiency-based evaluation or retrofit may be performed in
accordance with this section and Chapter 5.

The Tier 2 deficiency-based procedure shall be used to dem-
onstrate compliance of an existing or retrofit building with the
Basic Performance Objective for Existing Buildings (BPOE), as
defined in Section 2.2.1 and is not permitted to demonstrate
compliance with the Basic Performance Objective Equivalent to
New Building Standards (BPON), as defined in Section 2.2.4.
The Tier 2 procedure includes acceptance criteria for the Imme-
diate Occupancy and Life Safety Structural Performance Levels
(S-1 and S-3) and for the Position Retention and Life Safety
Nonstructural Performance Levels (N-B and N-C).

C3.3.3 Tier 2 Deficiency-Based Evaluation and Retrofit Pro-
cedures The Tier 2 deficiency-based procedures reflect a level
of analysis and design that is appropriate for small, relatively
simple buildings and buildings that do not require advanced
analytical procedures because the common deficiencies are rela-
tively well understood and the mitigation techniques are gener-
ally straightforward. The procedures are limited to specific sets
of defined performance objectives.
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The Tier 2 procedures may yield a more conservative result
than the Tier 3 procedures because of a variety of simplifying
assumptions.

3.3.3.1 Evaluation Requirements For a Tier 2 deficiency-
based evaluation, only the potential deficiencies identified by the
noncompliant checklist statements need be assessed.

If the Tier 2 evaluation procedure in Chapter 5 demonstrates
compliance for all of the Tier 1 checklist statements that were
identified as noncompliant, then the building is deemed to
comply with the selected Performance Objective.

C3.3.3.1 Evaluation Requirements For the Tier 2 procedure,
an analysis of the building that addresses all of the potential
deficiencies identified in Tier 1 screening shall be performed.
Analysis in Tier 2 is limited to simplified linear analysis
methods. As in Tier 1, evaluation in Tier 2 is intended to identify
buildings not requiring retrofit. If the potential deficiencies iden-
tified in the Tier 1 screening are confirmed during the Tier 2
evaluation, the design professional may choose to either con-
clude the evaluation and report the deficiencies or proceed to
Tier 3 and conduct a more comprehensive, systematic seismic
evaluation.

For checklist statements identified as “unknown” in the
Tier 1 checklists, the design professional may, upon determining
the information necessary for assessing the specific element,
either use the Tier 1 or Tier 2 procedures for determining
compliance.

3.3.3.2 Retrofit Requirements The Tier 2 deficiency-based
retrofit procedure may be used for the Basic Performance
Objective for Existing Buildings (BPOE), as defined in Section
2.2.1. The retrofit shall comply with the conditions specified in
Section 2.2.3.

Construction documents, including drawings, specifications,
and a quality assurance plan, shall be developed as defined in
Chapter 1.

Where the Tier 2 deficiency-based retrofit procedure is
used to achieve a Partial Retrofit Objective as defined in
Section 2.2.3.2, retrofit measures shall be developed in accor-
dance with Section 5.8 such that selected deficiencies identified
by the Tier 2 evaluation are eliminated. The deficiencies
selected for mitigation shall be retrofitted to comply with the
requirements of the Tier 2 retrofit procedures for the selected
Performance Level.

Where the Partial Retrofit Objective addresses architectural,
mechanical, and electrical components, retrofit measures shall
be developed in accordance with Chapter 13 for the selected
Nonstructural Performance Level.

C3.3.3.2 Retrofit Requirements For relatively simple build-
ings with specific deficiencies, it is possible and advisable to
prioritize the retrofit measures. This prioritization is often done
where the construction has limited funding or must take place
while the building is occupied. In both cases, it is preferable
to correct the worst deficiency first. Refer to the Section
C5.8 for additional commentary on the prioritization of seismic
deficiencies.

If only a Partial Retrofit Objective is intended, deficiencies
should be corrected in priority order and in a way that will
facilitate fulfillment of the requirements of a higher objective at
a later date. Care must be taken to ensure that a Partial Retrofit
Objective effort does not make the building’s overall perfor-
mance worse by unintentionally channeling failure to a more
critical component.
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3.3.4 Tier 3 Systematic Evaluation and Retrofit Procedures

3.3.4.1 Evaluation Requirements A Tier 3 systematic evalua-
tion shall be performed in accordance with the requirements of
Chapter 6 where required by Section 3.3.1.

C3.3.4.1 Evaluation Requirements Recentresearchhasshown
that certain types of complex structures can be shown to be ade-
quate using nonlinear analysis procedures, even though other
common procedures do not. Though these procedures are complex
and expensive to carry out, they often result in construction
savings equal to many times their cost.

Tier 3 systematic evaluation may be used at any time or may
be used to further study potential deficiencies identified in Tier
1 or Tier 2 evaluations.

3.3.4.2 Retrofit Requirements The Tier 3 systematic retrofit
procedure in Chapter 6 shall be permitted for all retrofit designs
and shall be required where Tier 2 deficiency-based retrofit is
not permitted in accordance with Section 3.3.1.

The Tier 3 systematic retrofit procedure includes the following
steps:

Seismic Evaluation and Retrofit of Existing Buildings

1. An evaluation shall be performed to identify potential
seismic deficiencies.

2. Apreliminary retrofit scheme shall be developed using one
or more of the retrofit strategies defined in Section 1.5.

3. An analysis of the building, including retrofit measures,
shall be performed, to verify that the retrofit design meets
the selected Performance Objective.

4. Construction documents, including drawings, specifica-
tions, and a quality assurance plan, shall be developed as
defined in Chapter 1.

C3.3.4.2 Retrofit Requirements Tier 3 systematic retrofit may
be applied to any building and involves thorough checking of
each existing structural component, the design of new ones, and
verification of acceptable overall performance represented by
expected displacements and internal forces. The Tier 3 procedure
focuses on the nonlinear behavior of structural response and uses
advanced analysis techniques.
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CHAPTER 4
TIER 1 SCREENING

4.1 SCOPE

This chapter contains the requirements for performing a Tier 1
screening where it is permitted in accordance with Section 3.3.
The Tier 1 process is shown schematically in Fig. 4-1.

The Performance Level, Seismic Hazard Level, and Level of
Seismicity shall be determined in accordance with Sections
4.1.1, 4.1.2, and 4.1.3, respectively.

Section 4.2 specifies the requirements for the level of inves-
tigation of as-built conditions, performing site visits, and deter-
mining the building type.

Initially, the design professional shall determine whether the
building meets the Benchmark Building criteria of Section 4.3.
If the building meets the Benchmark Building criteria, it is
deemed to meet the structural requirements of this standard for
the specified level of performance; however, a Tier 1 screening
for nonstructural elements is still required.

If the building does not satisfy the criteria for Benchmark
Buildings, the design professional shall select and complete the
appropriate checklists in accordance with Section 4.4. The
checklists themselves are contained in Chapter 16. Section 4.5
contains the Tier 1 analysis provisions for use with the Tier 1
checklists.

A list of potential deficiencies identified by evaluation state-
ments for which the building was found to be noncompliant shall
be compiled upon completion of the Tier 1 checklists.

C4.1 SCOPE

The purpose of the Tier 1 screening phase of the evaluation
process is to quickly identify buildings that comply with the
provisions of this standard. A Tier 1 screening also familiarizes
the design professional with the building, its potential deficien-
cies, and its potential behavior.

ATier 1 screening is required for all buildings so that potential
deficiencies may be quickly identified. Further evaluation using
a Tier 2 or Tier 3 evaluation then focuses, at a minimum, on the
potential deficiencies identified in Tier 1. Alternatively, the
design professional may choose to end the investigation and
report the deficiencies in accordance with Chapter 1 or, after
consultation with the owner, may choose to proceed to a retrofit
design without performing a Tier 2 or Tier 3 evaluation.

4.1.1 Performance Level A target Performance Level shall be
defined before conducting a seismic evaluation using this stan-
dard. The Performance Level shall be determined by the owner
in consultation with the design professional and by the authority
having jurisdiction, if required. The Tier 1 screening may be
performed for one or both of the following two Building
Performance Levels as defined in Section 2.3: Life Safety (S-3,
N-C) and Immediate Occupancy (S-1, N-B).

Seismic Evaluation and Retrofit of Existing Buildings

4.1.2 Seismic Hazard Level The Seismic Hazard Level for the
Tier 1 screening shall be BSE-1E per Table 2-1 for the Basic
Performance Objective for Existing Buildings (BPOE).

4.1.3 Level of Seismicity The Level of Seismicity of the build-
ing shall be defined as Very Low, Low, Moderate, or High in
accordance with Section 2.5.

4.2 SCOPE OF INVESTIGATION REQUIRED

4.2.1 On-Site Investigation and Condition Assessment Tier
1 screening shall be permitted to be based on available construc-
tion documents and other records, subject to the findings of an
on-site investigation. An on-site investigation shall be conducted
to verify general conformance of existing conditions to those
described in available documents, to identify significant altera-
tions or deviations from available documents, to supplement
incomplete documents, to confirm the general quality of con-
struction and maintenance, and otherwise as needed to complete
the applicable Tier 1 checklists.

Where required, limited nondestructive investigation of a rep-
resentative sample of relevant conditions shall be performed for
all Tier 1 Quick Checks.

The on-site investigation shall include investigation of
common, likely, or suspected construction defects and deteriora-
tion that could have significant effects on seismic performance.
The scope of this investigation shall be permitted to be based on
the judgment of the evaluator. The findings and documentation
of this investigation shall be subject to the approval of the
authority having jurisdiction where required.

In setting the scope of this investigation, the evaluator
shall consider at least the defect and deterioration types given in
Table 4-1.

4.2.2 Building Type The building type shall be classified as
one or more of the building types listed in Table 3-1, based on
the lateral-force-resisting system(s) and the diaphragm type.
Separate building types shall be used for buildings with different
lateral-force-resisting systems in different directions.

C4.2.2 Building Type Separate checklists for each of the
common building types are included in this standard as well as
general structural checklists for buildings that do not fit the
descriptions of the common building types.

4.2.3 Default Material Values The use of default values is
permitted for material properties for Tier 1 Quick Checks. The
following default values are to be assumed unless otherwise
indicated by the available construction documents, or by testing.
Because these values and properties were taken from Chapters
7-10, refer to these chapters for values of material properties for
uses other than Tier 1 Quick Checks.
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Required Information:
Level of Performance
Level of Seismicity
General Bldg. Description

Chapters 2 & 3

yes Benchmark

Building?

Section 4.3

Selection of Checklists
Section 4.4

Very Low
Level of Seismicity &
Life-Safety Level
of Performance?

Complete the
Level of Very
Low Seismicity
Checklist

Section 16.1.1

Complete the Basic Configuration® Section 76. 7
Checklist
Quick Checks

Very Low
Seismicity 10
or Low,
Moderate, or High
Seismicity (LS/10)?

yes | Complete the Building System Sections 16.2 — 16.16
Structural Checklist
Quick Checks

> Complete the Section 16.17
Nonstructural Checklist

no
Summarize Deficiencies -

Further Evaluation
Required?

Section 3.3

Tier 1: Screening Phase

FIG. 4-1. Tier 1 Evaluation Process
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Table 4-1. Patterns of Defects and Deterioration

Component or Material

Commentary/Tier 2
Pattern Reference Sections

Foundation
Foundation elements

Evidence of settlement or heave
Deterioration caused by corrosion, sulfate attack, or material breakdown
‘Wood Decay, shrinkage, splitting, fire damage, or sagging in wood members.

A23.1,523,5432
A23.1,523,5432
A233,523

Deteriorated, broken, or loose metal connection hardware

Wood structural panel shear wall fasteners

Concrete

Concrete walls
forming an X pattern

Concrete columns encasing masonry infill
Unreinforced masonry units
Unreinforced masonry joints

Visible deterioration

hand with a metal tool
Unreinforced masonry walls

Infill masonry walls

Overdriven fasteners, omitted blocking, excessive fastener spacing, or
inadequate edge distance

Steel Visible rusting, corrosion, cracking, or other deterioration

Visible deterioration of concrete or reinforcing steel

Cracks that are 1/16in. or wider, concentrated in one location or

Diagonal cracks wider than 1/16in.
Eroded mortar or mortar that is easily scraped away from the joints by
Voids or missing grout in collar joints along with the lack of header

courses of multi-wythe walls
Diagonal or stepped cracks more than 1/16in. wide that extend

A234,523

A235,523
A23.6,523
A23.7,523

A238,523
A239,523
A23.10,52.3

A3253,523

A23.12,523

throughout a panel, or out-of-plane offsets wider than 1/16in. in

masonry joints
Post-tensioning anchors
Precast concrete walls

Corrosion or spalling in the vicinity of post-tensioning or end fittings
Visible deterioration of concrete or reinforcing steel, or evidence of

A23.13,523
A23.14,523

distress, especially at the connections

Reinforced masonry walls
forming an X pattern

Masonry veneer

Masonry veneer
hand with a metal tool

Masonry veneer

Hazardous material equipment
Mechanical or electrical equipment
Cladding

Damaged supply lines

Cracks that are 1/16in. or wider, concentrated in one location or

Deterioration, damage, or corrosion in connections
Eroded mortar or mortar that is easily scraped away from the joints by

Visible cracks or distortion in the stone

Deterioration, damage, or corrosion in anchorage or supports
Deterioration, damage, or corrosion in connections

A23.15,523

A75.4,13.6.1
A.755,13.6.1

A7.5.7,13.6.1
A7.122

A7.12.3,13.7
A7.4.2,13.6.1

Table 4-2. Default Compressive
Strengths (f’c) of Structural Concrete (kip/in.?)

Slabs and
Time Frame Beams Columns Walls
1900-1919 2 1.5 1
1920-1949 2 2 2
1950-1969 3 3 2.5
1970-Present 3 3 3

f! = (See Table 4-2)

fy = (See Table 4-3)

F, = (See Tables 4-4 and 4-5)

E (structural steel) = 29,000 kip/in.?
F,. =125 kip

C4.2.3 Default Material Properties This standard does not
permit the use of default material properties for Tier 2 and Tier
3 evaluations without the application of the knowledge factor,
K. Although the default material properties herein are reproduced
from Chapters 9 through 12, application of K is not required
because, as explained in more detail below, these properties are
conservative versions of those presented in Chapters 9 through
12. The default values for f; (in Table 4-2) are taken from Table
10-2 (i.e., the lowest values of the ranges given in Table 10-3
appear in Table 4-2), and the slab and column values are merged
into a single column in the table because their respective “lower
values” are identical.

No default values for E for concrete are provided because the
Quick Checks that require a value for E (i.e., story drift for
moment frame) are not triggered for any of the concrete check-
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lists. If for some reason a value of E for concrete is needed in
performing a Tier 1 screening, it is recommended that it be
derived using the equation applicable to normal-weight concrete
in ACI 318 (2011): E. = 57,000\/f7.

The default values for f, (in Table 4-3) are taken from
Table 10-3.

The default values for F, (in Tables 4-4 and 4-5) are taken
from Tables 9-1 and 9-2. Regarding Table 4-4, because of the
prevalence of ASTM A9 steel from 1900 to 1931, the first four
rows of Table 9-2 were collapsed into one row using the minimum
values for the three types of steel (rivet, medium, and structural).
Also, only the values of F, for Group 4 from three of the last
four rows of Table 9-1 (i.e., 1961-1990, 1961-Present, and
1990-Present) appear. These values are given because the Group
4 F, is always the minimum value of the various groups.

The default value for F), is based on a Y2-in.-diameter strand
of ASTM A 416 (2002b) material (i.e., breaking strength =
270 kip/in., and effective prestress = 0.6 x breaking strength).
It should be noted that this default material property is retained
from ASCE 31-03 (2003).

When evaluating a building using this standard, the design
professional should

e look for an existing geotechnical report on site soil
conditions;

¢ establish site and soil parameters;

¢ assemble building design data, including contract draw-
ings, specifications, and calculations;

¢ look for other data, such as assessments of the building
performance during past earthquakes; and

* select and review the appropriate sets of evaluation state-
ments included in Section 4.4.
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Table 4-3. Default Yield Strengths (f,) of Reinforcing Steel (kip/in.?)

Structural® Intermediate?® Hard?
Grade 33 40 50 60 65 70 75
Year Minimum Yield? (kip/in.?) 33 40 50 60 65 70 75
1911-1959 X X X X
1959-1966 X X X X X X X
1966-1987 X X X X X
1987—present X X X X X X

Note: An entry of X indicates that the grade was available in those years.
“The terms structural, intermediate, and hard became obsolete in 1968.

Table 4-4. Default Yield Strengths (F,) of Archaic Materials

Year Material Yield Strength (kip/in.?)
Pre-1900 Cast iron 18
Pre-1900 Steel 24

Notes: Modified from unit stress values in AISC Iron and Steel Beams
1873-1952 (1983). Properties are based on tables of allowable loads as
published in mill catalogs.

4.3 BENCHMARK BUILDINGS

A structural seismic evaluation using this standard need not be
performed for buildings designed and constructed or evaluated
in accordance with the benchmark provisions of this section.
However, an evaluation of nonstructural elements in accordance
with Section 16.17 is still required. Buildings that meet the
provisions of this section satisfy BSE-1E for the designated
Performance Level. The provisions of this section do not apply
to buildings in Very Low Seismicity, as defined in Section 2.5.

This section considers the provisions under which the struc-
ture was originally designed, retrofitted, or previously evaluated
that are considered to meet the BSE-1E requirements for the
designated Performance Level. Buildings that have been fully
retrofitted shall be evaluated using the standards used for the
retrofit, not the original design provisions. The edition of a
design code or provisions or the retrofit standard that sets the
benchmark year is indicated in Table 4-6. The design profes-
sional shall document the evidence used to determine that the
building complies with the provisions of this section.

The existing building must comply with Sections 4.3.1 through
4.3.4. If the building is determined to be noncompliant with any
of these sections or compliance cannot be determined, the struc-
ture does not meet the Benchmark Building provisions of this
section, and a Tier 1 screening is required.

The applicable Performance Level is indicated in Table 4-6
for each provision as a superscript.

C4.3 BENCHMARK BUILDINGS

The methodology in this standard is substantially compatible
with building code provisions; however, the nature of the meth-
odology is such that complete compatibility may not be achiev-
able. From observed earthquake damage, it can be inferred that
certain building types designed and constructed to recent build-
ing codes can be expected to provide Life Safety-level perfor-
mance. However, without Benchmark Building provisions, even
those recent structures would need to be evaluated to show
compliance with this standard. Although many buildings pass
the Tier 1 screening as compliant, the conservative nature of the
standard is such that some adequate buildings would be found
noncompliant. The intent of this section is to resolve this incom-
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patibility by recognizing structure types and code editions
that have provided Life Safety-level performance in past
earthquakes.

Although Benchmark Buildings need not proceed with further
structural evaluation, it should be noted that they are not simply
exempt from the criteria of this standard. The design professional
must determine and document that the building complies with
the benchmark provisions of Sections 4.3.1 through 4.3.4.

Because nonstructural components have been found routinely
to have been designed, installed, or modified without enforce-
ment of applicable building code provisions (Masek and Ridge
2009), benchmark provisions do not apply to evaluation of non-
structural components.

The Benchmark Building provisions are optional. A design
professional may choose to perform a structural Tier 1 screening,
even if the building meets the requirements of Section 4.3.

In some areas, the design seismicity may have changed since
the building was originally designed. Slight changes in the seis-
micity are not expected to result in a change in the Level of
Seismicity for the purposes of Tier 1 screening because the
building code adoption dates for most of the benchmark codes
are no older than 1993. There are some exceptions, such as light
wood frame buildings and low-rise concrete and reinforced
masonry shear wall buildings. These buildings generally present
a low risk of collapse, so changes in the Level of Seismicity
should not affect the ability to benchmark the building for the
Life Safety Performance Level. Conversely, if the design of the
building is known to have neglected or inadequately addressed
the applicable seismic design provisions, the building should not
be benchmarked.

Table 4-6 identifies the first year of publication of provisions
whose seismic criteria are acceptable for certain building types,
so that further structural evaluation is not required. The intention
of Table 4-6 is that buildings designed to the specific code would
be benchmarked, not buildings that were designed to an earlier
code but can be shown to meet the provisions of the benchmark
code.

4.3.1 Existing Documents Review of the record drawings of
the structure shall be performed to confirm that the primary ele-
ments of the seismic-force-resisting system and their detailing
were intended to be designed in accordance with the applicable
provisions listed in Table 4-6.

C4.3.1 Existing Documents The evaluating design profes-
sional must determine that the building is in general compliance
with the benchmark provisions of Table 4-6. The reason for this
requirement is that sometimes the building is not properly
detailed to meet the provisions of the benchmark code or stan-
dard. The intent is to require the evaluating engineer to consider
the actual design of the structure, not just the code that was said
to have applied. Even with this requirement, the expectation is
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Table 4-5. Default Yield Strengths (F,) of Structural Steel

Date Specification Remarks Yield Strength? (kip/in.?)
1900 ASTM A9 Rivet steel 50
Buildings Medium steel 60
1901-1908 ASTM A9 Rivet steel 50
Buildings Medium steel 60
1909-1923 ASTM A9 Structural steel 55
Buildings Rivet steel 50
1924-1931 ASTM A7 Structural steel 55
Rivet steel 50
ASTM A9 Structural steel 55
Rivet steel 50
1932 ASTM A140-32T issued as a tentative revision to ASTM Plates, shapes, bars 33
A9 (Buildings) Eyebar flats (unannealed) 36
1933 ASTM A140-32T discontinued and ASTM A9 (Buildings) Structural steel 30

revised Oct. 30, 1933

ASTM A141-32T adopted as a standard Rivet steel 30
1934—Present ASTM A9 Structural steel 33
ASTM Al141 Rivet steel 28
1961-1990 ASTM A36/A36M-04 (2004a) Structural steel 37
1961-Present ASTM A572/A572M-04 (2004b), Grade 50 Structural steel 50
1990-Present ASTM A36/A36M-04 (2004a) and Dual Grade Structural steel 49
1998—Present ASTM A992/A992M-04 (2004c) Structural steel 50

NOTES: Values for material before 1960 are based on minimum specified values. Values for material after 1960 are mean minus one standard deviation values
from statistical data. Values are based on ASTM and AISC structural steel specification stresses.
“Values are representative of material extracted from the flanges of wide flange shapes (i.e., for non-rivet steel).

that most buildings that qualify for benchmarking will not
require any detailed review of original calculations or old code
provisions.

Knowledge that a code was in effect at the time of construc-
tion is not sufficient. A statement on the drawings that the build-
ing was designed to the provisions of the benchmark code or
standard is not sufficient. Rather, the cited drawings must provide
evidence that relevant provisions regarding the detailing of
primary elements were applied. At a minimum, there must be
evidence of an intended lateral load path on the drawings.
Although a general reference to the applicable code is not suf-
ficient, specific notes or references regarding the lateral system
type (such as specification of the response modification factor
Ry or R value used for the design), soil profile type, and other
detailing provisions of the code in question provide better evi-
dence. Similarly, the degree of detailing can indicate a conscien-
tious design. The use of generic typical details for varied and
complex conditions, or notes calling for detailing by others can
indicate an incomplete design that does not qualify for bench-
marking. Some judgment by the evaluating design professional
is often needed.

For example, for concrete tilt-up wall buildings, the most
critical elements are the out-of-plane connections between the
diaphragm and the tilt-up panels. Provisions dealing with the
specific detailing of these elements were not prevalent until
the 1997 UBC. Therefore, if an engineer examines the construc-
tion documents and notices that the out-of-plane connections can
induce cross-grain ledger bending, then he or she can make a
decision that the building does not meet the detailing provision
of the benchmark code.

4.3.2 Field Verification Field verification shall be performed
to confirm that the building was constructed in general confor-
mance with record drawings and that no modifications have been
made that significantly affect the expected performance of the
lateral-force-resisting system.

C4.3.2 Field Verification The evaluating design professional
must confirm the record drawings with a site visit. The reason
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for this requirement is that sometimes the existing building has
been built to plans different from available design drawings or
has been altered since original construction. Also, poor construc-
tion quality sometimes compromises the original design. As in
Section 4.3.1, the intent is to require the evaluating engineer to
consider the actual construction, not just the plans. Even with
this requirement, the expectation is that most buildings that
qualify for benchmarking do not require any comprehensive or
destructive investigation.

The field verification intended by this provision should not
require confirmation of every important detail. Rather, the
purpose is to rule out with confidence those errors and activities
that might cause the structure to perform significantly worse than
the confirmed existing documents would suggest. Some judg-
ment by the evaluating engineer is often needed.

In the example given in C4.3.1, the engineer has discovered
that two new wall openings have significantly reduced the
lateral-force-resisting capacity of the system, and no documenta-
tion of this structural modification can be found. Without further
evaluation, the engineer cannot conclude that the building meets
the benchmark code provisions.

4.3.3 Condition Assessment Field verification confirms that
significant deterioration of structural materials has not occurred.

C4.3.3 Condition Assessment Significant deterioration can
compromise structural performance. Although the requirement
is not as detailed as the condition assessment requirements of
Section 4.2.1, the engineer must still determine whether any
deterioration discovered will affect the behavior of the lateral-
force-resisting system suggested by the confirmed drawings and
construction. The Tier 1 condition assessment provisions of
Section 4.2.1 may be used as a guide to the scope and nature of
the effort needed to satisfy this requirement.

In the example given in Section C4.3.1, the engineer has veri-
fied that the out-of-plane anchors are detailed correctly. However,
when the engineer goes out to visit the building, he or she notices
that a chronic roof drainage problem has corroded half the out-
of-plane anchors on one side of the building. Because the force
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Table 4-6. Benchmark Buildings

Building Seismic Design Provisions Seismic Evaluation or Retrofit Provisions

FEMA 310 FEMA 356
NBC'® FEMA (1998e)/ (2000y/
Building Type®® SBC'S uBC™ IBC*® NEHRP“® 178 ASCE 31's'© ASCE 41'sai0d

Wood frame, wood shear panels (Types W1 & W2) 1993 1976 2000 1985 ¢ 1998 2000
Wood frame, wood shear panels (Type Wla) ¢ 1997 2000 1997 ¢ 1998 2000
Steel moment-resisting frame (Types S1 & Sla) ¢ 1994/ 2000 1997 ¢ 1998 2000
Steel concentrically braced frame (Types S2 & S2a) ¢ 1997 2000 ¢ ¢ 1998 2000
Steel eccentrically braced frame (Types S2 & S2a) ¢ 1988/ 2000 1997 ¢ ¢ 2000
Buckling-restrained braced frame (Types S2 & S2a) ¢ ¢ 2006 ¢ ¢ ¢ 2000
Light metal frame (Type S3) ¢ ¢ 2000 ¢ 1992 1998 2000
Steel frame w/ concrete shear walls (Type S4) 1993 1994’ 2000 1985 ¢ 1998 2000
Steel frame with URM infill (Types S5 & S5a) ¢ ¢ 2000 ¢ ¢ 1998 2000
Steel plate shear wall (Type S6) ¢ ¢ 2006 ¢ ¢ ¢ 2000
Reinforced concrete moment-resisting frame (Type C1)* 1993 1994 2000 1997 ¢ 1998 2000
Reinforced concrete shear walls (Types C2 & C2a) 1993 1994 2000 1985 ¢ 1998 2000
Concrete frame with URM infill (Types C3 & C3a) ¢ ¢ 2000 ¢ ¢ 1998 2000
Tilt-up concrete (Types PC1 & PCla) ¢ 1997 2000 ¢ ¢ 1998 2000
Precast concrete frame (Types PC2 & PC2a) ¢ ¢ 2000 ¢ 1992 1998 2000
Reinforced masonry (Type RM1) ¢ 1997 2000 ¢ ¢ 1998 2000
Reinforced masonry (Type RM2) 1993 1994’ 2000 1985 ¢ 1998 2000
Unreinforced masonry (Type URM)" ¢ 1991 2000 ¢ 1992 1998 2000
Unreinforced masonry (Type URMa) ¢ ¢ 2000 ¢ ¢ 1998 2000
Seismic isolation or passive dissipation ¢ 1991 2000 ¢ ¢ ¢ 2000

“Building type refers to one of the common building types defined in Table 3-1.

“Buildings on hillside sites shall not be considered Benchmark Buildings.

‘LS: S-3 Structural Performance Level for the BSE-1.

“10: S-1 Structural Performance Level for the BSE-1.

‘No benchmark year; buildings shall be evaluated using this standard.

Steel moment-resisting frames and eccentrically braced frames with links adjacent to columns shall comply with the 1994 UBC Emergency Provisions, pub-
lished September/October 1994, or subsequent requirements.

Flat slab concrete moment frames shall not be considered Benchmark Buildings.

"URM buildings evaluated or retrofitted and shown to be acceptable using Special Procedure (the ABK Methodology, 1984) may be considered benchmark
buildings subject to the limitation of Section 15.2.

‘Refers to the GSREB or its predecessor, the Uniform Code of Building Conservation (UCBC), or its successor, IEBC Appendix Chapter Al.

YSOnly buildings designed and constructed or evaluated in accordance with these documents and being evaluated to the Life Safety Performance Level may
be considered Benchmark Buildings.

'Buildings designed and constructed or evaluated in accordance with these documents and being evaluated to the Immediate Occupancy Performance Level
may be considered Benchmark Buildings.

NBC = National Building Code.

SBC = Standard Building Code.

UBC = Uniform Building Code.

IBC = International Building Code.

IEBC = International Existing Building Code.
NEHRP = FEMA 368 and 369, NEHRP Recommended Provisions for the Development of Seismic Regulations for New Buildings (BSSC 2000).
FEMA 178.

FEMA 310.

FEMA 356.

ASCE 31-03.

ASCE 41-06.

transfer mechanism is now partially compromised, the engineer
now concludes that without further evaluation, the building no
longer meets the benchmark code provisions.

4.3.4 Geologic Site Hazards There shall be no liquefaction,
slope failure, or surface fault rupture hazard present at the build-
ing site. Alternatively, if such a hazard is present, the hazard has
been mitigated by the design of the lateral-force-resisting system,
including foundations.

C4.3.4 Geologic Site Hazards Even if an existing building
was properly designed and constructed to the benchmark code,
site conditions not explicitly addressed by the benchmark code
can compromise performance. Large foundation movements
caused by any number of site hazards can severely damage an
otherwise seismic-resistant building. Potential causes of signifi-
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cant foundation movement include settlement or lateral spread-
ing caused by liquefaction, slope failure, or surface fault
ruptures.

If such a geologic site hazard exists, the design of the lateral-
force-resisting system of the building must consider this hazard,
such as the use of a deep foundation system for an area of lig-
uefaction potential.

4.4 SELECTION AND USE OF CHECKLISTS

The Tier 1 checklists are provided in Chapter 16. Required
checklists, as a function of Level of Seismicity and Performance
Level, are listed in Table 4-7. Each of the required checklists
designated in Table 4-7 shall be completed for a Tier 1 screening.
Each of the evaluation statements on the checklists shall be

STANDARD 41-13



Table 4-7. Checklists Required for a Tier 1 Screening

Required Checklists?

Level of Very Low Seismicity = Basic Configuration Life Safety Checkli: | diate Occupancy Life Safety Position Retention

Level of Building Checklist Checklist (Sec. 16.2LS through  Checklist (Sec. 16.210 Nonstructural Nonstructural
Seismicity® Performance® (Sec 16.1.1) (Sec. 16.1.2) 16.15LS) through 16.1510) Checklist (Sec. 16.17)  Checklist (Sec. 16.17)
Very low LS X
Very low 10 X X X
Low LS X X X
Low 10 X X X
Moderate LS X X X
Moderate 10 X X X
High LS X X X
High 10 X X X

“An X designates the checklist that must be completed for a Tier 1 screening as a function of the level of seismicity and level of performance.

Defined in Section 2.5.

‘LS = Life Safety Performance Level, and IO = Immediate Occupancy Performance Level (defined in Section 2.3.3).

marked “Compliant” (C), “Noncompliant” (NC), “Unknown”
(U), or “Not Applicable” (N/A). Compliant statements identify
issues that are acceptable according to the criteria of this stan-
dard, whereas noncompliant or unknown statements identify
issues that require further investigation to demonstrate compli-
ance with the applicable Performance Objective. Certain evalu-
ation statements may not apply to the specific building being
evaluated.

Quick Checks for Tier 1 shall be performed in accordance
with Section 4.5 where necessary to complete an evaluation
statement.

The checklist for Very Low Seismicity, located in Section
16.1.1, shall be completed for buildings in Very Low Seismicity
being evaluated to the Life Safety Performance Level. For build-
ings in Very Low Seismicity being evaluated to the Immediate
Occupancy Performance Level and buildings in levels of Low,
Moderate, or High Seismicity, the appropriate structural and
nonstructural checklists shall be completed in accordance with
Table 4-7.

The appropriate structural checklists shall be selected based
on the common building types defined in Table 3-1. Buildings
being evaluated to the Life Safety Performance Level shall use
the applicable checklists in Chapter 16 denoted “LS” after the
section number. Buildings being evaluated to the Immediate
Occupancy Performance Level shall use the applicable check-
lists in Chapter 16 denoted “IO” after the section number.

A building with a different lateral-force-resisting system in
each principal direction shall use two sets of structural check-
lists, one for each direction. A building with more than one type
of lateral-force-resisting system along a single axis of the build-
ing being evaluated to the Life Safety Performance Level,
including changes in seismic-force-resisting system over the
height, may be evaluated using the applicable checklist(s) in
Chapter 16 subject to the requirements in Section 3.3.1.2.2.

Two nonstructural checklists also are provided in Chapter 16:
Life Safety and Position Retention. Refer to Table 4-7 for the
applicability of the nonstructural checklists.

C4.4 SELECTION AND USE OF CHECKLISTS

The evaluation statements provided in the checklists form the
core of the Tier 1 screening methodology. These evaluation state-
ments are based on observed earthquake structural damage
during actual earthquakes. The checklists do not necessarily
identify the response of the structure to ground motion; rather,
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the design professional obtains a general sense of the structure’s
deficiencies and potential behavior during an earthquake.

Although the section numbers in parentheses after each
evaluation statement correspond to Tier 2 evaluation proce-
dures, they also correspond to commentary in Appendix A
regarding the statement’s purpose. If additional information on
the evaluation statement is required, please refer to the com-
mentary in the Tier 2 procedure and Appendix A for that evalu-
ation statement.

4.5 TIER 1 ANALYSIS

4.5.1 Overview Analyses performed as part of the Tier 1
screening process are limited to Quick Checks. Quick Checks
shall be used to calculate the stiffness and strength of certain
building components to determine whether the building com-
plies with certain evaluation criteria. Quick Checks shall be
performed in accordance with Section 4.5.3 where they are trig-
gered by evaluation statements from the checklists of Chapter
16. Seismic forces for use in the Quick Checks shall be com-
puted in accordance with Section 4.5.2.

4.5.2 Seismic Forces

4.5.2.1 Pseudo Seismic Force The pseudo seismic force, in a
given horizontal direction of a building, shall be calculated in
accordance with Eqgs. (4-1) or (4-2), if applicable.

V=CS,W

where V = Pseudo seismic force.

C = Modification factor to relate expected maximum
inelastic displacements to displacements calculated
for linear elastic response; C shall be taken from
Table 4-8.

S, = Response spectral acceleration at the fundamental
period of the building in the direction under consid-
eration. The value of S, shall be calculated in accor-
dance with the procedures in Section 4.5.2.3.

W = Effective seismic weight of the building, including
the total dead load and applicable portions of other
gravity loads listed below:

(4-1)

1. Inareas used for storage, a minimum of 25% of the floor
live load shall be applicable. The live load shall be
permitted to be reduced for tributary area as approved
by the code official. Floor live load in public garages
and open parking structures need not be considered.
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Table 4-8. Modification Factor, C

Number of Stories

Building Type? 1 2 3 >4
Wood (W1, Wla, W2) 1.3 1.1 1.0 1.0
Moment frame (S1, S3, C1, PC2a)
Shear wall (S4, S5, C2, C3, PCla, 1.4 1.2 1.1 1.0

PC2, RM2, URMa)
Braced frame (S2)
Unreinforced masonry (URM) 1.0 1.0 1.0 1.0
Flexible diaphragms (Sla, S2a,

S5a, C2a, C3a, PC1, RM1)

“Defined in Table 3-1.

2. Where an allowance for partition load is included in the
floor load design, the actual partition weight or a
minimum weight of 101b/ft? of floor area, whichever is
greater, shall be applied.

3. Total operating weight of permanent equipment.

4. Where the design flat roof snow load calculated in
accordance with ASCE 7 exceeds 301b/ft?, the effective
snow load shall be taken as 20% of the design snow
load. Where the design flat roof snow load is 30 Ib/ft*or
less, the effective snow load shall be permitted to be
Zero.

Alternatively, for buildings in which the bottom of the founda-
tion is less than 3 ft below exterior grade with a slab or tie beams
to connect interior footings and being evaluated for the Life
Safety Performance Level, Eq. (4-2) shall be permitted to be
used to compute the pseudo seismic force:

V=0.75W (4-2)

If Eq. (4-2) is used, an M, -factor of 1.0 shall be used to
compute the component forces and stresses for the Quick Checks
of Section 4.5.3.

C4.5.2.1 Pseudo Seismic Force The seismic evaluation proce-
dure of this standard, as well as those in FEMA P-750 (2009c¢),
(BSSC 2009), and ASCE 7 (2010), is based on a widely accepted
philosophy that permits nonlinear response of a building where
subjected to a ground motion that is representative of the design
earthquake. FEMA P-750 (2009c) and ASCE 7 (2010) account
for nonlinear seismic response in a linear static analysis proce-
dure by including a response modification factor, R, in calculat-
ing a reduced equivalent base shear to produce a rough
approximation of the internal forces during a design earthquake.
In other words, the base shear is representative of the force that
the building is expected to resist, but the building displacements
are significantly less than the actual displacements of the build-
ing during a design earthquake. Thus, in this R-factor approach,
displacements calculated from the reduced base shear need to be
increased by another factor (C, or R) where checking drift or
ductility requirements. In summary, this procedure is based on
equivalent seismic forces and pseudo displacements.

The linear static analysis procedure in this standard takes a
different approach to account for the nonlinear seismic response.
Pseudo static seismic forces are applied to the structure to obtain
actual displacements during a design earthquake. The pseudo
seismic force of Eq. (4-1) represents the force required, in a
linear static analysis, to impose the expected deformation of the
structure in its yielded state where subjected to the design earth-
quake motions. The modification factor C in Eq. (4-1) is intended
to replace the product of modification factors C;, C,, and C,, in
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Chapter 7. The factor C increases the pseudo seismic force where
the period of the structure is low. The effect of the period of the
structure is replaced by the number of stories in Table 4-8. Fur-
thermore, the factor C is larger where a higher level of ductility
in the building is relied upon. Thus, unreinforced masonry build-
ings have a lower factor as compared with concrete shear wall
or moment-frame structures. In assigning values for coefficient
C, representative average values (instead of using most conser-
vative values) for coefficients C,, C,, and C,, were considered.

The pseudo seismic force does not represent an actual seismic
force that the building must resist in traditional design codes. In
summary, this procedure is based on equivalent displacements
and pseudo seismic forces. For additional commentary regarding
this linear static analysis approach, please refer to the Commen-
tary in Chapter 7.

For short and stiff buildings with low ductility located in
levels of High Seismicity, the required building strength in
accordance with Eq. (4-1) may exceed the force required to
cause sliding at the foundation level. The strength of the struc-
ture, however, does not need to exceed the sliding resistance at
the foundation—soil interface. It is assumed that this sliding resis-
tance is equal to 0.75W. Thus, where Eq. (4-2) is applied to these
buildings, the required strength of structural components need
not exceed 0.75W.

4.5.2.2 Story Shear Forces The pseudo seismic force calcu-
lated in accordance with Section 4.5.2.1 shall be distributed
vertically in accordance with Egs. (4-3a and 4-3b). For buildings
six stories or fewer high, the value of k shall be permitted to be
taken as 1.0.

F- w,hy

i W,‘h,‘k
in1
v,=YF
x=j

where V; = Story shear at story level j;
n = Total number of stories above ground level;
Jj = Number of story levels under consideration;
W = Total seismic weight, per Section 4.5.2.1;
V = Pseudo seismic force from Eq. (4-1) or (4-2);
w; = Portion of total building weight W located on or
assigned to floor level i;
w, = Portion of total building weight W located on or
assigned to floor level x;
h; = Height (ft) from the base to floor level i;
h, = Height (ft) from the base to floor level x; and
k= 1.0for T<0.5 s and 2.0 for T> 2.5 s; linear interpola-
tion shall be used for intermediate values of k.

Vv (4-3a)

(4-3b)

For buildings with stiff or rigid diaphragms, the story shear
forces shall be distributed to the lateral-force-resisting elements
based on their relative rigidities. For buildings with flexible
diaphragms (Types Sla, S2a, S5a, C2a, C3a, PC1, RMI1, and
URM), story shear shall be calculated separately for each line of
lateral resistance.

4.5.2.3 Spectral Acceleration Spectral acceleration, S,, for use
in computing the pseudo seismic force shall be computed in
accordance with Eq. (4-4).

S, =" (4-4)

but S, shall not exceed Sys.
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where T is the fundamental period of vibration of the building,
calculated in accordance with Section 4.5.2.4, and

Sx; and S are as defined in Section 2.4 for the Seismic Hazard
Level specified in Section 4.1.2. Alternatively, a site-specific
response spectrum shall be permitted to be developed according
to Section 2.4.2 for the Seismic Hazard Level specified in
Section 4.1.2.

4.5.2.4 Period The fundamental period of a building, in the
direction under consideration, shall be calculated in accordance
with Eq. (4-5).

T=Ch} (4-5)

where T = Fundamental period (seconds) in the direction under
consideration;
C;=0.035 for moment-resisting frame systems of steel
(Building Types S1 and Sla);
= 0.018 for moment-resisting frames of reinforced con-
crete (Building Type C1);
= 0.030 for eccentrically braced steel frames (Building
Types S2 and S2a);
=0.020 for all other framing systems;
h, = height (ft) above the base to the roof level;
B=0.80 for moment-resisting frame systems of steel
(Building Types S1 and Sla);
=0.90 for moment-resisting frame systems of rein-
forced concrete (Building Type C1); and
= (.75 for all other framing systems.

Alternatively, for steel or reinforced-concrete moment frames
of 12 stories or fewer, the fundamental period of the building
may be calculated as follows:

T=0.10n (4-6)

where n = number of stories above the base.

C4.5.2.4 Period The values of C, given in this standard are
intended to be reasonable lower bound (not mean) values for
structures, including the contribution of nonstructural elements.
The value of T used in the evaluation should be as close as pos-
sible to, but less than, the true period of the structure.

4.5.3 Quick Checks for Strength and Stiffness Quick Checks
shall be used to compute the stiffness and strength of building
components. Quick Checks are triggered by evaluation state-
ments in the checklists of Chapter 16 and are required to deter-
mine the compliance of certain building components. The
seismic forces used in the Quick Checks shall be calculated in
accordance with Section 4.5.2.

4.5.3.1 Story Drift for Moment Frames Eq. (4-7) shall be
used to calculate the drift ratios of regular, multi-story, multi-bay
moment frames with columns continuous above and below the
story under consideration. The drift ratio is based on the deflec-
tion caused by flexural displacement of a representative column,
including the effect of end rotation caused by bending of the
representative beam.

D, = ( ks + ke j(ijv (4-7)
k. \12E

where D, = Drift ratio: Interstory displacement divided by story
height;
k, = I/L for the representative beam;
k. = I/h for the representative column;
h = Story height (in.);
I =Moment of inertia (in.*);

Seismic Evaluation and Retrofit of Existing Buildings

L =Beam length from center-to-center of adjacent
columns (in.);

E = Modulus of elasticity (kip/in.?); and

V. = Shear in the column (kip).

The column shear forces are calculated using the story shear
forces in accordance with Section 4.5.2.2. For reinforced con-
crete frames, an effective cracked section moment of inertia
equal to one-half of gross value shall be used.

Eq. (4-7) also may be used for the first floor of the frame if
columns are fixed against rotation at the bottom. However, if
columns are pinned at the bottom, the drift ratio shall be multi-
plied by 2.

For other configurations of frames, the Quick Check need not
be performed; however, a Tier 2 evaluation, including calcula-
tion of the drift ratio, shall be completed based on principles of
structural mechanics.

C4.5.3.1 Story Drift for Moment Frames Eq. (4-7) assumes
that all of the columns in the frame have similar stiffness.

4.5.3.2 Shear Stress in Concrete Frame Columns The
average shear stress, v3'¢, in the columns of concrete frames
shall be computed in accordance with Eq. (4-8).

Jj o
1 X v

P 1A .
’ M\ n.—n; )\ A,

where n. = Total number of columns;
n, = Total number of frames in the direction of loading;
A. = Summation of the cross-sectional area of all columns
in the story under consideration;
V, = Story shear computed in accordance with Section
4.5.2.2; and
M, = System modification factor; M, shall be taken as
equal to 2.0 for buildings being evaluated to the Life
Safety Performance Level and equal to 1.3 for build-
ings being evaluated to the Immediate Occupancy
Performance Level.

C4.5.3.2 Shear Stress in Concrete Frame Columns Eq. (4-8)
assumes that all of the columns in the frame have similar
stiffness.

The inclusion of the term [n/(n. — n)] in Eq. (4-8) is based
on the assumption that the end column carries half the load of
a typical interior column. This equation is not theoretically
correct for a one-bay frame and yields shear forces that are twice
the correct force; however, because of the lack of redundancy
in one-bay frames, this level of conservatism is considered
appropriate.

4.5.3.3 Shear Stress in Shear Walls The average shear
stress in shear walls, v, shall be calculated in accordance with

Eq. (4-9).
av 1 Vi
v g — _(_J) (4-9)

where V; = Story shear at level j computed in accordance with
Section 4.5.2.2.

A,, = Summation of the horizontal cross-sectional area of
all shear walls in the direction of loading. Openings
shall be taken into consideration where computing
A,. For masonry walls, the net area shall be used.
For wood-framed walls, the length shall be used
rather than the area.

M, = System modification factor; M, shall be taken from
Table 4-9.
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Table 4-9. M Factors for Shear Walls

Level of Performance

Wall Type LS 10
Reinforced concrete, precast concrete, 4.0 2.0
wood, and reinforced masonry
Unreinforced masonry 1.5 1.0

Table 4-10. M, Factors for Diagonal Braces

Level of Performance

Brace Type ans LS 10
Tube? <90/(F,,)"* 6.0 2.5
>190/(F,,)"* 3.0 1.5

Pipe® <1500/F,. 6.0 2.5
>6000/F,, 3.0 1.5

Tension-only 3.0 1.5
All others 6.0 2.5

“Depth-to-thickness ratio.
’Interpolation to be used for tubes and pipes.
F,. = 1.25F,; expected yield stress.

4.5.3.4 Diagonal Bracing The average axial stress in diagonal
bracing elements, f;*, shall be calculated in accordance with

Eq. (4-10).
om0 )
! Ms SNbr Abr

where L, = Average length of the braces (ft);

N, =Number of braces in tension and compression if
the braces are designed for compression; number of
diagonal braces in tension if the braces are designed
for tension only;

s = Average span length of braced spans (ft);

A,, = Average area of a diagonal brace (in.?);

V; = Maximum story shear at each level (kip); and

M, = System modification factor; M, shall be taken from
Table 4-10.

4.5.3.5 Precast Connections The strength of the connection in
precast concrete moment frames shall be greater than the moment
in the girder, M,;, calculated in accordance with Eq. (4-11).

V.
M, = M_J( ! ](ﬁ)
s\ e —np J\2

Where n, = Total number of columns;
n; = Total number of frames in the direction of loading;
V, = Story shear at the level directly below the connec-
tion under consideration;
h = Typical column story height; and
M, = System modification factor taken as equal to 2.0
for buildings being evaluated to the Life Safety
Performance Level and equal to 1.3 for build-
ings being evaluated to the Immediate Occupancy
Performance Level.

C4.5.3.5 Precast Connections The term [1/(n. — np] in Eq.
(4-11) is based on the assumption that the end column carries
half the load of a typical interior column.

4.5.3.6 Column Axial Stress Caused by Overturning The
axial stress of columns in moment frames at the base subjected

(4-10)

4-11)
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to overturning forces, p,;, shall be calculated in accordance with

Eq. (4-12).
SEETAEY
P = \3 \ I, )\ A

where n, = Total number of frames in the direction of loading;
V = Pseudo seismic force;
h, = Height (ft) above the base to the roof level;
L = Total length of the frame (ft);

M, = System modification factor taken as equal to 2.0
for buildings being evaluated to the Life Safety
Performance Level and equal to 1.3 for build-
ings being evaluated to the Immediate Occupancy
Performance Level; and

A.,; = Area of the end column of the frame.

C4.5.3.6 Column Axial Stress Caused by Overturning The
2/3 factor in Eq. (4-12) assumes a triangular force distribution
with the resultant applied at 2/3 the height of the building.

(4-12)

4.5.3.7 Flexible Diaphragm Connection Forces The horizon-
tal seismic forces associated with the connection of a flexible
diaphragm to either concrete or masonry walls, 7;, shall be cal-
culated in accordance with Eq. (4-13).

T. = ySxsw,A, (4-13)

Where w, = unit weight of the wall;
A, = area of wall tributary to the connection;
y = 1.2 for Life Safety Performance Level and 1.8 for
Immediate Occupancy Performance Level; and
Sxs = value specified in Section 4.5.2.3.

4.5.3.8 Prestressed Elements The average prestress in pre-
stressed or post-tensioned elements, f,, shall be calculated in
accordance with Eq. (4-14).

5= Joelty

" (4-14)

4
where f,. = Effective force of a prestressed strand;
n, = Number of prestressed strands; and
A, = Gross area of prestressed concrete elements.

C4.5.3.8 Prestressed Elements The average prestress is simply
calculated as the effective force of a prestressed strand times the
number of strands divided by the gross concrete area. In many
cases, half-inch strands are used, which correspond to an effec-
tive force of 25 kip per strand.

4.5.3.9 Flexural Stress in Columns and Beams of Steel
Moment Frames The average flexural stress in the columns and
beams of steel frames at each level shall be computed in accor-
dance with Eq. (4-15).

\ 1 n, h\1
fivg:v__ c i
J; ]Ms(nc—nfj(ZjZ

where n, = Total number of frame columns at the level, j, under
consideration.

n,= Total number of frames in the direction of loading at
the level, j, under consideration.

V,; = Story shear computed in accordance with Section
4.52.2.

h = Story height (in.).

Z = For columns, the sum of the plastic section moduli
of all the frame columns at the level under consider-
ation. For beams, it is the sum of the plastic section
moduli of all the frame beams with moment-resisting
connections. If a beam has moment-resisting connec-

(4-15)
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tions at both ends, then the contr