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WHAT IS YOUR EXPERIENCE WITH SEISMIC EVALUATION H
OF EXISTING BUILDINGS? Agenda Of Semlnar
700 . . .
= * Introduction/Overview Bill Holmes
583
a0 » Demand as used in the methodology Bill Holmes
A0 » Capacity as used in the methodology Abbie Liel
A0 * Typical Chapter for Building Types and Example Abbie Liel
L * Wrap up Bill Holmes
200
108 98
: ]
Little or no Familiar with Experienced with  Experienced with
experience ASCE/SEI 41 ASCE/SEI 41 ASCE/SEI 41 use on
concrete buildings
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Prepared by

What are the goals of this training? Many Participants S

* Application of the method Lots of people involved including: Prcpared for
FEDERAL EMERGENCY MANAGEMENT AGENCY
° BUIldIngS included * FEMA it i\{[almne,\r.l’-xlo;ecllo\flﬁce:
. . . i H Washington, D.C.
® BUIldIngS not included AppllEd TGChn'OIOgy Cou'nC|I APPLIED TECHNOLOGY COUNCIL
) ° p rOJ ect Tech nica | Com m |ttee Jon A. Heintz, Project Manager
® What can VOU eXpeCt to gEt from a P 2018 ana|Y5|S? L Students and Others aSSiSting PROJECT TECHNICAL COMMITTEE PROJECT REVIEW PANEL
L. William T. Holmes (Project Tech. Director) Tery Lundeen (Chair)
* What is in the book? the PTC i Nt Geaay G et
; * Independent reviewers (10 s domen Jouh ebetin
* Overview Of met h Od ° I ogy i i WORKING GROUP MEMBERS Kiaiid Moo
review meetings) Somn . Al Ro'ﬁe‘.“ beil?.ﬂ'&;
Sopoik Bose il e
Coly Hamiagion” o olise
Travis Marcilla
Pablo Parra
Siamak Sattar
Andreas Stavridis
Duy VuTo
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Why FEMA P-20187

* In 2005-2006 discussions within the Concrete Coalition included the
observation that although most ( 75%) of this building type will fail
standard seismic evaluations, and are very vulnerable to damage, only a
relatively small percentage will cause severe life safety issues.
Policy-wise, these dangerous ones are the ones that urgently need to be
identified and mitigated (could be called exceptionally high-risk buildings)

* Existing seismic evaluation methods are pass/fail.

* Too many buildings will fail “collapse prevention” standards.
* Not practical to require all these buildings to be “fixed” at once.

A method to measure relative risk was needed to
“rank” buildings in an inventory.

6/30/2021

Epitome of Exceptionally High-Risk Building

for Collapse Potential

of Older C
10

9
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During development of FEMA P-2018,
Method to measure collapse risk evolved
* Ranking of risk from older concrete buildings here is related to the
probability of building [story] collapse
* Ratings: Continuous Scale Simplified Scale
>0.7 Exceptionally High Risk
0.1-0.9 0.3-0.7 High Risk
<0.3 Lower Risk
* Not intended to override ASCE 41, “pass-fail” of established
(consensus) performance objectives
* No “safe-enough” cut-off given (at least until considerable
calibration can be done)

* Nonlinear analysis not required
* On average the same level of effort as ASCE/SEI 41 Tier 2 (160 hr +-)

11

Some things to we had to consider...
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Column failure leading to axial failure Column failure leading to implosion

E—— y

Northridge, 1994 Photo courtesy of Jack Moehle
)

Pure gravity column, not drift tolerant, started this collapse.

Izmit, Turkey, 1999
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Joint failures ’ Wall failure leading to overturning

Photo courtesy of Jack Moehle ChI-ChI Taiwan, 1999
, ,

Photo courtesy of Jack Moehle

Northridge, 1994
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Wall failure leading to inward collapse

FEMA P-2018: Seismic ion of Older C te

for Collapse Potential
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How is FEMA P-2018 different than ASCE/SEI 417

* ASCE 41 is a national standard for seismic evaluation and retrofit and covers essentially
all materials and building types.

O P-2018 targets only older (pre 1976 UBC) concrete buildings.
* The analytical methods of ASCE 41 are component based, measuring the seismic demand
and capacity of individual structural elements such as beams, columns, walls, etc.
U P-2018 produces results on a global basis, measuring the risk of story collapse.
* ASCE 41 can measure several damage states of individual members, including Immediate
Occupancy, Life Safety, and Collapse Prevention.
O P 2018 is focused on the danger from collapse of an older concrete building
* In ASCE 41, for many buildings, nonlinear analysis is suggested-or necessary to obtain
realistic and non-conservative results.

U Nonlinear concepts are built into P 2018 and the methodology is intended to get
more consistent results in less time.

FEMA P-2018: Seismic ion of Older C t
19

for Collapse Potential
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How are the ratings done?

* Estimate story drift demands-from the selected ground motion--with approximate
methods

* Compare drift demands on vertical (gravity supporting) elements with drift capacities
(D/C ratio)

¢ Columns

* Slab/column punching shear

* Walls

« Infill bays
* Capacities based on probability of loss of gravity carrying ability based on available tests
* Estimate probability of collapse of the element based on this ratio

* Combine probability of collapse of all the element on one story to estimate the
probability of collapse of the story.

* The story probability of collapse rounded to one decimal place (0.1-0.9) is the “rating.”

FEMA FEMA P-2018: Seismic

of Older C t ildi for Collapse Potential
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Organization of Document

19

Chapter |Title Topics of Interest
1 Introduction Background, use, organization of report
2 Evaluation Methodology Applicability, deficiencies not covered, building types not covered, overview of
method
3 General Requirements Data required, seismic hazard, load path
4 Component Strengths Gravity loads, axial loads, load combinations, component strengths, column,
wall story strengths, ratio of column/beam (slab) strength.
5 Structural Classification Frame, wall-frame, bearing wall, and infill types, mechanism story strengths,
period, lower risk and exceptionally high-risk buildings defined for “early out”
6 Frame Buildings Full method for frames: includes method for demand and capacity of columns | |
and punching of slabs; collapse probability as function of D/C
7 Wall-Frame Buildings Parallel to chapter 6 for wall-frames. Incorporates possibility of wall collapse.
Combines column and wall collapse for rating
8 Bearing Wall Buildings Rating based on collapse probability of walls
9 Infill Frames Includes methodology for infill mechanism analysis and infill collapse
| 10 Building Rating Integrates “early-outs” with rated buildings
A-O Appendices Backup material for development of methodology
i "\‘ FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
% FEMA o P
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Appendices contain back-up development material

Appendix A: Development of Column Drift Capacities

*Appendix B: Development of Method for Determining Column Ratings
*Appendix C: Development of Method for Determining Story Ratings
Appendix D: Wall Strength Index (WSI) Method

*Appendix E: Exceptionally Weak Building Criteria

Appendix F: Beam-Column Joints

*Appendix G: Effective Fundamental Period

*Appendix H: Development of Procedures to Estimate Story Drift Demands (a, factors)
Appendix |: Torsion Studies

Appendix J: Determination of Drift Factors

Appendix K: Archetype Building Analysis Methods

Appendix L: Frame and Wall Modeling Procedures

Appendix M: Column Shear Strength

*Appendix N: Development of Wall Drift Capacities (gravity load)
*Appendix O: Studies on Infilled Frames

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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Chapter 2 Scope and Applicability

What kind of buildings need to be covered?
* Consider not only the lateral system (many
don’t have one)
* But also the gravity system

FEMA P-2018: Seismic ion of Older C t for Collapse Potential

& FEMA
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Chapter 1

* Background and introductory material

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential

22

& FEMA

uCi

22

Chapter 2 Scope and Applicability
Applicable Not Applicable
* Pure Frame Buildings * Greater than 160 ft tall
oBeam column
oSlab column . tilt-ups
* Frame-Wall buildings ' . it slabs
oBoth frame types with walls .
oWalls with openings slab diaphragms.
(Pier/Spandrel) Not Considered
* Bearing Wall Buildings * Nonstructural issues
* Masonry Infill Frame Buildings * Cladding falling hazards

connections

conditions

* Geologic Site Hazards

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
24

& FEMA
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* Precast frame or wall with critical

residential bearing walls with precast

* Prescriptive min R/F or foundation

uCi

24
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Chapter 3 General Requirements

* Drawings and/or knowledge of the structure
* Site investigation confirming as built conditions

* If no other guidance, default material properties from
ASCE/SEI 41 may be used.

* Physical testing not required but could result in better
answer

* Complete load path required (guidance given)
* Seismic Hazard: ASCE/SEI 41-17 BSE-2E recommended

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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Chapter 4 Component Strengths
Important Chapter! Read before you start.
* Similar but not always the same as ASCE 41.
—Some simplifications
—Some conservatism removed
* For example

* Structural demands/capacity at median

« Reduced strength from inadequate splice length is considered for
strength (in mechanism) (4.3.3.1) but not for calculation of Vp/Vn(4.4)

* Transverse R/F spaced less than d is fully effective (unlike ASCE 41)

* Some component strengths dependent on axial load. This chapter lists
what axial load to use.

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential «Jll@p
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Chapter 5: the hub of the methodology

Introduction
5.2 Concrete Components
5.2.1 Reinforced Concrete Columns
5.2.2 Reinforced Concrete Structural Walls
5.3  Structural Classification of Buildings
5.3.1 Frame Structures
5.3.2 Frame-Wall Structures
5.3.3 Bearing Wall Structures
5.4 Wall Index and Wall Strength Index
5.4.1 Wall Index
5.4.2 Wall Strength Index
5.5 Effective Yield Strength
5.5.1 Plastic Mechanism Base-Shear Strength for Frames and Walls
5.5.4 Adjustment of Plastic Mechanism Base-Shear Strength for P-Delta
5.5.5 Base Shear Ratio
5.6 Effective Fundamental Period
5.7 Global Demand-to-Capacity Ratio
5.8 Identification of Lower Seismic Risk Buildings
5.9 Identification of Exceptionally High Seismic Risk Buildings
5.9.1 Exceptionally Weak Buildings
5.9.2 Buildings with Extreme Torsion
5.9.3 Discontinuous Walls Supported on Columns or Girders
5.10 Pounding

j FEMA

FEMA P-2018: Seismic

of Older C t
27
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Chapter 5: the hub of the methodology

Introduction
Concrete Components
Reinforced Concrete Columns
Reinforced Concrete Structural Walls
Structural Classification of Buildings
Frame Structures
Frame-Wall Structures
Bearing Wall Structures

3 Wall Tndex and Wal Teng
5.4.1 Wall Index
5.4.2 Wall Strength Index
5.5 Effective Yield Strength
5.5.1 Plastic Mechanism Base-Shear Strength for Frames and Walls
5.5.4 Adjustment of Plastic Mechanism Base-Shear Strength for P-Delta
5.5.5 Base Shear Ratio
5.6 Effective Fundamental Period
5.7 Global Demand-to-Capacity Ratio
5.8 Identification of Lower Seismic Risk Buildings
5.9 Identification of Exceptionally High Seismic Risk Buildings
5.9.1 Exceptionally Weak Buildings
5.9.2 Buildings with Extreme Torsion
5.9.3 Discontinuous Walls Supported on Columns or Girders
5.10 Pounding

FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential «Jll@p
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Identify structure-type
Important for structure
period and story drift
determination

28




Chapter 5: the hub of the methodology

5.1 Introduction

5.2  Concrete Components

|5.2.1 Reinforced Concrete Columns

|5.2.2 Reinforced Concrete Structural Walls . o
5.3 Structural Classification of Buildings Mechanism Analysis: Leads to

|5.3.1 Frame Structures e Lateral Strength
|5.3.2 Frame-Wall Structures .
¢ Period, Teff

|5.3.3 Bearing Wall Structures
Displacement Demand

5.4 Wall Index and Wall Strength Index .
5.4.1 Wall Index

5.4.2 Wall strength Index
5.5 Effective Yield Strength

|5.5.1 Plastic Mechanism Base-Shear Strength for Frames and Walls
I5.5.4 Adjustment of Plastic Mechanism Base-Shear Strength for P-Delta
|5.5.5 Base Shear Ratio

5.6 _ Effective Fundamental Period

5.7 Global Demand-to-Capacity Ratio

5.8 Identification of Lower Seismic Risk Buildings

5.9 Identification of Exceptionally High Seismic Risk Buildings
|5.9.1 Exceptionally Weak Buildings

|5.9.2 Buildings with Extreme Torsion

|5.9.3 Discontinuous Walls Supported on Columns or Girders

5.10 Pounding

g FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential %@p
s 29
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Story collapse calculations in

Chapter 6 (Frames)
Chapter 7 (Frame Walls)
Chapter 8 (Bearing Walls)
Chapter 9 (Infill Frames)

& FEMA

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential «Jll@p
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Typical Flow in Chapters 6,7,8 and 9
1. Using T and site spectral demand, calculate spectral displacement
similar ASCE 41

2. Calculate story/component drifts based on
a) Spectral Displacement
b) Tabularized story alpha factors based on controlling mechanism

3. Calculate column (or other gravity element) drift capacity

Get “collapse rating” (based on probability of collapse) of gravity
supporting elements based on drift demand/capacity ratios

5. Convert individual ratings to story rating (based on probability of
25% loss of gravity support).

FEMA P-2018: Seismic ion of Older C t ildi for Collapse Potential %@p
31

& FEMA
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Chapter 10 Building Ratings

* Building Rating is taken as highest (worst) story rating in either
direction.

* Chapter combines category assignments (“early outs”) and
numerical ratings into three groups:

* Lower seismic risk (<0.3)
High seismic risk (0.3-0.7)
Exceptionally high seismic risk (>0.7)

* Groups can then be set as priorities for mitigation (or further
study) or

* Individual ratings can be used to further refine priorities

& FEMA

31
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FEMA P-2018:
Demands, specifically drift demands from
Mechanism Analysis

Bill Holmes, Structural Engineer, Rutherford + Chekene

(Slides by Jack Moehle, University of California, Berkeley)

6/30/2021

¥ FEMA

Chapter 5: the hub of the methodology

5.1 Introduction

5.2 Concrete Components

5.2.1 Reinforced Concrete Columns Mechanism Analysis: Leads to
5.2.2 Reinforced Concrete Structural Walls « Lateral Strength

5.3  Structural Classification of Buildings N

5.3.1 Frame Structures * Period, T,

5.3.2 Frame-Wall Structures * Global Demand-to-Capacity Ratio
* Displacement Demand (Ch 6 & 7)

5.3.3 Bearing Wall Structures
5.4 Wall Index and Wall Strength Index
5.4.1 Wall Index
5.4.2 Wall Strength Index
[ 5.5 Effective Yield Strength ]

5.5.1 Plastic Mechanism Base-Shear Strength for Frames and Walls
5.5.5 Base Shear Ratio

5.6 Effective Fundamental Period

5.7 Global Demand-to-Capacity Ratio

5.8 Identification of Lower Seismic Risk Buildings

5.9 Identification of Exceptionally High Seismic Risk Buildings
5.9.1 Exceptionally Weak Buildings

5.9.2 Buildings with Extreme Torsion

5.9.3 Discontinuous Walls Supported on Columns or Girders

5.10 Pounding

FEMA P-2018: Seismic

of Older C 1t
34
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Effective yield strength, V, =V, (5.5)
Definition: The base-shear strength under static lateral loading,
considering expected member strengths,
calculated along each principal direction of the building.
Methods: 1) Simplified mechanism analysis (P 2018 method)
2) Nonlinear static analysis (if results available)
% FEMA FEMA P-2018: Seismic of Older C te ildi for Collapse Potential 4@‘)
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Definitions (5.5.1)

F, level n—
E, w i
< level x
level 1 T ‘ T story x Vrx
— Y
lx Vn1
(a) Lateral (b) Building elevation (c) Story shears

forces

Wyhy
Th wily

Fy = CyxVp1, where Gy =

n
Ve = <Z cw> A

i=x

(this is simplified from ASCE 41)

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
36
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Mechanism 1 (5.5.1)

rdﬂx =00, Using the principal
£y of virtual
. _— displacements
hinge, M,
0 T{u Wext = Wine
Vpy =
Bare frame Vorde = ) Moch

6 1
Vot = 5 0 Mue = 5 ) M

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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Mechanism 1 (5.5.1)

M, < My,
PN

Vnc

\ / Member strength limited by shear strength

Vie+—
\_/'
M < My, Wext = Wine
6y =04,
ro M
|__—|—shear
L[| failure, V,
Z=Vp ——1 , moment
0 / hinge, M, 1
. XX,
Viw eu 1 2 ne nc nw
Frame-wall
FEMA FEMA P-2018: Seismic of Older C: 't for Collapse Potential
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Vonde = ) Mach+ ) VB + ) Tl

uCi
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Mechanism 2 (5.5.1)

F, n
Z=Vy My, . b
i

(a) Frame building

(b) Frame-wall building

We could (a) write out the work equations, or
(b) use the following approximation.

- Z Mncl + E Mnbx
her

_ L Myct + X Mpjx + XMy

v,
pl her

p1

where h,sr = 0.7h,

All moments are either moment strengths M, or moments limited by member shear strength (see previous slide).

h\% FEMA FEMA P-2018: Seismic of Older C t

v 39

for Collapse Potential
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Mechanism 3 (5.5.1)

req’d for vertically irregular framing

Fy
Vnwx
v «—level x
2 = Vpl acx }S(OI'YX
Vertically irregular
structure
1. Find individual column strengths: V., = min[Vyc, My /€y ]
2. Find wall shear strength: V.
3. Find shear strength of story x: Vp, = X Vex + X Vaws
4. Scale to the base level: V1 =V, /3L, Cyi

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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Mechanism 4 (5.5.1)

(req’d for vertically irregular framing)

Ey
i Mo level x
1=V, 7 Mucws .1 story x

(a) Mechanism 4

1. Find individual column strengths: V.o, = min[Vyc, My /€,

2. Find wall moment strength: M,,,,_; or moment limited by shear strength
Mycx—1+% Mpjz+3 Mpyx—
3. Find shear strength of story x: V,,, = M
eff
4. Scale to the base level: Vy; = Vi /X1L, Cyy

FEMA P-2018: Seismic of Older C te

41

for Collapse Potential

FEMA

Mechanisms are 3 D

b) 3-D considerations

of Older C 1t
42

for Collapse Potential
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Chapter 5: the hub of the methodology

5.1 Introduction

5.2 Concrete Components

5.2.1 Reinforced Concrete Columns

5.2.2 Reinforced Concrete Structural Walls

5.3  Structural Classification of Buildings

5.3.1 Frame Structures

5.3.2 Frame-Wall Structures

5.3.3 Bearing Wall Structures

5.4 Wall Index and Wall Strength Index

5.4.1 Wall Index

.4.2_Wall Strength Index

5.5 Effective Yield Strength ]

<

Mechanism Analysis

5.5.1 Plastic Mechanism Base-Shear Strength for Frames and Walls

Base Shear Ratio

. Effective Fundamental Period

5.7 Global Demand-to-Capacity Ratio

5.8 Identification of Lower Seismic Risk Buildings

5.9 Identification of Exceptionally High Seismic Risk Buildings )
5.9.1 Exceptionally Weak Buildings

5.9.2 Buildings with Extreme Torsion

5.9.3 Discontinuous Walls Supported on Columns or Girders

5.10 Pounding

——————> Next

FEMA P-2018: Seismic of Older C t
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Effective fundamental period (5.6)

Effective fundamental
period T, based on K,

Base shear
KD Ke
Vi
v,
v Bilinear
approximation
0.6V,
Actual force-
displacement
curve
T
- Vi o et i A, Ay Displacement

(a) Nonlinear static analysis (Degenkolb) . X .
(b) Nonlinear static analysis pushover curve

and effective stiffness K,

Methods: 1) FEMA 2018 period equations (typical method)
2) Nonlinear static analysis (if results available)
Don’t use ASCE 7 or linear elastic computer model to get T,.

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
44
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(a) FEMA 2018 period study

Effective fundamental period - frames (5.6)

(b) Comparison with field data

©

T 2 —F— 24 —f— 3¢ —— 26 —f— 20

& FEMA

FEMA P-2018: Seismic

.
o] - .
Te = 0.07(hn)™> | 7
YW
005
010
2y 015
%
i 025
= LR
«: '
YW
»02s
S 015 | FEMA P2018
X 0,10 | studies
005

ASCE 41
s ASCE T

of Older C e ildi for Collapse Potential p
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Effective fundamental period — other systems (5.6.1)

See FEMA 2018 for T, for pier-spandrel systems and infilled frame systems.

Seismic Evaluation of

Older Concrete Buildings
for Collapse Potential
& FEMA (@
@ FEMA FEMA P-2018: Seismic of Oider Concrete Buildingsfor Colapse Potential p
47
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Based on study by Goel

where:
AB

Al

[wx

h;
X

& FEMA

FEMA P-2018: Seismic

Effective fundamental period — walls and wall-frames (5.6)

and Chopra (1998), which is adopted by ASCE 7-16, but

adjusted to represent reduced effective stiffness.

1
T, = 0.0026h, —

N

_100 < ( 2+
G= Z(h) {1+0-83[/}%ﬂ

= area of base of structure, fi?
= web area of shear wall i in f?
= length of shear wall i in ft

= height of shear wall i in ft

= number of shear walls in the building effective in resisting
lateral forces in the direction under consideration

of Older C
46

for Collapse Potential
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From your mechanism analysis

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential

Period leads to Spectral demand which leads to:
Global demand-capacity ratio, s ..., (5.7)

48
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Quick outs (5.8) POLL
Ustrengtn is an important parameter in FEMA P-2018 because:

Frames with shear-critical

Lower seismic risk columns (V,/V, > 06) €075 (Check all that are true)

All other cases <15 U Lateral strength has a large influence on collapse probability

Frames with shear-critical . . .

columns (V,/V, > 1.5) >20 U It is a measure of global demand/capacity ratio

Frames without shear O Anything with a Greek letter must be important

critical columns (V,/V, < >5.5 -
Exceptionallylhizhiseismicl] ©-6) U Global strength affects the collapse probability caused by most structural
risk Some discontinuous wall- A deficiencies

on-column conditions ny X -

Some discontinuous wall- U 0.1/(base shear) is roughly equal to probability of collapse

Any

on-girder conditions

. FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential @ 3 U:‘i FEMA P-2018: Seismic ion of Older C t ildi for Collapse Potential @
/) FEMA P % FEMA P
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Story drift calculation (Chapters 6, 7, ...) glec;it?gl :Iesi(s)rlneica;c(j:isri;[ﬁjemand (6.4,7.4,..)

e/.‘{ TA

o

63 Identify Critical Components ef,f = G085, 4 129
631 Critical Columns

632 Critical Slab-Column Connections s r

633 Critical Beam-Column Corner Connections i ;

6.3.4_Di Columns H
6.4 Calculate Global Seismic Drift Demand N S— Equwalent SDOF SDOF spectral
65 Calculate Story Drift Demand i

6.5.1  Adjusiment of Story Drift Demand for P-Delta ' displacement displacement
6.6 Calculate Drift Demands on Critical Components

6.6.1  Adjusted Drift Demand on Critical Components

6.6.2  Torsional Amplification Factor

6. Evaluation Procedure for Frame Systems
6.1 Introduction
6.2 Identify Critical Storics

663 Drift Factor Coefficient to amplify short- Coefficient to amplify drift due to
6.7 Calculate Drift Capacity of Critical Components period drift (from ASCE 41) degradation (from ASCE 41)
6.7.1  Drift Capacity of Critical Columns _1 2
672 Drift Capacity of Critical Slab-Column ) = 1 4 Hstrengtn 1 (Ustrengen — 1
Conncctions 1 aT? G=l+gol—F —
6.7.3  Drift Capacity of Critical Beam-Column Comer g e
Conncctions

6.8 Detormine Column Ratings
6.8.1 Discontinuous Columns

69 Doterminc Story Ratings (All from ASCE 41)

. _{': FEMA P-2018: Seismic ion of Older C i ildi for Collapse Potential : ) FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
¥ FEMA - p .4‘@p & FEMA . o . JL@,,
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Story drift demand (6.5, 7.5, ...)

story x of height h,,

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
53

/) FEMA

ant Adjustment for P_A Only applicable to frame systems.

1

1 — Wx‘sx
Vpxhx

8x1 = 6y

81 = story drift demand of story x amplified for P-delta effects

8, = story drift demand

W, = gravity load, approximated as the seismic weight of the stories above level x
Vpx = plastic mechanism shear strength at story x

h, = height from the base of a building to level x

FEMA P-2018: Seismic

of Older C t
55

for Collapse Potential

6/30/2021

Story drift demand (6

S,

story x of height h,

For example, the controlling mechanism is Mechanism 1,
=20, hy, =18, h,;=0.7 x 54’ = 38",
Therefore, 8, = 2.0 X 18" X (877/38") = 0.958;.
Set = 9,015,
hefr
then the first-story drift ratio is % =0.03.

FEMA

In terms of drift ratio, if SDOF drift ratio is

54
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5,75, ..)

Table 6-1  Values of Coefiicient crfor Frame Systems

Values of a®

1,3 2.0 05
2
2,4 1.5 10
13 20 1-05°"2
n-2
26
2,4 1.5 10

Linearly interpolate between the vales
for 6 and 9 stories

2,4 1.5 1.0
1,3 25 15
=9
2,4 1.5 1.0

@ xis the story under consideration; n s the total number of storis.

@ Where Mechanism 2 is calculated to be the controlling mechanism, but the calculated
plastic mechanism base-shear strength for Mechanism 2 is three-quarters (3/4) or more:
ofthe calculated plastic mechanism basc-shear strength for Mechanism 1, Mechanism 1
should bx: laken as the controlling mechanism for selection of e values.

 Values of afor “Other Stories” are generally not used, except where com ponentsin
other stories are designalec] as crlical because of increased local vulnerabilty, as
required in Scetion 6.3.

54

TR Tpx torsion demand
" Tge torsion capacity

Tpx = Vpxe

nf
Tex = Z'VpﬂHRfi|
i=1

Drifts will be adjusted by factor A; related
t0 Armax = 2.75X TR+ 0.5 > 1.0

FEMA

56
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Drift Adjustment for Torsion  only applicable to wall or

frame-wall systems.

Frame line capacity

Vori
i
Ry
Center Center of
Weak/ of Mass Strength l Strong/
Flexible ® @ - stiff
Side ; Side
Wil 1
! e

uCi
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We now have the drift demands on individual
gravity carrying components.

Abbie Liel will now discuss the Capacity Side

6/30/2021



FEMA P-2018:
Drift Capacities and Rating Systems

Abbie Liel, University of Colorado, Boulder

Building
Rating

Overview
Story
Component Ratings
Ratings
CR, CR,
i SR,
_—
S B SR;
CRy CR,

FEMA P-2018: Seismic

of Older C 1t

2

for Collapse Potential

& FEMA

6.2 ldentification of Critical Stories

| — shear
failure

moment
hinge
& v

Vact

Mechanism 1: 1%t story Mechanism 2: 1%t story

v,
e < level x

a—levelx My F— story x

Vier story x

Mechanism 3: story where
mechanism forms

Mechanism 4: lowest story in
which yielding occurs

FEMA P-2018: Seismic ion of Older C t
3

for Collapse Potential

6.3 Identification of Critical Components

Beam or non-

+
- [ critical slab

1 Critical
¢ slab

. Critical
y slab

¢ Critical column
in critical story

| ~ Columnin
.’ non-critical
story

Critical column
in critical story

(b) Critical slab-column connection  (c) critical column and critical
slab-column at same column

(a) Critical column

& FEMA

4

3

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential

(d) Critical beam-|
connections

n corner

(e) Discontinuous columns

B

() Critical wall and wall segments

4

6/30/2021
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6.8 Component Ratings 6.6 Drift Demands on Critical Components

Probability
Density * Story drift demands are converted to component drift demands based on:

= Torsional amplification of drifts
Component ratings represents the = Separation of story drifts attributable to each component
probability that the drift demand
exceeds the drift capacity.

Drift

Illustration of structural reliability
methods to assess probability that
drift demand exceeds drift capacity

6

i _"‘; FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential _ FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
¥ FEMA g o ot N C & FEMA g o ot G

5 6

6.6.1 Rotation Demands on Critical Columns 6.6.1 Rotation Demands on Critical Columns

* Need to convert story drift demand to a column rotation demand

\ . ; . s
Ratio of Column Strengths to Beam Strengths® Column Drift Factor
. MJ/IM, y
Table 6-2 Drift MM, 7
Factor for =06 0.85
Columns 1 0.70
=24 0.30
\ —
. column
story drift > rotation
demand demand

I _."‘: FEMA P-2018: Seismic ion of Older C t ildi for Collapse Potential _ FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
¥ FEMA 7 p JL@., ¥ FEMA gs forCotp JL@p
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6.7.1 Column Drift Capacities

* Median column
deformation capacity
from empirical data

Examples of column tests

i FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential %@p
9

6/30/2021

6.7.1 Column Rotation Capacities

* Parameters influencing rotation capacities
* Failure mode
* Flexure-critical columns tend to have greater rotation capacities
* Axial load
* Columns carrying higher axial loads tend to have lower rotation capacities
* Transverse reinforcement
* Columns with greater transverse reinforcement tend to have greater rotation capacities

FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential

10

uCi

6.7.1 Column Rotation Capacities

Flexure-Critical Calumns (V,/V,, < 0.6, 4 > 0.002, and s/d < 0.5)

[ p
8,=11.4p,+0 O‘A*[#]UJ/‘+“.(]H)’ZU.U
A

8. =10p,+0.03200

Table 6-2 Plastic

r-Critical Columns (i.e., Columns not classified as Flexure-Critical Columns)

Rotation
Capacities for P b= T 0020,
Tied Columns for [EJS'”

PiAg 'y should not be taken smaller than 0.1

) P
0 should be reduced linearly for [{'—fJ >0.5 fram ts value at ['—
y y
ol

p
=0.5 to zero al| —— |=0.7
A

P V.
. in =LL(H.‘70.()2,![—]“!‘0_!;1, 70.02;[—]20‘0
A v,

PIAg Fee should not be taken smaller than 0.1

- FEMA FEMA P-2018: Seismic ion of Older C te Buildings for Collapse Potential %@p
>~ 1

10

6.8 Column Ratings

Drift Demand to Drift Capacity Ratio
Ao/Ac

Column Rating

CR
ApfAc = 0.25 0.0
0.4 = Ap/Ac > 0.25 0.1
0.5 = Ap/Ac > 0.4 0.2
Table 6-6 0.7 = dofAc > 05 03
Column Ratings 09 = A > 07 o
1.1 = AgfAc > 0.9 0.5
14 2 ApfAc> 1.1 0.6
1.8 = AfAc > 1.4 0.7
252 ApfAc> 1.8 0.8
3.0 = ApfAc > 2.5 0.9
ApfAc > 3.0 0.93
FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential

12
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7.7.4 Wall Drift Capacities
* Empirical relationships 2
piri | 1p Shear Flexurg o
developed based on UCLA “ { o e
&b % a LA
RC walls database I BT 3. WO S PR )
- - . . .
% S _mee’;n&gﬁ?; 8.5
11 F/ ® o © 5
o L]
05 X1
o @ Flexure Failure @ Shear Failure
0 ® Flexure-Shear Failure © Sliding Failure at Base|
T T T T
0 1 2 3 4 5 6
VaAcHV @
Example wall tests, and scatter
- 4 plot of data
@ FEMA FEMA P-2018: Seismic i ofOIde:3C t ildi for Collapse Potential ~4‘

13

7.7.4 Wall Drift Capacities

* Shear controlled walls, trends with key parameters
4

® Data
Linear Fit: Data

w

o DC(%)=25-10P/Ayf,

DC (%) =1.75 - 2.6P/A,f'

—_

Drift Capacity, DC (%)
[ ]
PERTIRN S B ST ST AT N B AT A B B S 1

6/30/2021

7.7.4 Wall Drift Capacities

* Flexure controlled walls, trends with key parameters

+ + PlAgfc<015
4 . * 015<P/gfc <030
® PlAgfc=030

Drift Capacity (%)

0 L L L L
0 20 40 60 80 100160 180
Ao = 1,0/b?

FEMA P-2018: Seismic

of Older C 1t
14

for Collapse Potential

& FEMA

14

7.8 Wall Ratings

Drift Demand to Drift Capacity Ratio Column Rating, CR

Wall Rating, WR

[ e e e e B S S L e
0 0.1 0.2 0.3 0.4 0.5
P/Agfe (%)
@ FEMA FEMA P-2018: Seismic ion of Olde:'sc te for Collapse Potential
15

16

Ao/4e = 0.25 0.0
0.4 = 4p/4c > 0.25 0.1
0.5 = 4pf4c > 0.4 0.2
0.7 = 4ofdc > 0.5 03
Table 7-10 Column 0.9 2 4/A: > 0.7 04
Rating and Wall 1.1 = Ap/Ac > 0.9 0.5
Rating 1.4 = AgfAc > 1.1 06
1.8 = dpfdc > 1.4 0.7
2.5 = dpfdc > 1.8 0.8
3.0 = dpfdc > 2.5 0.9
do/de > 3.0 0.93
@ FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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Poll

True or false: A higher column or wall rating indicates worse performance.
4 True
U False

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential

: uC

¥ FEMA

17

6.7.2 Slab-Column Connection Drift Capacities

Gravity Shear Ratio @

Tables 6-5 & 7-5

: ° Vy/Ve Drift Capacity, A
Drift Capacity of
Critical Slab-Column £041 0.045h..
Connections > 0.6 0.01h,
,@ FEMA FEMA P-2018: Seismic of Older C t ildings for Collapse Potential %@p
A 19
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6.7.2 Slab-Column Connection Drift Capacities

Gravity Shear Ratio (GSR)

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
18

¥ FEMA

* Based on database of slab- T .
column tests 0.060 =
* Concerned with loss of vertical & | N
carrying capacity, so only with g
those that do not satisfy % oo |
minimum requirements for :
structural integrity in terms of é““’ [
bottom reinforcement E 0020
a
0.010
0.000 + v . v
0.00 0.20 0.40 0.60

Continuous Bottom
Reinforcement: Yes
Comtinuous Bottom
Reinforcement: No

= ACI 318-11

21.13.6(b)

- This M ethodology

0.80 1.00

MCu

6.9 Story Ratings

Story

19

20

Building
Ratings Rating

CR, CR,

— SR,

_—
- 5|

| SR;

CRy CR,
FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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6.9 Story Ratings w

09
* What combination of component
ratings produces story failure? e
0.7
* Derivation involved probabilistic g“'ﬁ
(Monte Carlo) simulation to determine £ g5
story ratings, based on column (wall) H
ratings o4
* Story failure occurs if components 03
carrying 25% of gravity load in a story 0z
fail
04

Outcome of simulation

"

21

0.4

L . L L .
02 03 04 05 06 07 0B 08 1
Average component rating

6.9 Story Ratings

* Story ratings are function of component gravity loads, variability and
component ratings

@! FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential .4‘@p
S

21

10 Building Ratings

23

Story Building Rating = Maximum
Component Ratings Story Rating
Ratings
CR, CR,
SR,
—_—
_—
| A SRI
CRy CR,
@: FEMA FEMA P-2018: Seismic ion of Older C: t for Collapse Potential 4@!’
S

23

0.9

o SR=15Rsg~0.1

0.7
206 The adjusted average column in the story, Ray, is defined as:
O os Rag = Ravg + 0.625Rng(COV - 0.4)
SOA where:
»n

0.3 Pt

02 Adopted Rag= 3 fousCR,

model i
%61 oz 03 04 05 06 07
Adjusted Average Component Rating
@ FEMA FEMA P-2018: Seismic of Olde;c te Buildings for Collapse Potential «Jl‘@p
22
FEMA P-2018:
Example Application for a Frame Building
Presented by: Abbie Liel
Example by: Rami Elhassan and Yangbo Chen, IDS Group
% FEMA JL@"
24



Evaluation Procedures for Frame Systems
5. Frame system definition, strength and period calculations
6.2 ldentify critical stories B
6.3 Identify critical components

6.4 Calculate global seismic drift demand

6.5 Calculate story drift demand, including P-Delta Chp.6
6.6 Calculate drift demands on critical components
6.7 Calculate drift capacities of critical components

6.8 Determine column ratings

6.9 Determine story ratings
10. Determine building rating

FEMA FEMA P-2018: Seismic ion of Older C te
25

for Collapse Potential

©

6/30/2021

Building Description

= 5-Story 1960s Concrete
Building

= Plan: 100’ N-S x 156’ E-W

= Typical story height 13’
First: 17

= Frames on three sides, and a
solid concrete shearwall
along the back (north) side

= N/S Direction classified as a
Frame system, which will be
presented herein

FEMA FEMA P-2018: Seismic

25

of Older C
26

for Collapse Potential

Building Description .

5-Story 1960s Concrete
Building

Plan: 100" N-S x 156’ E-W

Typical story height 13’
First: 17

Frames on three sides, and a
solid concrete shearwall
along the back (north) side

N/S Direction classified as a
Frame system, which will be
presented herein

FEMA

FEMA P-2018: Seismic

of Older C

27

for Collapse Potential
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Building Description

Typical
Floor

27
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Evaluation Procedures for Frame Systems

5. Frame system definition, strength and period calculations C—

6.2 ldentify critical stories

6.3 Identify critical components

6.4 Calculate global seismic drift demand

6.5 Calculate story drift demand, including P-Delta _Chp.6
6.6 Calculate drift demands on critical components
6.7 Calculate drift capacities of critical components
6.8 Determine column ratings

6.9 Determine story ratings

10. Determine building rating

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential

| FEMA

e 29

Strength and Period Calculations (Chp. 5)

For a typical interior column:

i F 1Y)

For each column, calculate shear strength V, , and the
shear associated with development of the column
flexural strength, and take the minimum, that is:

Vael = min [V, YM,/1]

There are total of 9 Frames:

Vpy = 167 +276 X7 + 370 = 2,470 kips

FEMA P-2018: Seismic of Older C te

30

for Collapse Potential

¥ FEMA

uC

Mechanism #1 Assumes building strength controlled by the structural elements in the first story

Column flexural strength at top: M, ;= 6,830 k-in
| — shear Column flexural strength at bottom: M, = 3,415 k-in
failure (assuming 50% fixity at base)
/ moment Column Shear if flexural controls:
hinge ¥ My /1, = (6,830 + 3,415) / 193 = 53 kips

Column Shear Capacity: V, = 118 kips > ¥, My /1,

Z Vne1 = 276 kips —= Total for Frame on Gridline 2

uCi

Strength and Period Calculations (Chp. 5)

Thus, Plastic Mechanism 2 governs:

« Critical Story = 15t Story
* Effective Yield Strength V, = 1,424 kips
« Building Total Seismic Weight W = 14,610 kips

V,/W=9.1%

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
32

% FEMA

Strength and Period Calculations (Chp. 5)
Mechanism #2  Assumes that columns have sufficient strength to force yielding thru building height
For an interior column of the frame on Gridline 2:
2nd floor and above:
Summation of beams flexural strength, ZM,,,, =2,744 k-in
Column base flexural strength, M, ; = 3,415 k-in
(assuming 50% fixity)
V1 =157 kips - Total for Frame on Gridline 2
_ X My + X Mypy
Vpr=—"F—""— There are total of 9 Frames:
hers
where h =0 7h Vp, = 1,420 kips < 2,470 kips from Mechanism 1
e, - Y. n
] FEMA P-2018: Seismii f Older C te for Coll: Potential
% FEMA eismic of e‘; for Collapse Potential .4‘@p
31
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Strength and Period Calculations (Chp. 5)

 Calculate the Effective Fundamental Period for the frame building:

V08
— 05 (Y
T, = 0.07(h,) (W)
= 0.07(70.25")%5(0.097) 75
= 1.88 sec

FEMA P-2018: Seismic of Older C e for Collapse Potential

& FEMA

+Concte Bt 4;.
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Strength and Period Calculations (Chp. 5)

Check for Early-out - - Calculate Global Demand-to-Capacity Ratio, Usyengen

Frames with shear-critical <0.75

u _ Sa Lower seismic risk columns (V,/V, > 0.6)
strength vy/w ™ All other cases <15
= 0.49(1.0)/0.097 Frames with shear-critical 520

columns (V,/V, >1.5)
Frames without shear critical
columns (V‘,/V,, <0.6)

el Some discontinuous wall-on-

No early-out, but...! . il Any
column conditions
Some discontinuous wall-on-
a - Any
girder conditions
Some pounding conditions Any

FEMA P-2018: Seismic of Older C 1t for Collapse Potential

& FEMA

34

Clasification___| structural System ______|_fueigu_|

33

34

Evaluation Procedures for Frame Systems
5. Frame system definition, strength and period calgylations
6.2 ldentify critical stories

6.3 Identify critical components

6.4 Calculate global seismic drift demand

6.5 Calculate story drift demand, including P-Delta cho. 6
— Chp.

6.6 Calculate drift demands on critical components
6.7 Calculate drift capacities of critical components
6.8 Determine column ratings

6.9 Determine story ratings
10. Determine building rating

) FEMA

FEMA P-2018: Seismic of Older C t

35

for Collapse Potential

1 Clia

Identification of Critical Story & Critical Components

Story and Components for which Ratings are Required (Section 6.2 & 6.3 ):

Critical story:
first above base
(Section 6.2)

Mechanism 2

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential

35
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Identification of Critical Story & Critical Components Evaluation Procedures for Frame Systems
Story and Components for which Ratings are Required (Section 6.2 & 6.3 ): 5. Frame system definition, strength and period calculations
6.2 Identify critical stories a
sy Seamoroon o [ oreratve | 6.3 Identify critical components
3 = cormer connection 6.4 Calculate global seismic drift demand C—

3 G 6.5 Calculate story drift demand, including P-Delta

—critical column b column . . — Chp 6
&) |in criticalstory R |in critical story 6.6 Calculate drift demands on critical components
6.7 Calculate drift capacities of critical components
6.8 Determine column ratings

Critical column critical column and critical

slab-column at same column 6.9 Determine story ratings

10. Determine building rating

@ FEMA FEMA P-2018: Seismic Evaluation of Olde;Concrete Buildings for Collapse Potential .4‘@p @ FEMA FEMA P-2018: Seismic ion of Olde»r c te Buildings for Collapse Potential %@p
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37 38
Global Seismic Drift Demand Evaluation Procedures for Frame Systems
Calculate Global Seismic Drift Demand (Section 6.4) 5. Frame system definition, strength and period calicylations
12 6.2 Identify critical stories
Serr = C1CaSaz 29 6.3 Identify critical components

€, =10 (T, > 1.0 L
Cl 1o ((T 207)) 6.4 Calculate global seismic drift demand
E‘;“"’a'e”t SDOF SDOF Spec”a' ’ ‘ 6.5 Calculate story drift demand, including P-Delta C—
isplacement displacement . Chp 6
degy = (LO)(L0)(O- 49)_(386) 6.6 Calculate drift demands on critical components

Coefficient to amplify short- Coefficient to amplify drift due to 6.7 Calculate dnft ca pacities Of critical com ponents

period drift (from ASCE 41) degradation (from ASCE 41)
—_ 2 . .
€= 14 Hatrengen =1 € =14 (Marengtn =1 6.8 Determine column ratings
aTe 800 T,

6.9 Determine story ratings
(Allfrom ASCE 41) 10. Determine building rating

@ FEMA FEMA P-2018: Seismic ion of Olde;C te Buildings for Collapse Potential 4@‘) @ FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential «J\l@p
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Drift Demand on Critical Story

Critical Story Drift Demand Adjustment — a (Section 6.5)

Table 6-1 Values for Coeffident &

Values of a"
Mechanism | Critical Stories Other Stories
M 1 (any) 10 (n/a)
13 20 05
2
M . 2,4 15 10
M story x of height h,, -
1,3 20 1-05%
n-2
36
I 2,4 15 1.0

5
5, = a hgy <h’;) < 8oy
e

7-8

Linearly interpolate between the values
for 6 and 9 stories

Linearty interpolate between the values

2,4
for 6 and 9 stories

a,=15, hy=17.25, h,;=0.7x70.25'=49.2' .

13 25 | 15

2.4 15 | 10

In terms of drift ratio, :—’ = 0.04
1

s

41

Therefore, §; = 0.536, @
e ef U xis the story under consideration; n is the total number of stories.

g FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential %@p
S

Drift Demand on Critical Story

b. Critical Story Drift Demand Adjustment — P-A (Section 6.5)

For the critical 1% Story:

Gravity load W, = 14,610 kips
above level 1 5, = 8.9 in (already amplified by a )
1%t story height V,, =1,424 kips
Amplified yhelg h"i? B P
story drift Plastic 1= 17.25 feet
mechanism
shear strength at 5,=89inx (1.79
1t story

: . I3
In terms of drift ratio, now h—’ = 0.08
51

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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Evaluation Procedures for Frame Systems
5. Frame system definition, strength and period calculations
6.2 Identify critical stories
6.3 Identify critical components
6.4 Calculate global seismic drift demand
6.5 Calculate story drift demand, including P-Delta Chp.6
6.6 Calculate drift demands on critical components C——
6.7 Calculate drift capacities of critical components
6.8 Determine column ratings
6.9 Determine story ratings
10. Determine building rating 7
g FEMA FEMA P-2018: Seismic ion of Olde‘:";’C t for Collapse Potential %@p
43
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Drift Demand on Critical Components

Calculate Component Drift Factors. The Drift Factor, y, defines the portion of the
story drift demand attributable to component deformations:

Component Drift Demand =y x Story Drift Demand

For Many Component: y=1.0

ZMC

For Critical Columns:
M,

=3.72  Thus, y = 0.30 per the table below

Ratio of Column Strengths to Beam Strengths® Column Drift Factor

IMJIIM, b4
=06 0.85

0.70

C= L.a D) C 030 )

y FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
; M
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Evaluation Procedures for Frame Systems
5. Frame system definition, strength and period calculations
6.2 Identify critical stories
6.3 Identify critical components

6.4 Calculate global seismic drift demand

6.5 Calculate story drift demand, including P-Delta

Drift Capacity of Critical Components
a. Drift Capacity of Critical Columns (Section 6.7.1)

Ae=1,(0.+0.01)

Flexure-Crilical Columns (V/V, < 0.6, a > 0.002, and s/d < 0.5)

For P, |4u 6 =115 114p, +0.034 ( .(up,-omup =00
Shear Ratio: V,/V, = 0.22 <0.6 A | WAl )
Axial Load Ratio: -
P/{A f' ):0209>01 6, =1.15[10p,+0.03]2 0.0
g cel = 0. .
Transverse Reinf. Ratio: : ear-Critical C “olumns not classified as Flexure-Critical Columns)
p.=A/(b, s) =0.0025 >0.002 0.65

b s 0016

Transverse Reinf. Spacing: s/d < 0.5 S OBAL Bt
Af o f

PiAg s should not be taken smaller than 0.1

>>6,=0.061 - - - - - -
@ should be reduced linearly for | —2— | > 0.5 from its value at | L |05 t0 0 L |07
\AL ) LA ) LA )
A, =193 (0.061 +0.01) = 12.6 in (P v
4, =006 o.r)o| Vi ‘ 13p, om,‘| - |,00

PlAg e should not be taken smaller than 0.1

46

% FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential «Jll@p
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Drift Capacity of Critical Components

c. Drift Capacity of Critical Beam-Column Corner Connections (Section 6.7.3)

P
A =[01-033—— |h,
A1)
Largest corner column axial load ratio is:
P =158 kips
A, fe' = 1,357 kips

P/(Agf,’ ) =0.116

A.=(0.1-0.33x0.116) h,, = 0.062 h,,
At first story, h, = 194 in
A, =12.0in

. . — Chp. 6
6.6 Calculate drift demands on critical components
6.7 Calculate drift capacities of critical components C—
6.8 Determine column ratings
6.9 Determine story ratings
10. Determine building rating
@ FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential %@p
e 45
45
Drift Capacity of Critical Components
b. Drift Capacity of Critical Slab-Column Connections (Section 6.7.2)
e
Cravity Shear Ratio ™ ‘
ViVe Drift Capacity, 4,
201 0.045h..
206 0.01h,
vy =V,/A=71.6kip /2,675 in?= 27 psi d =11in; ¢,=50in, c,=50in
b;=61in, b,=61in
v,/ v,=0.129 A =2,675in?
At first story, h, = 194 in >>> A =0.043 h,;= 8.3in
@ FEMA FEMA P-2018: Seismic ion of Older C t ildings for Collapse Potential @ (+]
o 47
47
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¥ FEMA

Evaluation Procedures for Frame Systems
5. Frame system definition, strength and period calculations
6.2 Identify critical stories
6.3 Identify critical components

6.4 Calculate global seismic drift demand

6.5 Calculate story drift demand, including P-Delta  Chp.6
6.6 Calculate drift demands on critical components
6.7 Calculate drift capacities of critical components

6.8 Determine column ratings

6.9 Determine story ratings
10. Determine building rating

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential

Determine Column Ratings (Section 6.8)

Drift Demand to D_rifl Capacity Ratio ‘

Column Rating
CR

Aol e

Aol <025 0.0
0.4 2 Ag/Ac > 0.25 01
Every critical component critical 0.5 > Ap/de > 0.4 02
story is assigned a Column Rating, 0.7 = A/Ac > 0.5 03
CR;, based on the highest A /A~ 0.9 > AofAc > 0.7 04
rating for any critical component 11 2 AyAc > 0.9 05
at that location 1.4 = Ade > 1.1 0.6
1.8 = dpfAc > 14 0.7

Typical Column % =1.8-1.9 252 4lA>18 D C 0.8 )
3.0 = Ap/Ac > 2.5 0.9
Aoldc > 3.0 0.93

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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¥ FEMA

Evaluation Procedures for Frame Systems
5. Frame system definition, strength and period calculations
6.2 Identify critical stories
6.3 Identify critical components

6.4 Calculate global seismic drift demand

6.5 Calculate story drift demand, including P-Delta

6.6 Calculate drift demands on critical components ~ Che-6

6.7 Calculate drift capacities of critical components

6.8 Determine column ratings

6.9 Determine story ratings e —

10. Determine building rating

FEMA P-2018: Seismic

Story Rating (Section 6.9)

* Story ratings are function of component gravity loads, variability and
component ratings

Neol

Ravg = ) feoliCR: Average component rating,
=1 weighted by gravity load
Rayg =0.805 carried

Adjustment to average
based on coefficient of
variation

Raaj = Ravg + 0.625R 45 (COV — 0.4)
Rqaj = 0.8

SR = 1.5Rgq; — 1

Story rating
SR =1.5(0.80)-0.1=1.10 (0.1<SR<0.9)

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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Evaluation Procedures for Frame Systems Determine Building Rating (Chapter 10)

5. Frame system definition, strength and period calculations
6.2 ldentify critical stories

6.3 Identify critical components
The building rating, BR, is taken as the

6.4 Calculate global seismic drift demand maximum story rating, SR, determined in BR=0.9
. . . either direction, for critical stories over the -
6.5 Calculate story drift demand, including P-Delta cho. 6 height of a building.
— p.

6.6 Calculate drift demands on critical components
6.7 Calculate drift capacities of critical components
6.8 Determine column ratings

6.9 Determine story ratings

10. Determine building rating C—
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1.4 Policy Implications

* Ratings (ranking) are intended to give significance of risk of collapse
* Could be used by jurisdiction or by owner of large inventory ,of buildings
* An example program is included in Section 1.4.

FEMA P-2018:
Wrap-up

Bill Holmes, Structural Engineer, Rutherford + Chekene

@ FEMA .4‘@p @ FEMA FEMA P-2018: Seismic ion of Olde;C 't ildi for Collapse Potential «JL@‘)

1 2
The owner (or jurisdiction) could then...

" Lower Risk High Risk Exceptionally High Risk * Further evaluate or mitigate the risk from the inventory by starting at the

20 highest ratings (most risk) and over time work through the lower rated
& buildings.
3 15
< Bvaluated Rating || * Other factors, such as occupancy and building populations, could also be
3w integrated into priorities.
g l Default to Lower Risk D
z I

Default to Exceptionally
0 . D . High Risk I
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Building Rating
Example Inventory
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Uses of FEMA P-2018 Methodology

* Primary intended use is to rate individual older concrete buildings with
respect to the risk of story collapse.
o Jurisdictions wanting to set priorities for mitigation of life safety risk.
o Owners of inventories of buildings wanting to understand relative risk of each
building
* Provides a method for engineers to differentiate between buildings that
may fail consensus standard criteria.
o “How bad is bad?”

* Unintended consequence

o Suggests a format that consensus “pass/fail” standards could use to incorporate
probabilistic variations in projecting performance.

6/30/2021

Thank you for your attention

% FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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6

uCi

5

Closing & Thank you

* Handouts
* Available in the Handouts pod & distributed via email today

* PDH certificates

* Provided for participants of live webinar (not the recording)
* Watched in a group? Request additional certificates by end of
day today (7/1) using link provided in Chat pod
* Distributed via email within one month
*Q&A

* Distributed via email within one month
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