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What is your experience with seismic evaluation of existing buildings?
ULittle or no experience

UFamiliar with ASCE/SEI 41

UExperienced with ASCE/SEI 41

UExperienced with ASCE/SEI 41 use on concrete buildings
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What is your present knowledge of FEMA P-2018?
UNone

UBrief Perusal

UTried it on one building

UExperienced User
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Training Agenda

* Mr. Holmes will give overview of document
* Dr. Moehle will describe concepts on the demand side

* Dr. Liel will describe concepts on the capacity side—and the
rating methodology

* Dr. Moehle will go through Chapter 6 covering frames
* Dr. Liel will go through Chapter 7 covering wall-frames
* Dr. Elhassan will go through an example use.

* Mr. Holmes will describe the policy implications of the

2/17/2021

What are the goals of this training?

* Application of the method

* Buildings included

* Buildings not included
* What can you expect to get from a P 2018 analysis?
* What is in the book?

* How do | use it? Concentrating on frame and wall/frame
buildings.

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

& FEMA
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During development of FEMA P-2018,
Method to identify exceptionally high-risk buildings 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
| FEMA FEMA P-2018: Seismic ion of Older C e ildi for Collapse Poten‘tial
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Epitome of Exceptionally High-Risk Building
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Column failure leading to axial failure

Some things to consider...

Izmit, Turkey, 1999
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Column failure leading to implosion

Photo courtesy of Jack Moehle

Northridge, 1994

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

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

Northridge, 1994
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Wall failure leading to overturning

Photo courtesy of Jack Moehle
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Wall failure leading to inward collapse
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How are the ratings done?

* Estimate story drift demands 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

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

FEMA P-2018: Seismic
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Organization of Document

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

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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Appendix O: Studies on Infilled Frames
f Older Concrete Buildings for Collapse Potential
of e:'g 'or Collapse Potential %‘@p
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Chapter 1

* Background and introductory material

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?
* Not only the lateral system (many don’t have one)
* Also the gravity system

Following is a small sample of real buildings:
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Columns, girders, beams, slabs
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Columns, girders, pan joists, afew walls
I E>
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Columns, waffle slab, a few more walls

@
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Columns, flat slabs, lots of wall
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Columns, girders, beams, slabs, 40% gravity on two walls
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Chapter 2 Scope and Applicability
Applicable Not Applicable
* Pure Frame Buildings * Greater than 160 ft tall
oBeam column * Precast frame or wall with critical

connections
oSlab column

- * tilt-ups
Frame-Wall buildings . it slabs

oBoth frame types with walls + residential bearing walls with precast
oWalls with openings slab diaphragms.
(Pier/Spandrel) Not Considered
* Bearing Wall Buildings * Nonstructural issues
* Masonry Infill Frame Buildings * Cladding falling hazards
* Prescriptive min R/F or foundation
conditions

* Geologic Site Hazards
FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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Chapter 3 General Requirements 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

* 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
. . . « Reduced strength from inadequate splice length is considered for
* Complete load path required (guidance given) strength (in mechanism) (4.3.3.1) but not for calculation of Vp/Vn(4.4)
* Seismic Hazard: ASCE/SEI 41-17 BSE-2E recommended * 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 FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential «,/L@p
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Chapter 5: the hub of the methodology Chapter 5: the hub of the methodology

Introduction Introduction

5.2 Concrete Components . Concrete Components

5.2.1 Reinforced Concrete Columns .2.1 Reinforced Concrete Columns

5.2.2 Reinforced Concrete Structural Walls .2.2 Reinforced Concrete Structural Walls

5.3 Structural Classification of Buildings . Structural Classification of Buildings |dentify structu re_type
5.3.1 Frame Structures 3. Frame Structures

5.3.2 Frame-Wall Structures .3.2 Frame-Wall Structures

5.3.3 Bearing Wall Structures .3.3 Bearing Wall Structures

5.4 Wall Index and Wall Strength Index 4 Wa ndex and waj Teng

5.4.1 Wall Index 5.4.1 Wall Index

5.4.2 Wall Strength Index 5.4.2 Wall Strength Index

5.5 Effective Yield Strength 5.5 Effective Yield Strength

5.5.1 Plastic Mechanism Base-Shear Strength for Frames and Walls 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 5.5.4 Adjustment of Plastic Mechanism Base-Shear Strength for P-Delta
5.5.5 Base Shear Ratio 5.5.5 Base Shear Ratio

5.6 Effective Fundamental Period 5.6 Effective Fundamental Period

5.7 Global Demand-to-Capacity Ratio 5.7 Global Demand-to-Capacity Ratio

5.8 Identification of Lower Seismic Risk Buildings 5.8 Identification of Lower Seismic Risk Buildings

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

5.9.2 Buildings with Extreme Torsion 5.9.2 Buildings with Extreme Torsion

5.9.3 Discontinuous Walls Supported on Columns or Girders 5.9.3 Discontinuous Walls Supported on Columns or Girders

5.10 Pounding 5.10 Pounding

- FEMA FEMA P-2018: Seismic ion of Older C te Buildings for Collapse Potential %@p FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential «&lll@p
y 31 32




2/17/2021

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

.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. entification of Lower Seismic S| ulldings

5.9 Identification of Exceptionally High Seismic Risk Buildings

5.9.1 Exceptionally Weak Buildings
T

Tests included to default
very good or very poor
buildings out of
extensive procedure.
Rating assigned in
Chapter 10

5.9.3 Discontinuous Walls Supported on Columns or Girders
5.10 Pounding

% FEMA FEMA P-2015: Seismic Evaluation of lder Concrete Buidings for Collapse Potental %@p

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 Stru{tural Classification of Buildings Mechanism AnalySIS' Leads to
|5.3.1 Frame Structures e Lateral Strength
|5.3.2 Frame-Wall Structures
e 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
|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 «Jh@p
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Story collapse calculations in Chapters 6 (Frames)
7 (Wall Frames)

8 (Bearing Walls)

9 (Infill Frames)

of Older C t

- for Collapse Potential %@p
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Typical Flow Chapters 6,7,8 and 9
1. Using T4 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 FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential «Jh@p
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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 P-2018: Seismic ion of Older C

for Collapse Potential

Many specific deficiencies covered

* In addition to overall collapse methodology, consideration of many
localized deficiencies are incorporated into ratings:
* Discontinuous columns
* Discontinuous walls
* Corner beam-column joints
* Slab frame story collapse from either columns or punching shear
* Pier spandrel condition (frame? or wall?)
* Pounding
* Inadequate splices

37
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FEMA P-2018:
Mechanism Analysis and Drift Demands

Jack Moehle, University of California, Berkeley
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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 .
5.3  Structural Classification of Buildings

5.3.1 Frame Structures
5.3.2 Frame-Wall Structures
5.3.3 Bearing Wall Structures

Lateral Strength

Period, T,

Demand-to-Capacity Ratio
Displacement Demand (Ch 6 & 7)

& FEMA

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 t for Collapse Potential
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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 (typical 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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Principle of virtual displacements

8, = Oh,

F, F, j Fy8y — Mp6 =0
- _r 0 _]_ F.b6, = My,.0
M, Py i My My
N\ ol M, O S8 hy
(a) Real structure Z;Virtual () Virtual work solution

and forces displacements

Principle of virtual displacements: For a body in equilibrium, the work done
by forces as they move through any compatible displacement is zero.

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

F, level n—,
FX w, hu
< level x
level 1 f ‘ story x Vs
— n,
1] Vo1
(a) Lateral (b) Building elevation (c) Story shears

forces

Wxhy
Thy wily

Fy = CyxVpy, where Gy, =

n
e = (Z cm-> Vo

i=x

(this is simplified from ASCE 41)

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

8 =04y
F, H Wext = Wine
Z=Vpy msg:r;‘;w Vp10y = Z M6
0
fe,
Vo1 <= v, —GZM —1ZM
Bare frame P, "y e

FEMA P-2018: Seismic

of Older C t for Collapse Potential
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Mechanism 1 (5.5.1)

M, < My,
¥\
Vnc
\ / Member strength limited by shear strength
Vie+—
Me < My Wext = Wine
8y = 64y
F
AN VorBe = ) Much + D o+ ) Vo
|__—|—shear
L[ | failure, V,
i= Vpl 1 ,moment
/hinge, M, 1
0 VAT Vor =30 Mac+ D o+ ) Vo
u
Frame-wall

FEMA P-2018: Seismic

of Older C t ildi for Collapse Potential .4‘@p
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Mechanism 2 (5.5.1)

(a) Frame building

(b) Frame-wall building

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

— Z Mncl + Z Mnbx
hesy

_ X Mnci + X Mnjx + X Myw1

v,
" hes

p1
where hfr = 0.7h,

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

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential «JL @ (+]
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Mechanism 3 (5.5.1)

req’d for vertically irregular framing

v,

nwx’ level
< level x
v,

— Rexs story x
L=V v

Vertically irregular
structure

. Find individual column strengths: Vo, = min[Vyc, My /€3]
. Find wall shear strength: V..

. Find shear strength of story x: V,; = X Viex + X Vo

. Scale to the base level: V1 = 1V}, /31, Cy

1
2
3
4

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)

Fy
% Mo level x
T=Vp, i Miccs -1 story x

a) Mechanism 4

1. Find individual column strengths: V., = min[Vyc, My /€y ]
2. Find wall moment strength: My,,,,_1 or moment limited by shear strength

Mpcx—1+ Mpjxt Mpyy—
3. Find shear strength of story x: 1}, = M
eff

4. Scale to the base level: V1 = Vpy /X1, Coy

of Older C 1t
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Other mechanisms (5.5.3, 5.5.4)

a) Mezzanines

c) Plan torsion

b) 3-D considerations

of Older C t
11
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Example

3@25
(a) Frame
Column zone b .
elevation 3@1z

Column zone a

(b) Materials f. = 4000 psi, f, = 60 ksi

11

(c) Member . — .
properties Beams: 18” x 30", My, = 700 k-ft, M;f, = 350 k-ft, V,,, = 90 k, w,, = 2 kif
Columns: 24” x 24”, M, = 1200 k-ft, M,y = 800 k-ft, V., = 110k, V,, = 100k
Joints: Interior deemed OK per FEMA P-2018.
Exterior: Vn/ =10. fc'\/?Aj = 326 k per FEMA P-2018,4.3.3
. b
@\ FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
=4 12

Total weight per frame is W = 3500 kips.
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Are any member strengths limited by shear?

Example continued

MTLC
¥\

—V,
\
\

Columns Vo= 2M,, 2 x 1200 k'
*T g, 18 —125

= 143 kips > Vo = 110 kips

Therefore, first-story columns are shear-controlled.

e

V, —
N~
My

Wytn + IMyp
2 ‘n
Therefore, beams are moment-controlled.

2k Va v, =

Beams /3501 Cl—U—U—U—D M,,=700K
ol

= 69 kips < Vyp = 90 kips

Note: We could also check whether beam
strengths are limited by joint shear strengths, but
we will skip that here. (They aren’t.)

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

Mechanism 2

_ ZMper + Z My 6 X 921k’ + (350k’ + 700k") X 5 x 4
B [ B 0.7 x (18" + 3 x 12')

Vi, =702k

This value of 702 k exceeds V,; = 660 k calculated for Mechanism 1.
Therefore, Mechanism 1 will occur before Mechanism 2, so Mechanism 1
is the controlling mechanism.

Base-shear ratio is Vpl/Wz 660/3500 = 0.19 (See 5.5.5)

M, should not be taken larger than the moment corresponding to shear failure,

/
so substitute Ve X 2 = 110k x 2*7% = 921k’ for M

nc1:

FEMA P-2018: Seismic

of Older C t for Collapse Potential
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Example continued

Mechanism 1

Vp1 = Z Voea = 6 X 110 kips = 660 kips

f FEE T e

 Vica

i FEMA

FEMA P-2018: Seismic
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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

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 Evaluation of Older Concrete Buildings for Collapse Potential
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Effective fundamental period (5.6)

Effective fundamental
period T, based on K,

(a) Nonlinear static analysis (Degenkolb)

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,.

of Older C te
17

FEMA P-2018: Seismic

& FEMA

for Collapse Potential

Base shear
KB K»
Vi
v 4
v Bilinear
approximation
0.6V,
Actual force-
displacement
gl - curve
Fameutner [t I
. [O— A, A Displacement

(b) Nonlinear static analysis pushover curve
and effective stiffness K,

2/17/2021

(a) FEMA 2018 period study

Effective fundamental period - frames (5.6)

(b) Comparison with field data

©_0 T = s (%
e i i e e o n.
Or
C: =
o |
& T
1 nat—e
: = LI
Wi i
: i
i s o2
1 ] ¥ L] ® o1s| rEMa P20t
1. ¥ X oo sudics
5 * i 0.05
. ’ A ASCE 41
—ASCET
.
LS P x
: B ki g Heght (1) B
@ FEMA FEMA P-2018: Seismic of Older C: t for Collapse Potential
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@

B/
0.05

0.10
01s

025

17

v -0.5
Back to our example frame: T, = 0.07(hy)"5 (Wy>

=0.07(54)°5(0.19)7°5

=12sec

T,=1.2sec

of Older C t
19

FEMA P-2018: Seismic

& FEMA

for Collapse Potential

Effective fundamental period — Example (cont'd)

Based on study by Goel 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

where:
Ap = area of base of structure, ft?
A; = web area of shear wall i in ft*
I = length of shear wall i in ft
h; = height of shear wall i in ft
X = number of shear walls in the building effective in resisting

lateral forces in the direction under consideration

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
20

% FEMA

@

19

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

20
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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 on of Olde;C te Buildings for Collapse Potential

Poll

them in FEMA P-2018. How can you use it?

From another job, you have results of a nonlinear static analysis available for a frame and would like to use

1) Can you use it to define the mechanism? (Y, N, Maybe)
2) Can you use it to define the base-shear strength, V,? (Y, N, Maybe)
3) Can you use it to define the effective period, T,? (Y, N, Maybe)

@) FEMA FEMA P-2018: Seismic hon of Ocder Concrets Bulings for Golspes Potenia

F, Base shear
KU KZ
Vi
v
4 Bilinear
approximation
0.6V,
Actual force-
displacement
curve
T
A, Ay Displacement

21

Global demand-capacity ratio, s, (5-7)
. 3=
Sa c "
HUstrength = m
g Vy /W
Table 53 Values for Effective Mass Factor, C,,
From your mechanism analysis ;x | o 05 05 o
N b e a1 Pt T e dnecion e
@' FEMA FEMA P-2018: Seismic i ofOIde;3C te ildi for Collapse Potential

23
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Quick outs (5.8)

Frames with shear-critical
<0.75
Lower seismic risk columns (V,/V, > 0.6)
All other cases <15
Frames with shear-critical
>2.0

columns (V,/V, > 1.5)
Frames without shear

critical columns (V,/V, < >5.5
0.6)
Exceptionally high seismic " .
Ax Pt ¥ high seismi Some discontinuous wall-
risk " Any
on-column conditions
Some discontinuous wall-
. L Any
on-girder conditions
Some pounding
e An
conditions Y
@ FEMA FEMA P-2018: Seismic Evaluation of Olde:AConcre!e Buildings for Collapse Potential
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Story drift calculation (Chapters 6, 7, ...)

6. Evaluation Procedure for Frame Systems
6.1 Introduction
6.2 Identify Critical Storics
6.3 Identify Critical Components
63.1  Critical Columns
6.3.2  Critical Slab-Column Conncctions
63.3  Critical Beam-Column Corner Connections
634 Di Columns
64 Calculate Global Seismic Drift Demand
6.5 Calculate Story Drift Demand
6.5.1  Adjustment of Story Drift Demand for P-Delta
6.6 Calculate Drift Demands on Critical Components
6.6.1  Adjusted Drift Demand on Critical Components
6.6.2  Torsional Amplification Factor
6.6.3_Drift Factor
6.7 Calculate Drift Capacity of Critical Components
671 Drift Capacity of Critical Columns
6.7.2 Drift Capacity of Critical Slab-Column

Conncctions
673 Drift Capacity of Critical Beam-Column Comer
Connections
6.8 Detormine Column Ratings

6.8.1 Discontinuous Columns
69 Determine Story Ratings

FEMA

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

Story drift demand (6.5, 7.5, ...)

1)
Oy = ayhyg eI < 6eff

“\hery
I::> r_‘

story x of height h,,

FEMA P-2018: Seismic

of Older C t
27

for Collapse Potential

FEMA

2/17/2021

Global seismic drift demand (6.4, 7.4, ...)
é;z TZ
-1 s = G5y
:\“, éef,’ Clczsa 417.'2‘(]
j = :f / \
. i . Equivalent SDOF SDOF spectral
¥ displacement displacement
T.
Coefficient to amplify short- Coefficient to amplify drift due to
period drift (from ASCE 41) degradation (from ASCE 41)
Hstrengtn — 1 1 (Ustrengtn — 1\
CG=1+——— = ([ Zstrength  —
! ar? G=at 800( T
(All from ASCE 41)
FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential «JL @ (<]
26

26
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Story drift demand (6.5, 7.5, ...)

b‘ Table 6-1 Values of Coefficient & for Frame Systems
S5 =aho (L) < s
x xtsx h = Oeff
1 eff
13 20 05
2
24 5 10
1,3 2.0 1-05° 72
2
. 26
story x of height hy, b s o
R erpolate between the valties
o for 6 and 9 stories
78
2,4 5 10
. 1,3 5 15
For our example frame, the controlling mechanism is = 24 I o

@ 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 sirength 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 & values.

Mechanism 1, @, = 2.0, hy, = 18, h;= 0.7 x 54’ = 38..
Therefore, 8, = 2.0 X 18" X (877/38") = 0.958;.
8
In terms of drift ratio, if SDOF drift ratio is h”f = 0.015,
eff
then the first-story drift ratio is :—" =0.03.
x

FEMA

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

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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AdeStment for' P-A Only applicable to frame systems.

Adjustment for Torsion  only applicable to wall or

frame-wall systems.

Frame line capacity

v,
1

pfi
Tpx torsion demand T S
01 = Oy |—5— TR=2-_— X
x *11 — Waby Tex  torsion capacity i
Vpxhx Center Center of
px Tpx = Vpxe Weak/ of Mass Strength Strong/
Flexible @ ¥ stiff
ny Side v | side
. e — X i
8y = story drift demand of story x amplified for P-delta effects Tex = Z|Vpﬂ||Rﬁ| P %
8y = story drift demand =1 e
W, =gravity load, approximated as the seismic weight of the stories above level x

Vpx = plastic mechanism shear strength at story x

Drifts will be adjusted by factor A; related

Armax /
) o t0 Armax = 2.75 X TR + 0.5 = 1.0 A
h, = height from the base of a building to level x

FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential .4‘@p
29
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Questions?




FEMA P-2018:
Drift Capacities and Rating Systems

Abbie Liel, University of Colorado, Boulder

& FEMA

uC

2/17/2021

Overview

Story Building
Component Ratings Rating
Ratings

CR, CR,

CRy CR,

FEMA P-2018: Seismic

of Older C 1t
2

for Collapse Potential

& FEMA

uCi

6.2 ldentification of Critical Stories

| — shear
failure

moment
hinge

v,

nel

Vv

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

v,
e level x " +— level x
E Mex.r - story x

Vier story x

Mechanism 3: story where
mechanism forms

Mechanism 4: lowest story in
which yielding occurs

& FEMA

FEMA P-2018: Seismic

of Older C t
3

for Collapse Potential

uC

2

Poll

What mechanism would you expect to be most common for frame
buildings?

U Mechanism 1
O Mechanism 2
U Mechanism 3
U Mechanism 4

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

& FEMA

4

uCi
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6.3 Identification of Critical Components

[

~—Beam or non-
critical slab

oy o~ Critical
slab

ot -~ Critical
¢ slab

(d) Critical beam-column corner

connections

Critical column
in critical story

| - Columnin
e’ non-critical
story

(e) Discontinuous columns

(b) Critical slab-column connection  (c) critical column and critical —_—
slab-column at same column Lo PR WL

(a) Critical column

Types of critical components in frame systems

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential .4‘@p
5

& FEMA

2/17/2021

5

6.8 Component Ratings

Probability
Density

Component ratings represents the
probability that the drift demand
exceeds the drift capacity.

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

FEMA P-2018: Seismic

of Older C 1t

6

for Collapse Potential

Drift

uCi

6.6 Drift Demands on Critical Components

* Story drift demands are converted to component drift demands based on:
= Torsional amplification of drifts
= Separation of story drifts attributable to each component

FEMA P-2018: Seismic

i f Older C t ildi for Coll: Potential
% FEMA of el; for Collapse Potential ‘4‘@P

& FEMA

7

6.6.1 Rotation Demands on Critical Columns

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

\
\
. column
story drift > rotation
demand demand

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
8




6.6.1 Rotation Demands on Critical Columns

Column Drift Factor

Ratio of Column Strengths to Beam Strengths®

Table 6-2 Drift 7
Factor for =06 0.85
Columns 1 0.70
=24 0.30
FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential

9

2/17/2021

6.7.1 Column Drift Capacities

* Median column
deformation capacity
from empirical data

Examples of column tests

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

¥ FEMA

10

% FEMA

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 P-2018: Seismic

of Older C t
11

for Collapse Potential

uC

6.7.1 Column Rotation Capacities

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

»
Al

(
6 =11.4p,+0.034-|
L

}(14,1 +0.036) 2 0.0

<01 8. =10p,+0.0320.0

Table 6-2 Plastic
Rotation

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

- 0.5

Capacities for b b=—p 00128
. —_ 5 5+
Tied Columns for ,\_fz:‘JSUJ T osAf o,

PIA, f'ee should not be taken smaller than 0.1

)
,
2 should be reduced linearly for [\'—[J >0.5 from its value at
7
X

p o
N ’— =07
glce ,‘\pj’u

A P o[ Ve
6. i =0.()4_’—u‘oz.x[ T ]+U.b¥p,7(1‘()2‘1[‘/—}2(1‘0

/
'

PIAg fee should not be taken smaller than 0.1

@ FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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6.8 Column Ratings

Drift Demand to Drift Capacity Ratio
f

Column Rating
CR

AplAc

AolAc < 0.25 0.0

0.4 = ApfAc > 0.25 0.1

0.5 = Ap/Ac > 0.4 0.2

Table 6-6 0.7 = Ap/Ac > 0.5 0.3
Column Ratings 0.9 = Afde > 0.7 04
1.1 = Ay/Ac > 0.9 0.5

1.4 = Ap/Ac > 1.1 0.6

1.8 = Ap/Ac > 1.4 0.7

2.5 2 Ap/Ac > 1.8 0.8

3.0 = Ap/Ac > 2.5 09
AplAc > 3.0 0.93

% FEMA

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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7.7.4 Wall Drift Capacities

* Empirical relationships

developed based on UCLA
RC walls database

Flexure

 d ®
& o ° ¢
] %o n L3
¥ea ¥ | -
o5°® & o 3

20 °

)
3 L]

. 50 N °3

© Flexure Failure

* Shear Failure

® Flexure-Shear Failure = Sliding Failure at Base|
T T T T

2 3 4
VaacyVamn

Example wall tests, and scatter

5 6

7.7.4 Wall Drift Capacities

* Flexure controlled walls, trends with key parameters

5 + + PlAgfc<015
1 X
,-\4_+++ + . 0,1551’/Ag[{; <0.30
SO W PlAgfc>0.30
£z
8
g
o
?’H: -+
= +
a
a8 Py
0 — T T L L B
0 20 40 60 80 100160 180
Ay — 1erb?

& FEMA

FEMA P-2018: Seismic

of Older C t

for Collapse Potential
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plot of data
3 ":{: FEMA P-2018: Seismic of Older C t ildi for Collapse Potential
¥ FEMA . G
14
7.7.4 Wall Drift Capacities 190
® Rectangular (444 walls)
. . . = + Barbell (135 walls)
* Determination of neutral axis depth 80 - » T Lishaped, and hal barbell *

-8 web in compression (38 walls)

t') < 4 Flanged (79 walls) LIV LR

=

Table 7-8 Coefficients for o 60 ..'
Calculation of Neutral Axis Depth 7 b o 'r_'
: $ 404 3
Rectangular 10 1.2 = @
I-shaped and Barbell 3 14 ;": T
=z
T Lbmpad nd Hek et » o7 S 20 .
v
frﬂw“ﬂ:d;ﬂnﬂrﬂwl 20 20 i ’
0 — T T T
0 20 40 60 80 100

15

& FEMA

16

¢/l (%): Sectional Analysis

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

J) FEMA

Drift Capacities

* Shear controlled walls, trends with key parameters

4

Drift Capacity, DC (%)
(]

o DC(%)=2.5-10PUf,

® Data
Linear Fit: Data

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

T
0.2

o
o

——
0.3 0.4 0.5

PlAgfe (%)

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

Drift Capacities

</l

Table 7-6 Drift Capacity of Flexure-Critical Walls

=0 3.50 3.50 3.50 3.50 3.25 3.00 2.67 2.62 1.85 1.80 1.76 1.71
9 3.50 3.50 3.42 3.28 3.00 2.50 2.20 2.00 1.34 1.24 1.14 1.04
12 3.50 3.35 3.09 2.84 2.59 2.00 1.54 1.32 1.00 0.75 0.75 0.75
15 3.46 3.06 2.67 2.28 1.88 1.75 1.50 1.25 1.00 0.75 0.75 0.75
18 3.28 272 215 1.75 1.75 1.50 1.25 1.00 0.75 0.75 0.75 0.75
21 3.08 2.31 1.75 1.75 1.50 1.25 1.25 1.00 0.75 0.75 0.75 0.75
24 2.84 1.83 1.75 1.75 1.50 1.25 1.25 1.00 0.75 0.75 0.75 0.75
27 2.57 1.75 1.75 1.75 1.50 1.25 1.25 1.00 0.75 0.75 0.75 0.75
30 228 1.75 1.75 1.75 1.50 1.25 1.25 1.00 0.75 0.75 0.75 0.75
=35 1.75 1.75 1.75 1.75 1.50 1.25 1.25 1.00 0.75 0.75 0.75 0.75

+25% for columns with confined boundary elements

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

Table 7-7 Drift
Capacity of Shear-
Critical Walls

FEMA

Drift Capacities

0.0 4.00
0.005 3.50
0.01 3.00
0.03 2.30
0.05 2.00
0.10 1.50
0.15 1.25
0.20 1.00
0.30 0.75
0.40 0.60
0.50 0.45

+50% for columns with confined boundary element

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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Table 7-10 Column
Rating and Wall
Rating

FEMA

7.8 Wall Ratings

ift Demand to Drift Capacity Ratio

Ao/dc = 0.25 0.0
0.4 = Ap/Ac > 0.25 0.1
0.5 = do/dc > 0.4 0.2
0.7 = do/Ac > 0.5 0.3
0.9 = AyjAc > 0.7 0.4
1.1 = Ag/Ac > 0.9 0.5
1.4 = AgfAc > 1.1 0.6
1.8 = dofdc > 1.4 0.7
2.5 = Aojdc > 1.8 0.8
3.0 = dyfdc > 2.5 0.9

Ao/de > 3.0 0.93

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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6.7.2 Slab-Column Connection Drift Capacities

®  Continuous Bottom

0.070 -+ Renfor ent: Ye
* Based on database of slab- + Corsimao Bousm
column tests 0050 et
. . _ = 2113.60)
* Concerned with loss of vertical £ | . . e TrisMethocklogy
carrying capacity, so only with g
those that do not satisfy £ 00%0
. . . 3
minimum requirements for x
structural integrity in terms of & 9%
. g
bottom reinforcement s
&£ 0.020
H
0.010 -
0.000 -+

0.00 0.20 0.40 0.60 0.80 1.00
Gravity Shear Ratio (GSR)

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

21

21

Beam-Column Corner Connection Drift Capacities (6.7.3)

* Available data indicates corner beam-column joints can experience axial
shortening/distress

0.12

Drift ratio Data set + Axial failure Implementation in methodology
0.10 + No axial failure
0.08 — -
. 4=[01-033— |h,
0.06 £/ ce
0.04 .
0.02 |
Axial safe zone
0.00

0.0 0.1 0.3

0.2 0.4 0.5 0.6
Axial Load Ratio, P/A,f,

2/17/2021

Gravity Shear Ratio @

Tables 6-5 & 7-5

6.7.2 Slab-Column Connection Drift Capacities

@ FEMA FEMA P-2018: Seismic ion of Olde:»c te ildi for Collapse Potential %@p

- - AA Drift Capacity, A
Drift Capacity of
Critical Slab-Column <01 0.045h.,
Connections 2 0.6 0.01h
FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential Jll@p
£ 22
6.9 Story Ratings
Story Building
Component Ratings Rating
Ratings
CR, CR,
S SR,
_
| A S SR,
CRy CR,
4 FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential «Jh@p
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6.9 Story Ratings w - 6.9 Story Ratings
09 .
* What combination of component . ) * Story ratings are function of component gravity loads, variability and
ratings produces story failure? ' component ratings
0.7
06 0.9
* Derivation involved probabilistic g # 08 SR=15R.-0.1
(Monte Carlo) simulation to determine £ g5 07
story ratings, based on column (wall) § ot 206 The adjusted average column in the story, Rag, is defined as:
ratings . . ] &€ os Ragi = Ravg + 0.625Rng(COV — 0.4)
« Story failure occurs if components 03 = here:
carrying 25% of gravity load in a story 02 , e where.
fail | 03 Ado B
pted — CR.
o Outcome of simulation 02 model ad ;fm’" ;
- 0.1
0 - v . L v - . 0.1 0.2 0.3 0.4 0.5 0.6 0.7
0oz “A 04 05 06 07 0B 03 Adjusted Average Component Rating
wverage component rating
% FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential '.._ ) FEMA P-2018: Seismic ion of Older C t ildi for Collapse Potential
/) FEMA N C ¥ FEMA G

25 26

10 Building Ratings

Story Building Rating = Maximum
Component Ratings Story Rating
Ratings
CR, CR
’ SR, .
Questions?
R —
_—
P SR;

CRy CR,

o EEMA P-2018: Seismi ion of Older Concrete Buildings for Collapse Potential N FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
% FEMA eismic o e7r7 or Collapse Potential 4@‘) % FEMA eismic Evaluation o e:8 oncrete Buildings for Collapse Potential «Jt@p
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FEMA P-2018:

Evaluation Procedures for Frame Systems
Abbie Liel, University of Colorado, Boulder

Ty pp—gey [ ]

s ntlsasianaiivils

FEMA P-2018: Seismic

ion of Older C
1

for Collapse Potential

Ch 6 — Evaluation Procedures for Frame Systems
5. Frame system definition, strength and period calculations

6.2 Identify critical stories R
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

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

& FEMA

Gonste Bt JLP

1

2

& FEMA

What is a Frame System?

* Frame systems are systems
composed of frames without
structural walls or effective infill
walls (5.3.1)

* Structural walls are defined based
on thickness, reinforcement
ratios, anchorage to floor
diaphragms, and sufficient
strength (5.2.2)

—Tee-Beams

— Spandeo! Boams

— Pan Joist

| == uan wan

FEMA P-2018: Seismic

ion of Older C t
3

for Collapse Potential

Before Chapter 6

* You will have already determined in Chapter 5
« Effective yield strength using component strengths from Chapter 4 and identify
controlling building mechanism
* Effective fundamental period
* Building is not essentially elastic or exceptionally weak

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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6.2 Identify Critical Stories

| — shear
failure

‘moment
hinge
5y

Critical story:
first above base

Mechanism 1

level x
Poex story x M,

Mechanism 2

level x
- story x

Critical story: story

Critical story: lowest story in

| | where mechanism

| | which yielding occurs

forms
Mechanism 3

Mechanism 4

7

FEMA FEMA P-2018: Seismic of Older C t ildings for Collapse Potential .4‘
5
5
6.4 Calculate Global Seismic Drift Demand
TZ
Supy = €10:8, —
eff 1-22a 472 g
Displacement calculated / \
for equivalent single Equivalent SDOF SDOF spectral
degree of freedom displacement displacement
system
Coefficient to amplify short- Coefficient to amplify drift due to
period drift (from ASCE 41) degradation (from ASCE 41)
Ustrength — 1 1 [ - 1\?
C,=1+—m——r—— Co=14— 'strength
! ar? 2 800 3
@ FEMA FEMA P-2018: Seismic of Older C te ildi for Collapse Potential .4‘
L
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6.3 ldentify Critical Components

.~ Beam or non-
critical slab

_~ Critical
y slab

-~ Critical
slab

14

| ~ Columnin
.’ non-critical
story

— Critical column
in critical story

Iy

(c) critical column and critical
slab-column at same column

(a) Critical column (b) Critical slab-column connection

y§ — Critical column
in critical story

Types of critical components in frame systems

g

(d) Critical beam-column corner

connections

(e) Discontinuous columns

FEMA FEMA P-2018: Seismic of Older C: 't for Collapse Potential
6
6.5 Calculate Story Drift Demand
Alpha coefficients for frames, Table 6-1
No. of
Stories in the Yield
Building Mechanism® Critical Stories Measu e of
story drift
1 (any) 1.0 .
13 70 concentration Height of story x
2 - - )
2,4 15 off
5, =il —Z | <54

1,3 20 1

36 &
2,4 15
1,3 Linearly interpolate . i

78 ' Conversion between global drift
24 15 and story drift
1,3 25

=9
2,4 15

@ FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
e 8
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6.5.1 Calculate Story Drift Demand

* For frame systems, story drifts are increased to account for P-delta

Gravity load
0, =0, above level x
Amplified
story drift Plastic mechanism
shear strength at
story x

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
9
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6.6 Calculate Drift Demands on Critical Components

* Torsion: generally negligible for frames

* Drifts on columns should be reduced to account for only the portion of
the story drift demand attributable to column deformations:

component drift = y x story drift

Drift factors for columns, Table 6-2

Ratio of Column Strengths to Beam Strengths® ‘ Column Drift Factor
IMJ/IM, 4
= 0.6 0.85
1 0.70
=24 0.30

10

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

. .
Drift capacity of columns Clear height of column

Drift capacity ‘AC‘ =
Plastic rotation

capacity + assumed
"elastic” rotation

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

6.7 Calculate Drift Capacity of Critical Components

* Plastic rotation capacity of columns, 6,

uC

Flexure-Critical Columns (V,/V, < 0.6, & > 0.002, and s/d < 0.5)
e [
sm‘—,,.z(n . =11.4p,+0.034—| — |(14p,+0.036) > 0.0
LA ) Al
P
For | —|<01 8,=10p,+0.03=0.0
A )
Plastic rotation r-Critical Columns (i.e., Columns not classified as Flexure-Critical Columns)
capacities for 05
. , g = 00124,
tied columns, [ (P} oo FRLAN S
i vl TOBAL o1,
Table 6-3 (AL s File
PiAg ' should net be taken smaller than 0.1
) [P ) (P Pl
8. should be reduced linearly for | — ]so‘s from its value at l . ‘:0‘5 tozeroat| —— | =0.7
L Agfe ) Afe ) e )
6, e =0.042 00"3{ P 0.63 OO"}"VJ‘\OO
- AL e 0 e
PIA, f'ee should not be taken smaller than 0.1
T .,‘: ) FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
¥ FEMA o
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6.7 Calculate Drift Capacity of Critical Components 6.7 Calculate Drift Capacity of Critical Components

* Plastic rotation capacity of columns, 6, * Drift capacity of slab-column connections

Flexure-Critical Columns (Vy/V, < 0.6, & > 0.002, and s/d < 0.5)

Gravity Shear Ratio®

For | £ |20 f=1 |;{|up,—onu—; "} ‘[u;:,mms]];un Yoo
; |
\ A% (AL Table 6-5 <01 0.045h.
. 2 0. 0.01h..
For | ‘P‘,, <0.1 8 =1.15[10p, +0.03] 200 os
AL

Plastic rotation
capacities for

Hexure-Shear and Shear-Critical Columns (i.e., Columns not dlassified as Flexure-Critical Columns)

065

spiral- (p o= 00T h,
p For | <05 BT T
- \ar AL o f
reinforced Pl - should not be taken smaller than 0.1
columns, Table (5 o o
6-4 9. should be reduced linearly for ‘ _|>0.5 from its value at =050 zer0at |07
- (A AfL ] | A

P V)

6., =006 ODE‘ [P 0037 w200
| 1 |

e ) W)

P/Ag f'ee should not be taken smaller than 0.1

g FEMA FEMA P-2018: Seismic Evaluation of OIdewr’;Concrete Buildings for Collapse Potential %@p
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Poll 6.8 Determine Column Ratings
True or false: A higher column rating indicates worse performance. vt Demand to D Capacty Rutlo ’ Column Rating
QA True Aolde < 0.25 0.0
Q False 0.4 = Ap/Ac > 0.25 0.1
0.5 = ApfAc > 0.4 0.2
Table 6-6 0.7 = Afdc > 0.5 0.3
0.9 = Ap/A: > 0.7 0.4
1.1 = Ag/A- > 0.9 0.5
1.4 = ApfAc > 1.1 0.6
1.8 = Ap/Ac > 1.4 0.7
252 ApfA-> 1.8 0.8
3.0 = ApfAc > 2.5 0.9
ApfAc > 3.0 0.93
FEMA FEMA P-2018: Seismic ion of Olde:';c " - for Collapse Potential %@P 2 FEMA FEMA P-2018: Seismic Evaluation of Olde:'AConcre!e Buildings for Collapse Potential «Jll@p
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6.8 Determine Column Ratings

<o~~~ Beam or non- — —
/' criticalslab o A Critical | Critical Or beam-column
yem S ERERR iy | slab y |slab corner connection
A B Greater governs
* | ~— Columnin c column
) non-critical in critical story

story

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

(a) Critical column

Illustration of components for which ratings
are required

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential .4‘@p
17
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6.8.1 Determine Column Ratings

* Discontinuous columns supported by a beam or slab that is not a
cantilever, CR = 0.8

Discontinuous
column

FEMA P-2018: Seismic

of Older C 1t
18

for Collapse Potential

& FEMA
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6.9 Determine Story Ratings

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

Teol Average component rating,
Ravg = z feoLiCR; weighted by gravity load
i=1 carried

Adjustment to average
based on coefficient of
variation

Radj = Rapg + 0.625R 4y (COV — 0.4)
SR=15Reqj — 1

Story rating

FEMA P-2018: Seismic

of Older C t for Collapse Potential

18

Building Ratings (Chp.10)
* Building rating is the worst story rating in either direction

BR = max(SR)

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

% FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential %@p
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FEMA P-2018: Ch 7 - Evaluation Procedures for Frame-Wall Systems
Evaluation Procedures for Frame-Wall Systems

Jack Moehle, University of California, Berkeley

* Applicability
* Systems with both frame lines and structural walls
* Pier-spandrel systems are a subset of frame-wall systems

* Exclusions
* Bearing wall systems (see Chapter 8)
* Infilled frame systems (see Chapter 9)
* Very thin and very lightly reinforced walls (see 5.2.2)

@ FEMA FEMA P-2018: Seismic ton of Older Concrete Buildings for Collapse Potential p @ FEMA FEMA P-2018: Seismic i ofOIde;C {e Buildings for Gollapse Potential p

1

1 2

Ch 7 - Evaluation Procedures for Frame-Wall Systems Poll

Consider the building shown.

P ‘] * |s it a frame or a frame-wall system?
[0 L et S e e Walls: 12” x 12/, so these are walls per 5.2.2.

Building A o o '-j SIS M. * Check the ratio of wall area to total supported +*
E ELAE ey Ay _ IWeb areas in one direction
2 HEEE floor area == =
. s Tyt | A Total supported floor area 2 Walls, 12” x 20
| Lo . ) ,
e, + Background studies in Appendix H suggest A, /A 4, =2x1x20 =401t

Floor plan: 100’ x 156
A/: 100’ x 156’ = 15,600 ft?
A,/A;=0.00051

around 0.0005 is sufficient for walls to dominate
deformed shape provided the walls are substantial
walls extending over building height.

| * For very small AW/Af, the calculated wall period Photograph e Typical PIaAn
d ; 1K (Equation 5-19) may exceed calculated frame
Building B | - ZIEE r . N period (Equation 5-18), which does not make sense. Which type of bui|ding should this be treated as?
] Lol | . Eve;la small Wﬁ” ckanhcontribute to collapse O a frame building (Chapter 6)
T problems, so check Chapter 7. Q a frame-wall building (Chapter 7)
r | « Judgment is required! Q it depends

@ FEMA FEMA P-2018: Seismic ion of Older C: te Buildings for Collapse Potential . P @ FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential P
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Ch 7 - Evaluation Procedures for Frame-Wall Systems

7.1 Introduction

7.2 Identify Critical Stories

7.3 ldentify Critical Components

7.4 Calculate Global Seismic Drift Demand

7.5 Calculate Story Drift Demand

7.6 Calculate Drift Demands on Critical Components
7.7 Calculate Drift Capacity of Critical Components
7.8 Determine Column and Wall Ratings

7.9 Determine Story Ratings

FEMA P-2018: Seismic

ion of Older C for Collapse Potential

Conete st p

2/17/2021

5

7.2 ldentify Critical Stories

The critical story is the
lowest story (or the only
story) of the mechanism.

Mechanism 2

Mechanism 1

Mechanism 3 Mechanism 4

FEMA P-2018: Seismic

ion of Older C for Collapse Potential

¥ FEMA

& FEMA

7.3 Identify Critical Components

* Columns
* Any column in critical story

* Column supporting discontinuous wall

* Walls in critical story

* Connections
* Slab-column connections

* Corner beam-column connections

FEMA P-2018: Seismic ion of Older C t

7

6

7

& FEMA

7.4 Calculate Global Seismic Drift Demand

2
Ser = C1C2Sa 739

Drift calculated for equivalent single degree of
freedom system

(All from ASCE 41)

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential p
8
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7.5 Calculate Story Drift Demand

Table 7-1  Values of Coefficient afor Frame-Wall Systems

No. of

1 1.4 0.5
2 2 1.2 1.0
3,4 1.5 1.0
: oo o s —an (% < s
x — Uxltsx h = Ceff
2 12 10 eff
23 3 0.8hudh 05 Conversion between global drift
Stores belone 0 and story drift
ertcal story
4 1.5
Stories above 1.0
critical story

9 Where Mechanism 2 is calculated to be the controlling mechanism, but the calculated plastic mechanism Note: There is no P-delta
basershear strength for Mechanism 2 is three-quarters (3/4) or more of the calculated plastic mechanism X
base-shear strength for Mechanism 1, Mechanism 1 should be taken as the controlling mechanism for adjustment for frame-wall
selection of a values.

® Values of  for “Other Stories” are generally not used, except where components in other stories are systems.
designated as criical because of increased local vulnerability, as required in Section 7.3.

FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential .4‘@p
9

7.7 Calculate Drift Capacity of Critical Components

* Columns A= 146+ 0.01)
Flexure-Critical Columns (V,/V. < 0.6, & > 0.002, and s/d < 0.5)
AN 4 N
For {E&_u.1 s,-n.-lp.-u.u:-o-{EWhu..o.ou]_o.o
- i} ]
leilﬂn 6, =100,+0.03200
Plastic rotation
capacities for . 05 oors s
tied columns, for (L]so,s e ag -
= AL R L,
. ¥
Table 6-3 PjAg Fee should not be taken smaller than 0.1
[ P ) P P
6, should be reduced linearly for | —— (0.5 from its value at =0.5 wozeoat| — (=07
\A:‘LJ AL AL

- »
6, =0042-0023 ' |+0635,-0023 2 | 200
AL v,

PJA, ' should not be taken smaller than 0.1

FEMA P-2018: Seismic

of Older C t

- for Collapse Potential .4‘@p
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7.6 Calculate Drift Demands on Critical Components

Ap = Arydy

Amplification factor
for plan torsion.

Reduction factor to represent
fraction of story drift affecting
critical component.

Frame line capacity
v

‘ e Table 7-2 Drift Factor, y, for Columns
W/ aivies e ||| swonss Ratio of Column Strengths to Column Drift Factor, ¥
enble 2 ol T
i Wit S Beam Strengths, EM./ZM;
ok
‘ —r <06 0.85
:D‘D 1.0 0.70

224 0.30
of Older C 1t

_— for Collapse Potential «JL@F
10

FEMA P-2018: Seismic

7.7 Calculate Drift Capacity of Critical Components

* Slab-column connections

Table 7-5 Drift Capacity of Critical Slab-Column Connections
without Continuous Bottom Bars through Column

Gravity Shear Ratio, V,/V, Drift Capacity, A,
<01 0.045h,,,
206 0.01h,,

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

* Walls and vertical wall segments: flexure-controlled

Table 7-6  Drift Capacity of Flexure-Critical Walls or Vertical Wall Segments (%)

Mechanism 2

350 [ 350 | 350 | 350 | 3.25 | 300 | 267 | 262 [ 185 | 180 | 176 171
9 350 [ 350 | 342 | 328 | 300 | 250 | 220 | 200 [ 134 | 124 | 1.4 104
12 350 [ 335 | 300 | 284 | 259 | 200 | 154 | 132 | 100 | 075 | 075 075
15 3.46 3.06 267 228 1.88 175 150 125 1.00 0.75 0.75 075 Mechanism 4
18 328 [ 272 | 295 | 175 | 175 | 150 | 125 | 100 | o7 | 075 | ors 075
21 308 [ 231 | 175 | 175 | 150 | 125 | 125 | 100 | 075 | 075 | ors 075
24 284 [ 183 | 175 | 175 | 150 | 125 | 125 | 100 | 075 | 075 | ors 075
27 257 [ 175 | 175 | 175 | 150 | 125 | 125 | 100 [ 075 | 075 | 075 0.75
30 228 [ 175 | 175 | 175 | 150 | 125 | 125 | 100 | ors | ors | ors 075
>35 175 | 175 | 17 | 175 | 1s0 | 12s | 125 | 100 | ors | ors | o7 075

" For walls with confined boundaries, drift capacity may be increased by 25%.
1 For intermedliate values, drift capacity may be calculated using linear interpolation.

FEMA

uC

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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7.7 Calculate Drift Capacity of Critical Components

Ty

Ty s

Mechanism 1

* Walls and vertical wall segments: shear-controlled

Table 7.7 Drift Capacity of Shear-Critical Walls or Vertical Wall
Segments®

0.0 4.00
0.005 3.50
0.01 3.00
0.03 2.30 Mechanism 3
0.05 2.00
0.10 1.50
0.15 1.25
0.20 1.00
0.30 0.75
0.40 0.60
0.50 0.45

o For walls with confined boundaries, drift capacity may be increased by 50%.

@ For intermediate values, drift capacity may be calculated using linear interpolation.
FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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7.8 Determine Column and Wall Ratings

Table 7-10  Column Rating, CR, and Wall Rating, WR

Drift Demand Capacity Ratio

AoAc < 0.25 0.0
0.4 = Ao/Ac > 0.25 0.1
0.5 = Ap/Ac> 0.4 0.2
0.7 = 4plAc > 0.5 03
0.9 = 4p/Ac > 0.7 0.4
1.1 = Aplde > 0.9 0.5
1.4 = Aoldc> 1.1 0.6
1.8 2 Aoldc> 1.4 0.7
2.5 = Ap/Ac> 1.8 0.8
3.0 = dp/Ac> 2.5 0.9

Apldc> 3.0 0.93

FEMA P-2018: Seismic

of Older C t ildi for Collapse Potential %@P
15

Determine Story Ratings (Section 7.9)

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

Nol Twail Average component rating,
Ravg = Z feotiCRi + Z fwai,jWR; weighted by gravity load
=1 j=1 carried

Adjustment to average
based on coefficient of
variation

Radj = Rapg + 0.625R g, (COV — 0.4)

SR =15Ryq; — 1 Story rating

FEMA

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential «Jll@p
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Chapter 10 Building Rating, BR

BR = max SR Questions?

[z ;{" FEMA P-2018: Seismic Evaluati f Older C Buildi for Coll P ial ._--—*4\
% FEMA eismic Evaluation of e:7 oncrete Buildings for Collapse Potential .4‘@p % FEMA «J‘l@p
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Example Application
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Evaluation Procedure

.

Building Description - - General
Loads and Component Strengths - - Chapter 4
Plastic Mechanism Base-Shear Strength - - Chapter 5

Global Seismic Drift Demand - - Chapter 6
Drift Demand on Critical Story - - Chapter 6

Drift Demand on Critical Components - - Chapter 6

Drift Capacity of Critical Components - - Chapter 6

9.
. 10. Building Rating - - Chapter 10

Critical Column Ratings - - Chapter 6
Story Rating - - Chapter 6

FEMA P-2018: Seismic ion of Older C e ildii for Collapse Potential
3
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1. Building Description

= 5-Story Concrete Building
= Plan: 100’ N-S x 156’ E-W

= Typical story height 13’
First: 17

= Frames on three sides, and a F
solid concrete shearwall 3=
along the back (north) side ¢

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

@ FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
o~
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1. Building Description

5-Story 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 P-2018: Seismic

) FEMA

of Older C
5

for Collapse Potential

1. Building Description

East Elevation

West Elevation

ot

IAST  TLtvaTION
Ko

-HOPE- STRELT-LLLVATION:
Sk o

FEMA P-2018: Seismic
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1. Building Description

Typical
Floor

FEMA P-2018: Seismic

FEMA

of Older C
7

e ildii for Collapse Potential

1. Building
Description

22000

O y et
];

Slab-
column =
frames

8

@7@:

~ o

Beam-
column
frame
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1. Building
Description Typical Building Section
PO i e d
T e ;,-g* :
‘ ]
' Y R
; T
| —
i - wl* *'T
Typ Slab—_' I F:”‘:’i%
column ¢ > |
frames , = { |
Sl 3] i e =1
i - ISy |
& ;‘-}w T/-‘ u) i A
oty T
@ FEMA FEMA P-2018: Seismic ofOIde;C t for Collapse Potential
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1. Building Description

(Octagonal, Spirally reinf Col’s)

for Collapse Potential

FEMA P-2018: Seismic of Older C te

- uCi
10
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1. Building Description

% FEMA

FEMA P-2018: Seismic

for Collapse Potential
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Poll

Which of these attributes is an important predictor of the seismic performance of this
building (check as many as you want)?

O Spirally reinforced columns
O Shallow slab-column frame system
O Tall first story

O Spread footings with no grade beams

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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2. Loads and Component Strengths

Roof:

Roofing 5 psf
6.5" Conc. Slab 81.3 psf
Conc. Beam 47.0 psf (Typical 14x50 @ 19.5' Each Way)
Conc. Column 6.7 pst (Typical 18x18 Octagon @ 19.5' Each Way)
Conc. Wall 30.8 psf (6.75' Parapet, 8"x154' solid wall, (5)x8"x5' Perforated Wall)
Ceiling 0 psf
Mech + Plumbing 10 psf
Misc. 2 pst
Dead Load [ 1as] for Column axial
Live Load [ 20fpst |
Seismic Weight [ 1s3fpst |
2 b Roof Seismic Weight 3,214 kips
6.5" Conc. Slab 81 pst
Conc. Beam 47.0 pst (Typical 14x50 @ 19.5' Each Way)
Conc. Column 221 psf (Typical 24x24 Octagon @ 19.5' Each Way)
Conc. Wall 17.3 psf (8"x154" solid wall, (5)x8"x5' Perforated Wall+4' Spandral)
Ceiling s psf
Mech + Plumbing 2 psf
Partition 15 psf
Dead Load for Column axial
Live Load

190[pst__|(3rd, 4th and Sth

194fpst __|(2nd)
Typical Flr. Seismic Weight 2,834 kips
FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential

Seismic Weight

% FEMA
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2. Loads and Component Strengths

General Considerations when Calculating Component Strengths:

= Calculate component flexural/shear strengths
based on expected (nominal) material
properties, Concrete: f', = 3 ksi, and f,, = 50 ksi

= Strength calculations are per ACl 318 with ¢ =1

= Consider the effect of expected axial load:
P=P,+0.25P,

= Check for inadequate splices/ rebar
development and adjust strengths for
undeveloped rebars and lap splices (ASCE 41-
17) - - but not always (such as when calculating
column’s V,)

FEMA P-2018: Seismic ion of Older C te

FEMA

14

for Collapse Potential

Take reduction for
insufficient Lap splice:
24d, is provided per
Record Drawings

uCi

14

2. Loads and Component Strengths

Component Strengths Needed:

>> For calculating Plastic Mechanism Base-Shear Strength, the strength of the following
components are needed for Mechanisms 1 & 2 (Frame Building):

= First floor columns: flexure and shear strengths (54 columns)

= All beams: flexure and shear strengths (470 beams)

] — shear
failure

moment

"~ /hmg:

nel

Mechanism 2

Mechanism 1

>> In addition, when calculating columns drift capacity, the critical first-floor columns
“capacity-limited shear strengths” are needed (54 columns)
FEMA P-2018: Seismic ion of Older C t for Collapse Potential
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2. Loads and Component Strengths
a. Columns Flexural Strength (ACI 318):

= Obtain columns flexural strength, considering P-M interaction

= Consider insufficient rebar lap splice in moment calculations

(Sample spreadsheet)
D @)l Results
b h As A's Aside Pg Mc
(in) (in) (in2) (in?) (in?) (kips) (k-in)
NS-2-a-2 21 21 1.6 1.6 0.8 142 2,559
NS-2-a-3 23 23 24 24 1.2 218 4,096
NS-2-b-1 23 23 2.4 24 1.2 218 4,096
NS-2-b-4 23 23 53 5.3 2.7 334 6,830

16
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2. Loads and Component Strengths

b. Columns Shear Strength (ASCE-41-17):

5

(Sample spreadsheet)

7
1+—=L— |0.84,
1,1d 6,)/;."4\,} ] )

Location s Av d linf Pg Ag Vn
Gn) | () | Gn) | (n) | (kips) | (in?) | (kips)
k=1 1st 2/b 2.75 0.153 20.8 120.3 333.6 530.9 117.6
s = Spacing of shear ties 1st 3/a 275 | 0153 | 208 | 1203 | 2185 | 5309 | 1104
Av = Area of shear ties 1st 9/b 2.75 0.153 19.2 120.3 181.2 452.4 97.8
d = effective depth of column section,0.8hc It Ya 275 015 152 2) 1423 o2 951
1st g 2.75 0.153 19.2 120.3 1237 452.4 93.8
fye=4125  ksi 1st o/ 275 | 0153 | 192 | 1203 | 1051 | 4524 | 924
L= (normal weight 1, light weight concrete 0.75)
flee=13 ksi

linf = half of column clear height at typical floor, 0.6h1 at first floar
Pg = expected gravity axial load calculated above in Section 1.6
Ag = gross area of column section

FEMA P-2018: Seismic

of Older C t
17

for Collapse Potential
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2. Loads and Component Strengths

d. Columns Capacity-Limited Shear Strength:

P <

Vpe =min(Vyy, Vy)

M and Mg : Lesser of the
1. Flexural strength of the column section

2. Flexural strength controlled by the beams or slabs
(including shear-limiting flexural capacity of beams)

3. Moment transfer strength of the slab-column
connection based on punching shear

As an example, take Frame on Gridline 2 - interior column

FEMA P-2018: Seismic

cB(x+1)
~

- RN
Se— T
—--. v i
‘phx
‘,_l---_-=2~\
i g, )
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Sl e

-

M,
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2. Loads and Component Strengths

c. Beams Flexure and Shear Strength (ACI 318):

= Calculate beams flexure and shear strengths using ACI 318

= Take reduction for any discontinuous rebars or deficient lap splice. In this example,
bottom reinforcement of interior beams extends only 6” into column-slab joints

FEMA P-2018: Seismic

of Older C 1t
18
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2. Loads and Component Strengths

d. Columns Capacity-Limited Shear Strength:

1. Calculate flexural strength of the column “section”:

Top of Column Section Flexural Strength:
M,;, = 6,830 k-in

Bottom of Column Flexural Strength:
Mg, = 3,415 k-in  (assuming 50% strength at base)

% FEMA
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Meapes) m

My fery ( %@i
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Moggres)
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2. Loads and Component Strengths

2. Check if the flexural strength of the column top is controlled by the flexural strength of the slab-beams
(including shear-limiting flexural capacity of beams);

Left Span =195 ft mmm===-= ~ Right Span = 19.5 ft

*

M= 1,548 k-in

T
'
'
'
My =1272kin [~
d
'

M= 1,755.0 k-in

= 3 H
M= 751 kein H -
'

Bap

]
o S

Myg,= 1,196 Krin
'

— . o ,

a. Calculate plastic moments of slab-beams at col. centerline:
M, = 1,548 k-in
My = 1,196 k-in

c. Obtain beam-controlled flexural strength at top of the column:
Mg = My ;#Mygy) (hy) / (hy#hy)= 1,565 k-in

% FEMA
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MDN’

-

=843.2 k-in

b. Shear strength check (/eft beam):
Vom = (1,272+4751) / 184 = 11 kips --- Flexural

<V, =65.7 kips
Thus, Flexural Governs

--- Shear

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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2. Loads and Component Strengths

d. Columns Capacity-Limited Shear Strength:

Thus, Top of Column Flexural Strength:
M,;; = 1,565 k-in
Bottom of Column Flexural Strength:
Mg, = 3,415 k-in  (assuming 50% strength at base)

Column plastic shear strength based on flexural strength:
Vomz = (1,565 + 3,415) / 193 = 25.8 kips
Column section shear strength:
V, = 118 kips

Vpc = min(Vpr, /9]

V,,c = 25.8 kips - Flexural Controlled

FEMA P-2018: Seismic

M,

Myipeeny

cB(x+1)

r
J

BR(x+1)

M7, s

—_— S
Vore ™|l |

[——3 ]

of Older C t
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2. Loads and Component Strengths

3. Check Slab-Column Connection Moment Transfer Capacity

Critical Section Geometry:

Ratio of shear and flexural = 1 3
transfer: 1+(2/3),[by/b,

Modulus of Critical Section

byd(by+3by)+d3 /
=) =——— = in3 by=cy+d
(Polar Moment of Inertia): /¢ =/¢'= 3 =54,812in LL 1L}

Punching stress capacity, reduced v, =208 psi (ACl 318)

by gravity load: Vg = V,/A = 71.6 kip/2,675 in = 27 psi

VeV, = 181 psi
Slab-Column connection
moment transfer capacity
associated with punching shear:

FEMA P-2018: Seismic

d=11in ¢;=c,=50 in, b;=b,=61inA = 2,675 in?

1=1/(1+2/3) = 0.60 W
%=1-y%=040

(ve-vg) (J/c) / y,= 181 x 54,812 / 0.4 = 24,850 k-in (doesn’t govern)

FEMA

22
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3. Plastic Mechanism Base-Shear Strength

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

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

Vot = min [Vie, SMye/l,]

] — shear
failure

moment
4 hinge

7

24
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For a typical interior column:

Column flexural strength at top: M, ;= 6,830 k-in

Column flexural strength at bottom: M, ;= 3,415 k-in
(assuming 50% fixity at base)

Column Clear Height: [, =193 in

Column Shear if flexural controls:

> M./l = (6,830 + 3,415) / 193 = 53 kips

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

Vi1 = 53 kips - - >> Flexural Controls

Z Vpe1r = 276 kips —- Total for Frame on Gridline 2

uCi
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3. Plastic Mechanism Base-Shear Strength 3. Plastic Mechanism Base-Shear Strength
Mechanism #1  Assumes building strength controlled by the structural elements in the first story Mechanism #2  Assumes that columns have sufficient strength to force yielding thru building height

For an interior column of the frame on Gridline 2:

There are total of 9 Frames:
2nd floor and above:
Frame on Gridline 1:

Y Ver = 167 kips

Frames on Gridlines 2 - 8:

Summation of beams flexural strength, EM,,,, =2,744 k-in

Column base flexural strength, M, ; = 3,415 k-in

(7) X 3 Ve = (7) x 276 kips (assuming 50% fixity)
| — shear Frame on Gridline 9:
failure _ . _
3 Vyer = 370 kips 5 Moy + 5 My V,, = (3,415+2,744 x 5) / 590
Va moment Vpr = =29 kips @ an interior column in Frame 2

. h
v e hinge Vpy = 167 + 276 x7 + 370 = 7
nel ' where hepr = 0.7hy, V,; = 157 kips - Total for Frame on Gridline 2
FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential ‘4‘@P FEMA FEMA P-2018: Seismic ion of Older C. 4 o for Collapse Potential «JL@')
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3. Plastic Mechanism Base-Shear Strength 3. Plastic Mechanism Base-Shear Strength

Mechanism #2  Assumes that columns have sufficient strength to force yielding thru building height . .
Thus, Plastic Mechanism 2 governs:

There are total of 9 Frames: « Critical Story = 1% Story
Frame on Gridline 1: « Effective Yield Strength V,=1,424 kips

Mo L V1 = 124 Kips « Building Total Seismic Weight W = 14,610 kips
Frames on Gridlines 2 - 8:

M, (7) x X Vpy = (7) x 157 kips
Frame on Gridline 9: V:V/W =9.7%

X Vpy1 =201 kips

Vp, =124 + 157 x7 + 201 =
t FEMA P-2018: Seismic ion of Older C e ildii for Collapse Potential @ * 4 FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential @
% FEMA q N C % FEMA p

27 28
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4. Global Seismic Drift Demand

« Calculate the Effective
Fundamental Period for the
“frame” building:

* Develop the Acceleration Response
Spectrum for the BSE-2E Earthquake

-0.5
W - 16 SXg = 1781 ¢
T, = 0.07(h,)%° <Wy> z » SX, = 0917 ¢
S
= 0.07(70.257)°5(0.097) 05 g
=1.88sec £
£ T,=1.88 5,=0.49g
S SRS AR IR e
v 04
02 |
0 1
0 05 1 15 2 25 3
Period (S)
FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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BSE-2€ (5% 50 yr, return period 975 yrs)

4. Global Seismic Drift Demand
Check for Early-out - - Calculate Global Demand-to-Capacity Ratio, Usyengen

S
! ewength = - C,
Hrengah VW m

(5-23)
where S, is the spectral acceleration at the effective fundamental period, 7.,
V, is the effective yield strength, and C,, is the effective mass factor
determined in accordance with ASCE/SEI 41-17, as provided in Table 5-1.

Table 5-3  Values for Effective Mass Factor, C,,
Pier-
No. Frame Wall or Frame- Spandrel Infill wall
of stories Sys Wall System System
1-2 1.0 1.0 1.0 1.0
=3 0.9 0.8 0.8 1.0

Note: _Cy, shall be taken as 1.0 if the fundamental period, T,, in the direction under

consideration is greater than 1.0 sec.

FEMA P-2018: Seismic of Older C te

for Collapse Potential
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4. Global Seismic Drift Demand

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

Frames with shear-critical
columns (Vp/V,, >0.6)

All other cases

= S_“ Lower seismic risk
“strength = Vy/W m

Frames with shear-critical
columns (V,/V, >1.5)

= 0.49(1.0)/0.097

Frames without shear critical
columns (V,/V, <0.6)
Exceptionally high

rtrar Some discontinuous wall-on-
seismic risk

No early-out, but...!
column conditions

Some discontinuous wall-on-
girder conditions

Some pounding conditions

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

¥ FEMA

<0.75

Classification Structural System

4. Global Seismic Drift Demand
Calculate Global Seismic Drift Demand

T?
6eff =008, 47!29
€, =10 (T, > 1.0)

\

SDOF spectral
displacement

C, =1.0 (T, > 0.7
Equivalent SDOF 2 (T, )

displacement

Coefficient to amplify short- Coefficient to amplify drift due to
period drift (from ASCE 41) degradation (from ASCE 41)

Hstrength — 1 1 [ n—1 2
G=1+——F— C, =1+ — [ Strength -
! ar? 2=1%500 T,

(All from ASCE 41)

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

FEMA

31

1.9

2
Sepy = (10)(1.0)(049) . (386)
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5. Drift Demand on Critical Story

a. Critical Story Drift Demand Adjustment — a

Table 6-1 Values for Coeffident &

Values of

ritical Stories Other Stories

/) FEMA

33
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M 1 (any) 10 (n/a)
s 1,3 20 05
2
. . 2,4 15 10
M story x of height h,, 2
1,3 20 1-057—
n-2
36
I 2,4 15 1.0
Oess
6x = axhsx h_ < aeff 3 Lmearlymnerp;!aredz;erwe@ the values
ef f e for 6 and 9 stories
24 Linearty interpolate between the values
' for 6 and 9 stories
a,=15, hy=17.25, h;=07x70.25 =49.2' B e % [ s
2.4 15 | 10
Therefore, §; = 0'5359f (0 ¢is the story under consideration; n s the total number of stories,
: . 8
In terms of drift ratio, h—’ =0.04
51

uC

6. Drift Demand on Critical Components

Components for Which Ratings are Required:

35

- - =~ -~
” ~
-, ~
7 N
_~Beam or non- Ve - -
[ eriticalslab Vs A Critical Or beam-column \
1 slab corner connection \
Greater governs
¢~ Columnyin
o) non-crifjcal
story y
\
\
\ ’
(a) Critical column (b) Critical slab-column connection \ (c) critical column and critical /7
!q@-column at same column P s
(d) Discontinuous Columns ~ N Pa
~ -~ - - -
Nt =--
FEMA FEMA P-2018: Seismic of Older C te for Collapse Potential
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5. Drift Demand on Critical Story

b. Critical Story Drift Demand Adjustment — P-A

For the critical 1% Story:

Gravity load
above level x

W, = 14,610 kips
8, = 8.9 in (already amplified by 1.5)
Vo1 =1,424 kips

Height from base

Amplified of building to h. = 17.25 feet
story drift Plastic level x !
mechanism
shear strength at 5, =89inx (1A79
story x

I 5
In terms of drift ratio, now h—’ =0.08
51

FEMA
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6. 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 = x Story Drift Demand

M,
For the Critical Columns: % =3.72  Thus, y = 0.30 per the table below
b

Ratio of Column St

= 0.6 0.85
1 0.70

(€D D)

For the Critical Slab-Column and_Beam-Column Corner Connections:

FEMA

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

Demand
Story Drift | y="Col" | y="Conn" | An-"Col" | A,-"Conn"
Frame

Story | Gridiine | Gridline Type ey y y Ay Ao

(in) (in) (in)
1st Story 2 A Slab-Col Frame 15.85 0.30 1.00 4.76 15.85
1st Story 2 B Slab-Col Frame 15.85 0.30 1.00 4.76 15.85
1st Story 2 C Slab-Col Frame 15.85 0.30 1.00 4.76 15.85
1st Story 2 D Slab-Col Frame 15.85 0.30 1.00 4.76 15.85
1st Story 2 F Slab-Col Frame 15.85 0.30 1.00 4.76 15.85
1st Story 2 G Slab-Col Frame 15.85 0.30 1.00 4.76 15.85

/) FEMA

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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7. Drift Capacity of Critical Components

a. Drift Capacity of Critical Columns
M,

cB(x+1)

Column capacity-limited shear strength: bR(xs1)
MernH -
Column section shear strength:

Mc Tx

r
J

V, = 118 kips s
)
V, = 25.8 kips A
s P [——3 o Il
Shear Ratio: (plastic shear vs. shear capacity) Mes. m 5

V,/V,=0.22

FEMA P-2018: Seismic

FEMA

of Older C t
39
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7. Drift Capacity of Critical Components

a. Drift Capacity of Critical Columns

Flexure-Critical Column 0.6, p > 0.002, and sid < 0.5)

Ae=1,(0.+0.01)

6 =115 114p,+0.034 ‘
1

5+ -
0BAL A1,

PiAg s should not be taken smaller than 0.1

where 6,=1.15[10p, +003] 200
b = clear h?lght of the column wr-Critical Columns (i.e., Columns not classified as Flexure-Critical Columns)
6. = column plastic rotation capacity 065
b= 0026

2ushould be reduced linearly for | =

(A%

J>o 5 from it value at | —"—
ity-limi Ao
Vp = Column capacity-limited \ ]

shear strength

T N @
4,,.,=0.06-0.06) 130, omr| |,00
e ) W)

PlAg e should not be taken smaller than 0.1

FEMA
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7. Drift Capacity of Critical Components

a. Drift Capacity of Critical Columns

Shear Ratio: (plastic shear vs. shear capacity)
VP/V,, =022 <06

Flexure-Critical Columns (V/V, < 0.6, 4 > 0.002, and sid < 0.5)

T, =1.15/11.4p,+0034 |(14p, +0.036)
|

Axial Load Ratio:

=00

P/(Ayfre) = 0.209>0.1

8, =1.15[10p,+0.03] 2 0.0

Transverse Reinf. Ratio:

ro=AJ/(b,,s) = 0.0025 > 0.002

Transverse Reinf. Spacing: 6.=0.055
s/d<0.5

L,= 193in
Ao =10+ 0.01)
4, =193 (0.061+0.01) = 12.6 in

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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7. Drift Capacity of Critical Components

b. Drift Capacity of Critical Slab-Column Connections (Based on Punching Shear)

Cravity Shear Ratio =

<01 0.045h..

206 0.01h,

v,=V,/A=716kip/2,675in? =27 psi
5= Ve/ P/ b d =11in; ¢;=50in, c,=50in
b,=61in, b,=61in

ve= | :+°’l;i7 JJfban’ =208 psi (ACI 318) A= 2675 i
\ 0

v,/ V,=0.129 At first story, h,, = 194 in

A =0.043h = 8.3in

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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7. Drift Capacity of Critical Components

c. Drift Capacity of Critical Beam-Column Corner Connections

P
A4=[0.1-033 .,

A

Largest corner column axial load ratio is:
P =158 kips
A, f. = 1,357 kips

¢ fee
P/(A,f.)=0.116

g fce

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

FEMA

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

42

8. Critical Columns Rating

Drift Demand/Capacity Ratios for Critical Columns and Slab-Column Connections —
(Showing Gridline 2 only)

amn ¥ G
Demand
Story Drift | y="Col" | y="Conn" || Ay-"Col"|| \p-"Connf [|A. ~"Col" [[}A. "Conn”| | Ay /A
Frame
Story Gridline | Gridline Type Beor v Y Ay Ay A A DCR
(in) (in) (in) (in) (in)

1st Story 2 A Slab-Col Frame 15.85 0.30 1.00 4.76 15.85 13.72 8.52 1.86
1st Story 2 B Slab-Col Frame 15.85 0.30 1.00 4.76 15.85 12.57 8.30 1.91
1st Story 2 [ Slab-Col Frame 15.85 0.30 1.00 4.76 15.85 12.57 8.30 1.91
1st Story 2 D Slab-Col Frame 15.85 0.30 1.00 4.76 15.85 12.57 8.30 191
1st Story 2 F Slab-Col Frame 15.85 0.30 1.00 4.76 15.85 12.57 8.30 191 |
1st Story 2 G Slab-Col Frame 15.85 0.30 1.00 4.76 15.85 13.72 8.52 \ 186 |

—JJ

FEMA P-2018: Seismic

of Older C t ildi for Collapse Potential .41@p
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8. Critical Columns Rating

Drift Demand to Drift Capacity Ratio

Column Rating
CR

AnlAc < 0.25 0.0

Every column (location) at the critical 042 2l > 025 o1
story is assigned a Column Rating, CR,, 05 % Afac> 04 02
based on the highest A /A rating for 07 2 d/de > 05 03
any critical component at that location 09 = dldc > 0.7 04
1.1 = A/Ac > 0.9 05

1.4 = /A > 1.1 0.6

1.8 = Aofde > 1.4 07

3.0 = AgfAc > 2.5 0.9

Aol > 3.0 0.93

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential
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8. Critical Columns Rating

Columns Rating —
(Showing Gridline 2 only)

2/17/2021

Demand
Col
Story Drift | y="Col" [ y="Conn" | As-"Col" | Ap-"Conn"| A.-"Col" | A.-"Conn" Rating
Frame
story | Gridline | Gridline Type Beal y y Ay Ay A A DCR R,
(in) (in) (in) (in) (in)
1st Story 2 A Slab-Col Frame | 15.85 0.30 1.00 4.76 1585 | 13.72 8.52 1.86 0.8
1st Story 2 8 Slab-Col Frame | 15.85 0.30 1.00 4.76 1585 | 1257 8.30 1.91 0.8
1st Story 2 c Slab-Col Frame | 15.85 0.30 1.00 4.76 1585 | 1257 8.30 1.91 0.8
1st Story 2 D Slab-Col Frame | 15.85 0.30 1.00 4.76 1585 | 1257 8.30 1.91 0.8
1st Story 2 F Slab-Col Frame | 15.85 0.30 1.00 4.76 1585 | 12.57 830 || 191 || o8
1st Story 2 G Slab-Col Frame | 15.85 0.30 1.00 4.76 1585 | 13.72 852 | | 186 ||| o8
@ FEMA FEMA P-2018: Seismic Evaluation of Oldedrﬁconcrete Buildings for Collapse Potential @ P
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Gravity | Trib.
9_ Story Rat| ng Ay /A, |ColRating| Load | Ratio
Frame
story. Gridline | Gridline DCR R, P, f | CRixXfiy
Adjustment based on coefficient of variation: (kips)
1st Story 2 A 1.86 0.8 218 | 0.014| 0011
Raqj = Ravg + 0.625R 4,4 (COV — 0.4) 1t Story 2 B 191 08 | 334 0021 0017
1st Story 2 c 1.91 0.8 334 |0021] 0017
COV = the standard deviation of all the 1st Story 2 D 191 0.8 334 |0.021| 0017
column ratings at a story divided by the 1st Story 2 F 191 0.8 334 10021 0017
ighted mean column rating at that stor Lst Story 2 G 186 0.8 218 10014 | 0011
weig 8 Y 1t Strory 3 A 1.86 0.8 218 | 0014 0011
1t Strory 3 B 1.91 0.8 334 |0021] 0017
Ravg < Raqy <1.25R,,, 1st Strory 3 c 191 0.8 334 [0021] 0017
1t Stro 3 D 1.91 0.8 334 [0021] 0017
>> Radj =08 st Stro:: 3 F 191 0.8 334 | 0021 | 0017
1st Strory 3 G 1.86 0.8 218 | 0014 0011
— 1t Strory 9 A 396 093 | 290 [o0.018] 0.017
Story Rating: 1t Strory 9 B 191 0.8 448 | 0028 0022
1t Strory 9 c 1.91 0.8 448 | 0028 | 0022
SR =15Rgq; — 0.1 1t Strory 9 D 191 0.8 448 | 0028 0022
_ _ 1t Strory 9 F 191 0.8 248 | 0028 0022
SR =15(0.80)-0.1=110 (0.1<SR<0.9) 1st Strory 9 G 3.96 0.93 290 [ 0.018
Mean 080 ] 15929 1.00 || 0.805 |
Roug 0.80
R 0.80 IV~
FEMA FEMA P-2018: Seismic of Older Concrety for Collapse Potential ~ L@p
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Col | Gravity][ Trib.
9 i Story Ratlng Ao/ A Rating | Load || Ratio
Frame
Story | Gridline | Gridiine [  DCR CR, P || e MlcRixfen
! (kips)
R = ynco -CR: Ist Story 2 A 1.86 08 | 218 J[oo01ff o.o11
avg i=1 fml'l t 1st Story 2 8 1.91 0.8 334 || 0.021 | 0.017
1st Story 2 c 1.91 0.8 334 [ 0.021 | 0.007
R = The Welghted mean 1st Story 2 D 1.91 0.8 334 0.021 0.017
avg N 1st Story 2 F 1.91 0.8 334 || 0.021 || 0.017
column rating for all columns 1st Story 2 G 1.86 0.8 218 [ 0.014 | 0.011
in the story, weighted by the 1t Story 3 A 1.86 0.8 218 || 0.014 || 0.011
gravity |Oad taken by each 1st Story 3 B 1.91 0.8 334 0.021 0.017
1t Story 3 c 1.91 0.8 334 | 0.021 J| 0.007
column 1st Story 3 D 1.91 0.8 334 | 0.021 | 0.017
_ . i 1st Story 3 F 1.91 0.8 334 [ 0.021 J| 0.017
feot,i = Fraction of gravity loads 1st Story 3 G 1.86 0.8 218 || 0.014 || 0.011
supported by column i in a 1t Story 9 A 3.96 093 | 290 | 0.018 || 0.017
ncol o 1st Story 9 B 1.91 0.8 448 || 0.028 | 0.022
story. Xi=1 fmlvi = lin each 1st Story 9 C 1.91 0.8 448 || 0.028 || 0.022
story 1st Story 9 D 1.91 0.8 448 || 0.028 || 0.022
1st Story 9 F 1.91 0.8 448 || 0.028 | 0.022
1t Story 9 G 3.96 093 | 290 [ 0.018 | 0.017
Mean 15,929|| 1.00 | 0.805
Ravg = 0.805 Std Dev. 0.02
Roue 0.80
Rag) 0.80
FEMA FEMA P-2018: Seismic ion of Older C te Buildings for Collapse Potential
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10. Building Rating
The building rating, BR, is taken as the
maximum story rating, SR, determined BR=0.9
in either direction, for critical stories
over the height of a building.
FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential @ (<]
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Poll

Did you predict this building to be so seismically vulnerable?
Q Yes

U No

Q I really had no idea... Questions?

o g . Qaicrmi . _— " .""'“"‘ g . Seismi " - ial
% FEMA FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential w@p % FEMA FEMA P-2018: Seismic Evaluation of OldeVrFConcrete Buildings for Collapse Potential «JL@F
i s 50
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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 and is summarized below (I

FEMA P-2018: believe San Francisco has already started with some steps)
Pollcy Impllcatlons * All time periods are local policy issues. Examples are included here:
Bill Holmes, Structural Engineer, Rutherford + Chekene Using sidewalk surveys, assessors’ files, or other available

jurisdictional records, develop a preliminary inventory of older
concrete buildings (i.e., buildings not conforming to the 1976
Uniform Building Code, or not meeting other locally accepted
evaluation or retrofit standards).

. FEMA FEMA P-2018: Seismic ion of Older C te Buildings for Collapse Potential p
" 2

& FEMA P

Example Program from Section 1.4

* Within the first year of a program, require building owners in the
preliminary inventory to submit a simple building data collection form, 20
with input from an engineer or architect, to confirm the building status,
and possibly identify additional risk factors.
[ |
0.1 0.2

* Develop a refined inventory of older concrete buildings based on
information contained in building data collection forms.

Evaluated Rating I

Default to Lower Risk D
D I . Default to Exceptionally I
High Risk
08 09

0.3 0.4 0.5 0.6 0.7

Number of Bldgs

* Within approximately three years, require building owners in the refined
building inventory to evaluate and classify their buildings using this .

methodology.
Building Rating

Example Inventory

FEMA P-2018: Seismic Evaluation of Older Concrete Buildings for Collapse Potential p
4
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Example Program from Section 1.4

* Develop a prioritized inventory of older concrete buildings based on
information obtained from the building evaluations.

* Use three categories of
* Exceptionally High Risk
* High Risk
* Lower Risk
* OR, for finer separation, use individual building ratings from
0.1to 0.9

FEMA P-2018: Seismic ion of Older C for Collapse Potential
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Lower Risk Exceptionally High Risk

20

15 |

., D I
0.1 0.2 03

0.4

High Risk

0.5 0.6 0.7 0.8 0.9

Building Rating

Evaluated Rating I

s

Default to Lower Risk D

Number of Bldgs

Default to Exceptionally I
High Risk

Example Inventory
ion of Older C t for Collapse Potential

: , JLP

FEMA P-2018: Seismic

5

& FEMA

Example Program from Section 1.4

* Within approximately five years, require mitigation of the risk associated
with exceptionally high seismic risk buildings through more detailed
evaluation or retrofit, if needed, using ASCE/SEI 41 or other locally
accepted evaluation or retrofit standards.

* Over a longer period of time, require mitigation of the risk associated

with high seismic risk buildings and lower seismic risk buildings through
more detailed evaluation or retrofit, if needed.
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Example Program from Section 1.4

It is expected that the state of knowledge in ASCE/SEI 41 will
continue to evolve over time, and that many buildings in lower
seismic risk categories could be deemed to be acceptably safe in
the future. It is also possible that additional information gained
from the use of this methodology over time will demonstrate that
the criteria are sufficiently reliable for identifying buildings that
are acceptably safe without further evaluation (at least in the
case of lower seismic risk buildings).
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