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Seismic assessment/upgrading
through mid-1990s (FEMA 17:8)...
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Seismic assessment/upgrading since
mid-1990s (FEMA 273)
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Performance objectives
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Performance objectives
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Seismic hazard
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Design response spectra
general approach (shown) or site-specific
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Nonlinear analysis model/
upgrading concept
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Modeling, analysis, and
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Foundation modeling
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Free field motion
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Foundation input motion
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Slab averaging
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Embedment effect
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Foundation (radiation) damping
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Displacement demand —
Equivalent linearization (formerly capacity-spectrum)
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General concept shown below. See FEMA 440 for details.
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Displacement demand —

Coefficient method .
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Two types of strength degradation
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Strength, strength degradation, and
instability
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Construction of load-displacement relation
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Construction of load-displacement relation

Idealized
relation
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Modeling, analysis, and
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Component strength
(example, column shear strength)
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Component deformation capacity
(example, columns controlled by flexure)
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Component deformation capacity

(example, columns controlled by flexure)
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Table 6-8 Modeling Parameters and Numerical Acceptance Criteria for Nonlinear Procedures—
Reinforced Concrete Columns
0 A l: b Modeling Parameters? Acceptance Criteria®
QCE a Plastic Rotation Angle, radians
Performance Level
— Residual Component Type
P | Plastic Rotation Strength
2] Angle, radians Ratio Primary Secondary
Conditions a b c IO LS CP LS CP
i. Columns controlled by flexure’
P Trans. 14
a7 Reinf.? e
e w rﬁ ¢

|:> =01 | C <3 0.02 0.03 02 0.005 0.015 0.02 0.02 0.03
=01 C =6 0.016 0.024 0.2 0.005 0.012 0.016 0.016 0.024
=04 C <3 0.015 0.025 0.2 0.003 0.012 0.015 0.018 0.025
=04 C =6 0.012 0.02 0.2 0.003 0.01 0.012 0.013 0.02
=01 NC =3 0.006 0.015 0.2 0.005 0.005 0.006 0.01 0.015
<01 NC =6 0.005 0.012 0.2 0.005 0.004 0.005 0.008 0.012
=04 NC <3 0.003 0.01 0.2 0.002 0.002 0.003 0.006 0.01
=04 NC =6 0.002 0.008 0.2 0.002 0.002 0.002 0.005 0.008

FEMA 356



Some shortcomings
insufficient data, deterministic procedures
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Some shortcomings
static versus dynamic response
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Some shortcomings
- Component-based
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Some shortcomings
results can be sensitive to assumptions
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Example: Escondido Village

Midrises
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e 1961-64 construction

e 8 stories tall

e Vertical system
e columns
e bearing walls

e Lateral system
e walls controlled by
flexure

e Foundation
e spread footings

e Deficiencies
e shear-critical columns
e inadequate boundary
steel in walls
e punching at slab-
column connection




Typical Floor Plan
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Structural analysis

and retrofit approach == —
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¥, upgrading
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Boundary Steel
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Column Collars and Fiber Wrap
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Older RC building performance
ratings - a case study

N

L/

!

ey ° n':g 1 T
= L‘g‘”b‘i‘- '.UE?"'.

wE
41 O g

|\

—
——
'

0 0.2 04 0.6 Niles




e I

rlllrr H

l-no-“ Il Student
Hc.Jrl'lc‘

Foothill Student
shiand

arnar
fur Worgan LOIMan
925 Gignnini
Walnut n L
Univarsity Haviland
=1l Garage Hearst
Hitgare ,,, Graak Theatra

Vellman

-U.fc rd
Cal |rpholl

J-!,nllc'

Vallay Life Sciences

California

Diurant

Facutly Cluk

Hertz

Earran

Kroceber

intematicnal
House




Current Assessment Approaches

\J

Design of
Wultistory Reinforced Conerele

Buildings
for Earthquake
Motions

Jack Moehle

University of California, Berkeley




