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Objectives

® To evaluate current NSP to estimate target
displacement
= FEMA-356 Coefficient Method (CM)
> FEMA-440/ASCE-41 CM
=2 ATC-40 Capacity Spectrum Method (CSM)
= FEMA-440 Improved CSM

® Using recorded motions of buildings
=>» Imperial County Services Building
® Motions from 1979 Imperial Valley earthquake

=> Sherman Oaks 13-Story Commercial Building
® Motions from 1994 Northridge earthquake
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FEMA-356 CM
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FEMA-356; C, and C,
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FEMA-356: C,

Structural Performance T, <0.1sec T, > T,

Level Framing | Framing | Framing | Framing
Type 1l Type 2 Type l Type 2

Immediate Occupancy

Life safety
Collapse Prevention
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FEMA-440/ASCE-41 CM
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FEMA-440/ASCE-41: C, and C,
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R = Ratio of elastic and yield strength

o= Is equal to 130 for site class A and B

= 90 for site class

= 60 for site class D, E, and F
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FEMA-440/ASCE-41: Cap on R
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ATC-40 CSM
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ATC-40

For bilinear systems
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FEMA-440 CSM
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FEMA-440 CSM
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NSP Using Recorded Motions of
Building: Modifications
® Pushover curve for fundamental mode of the
building in the direction under consideration

=> ASCE-41 proposes using only the fundamental mode
® Modifications to target displacement computation

= FEMA-356, FEMA-440, ASCE-41 CM

® S, for SDF system due to motions recorded at the building
base with (=5% and T =T,

=>ATC-40 and FEMA-440 CSM

® S, for SDF system due to motions recorded at the building
base with €« and T
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Computer Models

® Three-dimensional model of each selected
building
=2 Flexural and axial behavior modeled with detailed
flber-sections
=» Shear and torsion behavior modeled as linear-
elastic
® OpenSees computer program used for
modeling
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Results from NSP
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Imperial County Services Building

Longitudinal (E-W) direction:
Moment-resisting frame

Transverse (N-S) direction:

Single-bay shear walls/moment-
resisting frame in first story and
end shear walls in upper stories

Recorded motions available
from 1979 Imperial Valley
earthquake

Iding damaged during 1070 FHSMASELARE
:Brrl:perizgl VZIIei/QSarthuquagke and }}” }H:; }:H ii ;

subsequently demolished 4 S8 14440 | j
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Pushover Curves and Recorded Peak
Motions

Imperial County Services Building: Longitudinal Pushover Analysis Imperial County Services Building: Transverse Pushover Analysis
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ATC-9 report concluded that
building collapsed due to
motions in E-W (longitudinal)
direction

Pushover analysis indicates
building collapse in longitudinal
direction
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NSP in Longitudinal Direction

Imperial County Services Building: Longitudinal Pushover Analysis Imperial County Services Building: Longitudinal Pushover Analysis
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NSP in Transverse Direction

Imperial County Services Building: Transverse Pushover Analysis Imperial County Services Building: Transverse Pushover Analysis
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Imperial County Services Building: Transverse Pushover Analysis
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Sherman Oaks: 13-Story Commercial
Building

Moment-resisting frame in both
longitudinal (E-W) and
transverse (N-S) directions
Additional shear walls in
basement in both directions

Recorded motions available
from 1994 Northridge
earthquake

Building damaged during 1994
Northridge earthquake and
subsequently strengthened with
friction dampers
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Pushover Curves and recorded
Motions

) x 10" Sherman Oaks 13-Story Building: Longitudinal Pushover ) x 10" Sherman Oaks 13-Story Building: Transverse Pushover
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Building deformed beyond linear- Building remained essentially
elastic limit in E-W (longitudinal) elastic in N-S (transverse)

direction direction
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Relative Strength of Frames

Sherman Oaks 13-Story Building: Longitudinal Direction Sherman Caks 13-Story Building: Transverse Direction
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Exterior frames are much weaker in both direction
and expected to experience some damage
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NSP in Longitudinal Direction

_x 10" Sherman Oaks 13-Story Building: Longitudinal Pushover _x 10" Sherman Oaks 13-Story Building: Longitudinal Pushover
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_x 10" Sherman Oaks 13-Story Building: Longitudinal Pushover

® FEMA-356 (28.1 cm)
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Error In Target Displacement from NSP
Compared to Recorded Motions

Error in Target Displacement rom NSP
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Summary

® Most NSP may lead to under- or overestimation of
target displacement by twenty-percent compared to
recorded motions

® FEMA-356 and FEMA-440/ASCE-41 CM provide
generally similar target displacement

® ATC-40 and FEMA-440 CSM iterative procedure may
provide different target displacement compared to that
based on known ductility demand in buildings with
recorded motions

® Pushover curve of the entire building may not reveal
the level of inelastic behavior in all frames if the frame
strength differs

® Analysis of additional buildings with recorded motions
underway to add to the database
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