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ObjectivesObjectives
To evaluate current NSP to estimate target 
displacement

FEMA-356 Coefficient Method (CM)
FEMA-440/ASCE-41 CM
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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Summary of NSPSummary of NSP
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FEMAFEMA--356 CM356 CM
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C0 = Constant to relate elastic 
deformation of SDF and MDF system

C1 = Ratio of inelastic and 
elastic SDF systems

C2 = Constant to account for effects 
of pinching, stiffness degradation, 
and strength deterioration

C3 = Constant to account 
for P-Delta effects



May 10, 2007 5© R. K. Goel

FEMAFEMA--356: C356: C1 1 and Cand C33
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FEMAFEMA--356: C356: C22

1.01.21.01.5Collapse Prevention
1.01.11.01.3Life safety

1.01.01.01.0Immediate Occupancy

Framing 
Type 2

Framing 
Type 1

Framing 
Type 2

Framing 
Type 1

Te > TsTe < 0.1 secStructural Performance 
Level
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FEMAFEMA--440/ASCE440/ASCE--41 CM41 CM
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C0 = Constant to relate elastic 
deformation of SDF and MDF system

C1 = Ratio of inelastic and 
elastic SDF systems

C2 = Constant to account for effects 
of pinching, stiffness degradation, 
and strength deterioration
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FEMAFEMA--440/ASCE440/ASCE--41: C41: C1 1 and Cand C22

R = Ratio of elastic and yield strength

α= is equal to 130 for site class A and B
= 90 for site class 
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FEMAFEMA--440/ASCE440/ASCE--41: Cap on R41: Cap on R
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ATCATC--40 CSM40 CSM
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ATCATC--4040
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FEMAFEMA--440 CSM440 CSM
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A to E = Constants that depend on hysteretic behavior
and post-yield stiffness ratio

Requires iterations because of ductility μ
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FEMAFEMA--440 CSM440 CSM
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NSP Using Recorded Motions of NSP Using Recorded Motions of 
Building: ModificationsBuilding: 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
SA for SDF system due to motions recorded at the building 
base with ζ= 5% and T = Te

ATC-40 and FEMA-440 CSM
SD for SDF system due to motions recorded at the building 
base with ζeff and Teff
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Computer ModelsComputer Models

Three-dimensional model of each selected 
building

Flexural and axial behavior modeled with detailed 
fiber-sections
Shear and torsion behavior modeled as linear-
elastic

OpenSees computer program used for 
modeling
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Results from NSPResults from NSP
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Imperial County Services BuildingImperial 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
Building damaged during 1979 
Imperial Valley earthquake and 
subsequently demolished 
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Pushover Curves and Recorded Peak Pushover Curves and Recorded Peak 
MotionsMotions

Pushover analysis indicates
building collapse in longitudinal
direction

ATC-9 report concluded that
building collapsed due to
motions in E-W (longitudinal)
direction
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NSP in Longitudinal DirectionNSP in Longitudinal Direction
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NSP in Transverse DirectionNSP in Transverse Direction
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Sherman Oaks: 13Sherman Oaks: 13--Story Commercial Story Commercial 
BuildingBuilding

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 Pushover Curves and recorded 
MotionsMotions

Building deformed beyond linear-
elastic limit in E-W (longitudinal)
direction

Building remained essentially 
elastic in N-S (transverse)
direction



May 10, 2007 23© R. K. Goel

Relative Strength of FramesRelative Strength of Frames

Exterior frames are much weaker in both direction
and expected to experience some damage
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NSP in Longitudinal DirectionNSP in Longitudinal Direction
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Error in Target Displacement from NSP Error in Target Displacement from NSP 
Compared to Recorded MotionsCompared to Recorded Motions
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SummarySummary
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


