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s Background.
— Building Codes and Source Documents
— Response Spectra
Code Selection and Scaling Requirements
— Historical Perspective
— ASCE 7-05
Coede-Compatible Scaling Method (Kircher)
Scaled Recordsi—ATIC-63|(R-factorProject)
Summary and Conclusion
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= Nafional:
— 2003 IBC - 2003 International Building Code, International
Code Council, Birmingham AL.

— 2003 NFPA 5000 - 2003 Building Construction and Safety
Code, NFPA 5000, National Fire Protection Association,
Quincy MA.

= Regional:

= 2001 CBE - 2001 California Building Code, California

Building StandardsyCommissiongliasedion the 1997

UnifermrBuilding Code (1997 UBC), International
Conference of Building Officials, Whittier, CA.
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= NEHRP PIOVISIONS = 2003 NEHRP Recommended‘Ffrﬁnsmns fo)f
Seismic Regulations for New Buildings and Other Structures,
Federal Emergency Management Agency, FEMA 450.

— ASCE 7 - Minimum Design Loads for Buildings and Other

Structures, SEI/ASCE 7-02, American Society of Civil Engineers,
Reston, VA, 2003.

= Regional:
— SEAOC Blue Book - Recommended Lateral Force Requirements
and Commentany,.Seismology Commitiee; Structural’Engineerss
o Associationfeifealiiormia; 1996 Sixth Edition and 1999 Seventh
Edition.
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international NEPA 5000 5% California
Building.Code BujldingsCode BuildingsCode
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nternational NEPRPA 50005 Califiernia
Building Code BujldingsCode BuildingsCode
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—Acceleration (INclueing-RGA)
—Velotiy (incltding PGV)
— Displacement (including (PGD)

= Elastic Response Spectra

— Peak response of a collection of linear
single-degree-of-freedom systems with
SY0ViScous damping

—glddin’ sgeciranuged foreesicl
represent many different possible
ground motion time histories)
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Example Eaithguakelime Histeries
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Example Eaithouake dimeHision/ . Respense

Peak Displacement =5 in. Peak Displacement = 20 in.
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ExamplelEaiiniguekeACCElclaliCRESPPRSEIS PECIE

I I I I I
—=—1994 Northridge - Sylmar (122)

—o—1989 Loma Prieta - Corralitos (128) | |

Peak Acceleration of
a 2-Second System

Spectral Acceleration (g's)

15

Period (seconds)
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ExamplelEariguakelDisplacemeniRespense,Speciia

I I I I £ I
—=1994 Northridge - Sylmar (122)

——1989 Loma Prieta - Corralitos (128) | |

Peak Displacement
of 2-Second System

Spectral Displacement (inches)

Period (seconds)
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Control Periods
Ts=C,/2.5C,
T,=0.2T4

™\ | Long-Period Limits L
Ty

\Q_ — —

\\

VIW (Acceleration)

Period (Seconds)

November 18, 2005 COSMOS Annual Meeting

Control Periods
Ts = Spi/Sps
Ty =0.2T4

T, =see Map a
Spi/T | |

“N\_ | Long-Period Limits
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Map Source: Crouse et al., “Development of Seismic Ground-
Motion Criteria for the ASCE 7 Standard,” SNCEE
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—1990'SEAOC BlUE Bk, Appendix 1L (Hart/Kircher/Rométad),
Section F2b_Time Histories

— 1991 UBC, Division lll, Section 2375 (d) 2 Time Histories
— 1994 NEHRP Provisions, Section 2.6.4.4.2 Time Histories
= Seismic Retrofit Design Guidelines:

— ATC-40 — Seismic evaluation and retrofit of concrete buildings,
California Seismic Safety Commission, SSC 96-01

— AlC-33 — NEHRP Guidelines for the:Seismic; Rehabilitationyefi
Buildings, FEEMAZY8 @ctoherd00r (aka FEMA 356)

"= Conventional (Fixed-Base) Structures:
— 2000 NEHRP Provisions — Section 5.6.2 Ground Motion

November 18, 2005 COSMOS Annual Meeting
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gnsiel = Sigation =2e. “Tigle slisiofies, Grogel gloiagilme.

~histories developed for the specific site shall'be representative of
actual earthguake ground metions. Response spectra from time
histories, eitherindividually or in combination, shall approximate the

site-specific design spectra .... “

Base Isolation - Appendix 1L, Section D5b. “Time history may be
used for design of any ... and shall be use for design of all seismic-
isolated structures ...”

— |located on a soft soil profile (site factor S,), or

= with limited displacement capacity. (e:gppmoeat wall limits MCE™
 displacemeniieress than 1.5 tmes DBE displacement), or

— with an Isolation System that has highly nonlinear and/or rate-
dependent properties, weak restoring force, etc.
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S Base Isolation - Appendix 11L, Section F2h;
ofhorizontal ground motion time history components shall'be
selectedifrom.not less than three recorded events. These motions
shall' be scaled such that the square root sum of the squares of the
5%-damped spectrum of the scaled horizontal components does
not fall below 1.3 times the 5%-damped spectrum of the DBE (or
MCE) by more than 10% in the period range of. ... T, minus 1.0
seconds to T, plus 2.0 seconds.

L= (1) The duratien; of the time histories,shall be consistent with, the
magnitude andisource;characteristicsiofithie DBE (or MCE).

=(2) Time histories developed for sites withini 15 km of a major
active fault shall incorporate near-fault phenomena.”

November 18, 2005 COSMOS Annual Meeting
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elsie |S)

e
—_—

— (1)~ Time histery analysis shall be perfoirmed with at least three

appropriate pairs of horizontal time history components ...

— (2) Each pair of time histories shall be applied simultaneously
to the model, considering the most disadvantageous location of
mass eccentricity.

— (3) The maximum response of the parameter of interest
calculated by the three time history analyses shall be used for
design.”

= 1994 UBC (1994NEHRP.Provisions)andiater editions thereof:
= {[FSeven ormore time-history analyses ane. performed, then the

average value of the response parameter of interest may be
used for design.”
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=_Selection of Recorded Earthquakes:

— Magnitude, source characteristics and site-source distance
consistent with magnitude, source characteristics and distance,
respectively, that dominates hazard at site.

— Site characteristics same as site conditions;of building.

— When appropriate recorded time history.are not available,
simulated.ground motion time history_pairs may be used to
make up.the tetal.lnumber. —

" EAchipairoifcomponents should have appropriate duration
(considering site-source distance, basin effects, etc.) and contain
near-source pulses (for sites within 10 km of active faults).
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that'the average value of the spectra of all' scaled time histories
matches the site response spectrum over the period range of
interest.

Period range of interest includes periods at or near “effective
period” of the performance point (period corresponding te; peak:
nonlinear response) and periods of higher modes, if such are being
considered in the analysis.

Commentary — “A ground motion expert shouldiassist:thesstructural
_engineer initheselectivniand scaling of appropriate time histories.”
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S0 Sets or 10 earthguake recordsidentiied asisuitane -
candidates for time history analysis of buildings (at soil sites) with
ground shaking of 0.2 g, or greater, EPA:

— Records at soll sites greater than 10 km from sources
— Records at soil sites near sources.
= Selection criteria (used to identify candidate records);
— Free-field station (or ground floor of small building)
— Stiff or medium stiff soil site conditions
— lLarge-magnitude earthgquake (M = 6.5)
" Peakigroundracceleration or at least 0.2g (before scaling)

= Ground motion expert (for record selection) — Bill Joyner (USGS)

November 18, 2005 COSMOS Annual Meeting
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AJIC-40 - CandidaicRECoNESIaiS o)
0 krn frorn Source

T

Table 4-9. Earthquake Records at 5oil Sites Greater Than 10 Km from Sources

November 18, 2005

Earthquake source

Earthguake Recording

§

Magnitude

Year

Earthquake

Station Name

owner

74

1949

Western Washington

station 325

UsGs'

6.5

1954

Eureka, California

Station 022

USGSs

6.6

1971

San Fernando, California

Station 241

UsGs

6.6

1971

San Fernando, California

Station 458

71

1989

Loma Prieta, California

Hollister, South & Pine

74

1989

Loma Prieta, California

Gilroy §#2

7.5

1992

Landers, California

Yermo

1.5

1992

Landers, California

LW S|IWIN| =

6.7

1994

Joshua Tree

Northridge, California

Moorpark

s
(=]

6.7

1994

Northridge, California
= aimrew e e

Century City LACC North

USGS: United State Geological Survey
CDMG: California Division of Mines and Geology
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AlIC-40— Candidate. Reconds . at. Soll

COSMOS Annual Meeting

s

S Near Sources

Table 4-10. Earthquake Records at 50il Sites Near Sources

Earthquake Source

Earthquake Recording

Magnitude

Year

Earthquake

Station Name

6.5

1979

Imperial Valley, California

El Centro Array Station 6

6.5

1979

Imperial valley, California

El Centro Array Station 7

71

1989

Loma Prieta, California

Corralitos

71

1989

Loma Prieta, California

Capitola

6.9

1992

Cape Mendocino, California

Petrolia

6.7

1994

Northridge, California

Newhall Fire Station

6.7

1994

Northridge, California

sylmar Hospital

6.7

1994

Northridge, California

Sylmar converter Station

6.7

1994

Northridge, California

Sylmar Converter Sta. East

6.7

Ia‘wmwmmnwm_\s

1994

Northridge, California
=

Rinaldi Treatment Plant

[

LADWP: Los /
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USGS: United States Geological Survey
CDMG: California Division of Mines and Geology

ngeles Department of Water and Power
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(20 Sisiflic Resgonsa Flisiuty Rlocsduiss (CGarsic
— Sectlon 16.1.3.1 — Two-Dimensional Yal ARalysisi(ihe: ;L—herlzontal)
— Section 16.1.3.2 — Three-dimensional Analysis (horizontal pair)

= Not lessthan three pairs (nor less seven pairs for averaging
of response results) of actual recorded events (if available)

= Magnitude, fault distance and source mechanism consistent
with those that control MCE

= Equal scaling of the two components of each hoerizontal pair

= Average of the SRSS spectra (of eachrhorizontal pair) not
less tham 1.3, times the design spectrum by more than 10% at
eachiperiodoetween 0.21 and 1.51

" Chapterd 7 =r'seismically Isolated Structures

— Section 17.3.2 — Ground Motion Histories — Same as Section
16.1.3.2, except period range of 0.5T, to 1.25Ty,
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Code-Consistent ime Hlstory Scallng Procedure

Defimithans (Lot DBata):

Nusiber of hosiontal time history patrs 10 be scaled (i.e., 3

PGV Peak ground velocity, PGV, of ti isory, Th;

R Pspome secimn, (5 duping)of i Moy, Ty ana1y313 oT base |sola,ted hospltals
TRS Tarpet respanse spectram defined as 1.3 times the DBE (or 1 3 times the MCE), In the early 19901

i Period of isolated smctare in scconds

Reflaidon: (Cailpcd Do Procedure “normalizes” records by
i Specen,CHS, serualied by comgesie pk o v O T PGV to account for differences in

CPGY; Camposite peak ground velocity of the ith horizonta | fimse

P i L e magnitude, distance, etc. of records
Mg Pesponse spectrum multiplier wsed o fit the response spoctrum shape, ARS, 10 the

o TR Period range: T, - 1 second to T, + 2
i 5 time hissory of the ith pair in the jth borizomal dirccton
e seconds based on 1991 UBC
S, o s A A A GRS (should be updated to match current
composite peak ground velocity, CPGV} " o
Code criteria)

CRS, = JIRS] « sy, CPGY, = \:'[r'(.v.f +PavE )
Find the average value of composite spectra nosmalized by composite peak prownd velocity . - -
ans = Ly CBS, Random orientationiefthorizental
n=CPGY,

Detcrmine the respanss spectrum nsultplice, My, that is seguired 10 increass (os Comp'one nts should be rotated to

desrcase) the response spectran shape, ARS, such that it docs not fall below the target
Fesponse spoctnum, TRS, by more than 10% in the period range of T, - 1 wcond 0 T, + 2

s ’ fault normal/fault parallel directions
v ST, for scaling to spectra that
Far cach pair of carthquske tin orics, scale both hori the ratio o . . —
e g s el s comosplk incorporate effects of directivity, etc.
M,

STH, ~| i, ™ ST~ crgv; [ (i.e., for sites near active faults).
November 18, 2005 COSMOS Annual Meeting 26
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ATC-63 _ Selection and Scalin of Records

S, (an -tmaHstructug_types)

= Selection criteria (e.g., for set of “soil/non-near-fault” records)
— Soil' Sites = (stiff or medium soil site conditions)
— Sites not near-source (station >= 10 km from fault rupture)
— Free-field instrument stations (or ground floor of small buildings)
— Large-magnitude events (M > 6.5) — consistent withiMCE

— Strong-motion records (PGA > ~0.2 g, PGV > =15 cm/sec.,
before scaling) — consistent with- MCE

= No'more than two records from eachjevent (e.g.,reconds,with
largest PGV) = toojayveid record bias byevent

=NScale'records using “Code” method' (withi PGV normalization) —
except match median value of the spectra of scaled records to
100% of MCE demand (arbitrarily set at S,,; = F,S; = 0.9 g).

November 18, 2005 COSMOS Annual Meeting

ATC-63,- Median and Indlwdual Spectia of 60 Components Scaled

component [G]

15
Period (seconds)
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ATC-63 — Comparlson 0 Medlan Spectrum 0f 60)Scaled

T T T T T
=='Median of ATC-63 Set A (with Code scaling method)
——Code Spectrum

Sa

component )

o o = S g

o © [ ) ES o
i B B e

I
~

=
3

] 2 2.
Period (seconds)
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Summary andiConclusion

45 ]sm]c Corles
it ng*’a‘ )
histeries) to match DBE and/or MCE desrgn response spectra

= Methods-have evolved slightly, but are essentially the same as
those first developed by SEAOC for base-isolated structures (as
contained in Appendix 1L of the 1990 SEAOC Blue Book)

Primary difficulty with (time-domain) scaling records;is;the
requirement to envelop (within 10%) design response spectra over
a broad range of periods (and frequency-domain scaling is not
considered a.desirable alternative to time-domain scaling)

— Possible selutieniwhen a sufficientlyAlarge number of records
. are'used —e.g., at least 7 records) — Scale . records to match a
specific period of interest (e.g., S,,, or dominant period of
structure) and use more liberal matching criteria at other periods
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