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Current Model Building CodesCurrent Model Building Codes
National:National:
–– 2003 IBC2003 IBC -- 2003 International Building Code2003 International Building Code, International , International 

Code Council, Birmingham AL.Code Council, Birmingham AL.
–– 2003 NFPA 50002003 NFPA 5000 -- 2003 Building Construction and Safety 2003 Building Construction and Safety 

CodeCode, , NFPA 5000NFPA 5000, National Fire Protection Association, , National Fire Protection Association, 
Quincy MA.Quincy MA.

Regional:Regional:
–– 2001 CBC2001 CBC -- 2001 California Building Code2001 California Building Code, California , California 

Building Standards Commission, based on the Building Standards Commission, based on the 1997 1997 
Uniform Building Code (Uniform Building Code (1997 UBC1997 UBC)), International , International 
Conference of Building Officials, Whittier, CA.Conference of Building Officials, Whittier, CA.
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Sources of Building Code Seismic CriteriaSources of Building Code Seismic Criteria
National:National:
–– NEHRP ProvisionsNEHRP Provisions -- 2003 NEHRP Recommended Provisions for 2003 NEHRP Recommended Provisions for 

Seismic Regulations for New Buildings and Other StructuresSeismic Regulations for New Buildings and Other Structures, , 
Federal Emergency Management Agency, FEMA 450.Federal Emergency Management Agency, FEMA 450.

–– ASCE 7ASCE 7 -- Minimum Design Loads for Buildings and Other Minimum Design Loads for Buildings and Other 
StructuresStructures, SEI/ASCE 7, SEI/ASCE 7--02, American Society of Civil Engineers, 02, American Society of Civil Engineers, 
Reston, VA, 2003.Reston, VA, 2003.

Regional:Regional:
–– SEAOC SEAOC Blue BookBlue Book -- Recommended Lateral Force Requirements Recommended Lateral Force Requirements 

and Commentary, Seismology Committeeand Commentary, Seismology Committee, Structural Engineers , Structural Engineers 
Association of California, 1996 Sixth Edition and 1999 Seventh Association of California, 1996 Sixth Edition and 1999 Seventh 
Edition.Edition.
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Seismic Codes and Source Documents Seismic Codes and Source Documents -- PastPast
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Seismic Codes and Source Documents Seismic Codes and Source Documents -- PresentPresent
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Seismic Codes and Source Documents Seismic Codes and Source Documents –– FutureFuture
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Ground Shaking CharacterizationGround Shaking Characterization
Ground Motion Time HistoriesGround Motion Time Histories
–– Acceleration (including PGA)Acceleration (including PGA)
–– Velocity (including PGV)Velocity (including PGV)
–– Displacement (including (PGD)Displacement (including (PGD) TimeTimeSh

ak
in

g
Sh

ak
in

g

SASA

SDSD

Elastic Response SpectraElastic Response Spectra
–– Peak response of a collection of linear Peak response of a collection of linear 

singlesingle--degreedegree--ofof--freedom systems with freedom systems with 
5% viscous damping   5% viscous damping   

–– ““SmoothSmooth”” spectra used for design (to spectra used for design (to 
represent many different possible represent many different possible 
ground motion time histories)ground motion time histories)
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Example Earthquake Time HistoriesExample Earthquake Time Histories
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Example Earthquake Time History ResponseExample Earthquake Time History Response
1989 Loma Prieta 1989 Loma Prieta -- CorralitosCorralitos 1994 Northridge 1994 Northridge -- SylmarSylmar

Peak Displacement Peak Displacement ≅≅ 5 in. 5 in. Peak Displacement Peak Displacement ≅≅ 20 in. 20 in. 
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Example Earthquake Acceleration Response SpectraExample Earthquake Acceleration Response Spectra
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Example Earthquake Displacement Response SpectraExample Earthquake Displacement Response Spectra
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1997 UBC/2001 CBC1997 UBC/2001 CBC Design SpectrumDesign Spectrum
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ASCE 7ASCE 7--05 05 Design Spectrum ShapeDesign Spectrum Shape
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Map of Displacement Domain Transition Period, TMap of Displacement Domain Transition Period, TLL

Map Source: Crouse et al., “Development of Seismic Ground-
Motion Criteria for the ASCE 7 Standard,” 8NCEE
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Historical Perspective Historical Perspective 
BaseBase--Isolated StructuresIsolated Structures
–– 1990 SEAOC Blue Book1990 SEAOC Blue Book, , Appendix 1L (Hart/Kircher/Romstad), Appendix 1L (Hart/Kircher/Romstad), 

Section F2b Time HistoriesSection F2b Time Histories
–– 1991 UBC, 1991 UBC, Division III, Section 2375 (d) 2 Time HistoriesDivision III, Section 2375 (d) 2 Time Histories
–– 1994 NEHRP Provisions, 1994 NEHRP Provisions, Section 2.6.4.4.2 Time HistoriesSection 2.6.4.4.2 Time Histories

Seismic Retrofit Design Guidelines:Seismic Retrofit Design Guidelines:
–– ATCATC--4040 –– Seismic evaluation and retrofit of concrete buildingsSeismic evaluation and retrofit of concrete buildings, , 

California Seismic Safety Commission, SSC 96California Seismic Safety Commission, SSC 96--0101
–– ATCATC--33 33 –– NEHRP Guidelines for the Seismic Rehabilitation of NEHRP Guidelines for the Seismic Rehabilitation of 

BuildingsBuildings, , FEMAFEMA--273273, October 1997 (aka , October 1997 (aka FEMA 356) FEMA 356) 
Conventional (FixedConventional (Fixed--Base) Structures:Base) Structures:
–– 2000 NEHRP Provisions2000 NEHRP Provisions –– Section 5.6.2  Ground MotionSection 5.6.2  Ground Motion
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1990 SEAOC Blue Book1990 SEAOC Blue Book
General General -- Section F2c.  Section F2c.  ““Time Histories. Ground motion time Time Histories. Ground motion time 
histories developed for the specific site shall be representativhistories developed for the specific site shall be representative of e of 
actual earthquake ground motions.  Response spectra from time actual earthquake ground motions.  Response spectra from time 
histories, either individually or in combination, shall approximhistories, either individually or in combination, shall approximate the ate the 
sitesite--specific design spectra specific design spectra ……. . ““

Base Isolation Base Isolation -- Appendix 1L, Section D5b.  Appendix 1L, Section D5b.  ““Time history may be Time history may be 
used for design of any used for design of any …… and shall be use for  design of all seismicand shall be use for  design of all seismic--
isolated structures isolated structures …”…”
–– located on a located on a soft soil profilesoft soil profile (site factor S(site factor S44), or  ), or  
–– with with limited displacement capacitylimited displacement capacity (e.g., moat wall limits MCE (e.g., moat wall limits MCE 

displacement to less than 1.5 times DBE displacement), ordisplacement to less than 1.5 times DBE displacement), or
–– with an Isolation System that has with an Isolation System that has highly nonlinearhighly nonlinear and/or and/or raterate--

dependentdependent properties, properties, weak restoring forceweak restoring force, etc., etc.
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1990 SEAOC Blue Book1990 SEAOC Blue Book
Base Isolation Base Isolation -- Appendix 1L, Section F2b.  Appendix 1L, Section F2b.  ““Time Histories.  Time Histories.  PairsPairs
of horizontal ground motion time history components shall be of horizontal ground motion time history components shall be 
selected from not less than three selected from not less than three recorded eventsrecorded events.  These motions .  These motions 
shall be scaled such that the shall be scaled such that the square root sum of the squaressquare root sum of the squares of the of the 
5%5%--damped spectrum of the scaled horizontal components does damped spectrum of the scaled horizontal components does 
not fall below not fall below 1.3 times1.3 times the 5%the 5%--damped spectrum of the DBE (or damped spectrum of the DBE (or 
MCE) by more than 10% in the MCE) by more than 10% in the period rangeperiod range of  of  …… TTII minus 1.0 minus 1.0 
seconds to Tseconds to TII plus 2.0 seconds.plus 2.0 seconds.

–– (1)(1) The duration of the time histories shall be consistent with the The duration of the time histories shall be consistent with the 
magnitude and source characteristics of the DBE (or MCE).magnitude and source characteristics of the DBE (or MCE).

–– (2)(2) Time histories developed for sites within 15 km of a major Time histories developed for sites within 15 km of a major 
active fault shall incorporate nearactive fault shall incorporate near--fault phenomena.fault phenomena.””
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1990 SEAOC Blue Book1990 SEAOC Blue Book
Base Isolation Base Isolation -- Appendix 1L, Section F5d.  Appendix 1L, Section F5d.  ““Time History Analysis.Time History Analysis.
–– (1)(1) Time history analysis shall be performed with at least three Time history analysis shall be performed with at least three 

appropriate pairs of horizontal time history components appropriate pairs of horizontal time history components ……
–– (2)(2) Each pair of time histories shall be applied simultaneously Each pair of time histories shall be applied simultaneously 

to the model, considering the most disadvantageous location of to the model, considering the most disadvantageous location of 
mass eccentricity.mass eccentricity.

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

1994 UBC1994 UBC ((1994 NEHRP Provisions1994 NEHRP Provisions) and later editions thereof:) and later editions thereof:
–– ““If seven or more timeIf seven or more time--history analyses are performed, then the history analyses are performed, then the 

average value of the response parameter of interest may be average value of the response parameter of interest may be 
used for designused for design..””
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ATCATC--40 40 –– Selection of Acceleration Time HistoriesSelection of Acceleration Time Histories
Not less than three pairs of horizontal components (set of sevenNot less than three pairs of horizontal components (set of seven is is 
recommended and required for averaging response results)recommended and required for averaging response results)
Selection of Recorded Earthquakes:Selection of Recorded Earthquakes:
–– Magnitude, source characteristics and siteMagnitude, source characteristics and site--source distance source distance 

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

–– Site characteristics same as site conditions of building.Site characteristics same as site conditions of building.
–– When appropriate recorded time history are not available, When appropriate recorded time history are not available, 

simulated ground motion time history pairs may be used to simulated ground motion time history pairs may be used to 
make up the total numbermake up the total number.   .   

Each pair of components should have appropriate duration Each pair of components should have appropriate duration 
(considering site(considering site--source distance, basin effects, etc.) and contain source distance, basin effects, etc.) and contain 
nearnear--source pulses (for sites within 10 km of active faults).source pulses (for sites within 10 km of active faults).
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ATCATC--4040 –– Scaling of Acceleration Time HistoriesScaling of Acceleration Time Histories

Each pair of components should be Each pair of components should be scaled in the time domainscaled in the time domain such such 
that the that the average valueaverage value of the spectra of all scaled time histories of the spectra of all scaled time histories 
matches the site response spectrum over the period range of matches the site response spectrum over the period range of 
interest. interest. 
Period range of interest includes periods at or near Period range of interest includes periods at or near ““effective effective 
periodperiod”” of the performance point (period corresponding to peak of the performance point (period corresponding to peak 
nonlinear response) and periods of higher modes, if such are beinonlinear response) and periods of higher modes, if such are being ng 
considered in the analysis.considered in the analysis.
CommentaryCommentary –– ““A ground motion expert should assist the structural A ground motion expert should assist the structural 
engineer in the selection and scaling of appropriate time historengineer in the selection and scaling of appropriate time historiesies..””
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ATCATC--4040 Earthquake Ground Motion RecordsEarthquake Ground Motion Records
Two sets of 10 earthquake records identified as suitable Two sets of 10 earthquake records identified as suitable 
candidates for time history analysis of buildings (at soil sitescandidates for time history analysis of buildings (at soil sites) with ) with 
ground shaking of ground shaking of 0.2 g, or greater, EPA0.2 g, or greater, EPA::
–– Records at soil sites greater than 10 km from sourcesRecords at soil sites greater than 10 km from sources
–– Records at soil sites near sources. Records at soil sites near sources. 

Selection criteria (used to identify candidate records):Selection criteria (used to identify candidate records):
–– FreeFree--field station (or ground floor of small building)field station (or ground floor of small building)
–– Stiff or medium stiff soil site conditionsStiff or medium stiff soil site conditions
–– LargeLarge--magnitude earthquake (M magnitude earthquake (M ≥≥ 6.5)6.5)
–– Peak ground acceleration of at least 0.2g (before scaling)Peak ground acceleration of at least 0.2g (before scaling)

Ground motion expert (for record selection) Ground motion expert (for record selection) –– Bill Joyner (USGS) Bill Joyner (USGS) 
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ATCATC--40 40 –– Candidate Records at Soil Sites Candidate Records at Soil Sites 
Greater than 10 km from SourcesGreater than 10 km from Sources
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ATCATC--40 40 –– Candidate Records at Soil Candidate Records at Soil 
Sites Near SourcesSites Near Sources
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ASCE 7ASCE 7--0505
Chapter 16 Chapter 16 –– Seismic Response History Procedures (Generic)Seismic Response History Procedures (Generic)
–– Section 16.1.3.1 Section 16.1.3.1 –– TwoTwo--Dimensional Analysis (i.e. 1 horizontal)Dimensional Analysis (i.e. 1 horizontal)
–– Section 16.1.3.2 Section 16.1.3.2 –– ThreeThree--dimensional Analysis (horizontal pair)dimensional Analysis (horizontal pair)

Not less than three pairs (nor less seven pairs for averaging Not less than three pairs (nor less seven pairs for averaging 
of response results) of actual recorded events (if available)of response results) of actual recorded events (if available)
Magnitude, fault distance and source mechanism consistent Magnitude, fault distance and source mechanism consistent 
with those that control with those that control MCEMCE
Equal scaling of the two components of each horizontal pairEqual scaling of the two components of each horizontal pair
Average of the SRSS spectra (of each horizontal pair) not Average of the SRSS spectra (of each horizontal pair) not 
less than 1.3 times the design spectrum by more than 10% at less than 1.3 times the design spectrum by more than 10% at 
each period between each period between 0.2T and 1.5T0.2T and 1.5T

Chapter 17 Chapter 17 –– Seismically Isolated StructuresSeismically Isolated Structures
–– Section 17.3.2 Section 17.3.2 –– Ground Motion Histories Ground Motion Histories –– Same as Section Same as Section 

16.1.3.2, except period range of 16.1.3.2, except period range of 0.5T0.5TDD to 1.25Tto 1.25TMM
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CodeCode--Consistent Time History Scaling ProcedureConsistent Time History Scaling Procedure
Procedure initially developed (by Procedure initially developed (by 
Kircher) for nonlinear time history Kircher) for nonlinear time history 
analysis of baseanalysis of base--isolated hospitals isolated hospitals 
in the early 1990in the early 1990’’ss

Procedure Procedure ““normalizesnormalizes”” records by records by 
PGV to account for differences in PGV to account for differences in 
magnitude, distance, etc. of records magnitude, distance, etc. of records 

Period range: TPeriod range: TII -- 1 second to T1 second to TII + 2 + 2 
seconds based on seconds based on 1991 UBC 1991 UBC 
(should be updated to match current (should be updated to match current 
Code criteria)Code criteria)

Random orientation of horizontal Random orientation of horizontal 
components should be rotated to components should be rotated to 
fault normal/fault parallel directions fault normal/fault parallel directions 
for scaling to spectra that for scaling to spectra that 
incorporate effects of directivity, etc. incorporate effects of directivity, etc. 
(i.e., for sites near active faults).(i.e., for sites near active faults).
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ATCATC--63 63 –– Selection and Scaling of Records Selection and Scaling of Records 
Project Application Project Application –– Scaled records must be broadly applicable to Scaled records must be broadly applicable to 
many different sites across the U.S. (and to all structure typesmany different sites across the U.S. (and to all structure types).).
Selection criteria (e.g., for set of Selection criteria (e.g., for set of ““soil/nonsoil/non--nearnear--faultfault”” records)records)
–– Soil Sites Soil Sites –– (stiff or medium soil site conditions) (stiff or medium soil site conditions) 
–– Sites not nearSites not near--source (station >= 10 km from fault rupture)source (station >= 10 km from fault rupture)
–– FreeFree--field instrument stations (or ground floor of small buildings)field instrument stations (or ground floor of small buildings)
–– LargeLarge--magnitude events (M magnitude events (M ≥≥ 6.5) 6.5) –– consistent with MCEconsistent with MCE
–– StrongStrong--motion records (PGA motion records (PGA ≥≥ ≈≈0.2 g, PGV 0.2 g, PGV ≥≥ ≈≈15 cm/sec., 15 cm/sec., 

before scaling) before scaling) –– consistent with MCEconsistent with MCE
–– No more than two records from each event (e.g., records with No more than two records from each event (e.g., records with 

largest PGV) largest PGV) –– too avoid record bias by eventtoo avoid record bias by event
Scale records using Scale records using ““CodeCode”” method (with PGV normalization) method (with PGV normalization) ––
except match median value of the spectra of scaled records to except match median value of the spectra of scaled records to 
100% of MCE demand (arbitrarily set at S100% of MCE demand (arbitrarily set at SM1M1 = F= FvvSS11 = 0.9 g).= 0.9 g).
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ATCATC--63 63 -- Median and Individual Spectra of 60 Components Scaled Median and Individual Spectra of 60 Components Scaled 
(by (by ““CodeCode”” method) to match MCE Spectrum at Smethod) to match MCE Spectrum at SM1M1 = 0.9g= 0.9g
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ATCATC--63 63 –– Comparison of Median Spectrum of 60 Scaled Comparison of Median Spectrum of 60 Scaled 
Components and MCE Spectrum (SComponents and MCE Spectrum (SM1M1 = 0.9g)= 0.9g)
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Summary and ConclusionSummary and Conclusion
Seismic Codes, such as Seismic Codes, such as ASCE 7ASCE 7--0505, have well established , have well established 
methods for selecting and scaling earthquake records (aka time methods for selecting and scaling earthquake records (aka time 
histories) to match DBE and/or MCE design response spectrahistories) to match DBE and/or MCE design response spectra
–– Methods have evolved slightly, but are essentially the same as Methods have evolved slightly, but are essentially the same as 

those first developed by SEAOC for basethose first developed by SEAOC for base--isolated structures (as isolated structures (as 
contained in Appendix 1L of the 1990 SEAOC contained in Appendix 1L of the 1990 SEAOC Blue BookBlue Book) ) 

Primary difficulty with (timePrimary difficulty with (time--domain) scaling records is the domain) scaling records is the 
requirement to envelop (within 10%) design response spectra overrequirement to envelop (within 10%) design response spectra over
a broad range of periods (and frequencya broad range of periods (and frequency--domain scaling is not domain scaling is not 
considered a desirable alternative to timeconsidered a desirable alternative to time--domain scaling)domain scaling)
–– Possible solution (when a sufficiently large number of records Possible solution (when a sufficiently large number of records 

are used are used –– e.g., at least 7 records) e.g., at least 7 records) –– Scale records to match a Scale records to match a 
specific period of interest (e.g., Sspecific period of interest (e.g., SM1M1 or dominant period of or dominant period of 
structure) and use more liberal matching criteria at other periostructure) and use more liberal matching criteria at other periods   ds   


