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Thirty-four Strides Toward Earthquake-Resistant Structures

NIST’s External Earthquake R&D Program

Existing knowledge

search and development (R&D) in earthquake engi- ~  ~---3

neering celebrated its fifth anniversary in September '
2012. The National Institute of Standards and Technology
(NIST), the lead Federal agency in the National Earthquake
Hazards Reduction Program (NEHRP), launched this external
R&D effort in 2007 through a 5-year contract with the NEHRP
Consultants Joint Venture, a partnership between the Applied
Technology Council (ATC) and the Consortium of Universities Fomod |<_
for Research in Earthquake Engineering (CUREE).

! unique and highly productive program of applied re-

Basic research

New knowledge

The need for such a program had been recognized several years
earlier, when planning efforts organized by NIST warned of a
widening gap between the findings of basic research in earth-
quake engineering and the practical application of those findings.
The new program was designed to narrow this gap through prob- <---
lem-focused, practitioner-directed R&D projects. By the close of
the contract period, the program had initiated 34 projects, 15 of
which are still under way.

Practice methods, tools,
guidance; plans for further
research and development

Research dissemination
and application

The role played by applied research, such as NIST’s R&D projects,
in integrating research findings into earthquake engineering is
illustrated at right. New knowledge is generated through basic
research supported by the National Science Foundation (NSF, a
NEHRP agency), the U.S. Geological Survey (USGS, a NEHRP
agency), and others. Applied R&D conducted by NIST, USGS,
and others transforms this fundamental knowledge into meth-
ods, tools, and guidance that are of practical use. Dissemination
of these resources to earthquake engineering practitioners is led
by the Federal Emergency Management Agency (FEMA, a

Guidelines, model code and
standard provisions, papers,
presentations, articles, courses

Seismic design and
construction practice

Earthquake-resistant build-

NEHRP agency) and other NEHRP agencies, by seismic code and
standards developers, and by influential experts in industry and
academia.

ings, structures, lifelines

Earthquake Engineering
Research-to-Practice Pipeline

Tailor-Made for the Role

The NEHRP Consultants Joint Venture was structured expressly for moving research toward practice. It estab-
lished a working partnership between CUREE, which represents many of the Nation’s top university programs
and researchers in earthquake engineering, and ATC, an organization that assembles and manages project teams
composed of highly qualified engineering consultants from practice and industry, as well as researchers from ac-
ademia. CUREE’s member researchers develop new knowledge in earthquake engineering, and the expert practi-
tioners enlisted by ATC lead advances in seismic design practice. As of June 2012, the program had created more
than 300 consulting assignments. Approximately half of these positions had been filled by researchers, and



Topics of Selected NIST R&D Projects

Summarize the seismic design process for and issues
concerning...
¢ Reinforced-concrete special moment (building
structural) frames
e Steel special moment frames
e Concrete diaphragms (floor and roof slabs)
e Composite steel deck and concrete-filled dia-
phragms
e Concrete special structural walls and coupling
beams
¢ Reinforced-concrete mat foundations
¢ Special steel concentric-braced frames

Plan an R&D program to...

e Solve the non-ductile-concrete building hazard

¢ Develop port and harbor seismic design guidance
Improve the seismic resilience of lifelines
Guide the future of nonlinear analysis in perfor-
mance-based seismic design

Evaluate...

¢ Simplified consideration of nonlinear multiple-
degree-of-freedom effects in structural analysis

e FEMA's P-695 methodology for quantifying
building seismic performance factors

¢ Performance of reinforced-concrete buildings in
the 2010 Chile earthquake

e Similarities and differences between U.S. and
Chilean seismic code provisions and design prac-
tice

e Costs and benefits of seismic design in moderate-
risk seismic zones

e Collapse indicators for existing reinforced-
concrete buildings

e Use of high-strength reinforcement in concrete
design

¢ Ground motion selection and scaling procedures

Develop...
¢ Online repository for 2010 Chile earthquake data
e Framework for advanced seismic design criteria in
the model building code
e Improved soil-structure interaction practice
e Summarized and simplified guidance for nonline-
ar analysis
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half by practicing engineers. These positions have con-
tributed to the development of future leaders in the
earthquake engineering workforce, with roughly one-
fourth of the assignments performed by graduate stu-
dents and young practicing engineers.

Widely Traveled Project Reports

NIST’s external R&D program has addressed a variety of
earthquake engineering issues and produced reports
that are being disseminated in many settings. The box at
left identifies many of the applied research topics that
have been tackled by NIST’s project teams. Some pro-
jects have focused on collecting, reviewing, and synthe-
sizing research findings and seismic code requirements
into concise design and construction guidance for prac-
titioners (technical briefs). Others have involved the
evaluation or development of proposed improvements
to the seismic provisions of model building codes and
standards or to seismic design practices. Planning the
R&D programs needed to develop design guidance or
resolve design problems has also been a focus of NIST’s
projects.

NIST’s program has so far produced 16 final project re-
ports. Many of these reports, such as the technical
briefs, are being used directly by seismic design profes-
sionals. Findings and recommendations from other re-
ports are being disseminated to practitioners and
researchers via conference presentations and papers or
through journal articles, book chapters, doctoral disser-
tations, continuing education courses, or professional
associations. Some results are being incorporated into
current R&D projects or into plans for future R&D sup-
ported by NSF, NIST, USGS, FEMA, or others. And sig-
nificantly, many findings are being used in the ongoing
process of improving the seismic provisions of national
model building codes and standards.

The reports from all projects completed to date are
available at www.nehrp.gov. Additional reports will be
posted as the remaining projects are completed. NIST
has begun a competitive process to establish a new con-
tract that is similar to this successful effort.

For more information, visit www.nehrp.gov or send an email to info@nehrp.gov.

N NIST

U.S. Department of Commerce

National Institute of Standards and Technology

= USGS

science for a changing world



http://www.nehrp.gov/
http://www.nehrp.gov/

	Thirty-four Strides Toward Earthquake-Resistant Structures
	NIST’s External Earthquake R&D Program


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



