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3C  Computer Programs Used in the Design and Analysis of Seismic Category I 
Structures

The information in this appendix of the reference ABWR DCD, including all 
subsections, is incorporated by reference with the following departure and 
supplements.

STD DEP Admin

3C.1  Introduction
The list in this subsection is supplemented to include the following site-specific 
structures.

(4) Ultimate Heat Sink

(5) Reactor Service Water Piping Tunnel

3C.5  ANSYS

3C.5.1  Description
ANSYS is a large, finite element program for a broad range of analyses types. The 
structural analysis capabilities include material and geometric nonlinear analysis, static 
analysis, and a variety of dynamic analyses.

The element for a concrete cracking analysis allows a full-nonlinear analysis of 
reinforced concrete with cracking and crushing of concrete.

3C.5.2  Validation
ANSYS, Inc. of Canonsburg, Pennsylvania developed ANSYS. The program validation 
documentation is available at ANSYS, Inc.

3C.5.3  Extent of Application
This program is used for the containment dynamic analysis of containment loads, for 
the containment ultimate capacity analyses and for containment seismic margin 
analysis.

3C.8  A System for Analysis of Soil-Structure Interaction - SASSI2000

3C.8.1  Description
SASSI2000 is used to solve a wide range of dynamic soil-structure interaction (SSI) 
problems, including layered soil conditions and embedment conditions, in two or three 
dimensions. SASSI was originally developed at the University of California, Berkeley 
in 1982 under the technical direction of John Lysmer. The program is based on the 
finite-element method formulated in the frequency domain using a substructuring 
technique.
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3C.8.2  Validation
SASSI2000 was obtained from ISATIS, LLC, University of California, Berkley and 
validated by Simpson Gumpertz and Heger (SGH).  The program validation 
documentation is available at SGH. The program validation was also accepted by 
Sargent & Lundy (S&L) under S&L’s QA Program.

3C.8.3  Extent of Application
SASSI2000 is used to obtain seismic design loads and in-structure floor response 
spectra for the Seismic Category I buildings accounting for the effects of SSI.

3C.9  Free-Field Site Response Analysis (SHAKE2000 and P-SHAKE)

3C.9.1  Description
SHAKE2000 is used to perform the free-field site response analysis to generate the 
design- earthquake-induced strain-compatible free-field soil properties and site 
response motions required in the seismic SSI analysis. SHAKE2000 is a software 
application that integrates SHAKE, SHAKE91 and ShakEdit. SHAKE is a computer 
program for earthquake response analysis of horizontally layered sites developed at 
the University of California, Berkeley, by B. Schnabel, John Lysmer and H. B. Seed in 
1972. SHAKE91 is a modified version of SHAKE for conducting equivalent linear 
seismic response analyses of horizontally layered soil deposits developed at the 
University of California, Davis, by I. M. Idriss and J. I. Sun. ShakEdit is a pre and 
postprocessor for SHAKE and SHAKE91 developed by Gustavo A. Ordonez.

P-SHAKE is a Bechtel proprietary modified version of SHAKE. P-SHAKE generates 
the same design earthquake-induced strain-compatible soil properties and site 
response motions as SHAKE does, and the input files of the two programs for the most 
part are compatible. However, P-SHAKE is built on a different program logic that allows 
the site response analysis to be performed with acceleration response spectrum as 
input instead of acceleration time histories used by SHAKE.

3C.9.2  Validation
SHAKE2000 was purchased from Gustavo A. Ordonez and validated by Sargent & 
Lundy.  The program validation documentation is available at Sargent & Lundy.

P-SHAKE was developed by Bechtel. The program validation documents are located 
in Bechtel's Computation Service Library.

3C.9.3  Extent of Application
SHAKE2000 is used to generate free-field site response motions for use in seismic 
analysis of Category I structures, e.g., Reactor Building, Control Building and Ultimate 
Heat Sink.

P-SHAKE is used to provide site-specific earthquake-induced design ground motions 
and the associated strain-compatible soil properties for Category I structures, e.g., 
Reactor Building, Control Building, and Ultimate Heat Sink.
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3C.10  GT STRUDL

3C.10.1  Description
GT STRUDL (Structural Design Language) is a subsystem of GTICES (The Georgia 
Tech Integrated Civil Engineering System). It solves structural engineering problems 
in frame analysis, finite element analysis, static and dynamic analysis, as well as steel 
and concrete design.

3C.10.2  Validation
GT STRUDL is developed by Georgia Tech Research Corporation (GTRC). The 
program validation documents are located at GTRC.

3C.10.3  Extent of Application
GT STRUDL is a general purpose program used to perform structural analysis for 
structures.

3C.13  DYNAS

3C.13.1  Description
DYNAS is used for seismic analysis of structures, including generation of floor 
response spectra.

3C.13.2  Validation
DYNAS was developed and validated by Sargent & Lundy.  The program validation 
documentation is available at Sargent & Lundy.

3C.13.3  Extent of Application
This program is used to calculate concrete shear wall stiffnesses and determine forces 
in shear wall design for shear wall structures.

3C.14  SAFE

3C.14.1  Description
SAFE is used for the analysis and design of concrete slabs and basemats. It integrates 
modeling analysis and design of slabs and foundations.

3C.14.2  Validation
SAFE was developed by Computers and Structures, Inc., Berkeley. It was purchased 
and validated by Sargent & Lundy.  The program validation documentation is available 
at Sargent & Lundy.

3C.14.3  Extent of Application
SAFE is used to determine required reinforcing for concrete slabs and foundations.
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3C.15  RSG

3C.15.1  Description
RSG is used to generate artificial synthetic time histories for seismic analysis. It also 
generates response spectrum from an input acceleration time history. It can envelope 
spectra, combine spectra, and generate a spectrum consistent time history.

3C.15.2  Validation
RSG was developed and validated by Sargent & Lundy. The program validation 
documentation is available at Sargent & Lundy.

3C.15.3  Extent of Application
RSG is used to generate response spectra for various percentages of critical damping 
from a given acceleration time history.

3C.16  TEMCO

3C.16.1  Description
TEMCO analyzes reinforced concrete beam and plate sections subjected to 
non-thermal and thermal loads. The program can also perform design for reinforced 
concrete sections subjected to axial bending or shear forces.

3C.16.2  Validation
TEMCO was developed and validated by Sargent & Lundy. The program validation 
documentation is available at Sargent & Lundy.

3C.16.3  Extent of Application
TEMCO is used to analyze reinforced concrete sections subjected to non-thermal and 
thermal loads.

3C.17  APLAN

3C.17.1  Description
APLAN is used to analyze rectangular attachment plates mounted on concrete walls 
or slabs by means of expansion anchors, headed welding studs or wire embedments.

3C.17.2  Validation
APLAN was developed and validated by Sargent & Lundy. The program validation 
documentation is available at Sargent & Lundy.

3C.17.3  Extent of Application
APLAN is used to analyze rectangular attachment plates mounted on concrete walls 
by means of expansion anchors, headed welding studs or wire embedments.
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3C.18  SAP2000

3C.18.1  Description
SAP2000 is a finite element program for analysis and design of structures. It performs 
both static and dynamic analysis.

3C.18.2  Validation
SAP2000 was developed by Computers and Structures, Inc., Berkeley. It was 
purchased and validated by Sargent & Lundy. The program validation documentation 
is available at Sargent & Lundy.

3C.18.3  Extent of Application
SAP2000 is used to perform general structural analysis for buildings.

3C.19  PCACOLUMN

3C.19.1  Description
PCACOLUMN is a software program for the design and investigation of reinforced 
concrete column sections. The column section can be rectangular, round or irregular, 
with any reinforcement layout or pattern. Slenderness effects can also be considered.

3C.19.2  Validation
PCACOLUMN was developed by Portland Cement Association. It was purchased and 
validated by Sargent & Lundy. The program validation documentation is available at 
Sargent & Lundy.

3C.19.3  Extent of Application
PCACOLUMN is used for analysis and design of concrete columns.

3C.20  SYNQKE-R

3C.20.1  Description
SYNQKE-R is a Personal-Computer (PC)-based computer program for generating 
acceleration time histories compatible with single-damping or multiple-damping 
response spectra. The program allows the user to specify an initial acceleration time 
history, to perform a parabolic base-line correction, and to scale the time histories to 
the user-specified maximum acceleration value.

3C.20.2  Validation
SYNQKE-R was developed and validated by Paul C. Rizzo Associates (RIZZO), Inc. 
The program validation documentation is available at RIZZO.

3C.20.3  Extent of application
SYNQKE-R is used to generate acceleration time histories compatible with single or 
multiple damping response spectra.
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3C.21.1  Description
HIST uses a seed time history and modifies the frequency content of this time history 
based on frequency dependent ratios of the target spectral accelerations to the 
spectral accelerations calculated from the time history. This process is iterated until a 
satisfactory match between the target and calculated response spectrum is obtained.

3C.21.2  Validation
HIST was developed and validated by RIZZO. The program validation documentation 
is available at RIZZO.

3C.21.3  Extent of Application
HIST is used to scale a given acceleration time history in the frequency domain such 
that its response spectrum for desired damping matches a given target spectrum.

3C.22  QUAKE

3C.22.1  Description
QUAKE calculates the Fourier transform of a given time history, produces raw and 
smoothed Fourier spectra, creates Husid plot data, power spectral density and can 
interpolate it in the frequency domain to create a time history with new time increment.

3C.22.2  Validation
QUAKE was developed and validated by RIZZO. The program validation 
documentation is available at RIZZO.

3C.22.3  Extent of Application
QUAKE is used to calculate the power spectral density of given acceleration time 
histories.
3C-6 Computer Programs Used in the Design and Analysis of Seismic Category I Structures 


	3C Computer Programs Used in the Design and Analysis of Seismic Category I Structures
	3C.1 Introduction
	3C.5 ANSYS
	3C.8 A System for Analysis of Soil-Structure Interaction - SASSI2000
	3C.9 Free-Field Site Response Analysis (SHAKE2000 and P-SHAKE)
	3C.10 GT STRUDL
	3C.13 DYNAS
	3C.14 SAFE
	3C.15 RSG
	3C.16 TEMCO
	3C.17 APLAN
	3C.18 SAP2000
	3C.19 PCACOLUMN
	3C.20 SYNQKE-R
	3C.21 HIST
	3C.22 QUAKE



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


