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Unlike structural materials (e.g., steel/concrete), naturally oc-
curring geo-materials (e.g., soil/rock) are not manufactured to
meet prescribed quality specifications and in general, their engi-
neering properties have a higher degree of variability. Furthermore,
site profiles (e.g., stratigraphy and engineering properties) are of-
ten spatially variable. Geotechnical data from a site investigation
are usually multivariate, uncertain and unique, sparse, incomplete,
and potentially corrupted with “X” denoting the spatial/temporal
dimension — MUSIC-X (Phoon et al. 2019). This is the typical
limit of our knowledge of the ground and oftentimes the engineer
relies heavily on engineering judgment to make decisions in the
presence MUSIC-X data. Because of this complex site condition,
complicated soil-structure interaction behavior, and construction
effects, almost all models (analytical and numerical) are an ap-
proximation of reality. Inevitably, the predicted response (e.g., ca-
pacity and deformation) will deviate from observation or measure-
ment (e.g., load-displacement curve from a load test). Such a de-
viation is conveniently characterized as the ratio of measured-to-
calculated value, called a model factor. According to
1SO2394:2015 (General principles on reliability of structures),
characterization of geotechnical variability and model factor are
identified as two critical elements in the development of reliabil-
ity-based design in geotechnics. Some design codes present the re-
sistance factor as a function of the degree of site and model under-
standing, which refer to these 2 elements respectively.

The focus of the book is statistical evaluation of model factor.
Chapter 1 of this book reviewed the role of data in the evolution
of geotechnical design and the status of digital transformation in
geotechnics. This book is of value to research and practice. First,
it compiled the largest load test database to date, covering various
foundation types in a wide range of ground conditions (clay, silt,
sand, gravel, and rock) — shallow foundation (Chapter 4), offshore
spudcan in layered soils (Chapter 5), driven and drilled shaft
(Chapter 6), and helical pile (Chapter 7). The database can be used
by researchers to develop more accurate design methods. Particu-
larly in the context of big data era, it will fuel data-driven research
in geotechnics that has received increasing attention in the litera-
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ture recently. Also, the database can be used by designers to eval-
uate and improve the geotechnical design for foundations in their
projects (e.g., acceptance tool for pile installation). It can improve
the effectiveness of communications among the designer, field en-
gineer, and contractor to reduce the construction downtime. Sec-
ond, this book characterized the mean and coefficient of variation
(COV) of model factor in the calculation of foundation capacity
and settlement (Chapters 4 to 7) that can be used directly for load
and resistance factor design (LRFD) calibration. Chapter 8 pre-
sented a comprehensive survey of the performance databases for
other geo-structures (e.g., soil nail/mechanically stabilized earth
walls, slope, plate/anchor, braced excavation) and the associated
mean and COV values. As model factor assessment based on da-
tabase is intrinsically tied to geotechnical variability, bias in design
model, load test interpretation, and measurement error, the result-
ing COV can provide designers with the degree of their site and
model understanding. On this basis, a practical three-tier scheme
is proposed to classify this total uncertainty, which will provide an
empirical basis for code developers to calibrate resistance factors
in LRFD as a function of the degree of site and model understand-
ing.

Because of an in-depth review of design methods, load test
databases, and statistical coverage, this book is a valuable comple-
ment to classical textbooks of foundation engineering (Teng 1962;
Peck et al. 1974; Salgado 2008) and several books exploring the
use of risk-informed decision making in geotechnics (Baecher and
Christian 2003; Fenton and Griffiths 2008; Phoon 2008; Phoon
and Ching 2015; Phoon and Retief 2016). Moreover, the book can
be used as a text to educate the next generation of geotechnical
engineers on how to make data-driven decisions and to understand
the role of engineering judgment in a more rational risk manage-
ment context (Phoon 2017).

REFERENCES

Baecher, G.B. and Christian, J.T. (2003). Reliability and Statistics
in Geotechnical Engineering. Hoboken, New Jersey: John
Wiley and Sons.

Fenton, G.A. and Griffiths, D.V. (2008). Risk Assessment in Ge-
otechnical Engineering. New York, NY: John Wiley and
Sons.

Peck, R.B., Hanson, W.E., and Thornburn, T.H. (1974). Founda-
tion Engineering. 2nd ed. New York, NY: Wiley.



76  Journal of GeoEngineering, Vol. 16, No. 2, June 2021

Phoon, K.K. (2008). Reliability-Based Design in Geotechnical En-
gineering — Computations and Applications. New York, NY:
Taylor & Francis Group.

Phoon, K.K. (2017). “Role of reliability calculations in geotech-
nical design.” Georisk: Assessment and Management of Risk
for Engineered Systems and Geohazards, 11(1), 4-21.

Phoon, K.K. and Ching, J. (2015). Risk and Reliability in Geotech-
nical Engineering. Boca Raton, FL: CRC Press.

Phoon, K.K., Ching, J., and Wang, Y. (2019). “Managing risk in

geotechnical engineering — from data to digitalization.” Pro-
ceedings of 7th International Symposium on Geotechnical
Safety and Risk (ISGSR 2019), Taipei, Taiwan, 13-34.

Phoon, K.K. and Retief, J.V. (2016). Reliability of Geotechnical
Structures in 1SO2394. Leiden: CRC Press.

Salgado, R. (2008). The Engineering of Foundations. Singapore:
McGraw Hill.

Teng, W.C. (1962). Foundation Design. Englewood Cliffs, NJ:
Prentice Hall.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 false
  /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 false
  /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 <>
    /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.)
    /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 <>
  >>
  /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 true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


