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The pervasive challenge of inherent uncertainty stands
as one of the most widely acknowledged hurdles in
geotechnical and rock engineering. Instances of failures in
geotechnics are frequently reported worldwide, often stem-
ming from unpredictable ground properties during design,
inadequate quality control measures, or erroneous deci-
sion-making processes. While the recognition of uncer-
tainty is not novel to practical engineers, its
comprehensive integration into practices remains incom-
plete. A conspicuous disparity persists between the under-
standing of uncertainty and its incorporation into
modeling and decision-making frameworks, necessitating
alignment with emerging data-driven technologies. Thus,
the timely publication of this book titled Uncertainty,

Modeling, and Decision Making in Geotechnics, as part of
the ‘‘Challenges in Geotechnical and Rock Engineering”
series, endeavors to bridge this divide.

The quantification of uncertainty is an inherent aspect
of the geotechnical data domain in the current data-centric
era (Phoon & Zhang, 2023). In the evolving landscape of
digitalization, the statistical characterization of uncertain
ground properties, the reliability methodology for design,
and the decision making in real applications align closely
with data-centric geotechnics (Phoon et al., 2022). How-
ever, the absence of adequate guidance and tools often
hampers practitioners’ ability to tackle uncertainty effec-
tively. This book equips practitioners with essential insights
and methodologies, offering guidance on applying uncer-
tainty quantification for various facets of the Burland Tri-
angle (Phoon, 2023), as discussed in Chapter 1 for details.
To the reviewer’s knowledge, the editors of this book have
devoted their researches into the area of uncertainty quan-
tification, modeling and decision making for a long time.
With their rich experiences, this edited book could assist
engineers in making wise decisions with the help of the data
and numerical modeling. This book, structured around a
practice-oriented approach, is divided into four parts, from
site chacracterization, deisgn methods and softwares to the
application in line with the flow of uncertainty.
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Part one (Chapters 2–5), titled Statistical Characteristics,

presents practical guidance on ‘‘the probable range for all
pertinent quantities that enter into the solution of the prob-
lem”, covering soil/rock parameters (Chapter 2), constitu-
tive models (Chapter 3), subsurface profiles (Chapter 4),
and computational models (Chapter 5). A key theme across
these chapters is the imperative of basing uncertainty quan-
tification on solid geotechnical data, highlighting the criti-
cal role of databases in anchoring statistical analysis to
realities. In the realm of geotechnical engineering, leverag-
ing statistical data is essential for conducting robust
research analysis and ensuring the reliability of design.
Chapter 2 presents practical tools and guidelines for the
uncertainty quantification of soil and rock properties with
a primary focus on enhancing decision making in geotech-
nical design. Chapters 3–5 provide the latest research on
data-driven site characterization, focusing on uncertainty-
based machine learning algorithms for soil/rock constitu-
tive models (Yin et al., 2023), conditional random field
realizations from limited field data (Shuku, 2023) and the
prediction variability from ground–structure data sources.
Through these simulation methods, practitioners can uti-
lize numerical modeling techniques to reproduce more real-
istic spatial variations in geotechnical parameters.

Part two (Chapters 6–10), titled Probabilistic Methods,

explains the forward propagation of uncertainty from
inputs to outputs (reliability analysis) and background
propagation (inverse analysis). Chapters 6–9 demonstrate
analytical methods for the forward propagation of uncer-
tainty, where probability distribution functions are typi-
cally used to model the correlation structure in actual
data to simultaneously consider uncertainties in reliability
design and analysis of multivariate uncertainties (Ji &
Cao, 2023). To address computational efficiency issues in
numerical simulations, alternative methods for solving
large 3D problems with multiple limit states (large system
reliability problems) at reasonable cost are introduced
(Jiang et al., 2023). Chapter 10 introduces the backward
propagation of uncertainty (inverse or back analysis),
which is necessary for the risk management of complex
and new projects using the observational approach
(Yoshida, 2023).

Part three (Chapters 11–12), titled Probabilistic Soft-

ware, demonstrates probabilistic analysis of real-world
problems such as soil/rock slope, rockfall, deep excavation,
and construction of tunnels under sensitive buildings. This
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part discusses the advantages and convenience of using
commercially available software, starting with stochastic
analysis for slope stability and extending to other geotech-
nical issues (Javankhoshdel et al., 2023; Commend et al.,
2023).

Part four (Chapters 13–16), titled Probabilistic Applica-
tions, showcases the application of the aforementioned the-
ories in specific geotechnical engineering cases. Chapter 13
points out that spatially variable ground characteristics
may lead to failure mechanisms that cannot be captured
by simulations assuming uniform or homogeneous geolog-
ical material properties. The value of probabilistic analysis
extends beyond more effective decision-making informed
by uncertainty, as it can offer new insights into soil-struc-
ture interactions in the presence of ‘‘almost real” spatially
varying soil profiles, and explain the significant differences
between theoretical behavior and observed behavior
(Leung, 2023). Chapters 14–16 present the variability and
uncertainty in soil properties propagation involving soil-
structure interactions in various geotechnical problems,
including press-in piling (Suzuki, 2023), linear infrastruc-
tures such as dykes (Hicks, 2023), and cement-based
ground improvement (Pan & Tao, 2023).

This book brings together the statistical characteriza-
tion, reliability analysis with forward and backward prob-
lems, and engineering insights from case studies to provide
structured references for practical application by engineers.
The value of this book should be appreciated for detailed
selection of realistic statistics and cost-effecitive methods
to face the uncertain challenges in geotechnical and rock
engineering.
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