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Preface

Encyclopaedia of Geotechnical Engineering: Principles and Practices offers students
and practicing engineers a concise, easy-to-understand approach to the principles and
methods of soil and geotechnical engineering. This updated classic builds from basic
principles of soil mechanics and applies them to new topics, including mechanically
stabilized earth, and intermediate foundations. Geotechnical engineering is the branch
of civil engineering concerned with the engineering behavior of earth materials. The
text Principles of Geotechnical Engineering presents the fundamentals of geotechni-
cal engineering and offers an overview of soil properties and mechanics together with
coverage of field practices and basic engineering procedure. A cognitive look at geo-
technical earthquake engineering has been presented in first chapter. The objective of
second chapter is to associate the geotechnical characteristic to the mineralogical and
chemical compositions of the clay occurrences of the Missole II deposit in order to
evaluate its suitability for manufacturing of construction materials and ceramics. Third
chapter focuses on evolution of lateritic soils geotechnical parameters during a multi-
cyclic optimum modified proctor (OPM) compaction and correlation with road traffic.
The aim of fourth chapter is to investigate the chemical and selected significant geo-
technical parameters of steel slag as the alternative materials used in road construction.
Geological and engineering perspectives on earth resources exploitation and sustain-
able development have been proposed in fifth chapter. The objective of sixth chapter is
to determine the dynamic characteristics and geotechnical parameters at the proposed
site using seismic refraction and electrical resistively techniques. Seventh chapter
discusses on geotechnical distinction of landslides induced by near-field earthquakes
in Niigata, Japan. Eighth chapter describes a laboratory investigation conducted on
mined clay from Appalachian Ohio to determine how and why the standard sampling
and/or processing methods can affect the grain-size distributions. New developments
in geotechnical earthquake engineering have been outlined in ninth chapter. In tenth
chapter, geotechnical aspects of earthquake engineering under a soft examination are
covered. Recent advances and future challenges for artificial neural systems in geo-
technical engineering applications have been introduced in last chapter.
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Chapter 1

A COGNITIVE LOOK AT GEOTECHNICAL
EARTHQUAKE ENGINEERING:
UNDERSTANDING THE
MULTIDIMENSIONALITY OF THE PHENOMENA

Silvia Garcia'
!Geotechnical Department, Institute
Mexico, Mexico

INTRODUCTION

Not even windstorm, earth-tremor, or rush of water is a catastrophe.A
catastrophe is known by its works; that is, to say, by the occurrence of disaster.
So long as the ship rides out the storm, so long as the city resists the earth-
shocks, so long as the levees hold, there is no disaster.It is the collapse of the
cultural protections that constitutes the proper disaster.

Essentially, disasters are human-made. For a catastrophic event, whether
precipitated by natural phenomena or human activities, assumes the state of
a disaster when the community or society affected fails to cope. Earthquake
hazards themselves do not necessarily lead to disasters, however intense,
inevitable or unpredictable, translate to disasters only to the extent that the
population is unprepared to respond, unable to deal with, and, consequently,
severely affected. Seismic disasters could, in fact, be reduced if not prevented.
With today’s advancements in science and technology, including early warning
and forecasting of the natural phenomena, together with innovative approaches
and strategies for enhancing local capacities, the impact of earthquake
hazards somehow could be predicted and mitigated, its detrimental effects on
populations reduced, and the communities adequately protected.

After each major earthquake, it has been concluded that the experienced
ground motions were not expected and soil behavior and soil-structure
interaction were not properly predicted. Failures, associated to inadequate
design/construction and to lack of phenomena comprehension, obligate further
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code reinforcement and research. This scenario will be repeated after each
earthquake. To overcome this issue, Earthquake Engineering should change
its views on the present methodologies and techniques toward more scientific,
doable, affordable, robust and adaptable solutions.

A competent modeling of engineering systems, when they are affected by
seismic activity, poses many difficult challenges. Any representation designed
for reasoning about models of such systems has to be flexible enough to
handle various degrees of complexity and uncertainty, and at the same time
be sufficiently powerful to deal with situations in which the input signal may
or may not be controllable.Mathematically-based models are developed using
scientific theories and concepts that just apply to particular conditions. Thus,
the core of the model comes from assumptions that for complex systems usually
lead to simplifications (perhaps oversimplifications) of the problem phenomena.
It is fair to argue that the representativeness of a particular theoretical model
largely depends on the degree of comprehension the developer has on the
behavior of the actual engineering problem. Predicting natural-phenomena
characteristics like those of earthquakes, and thereupon their potential effects
at particular sites, certainly belong to a class of problems we do not fully
understand. Accordingly, analytical modeling often becomes the bottleneck
in the development of more accurate procedures. As a consequence, a strong
demand for advanced modeling an identification schemes arises.

Cognitive Computing CC technologies have provided us with a unique
opportunity to establish coherent seismic analysis environments in which
uncertainty and partial data-knowledge are systematically handled. By
seamlessly combining learning, adaptation, evolution, and fuzziness, CC
complements current engineering approaches allowing us develop a more
comprehensive and unified framework to the effective management of
earthquake phenomena. Each CC algorithm has well-defined labels and
could usually be identified with specific scientific communities. Lately, as we
improved our understanding of these algorithms’ strengths and weaknesses,
we began to leverage their best features and developed hybrid algorithms that
indicate a new trend of co-existence and integration between many scientific
communities to solve a specific task.

In this chapter geotechnical aspects of earthquake engineering under a
cognitive examination are covered. Geotechnical earthquake engineering, an
area that deals with the design and construction of projects in order to resist
the effect of earthquakes, requires an understanding of geology, seismology
and earthquake engineering. Furthermore, practice of geotechnical earthquake
engineering also requires consideration of social, economic and political
factors. Via the development of cognitive interpretations of selected topics:
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i) spatial variation of soil dynamic properties, ii) attenuation laws for rock
sites (seismic input), iii) generation of artificial-motion time histories, iv)
effects of local site conditions (site effects), and iv) evaluation of liquefaction
susceptibility, CC techniques (Neural Networks NNs, Fuzzy Logic FL and
Genetic Algorithms GAs) are presented as appealing alternatives for integrated
data-driven and theoretical procedures to generate reliable seismic models.

GEOTECHNICAL EARTHQUAKE HAZARDS

The author is well aware that standards for geotechnical seismic design
are under development worldwide. While there is no need to “reinvent the
wheel” there is a requirement to adapt such initiatives to fit the emerging
safety philosophy and demands. This investigation also strongly endorses
the view that “guidelines™ are far more desirable than “codes” or “standards”
disseminated all over seismic regions. Flexibility in approach is a key ingredient
of geotechnical engineering and the cognitive technology in this area is rapidly
advancing.The science and practice of geotechnical earthquake engineering is
far from mature and need to be expanded and revised periodically in coming
years. It is important that readers and users of the computational models
presented here familiarize themselves with the latest advances and amend the
recommendations herein appropriately.

This document is not intended to be a detailed treatise of latest research in
geotechnical earthquake engineering, but to provide sound guidelines to support
rational cognitive approaches. While every effort has been made to make the
material useful in a wider range of applications, applicability of the material
is a matter for the user to judge. The main aim of this guidance document is to
promote consistency of cognitive approach to everyday situations and, thus,
improve geotechnical-earthquake aspects of the performance of the built safe-
environment.

A “SOFT” INTERPRETATION OF GROUND MOTIONS

After a sudden rupture of the earth’s crust (caused by accumulating stresses,
elastic strain-energy) a certain amount of energy radiates from the rupture as
seismic waves. These waves are attenuated, refracted, and reflected as they
travel through the earth, eventually reaching the surface where they cause
ground shaking. The principal geotechnical hazards associated with this event
are fault rupture, ground shaking, liquefaction and lateral spreading, and
landsliding. Ground shaking is one of the principal seismic hazards that causes
extensive damage to the built environment and failure of engineering systems
over large areas. Earthquake loads and their effects on structures are directly
related to the intensity and duration of ground shaking. Similarly, the level of
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ground deformation, damage to earth structures and ground failures are closely
related to the severity of ground shaking.

In engineering evaluations, three characteristics of ground shaking are
typically considered: i) the amplitude, ii) frequency content and iii) significant
duration of shaking (time over which the ground motion has relatively
significant amplitudes).These characteristics of the ground motion at a given
site are affected by numerous complex factors such as the source mechanism,
earthquake magnitude, rupture directivity, propagation path of seismic waves,
source distance and effects of local soil conditions. There are many unknowns
and uncertainties associated with these issues which in turn result in significant
uncertainties regarding the characteristics of the ground motion and earthquake
loads.

If the random nature of response to earthquakes (aleatory uncertainty)
cannot be avoided [1,2], it is our limited knowledge about the patterns between
seismic events and their manifestations -ground motions- at a site (epistemic
uncertainty) that must be improved thorough more scientific seismic analyses.
A strategic factor in seismic hazard analysis is the ground motion model or
attenuation relation. These attenuation relationships has been developed
based on magnitude, distance and site category, however, there is a tendency
to incorporate other parameters, which are now known to be significant, as
the tectonic environment, style of faulting and the effects of topography,
deep basin edges and rupture directivity. These distinctions are recognized
in North America, Japan and New Zealand [3-6], but ignored in most other
regions of the world [7]. Despite recorded data suggest that ground motions
depend, in a significant way, on these aspects, these inclusions did not have
had a remarkable effect on the predictions confidence and the geotechnical
earthquake engineer prefers the basic and clear-cut approximations on those
that demand a blind use of coefficients or an intricate determination of soil/
fault conditions.

A key practice in current aseismic design is to develop design spectrum
compatible time histories. This development entails the modification of a time
history so that its response spectrum matches within a prescribed tolerance
level, the target design spectrum. In such matching it is important to retain
the phase characteristics of the selected ground motion time history. Many
of the techniques used to develop compatible motions do not retain the phase
[8]. The response spectrum alone does not adequately characterize specific-
fault ground motion. Near-fault ground motions must be characterized by a
long period pulse of strong motion of a fairly brief duration rather than the
stochastic process of long duration that characterizes more distant ground
motions. Spectrum compatible with these specific motions will not have these
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characteristics unless the basic motion being modified to ensure compatibility
has these effects included. Spectral compatible motions could match the entire
spectrum but the problem arises on finding a “real” earthquake time series that
match the specific nature of ground motion. For nonlinear analysis of structures,
spectrum compatible motions should also correspond to the particular energy
input [9], for this reason, designers should be cautious about using spectrum
compatible motions when estimating the displacements of embankment dams
and earth structures under strong shaking, if the acceptable performance of
these structures is specified by criteria based on tolerable displacements.

Another important seismic phenomenon is the liquefaction. Liquefaction is
associated with significant loss of stiffness and strength in the shaken soil and
consequent large ground deformation. Particularly damaging for engineering
structures are cyclic ground movements during the period of shaking and
excessive residual deformations such as settlements of the ground and lateral
spreads. Ground surface disruption including surface cracking, dislocation,
ground distortion, slumping and permanent deformations, large settlements
and lateral spreads are commonly observed at liquefied sites. In sloping ground
and backfills behind retaining structures in waterfront areas, liquefaction often
results in large permanent ground displacements in the down-slope direction or
towards waterways (lateral spreads). Dams, embankments and sloping ground
near riverbanks where certain shear strength is required for stability under
gravity loads are particularly prone to such failures. Clay soils may also suffer
some loss of strength during shaking but are not subject to boils and other
“classic” liquefaction phenomena. For intermediate soils, the transition from
“sand like” to “clay-like” behavior depends primarily on whether the soil is
a matrix of coarse grains with fines contained within the pores or a matrix of
plastic fines with coarse grained “filler”. Recent papers by Boulanger and Idriss
[10, 11] are helpful in clarifying issues surrounding the liquefaction and strain
softening of different soil types during strong ground shaking. Engineering
judgment based on good quality investigations and data interpretation should
be used for classifying such soils as liquefiable or non-liquefiable.

Procedures for evaluating liquefaction, potential and induced lateral
spread, have been studied by many engineering committees around the world.
The objective has been to review research and field experience on liquefaction
and recommended standards for practice. Youd and Idriss [12] findings and
the liquefaction-resistance chart proposed by Seed et al. [13] in 1985, stay
as standards for practice. They have been slightly modified to adjust new
registered input-output conditions and there is a strong tendency to recommend
i) the adoption of the cone penetration test CPT, standard penetration test SPT
or the shear wave velocities for describing the in situ soil conditions [14] and



