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Design Of Pile Foundations In Liquefiable Soils Design of Pile Foundations in Liquefiable Soils A Comprehensive Guide Youve got a project in mind and youre
excited about the possibilities But then you hit a roadblock liquefiable soils Its enough to make any engineer sweat right These notoriously unpredictable soils
can wreak havoc on your project especially when it comes to foundations But fear not This guide will equip you with the knowledge you need to design safe and
effective pile foundations for liquefiable soils Understanding the Threat Liquefaction Lets start with the basics Liquefaction occurs when loose saturated sandy
soils lose their strength and stiffness due to shaking like during an earthquake Imagine shaking a glass of sand and water the sand becomes like liquid In the
context of construction this means your foundation could literally sink causing catastrophic damage to your structure Pile Foundations A Robust Solution Pile
foundations are a triedandtrue solution for dealing with liquefiable soils These vertical structures are driven deep into the ground transferring the load of your
building to a more stable soil layer below the liquefiable zone Designing for Success Key Considerations Heres where the real design work comes in You need to
consider several factors to ensure your pile foundation stands the test of time Soil Investigation You need a thorough understanding of the soil profile including
the depth type and liquefaction potential of the soil layers Geotechnical investigations including soil borings and laboratory testing are crucial Seismic Loading
The potential for earthquake shaking is a major factor Youll need to determine the magnitude and frequency of potential earthquakes in your area and factor this
into your design Pile Type and Capacity The choice of pile type depends on your projects specific requirements Common types include Driven piles These are
hammered into the ground suitable for dense soils Bored piles These are created by drilling a hole and filling it with concrete 2 Auger piles These are similar to
bored piles but use an auger to excavate the soil Pile Spacing and Arrangement The spacing and arrangement of piles are crucial to distribute the load
effectively and minimize settlement Pile Head Details The connection between the piles and the superstructure requires careful consideration Lateral Resistance
While primarily designed for vertical loads you also need to consider how your piles will resist lateral forces like wind or earthquake shaking Beyond the Basics
Advanced Techniques For challenging projects several advanced techniques can be employed to further enhance the performance of pile foundations in
liguefiable soils Ground Improvement Techniques like dynamic compaction vibroreplacement and stone columns can improve the soil properties and reduce
liquefaction susceptibility Pile Reinforcement Adding steel reinforcement within the piles can enhance their strength and resistance to lateral loads
Geosynthetics These materials can be used to improve the drainage of the soil reducing the potential for liquefaction PileSoil Interaction Sophisticated analytical
and numerical models can help predict the complex interaction between the piles and the surrounding soil improving the accuracy of your design The
Importance of Collaboration Remember designing pile foundations in liquefiable soils requires a collaborative approach Close communication and cooperation
between the geotechnical engineer structural engineer and architect are essential for a successful project Conclusion Designing pile foundations in liquefiable
soils is a challenging but achievable task By understanding the risks considering the critical factors and utilizing advanced techniques you can ensure the safety
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and longevity of your structure Remember a comprehensive approach that involves a team of experts is key to creating a strong foundation for your future FAQs
1 What are the signs of liquefiable soils Loose sandy soils especially those saturated with water are often indicative of liquefiable conditions A history of
earthquakes or the presence 3 of nearby seismic activity should also raise concern 2 How can | prevent liquefaction While eliminating the risk entirely is
impossible ground improvement techniques can significantly mitigate the risk of liquefaction by enhancing the soils density and strength 3 What is the difference
between driven piles and bored piles Driven piles are hammered into the ground suitable for denser soils while bored piles are drilled and filled with concrete
suitable for softer soils 4 How do | determine the required pile length The required pile length is determined by geotechnical analysis which considers the soil
profile and the load your structure will place on the foundation 5 Are there any alternatives to pile foundations in liquefiable soils In some cases alternatives like
mat foundations or shallow foundations with specialized techniques may be considered However pile foundations are generally the most reliable and robust
solution for challenging soil conditions
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pile foundations are the most common form of deep foundations that are used both onshore and offshore to transfer large superstructural loads into competent
soil strata this book provides many case histories of failure of pile foundations due to earthquake loading and soil liquefaction based on the observed case
histories the possible mechanisms of failure of the pile foundations are postulated the book also deals with the additional loading attracted by piles in liquefiable
soils due to lateral spreading of sloping ground recent research at cambridge forms the backbone of this book with the design methodologies being developed
directly based on quantified centrifuge test results and numerical analysis the book provides designers and practicing civil engineers with a sound knowledge of
pile behaviour in liquefiable soils and easy to use methods to design pile foundations in seismic regions for graduate students and researchers it brings together
the latest research findings on pile foundations in a way that is relevant to geotechnical practice a

understanding the mechanisms by which any engineering structure resists load is an essential requirement for its consistent and reliable design the axial
resistance which can be mobilised by piled foundations in liquefiable soils when subjected to strong shaking remains highly uncertain and a number of piled
foundations have failed in strong earthquakes as recently as 2011 the lack of visible foundation distress in many such cases indicates that failure can occur as a
result of the loss of axial capacity during an earthquake as opposed to the laterally dominated failure modes which have been the focus of the research
community for the last 20 to 30 years in this thesis a series of dynamic centrifuge experiments have been carried out to establish how the distribution of axial
loads along the length of a pile changes during a strong earthquake in each test a 2 2 pile group was installed such that its tips were embedded in a dense sand
layer which was overlain by liquefiable soil the tests examine the effects arising from the hydraulic conductivity in the bearing layer the influence of axial pile
cap support and finally whether there are any differences in the behaviour of nominally jacked or bored piles under seismic loading the pile cap has been shown
to play a substantial role in supporting axial loads during strong shaking in cases where the pile cap was unable to support axial load the majority of the axial
loading was carried as pile end bearing with some shaft friction being mobilised in both the liquefiable and bearing soil layers as a result of relative lateral
displacements between the soil and pile however where the pile cap is able to support axial loads the settlement of the pile cap into the soil led to a dramatic
transfer of axial load away from the piles and onto the pile cap these results imply that where substantial excess pore pressures may be generated at the depth
of the pile tip then the pile caps must be able to support significant axial load the increased effective stresses below the pile cap were responsible for the
mobilisation of shaft friction on the section of pile within the liquefiable layer however these piles were unable to mobilise shaft friction in the bearing layer due
to the reduced lateral loading on the piles the axial behaviour of the piled foundations after the end of strong shaking is affected by the recovery of pile end
bearing capacity and is therefore strongly dependent on the hydraulic conductivity of the bearing layer the axial behaviour of nominally bored and jacked pile
groups in liquefiable soil deposits are very different under seismic excitation with the installation process of the latter substantially altering the soil conditions
around the tips of the pile such that in contrast to the bored pile groups the jacked pile groups did not accumulate settlements until significantly after the strong
shaking had commenced these results imply that the method of installation is an important factor in the seismic response of a foundation and may be more

3 Design Of Pile Foundations In Liquefiable Soils



Design Of Pile Foundations In Liquefiable Soils

pronounced for real earthquakes where the number of strong shaking cycles may be more limited than those simulated in the experiments

current research has shown the capabilities and improved seismic performance of shallow rocking foundations for bridges and much work has been done for
implementation of such a mechanism in industry by properly reducing the size of the footing in design rocking behavior due to seismic loading can occur about
the footing base allowing the foundation to rock causes a natural recentering of the foundation ultimately preserving the structural integrity of the column and
reducing residual rotations of the structure if soil conditions are favorable it has been shown experimentally that rocking foundations on competent soils can
reduce seismic ductility demand on bridge columns and improve bridge performance through significant energy dissipation at the foundation level rather than
from a hinging column in conventional design this beneficial energy dissipation potential is attractive for design but has not been validated for rocking
foundations in difficult soils the overall goals of this research are to 1 evaluate the performance of rocking foundations in liquefiable and saturated soils and 2
explore the viability of rocking foundations in poor soil conditions if the foundations are supported on unattached piles two centrifuge tests were performed with
similar model structures representing a deck mass column footing system on fully saturated sand with a liquefiable layer and surface water the tests explored
the structure soil and fluid responses due to suction erosion and liquefaction induced settlements under the footings it was found that the rocking footing
embedded in fine soil experienced high residual rotations throughout testing this is due to a no breakaway condition a mechanism which emerges from a
relatively large drop in pore water pressure directly under the footing as it uplifts in lower permeable soil ultimately pulling in material under the footing and
increasing residual rotations with each event deep soil foundation improvement by use of unattached piles was also tested in both experiments to explore
applicability effectiveness and practicality of settlement reduction while still allowing rocking the results were used to evaluate effects of pile capacity number of
piles and arrangement of piles on the residual settlement and base shear coefficient to initiate rocking finally a new centrifuge test database was created
whereby the performance of isolated mat and rocking foundations and adjacent mat foundations from 9 different centrifuge experiments on liquefiable sand are
compared results from this research will help define the appropriate applicability range of rocking foundations in seismic design

practical information and training has become urgently needed for the new eurocode 8 on the design of structures for earthquake resistance especially in
relation to the underlying principles of seismic behaviour and the design of building structures this book covers seismic design in a clear but brief manner and
links the principles to the code illustrated with design examples concrete and steel buildings and their foundations are given special emphasis but the book is
widely applicable it stems from practical short courses on seismic design run jointly by the society for earthquake and civil engineering dynamics and imperial
college london written by senior academics with significant consulting experience and by leading practitioners it has a strong industry emphasis it suits a wide
range of practising civil and structural engineers academics preparing courses and needing worked examples and advanced undergraduate and masters
students in earthquake structural or geotechnical engineering

proceedings of a workshop on seismic performance and simulation of pile foundations in liquefied and laterally spreading ground held in davis california march
16 18 2005 sponsored by the pacific earthquake engineering research center university of california at berkeley center for urban earthquake engineering tokyo
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institute of technology geo institute of asce this collection contains 25 papers that discuss physical measurements and observations from earthquake case
histories field tests in blast liquefied ground dynamic centrifuge model studies and large scale shaking table studies papers contain recent findings on
fundamental soil pile interaction mechanisms numerical analysis methods and reviews and evaluations of existing and emerging design methodologies this
proceeding provides comprehensive coverage of a major issue in earthquake engineering practice and hazard mitigation efforts

bc hydro has been assessing and upgrading its facilities and implementing response alternatives to potential damage resulting from a major earthquake this
paper reviews the utility s seismic evaluation of its overhead transmission system focusing on the lower mainland area where most of the tall critical river
crossing towers are located the paper gives an overview of the geologic environment of the lower mainland and outlines the criteria used for assessing existing
structures for their ability to withstand design seismic loads it then describes the investigation and analysis methods used in the assessment including
geotechnical field tests ground response analysis determination of soil liquefaction potential and dynamic analysis of structures and piles options for seismic
upgrades are discussed and illustrated by the case of the pitt river crossing where tower foundations were reinforced with steel pipe piles

this proceedings contains 89 papers from 25 countries and regions including 14 keynote lectures and 17 invited lectures presented at the third international
conference on geotechnical engineering for disaster mitigation and rehabilitation 3icgedmar 2011 together with the fifth international conference on
geotechnical highway engineering 5icghe which was held in semarang indonesia from 18 to 20 may 2011 this is the third conference in the gedmar conference
series the first was held in singapore from 12 to 13 december 2005 and the second in nanjing china from 30 may to 2 june 2008 the proceedings is divided into
three sections keynote papers invited papers and conference papers under which there are six sub sections case studies on recent disasters soil behaviours and
mechanisms for hazard analysis disaster mitigation and rehabilitation techniques risk analysis and geohazard assessment innovation foundations for rail
highway and embankments and slope failures and remedial measures the conference is held under the auspices of the international society for soil mechanics
and geotechnical engineering issmge technical committee tc 303 coastal and river disaster mitigation and rehabilitation tc 203 earthquake geotechnical
engineering and associated problems tc 302 forensic geotechnical engineering tc 304 engineering practice of risk assessment and management tc 213
geotechnics of soil erosion tc 202 transportation geotechnics tc 211 ground improvement southeast asian geotechnical society seags association of geotechnical
societies in southeast asia agssea and road engineering association of asia australasia reaaa

this book presents the selected peer reviewed proceedings of the international conference on recent trends and innovations in civil engineering icrtice 2019 the
volume focuses on latest research and advances in the field of civil engineering and materials science such as design and development of new environmental
materials performance testing and verification of smart materials performance analysis and simulation of steel structures design and performance optimization
of concrete structures and building materials analysis the book also covers studies in geotechnical engineering hydraulic engineering road and bridge
engineering building services design engineering management water resource engineering and renewable energy the contents of this book will be useful for
students researchers and professionals working in civil engineering
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this book comprises the proceedings of the indian geotechnical conference 2023 this volume presents papers on various aspects of geotechnical engineering
focusing on the topics of dams embankments retaining structures and case studies the contents of this volume will be of interest to academics researchers
practicing engineers construction professionals and policy makers alike

the stabilization and improvement of liquefiable soils beneath existing structures is currently feasible within the state of knowledge and assumptions concerning
liquefiable soils and earthquake excitation this can be done directly or indirectly to mitigate the effects of liquefaction and to assure safe performance at the
present time there has been essentially no experience with remedial actions in liquefiable soils at existing structures and no general method is applicable for all
conditions each site is unique and will require specific engineered solutions this report presents and briefly discusses methodologies that have been deemed
potentially applicable for remediating liquefiable soils beneath existing structures a comprehensive bibliography is included on the feasible methods the most
important factors for construction in choosing remedial methods techniques are a the verfiability of improvement and stabilization and b the assurance that the
method itself will not create unsafe and unstable conditions under static and dynamic loading originator supplied keywords admixture stabilization compression
in situ deep compaction injection and grouting liquefaction pore water pressure relief remedial treatments soils soil reinforcement and thermal stabilization

this book is part of a bold new initiative towards global sustainability and development that draws on the disciplines of geotechnical engineering and earthquake
geotechnics it contains contributions from fifteen of the world s leading experts who met in kyoto in early 2010 to discuss a range of issues related to the ways
geotechnics can help us face the challenges ahead from the technical to the social from geo hazards to megacities from global warming and coastal protection
to the conservation of world heritage sites we hope these contributions will stimulate the debate over the role geotechnics has to play in achieving a more
sustainable future for the world audience this book will be of interest to advanced levels of researchers and practicing engineers in the fields of geotechnics and
earthquake geotechnics for global sustainability the greatest long term challenge of our time
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