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QUAKE/W Chapter 1: Introduction

1. Introduction

QUAKE/W is a geotechnical finite element software prodisetd forthe dynamic analysis of earth
structures subjected to earthquake shaking and other sudden impact loading fenexample
dynamiting or pile driving.

QUAKE/W is part of GeoStudio and, isonsequentlyfully integrated with the other components such
SLOPE/W, SEEP/W, SIGMA/Mbr exampleIn this sense, QUAKE/W is uniqu&he integration of
QUAKE/W and other produs within GeoStudigreatly expands the type and range of problems that can
be analyzed beyond what can be done with other geotechnical dynamic asudtysase QUAKE/W can

be used as standaloneproduct but one ofts main attractionss the integrabn with the other

GeoStudio products.

The purpose of this document is to highlight concepts, features and capabilities, and to provide some
guidelines on dynamic numerical modelifigne purpose is not to explain the software interface
commandsThis typeof information is provided in the elime help.

The remainder of this chapter provides a brief overview of the main geotechnical issues related to the
response of earth structures subjected to seismic loading and how QUAKE/W is positioned to address
theseissuesThe intent here is not to provide an exhaustive review of thedtdie-art of geotechnical
earthquake engineeringhe intent is more to provide an indication of the thinking behind the QUAKE/W
development.

The textbookGeotechnical Earthquakengineering by Steven Kramer (1996) provides an excellent
summary of the concepts, theories and procedures in geotechnical earthquake engditeebogk was
used extensively as a background reference source in the development of QUAKE/W andchiseakfere
extensively throughout this docume@UAKE/W users should ideally have a copifythis book and use
it in conjunction with this documentatiot.provides significantly more details on many topics in this
document.

1.1. Keyissues

The response argkhavior of earth structures subjected to earthquake shaking is highly complex and
multifaceted. Generally, there are the issues of:

1 the motion, movement and inertial forces that occur during the shaking
1 the generation of excess pavaterpressures

1 the potential reduction of the soil shear strength

1

the effect on stability created by the inertial forces, excessvpaier pressures drpossible
shear strength loses, and

9 the redistribution of excess penater pressures and possible steaiftening of the soil after
the shaking has stopped.

Not all these issues can be addressed in a single anatysis it possible to address all the issues in the
current version of QUAKE/WEffects such as istin softening and rdistribution of excespore

pressures will be perhaps dealt with in future versitne point here is that there are many issues and to
use QUAKE/W effectively it is important to at least be aware of the multifaceted nature of the problem.
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Chapter 1: Introduction QUAKE/W

1.2. Inertial forces

Earthquake shaking cres inertial forces; that is, mass times acceleration foftese forces cause the
stresses in the ground to oscilladong a potential slip surfacéhe mobilized sheastrengthdecreases

and increases in response to the inertial fortlesre may benoments during the shaking that the
mobilized sheastrengthexceeds the available shear resistawbéch causes a temporary loss of

stability. During these moments when the factor of safety is less than unity, the ground may experience
some displacemerAn accumulation of these movement spurts may manifest itself as permanent
displacement.

Figurel-1illustrates how the factor of safety may change during an earthgNateethat the factor of
safety falls below 1.0 five times during the earthqu&kdtracting the QUAKE/W computed stresses
from the initial static stresses gives the additional shear stresses arising from the inertiallisgces.
information together wih the Newmark Sliding Block concepts can be used to estimate the permanent
deformationln GeoStudio, SLOPE/W uses the QUAKE/W results to perform these calculations.

14

Jdo ]
A

L
Lo
J WY

Factor of Safety

0.8

Time

Figure 1-1 Factor of safety as a function of time during an earthquake

As discussed in more detail later in this book, examining the potential permanent deformations resulting
from the dynamic inertial forces is applicable only to certain situatibissonly one aspect of earthquake
erngineering and does not provided answers to all to issues.

In the | ate 199006s an embankment was constructed
(Swaisgood and Oliverp2003).The embankment was constructed from mine waste with a concrete

blanket on the upstream face to control seepage through the embankneesmbankment was very

wide with 4:1 side slopes and a crestittviof 130 mThe embankment materials were expected to remain
essentidy dry (unsaturated) most of the time since wateuld be ponded up against the dam only for

short durations after heavy rainfal@dn June23, 2001 a Magnitude 8.3 earthquake struck the southern

portion of PeruThe newly constructed dam was heavily shaken by the trefffeedam however

endured theshaking without much damagehe downstream crest settled only about 50 mm.

The Peru Dam is a case that lends itself well to a Newatypekpermanent deformation analysis arising
from the earthquake inertial forc&he unsaturated coarse material mehat there was no generation of
excess porpressure and very little change, if any, in the shear strength of the fill, conditions essential to
an analysis like this.

Page 2



QUAKE/W Chapter 1: Introduction

1.3. Behavior ofinesand

1.3.1. Loosecontractivesand

As is well known, loose sandy sedre susagtible to liquefactionTherearemany variables besides

grain size distributions that influence the potential for the soil to ligOe®w. of the more prominent are

the density or void rati@and the stress staifferent starting stress states can haywofound effect on

the soil behavior when subjected to monotonic or cyclic loading.behavior can best be described in

the contextofaqp 6 pl ot (shear stress versus mean nor mal s

Consider the diagram fRigurel1-2. If a sample is isotropically consolidated (Point A), the effective stress
path under undrained monotonic loading will follow the curvEigurel-2. Initially, the shear stress will
rise, butthen curve over to the left and reach a maximum at which point thgraail structure collapses.
After the collapse there ssudden increase porepressure and the strength falls rapidly to the steady
state strength.

Another way of describing this is that liqguefaction is initiated at the collapse point.

Collapse point

Steady-state
strength

A p'
Figure 1-2 Effective stress path for loose sand under monotonic loading

Figure1-3 presents the picture for a series of tests on triaxial specimens at the same initial vdadtratio
consolidated under differenonfining pressures\ straight line can be drawn from the steady state

strength point through the peaks or collapse paotits.a d e n D6Hol | ander and Kr aht
a Collapse Surfac&imilar work by Hanzawa et al. (1979) and by Vaid aher@ (1983) suggests that

the line through the collapse points passes through the plot origin (zero shear stress, zero mean stress) as
opposed to the steadyate strength poinThey called the line Blow Liquefaction Surface
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Collapse surface

Steady-state
strength

\

pl
Figure 1-3 Collapse surface illustration

The fact that the sudden loss in strength is related to the collapse of tpesodtructure has been
vividly demonstrated by Skopek et al. (1994) with laboratory testiryp sandThe highlight of their
testing is shown ifrigure1-4 andFigure1-5. The samples were tested under a constant shear stress.
Initially , the void ratio remained relatilyeconstantbutthen dramatically decreased when the-gailin
structure collapsed, particularly for the Path 2 fBisé point of significance is that thbehavior occurred
for dry sand; that is, the volumetric compression occurred in the absence of apygssteeThe only
logical reason then for the compression is that the gtaircture changed.

300
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0 50 100 150 200 250 300
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Figure 1-4 Tests on dry sand (after Gu et al. 2002)
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Figure 1-5 Tests on dry sand (after Gu et al. 2002)

An important point is that the sudden loss in strength and the resulting liquefaction can occur under
monotonic load not just cyclic loading.

Cyclic loading can also lead to liquefaction as is illustratdelgnre 1-6. Say a sample is at a stress state
represented bRoint B and a cyclic load is appligdore pressures will continue to increase until the

stress cyclic path reaches the collapse surface. The soil will then liquefy and the strength will suddenly
fall along the collapse surface to the steady state point.

Steady-state
strength

Collapse surface

pI

Figure 1-6 Cyclic stress path from B to the collapse surface

1.3.2. Densddilativesoils

The effective stress for dense dilative soils is as showigure1-7. A stress path starting from Point A
rises to meet the steadgyate point without going through a peak and with no loss in strength.
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Collapse surface

Steady-state
strength

\

-«+— Dense soll

A p
Figure 1-7 Stress path for a dense dilative sand

Excess porgressures will also be generated in dilative sand if subject to cyclic lo&dip@ soil sample

is at a stress state represented by PointBBguare1-8. Under cyclic loading, porpressures will increase

until the effective stress state reaches Poifithereafter, Point C will simply move up addwn along

the stress path between Point A and the ststatg pointlf the cyclic loadng ends at Point C and then

there is further static loading, the soil will dilative and increase in strength until the stress state reaches the
steadystate point.

q
Collapse surface
Steady-state
strength
c B
\JA p.
Figure 1-8 Stress path for cyclic loading with starting static stress state below steady-state

strength
The strain associated with the cyclic loading from Point B to Egare1-8 is called cyclic mobility.

Gu etal. (2002) present a plastic constitutive model based on the framework of soil critical state boundary
theory (Roscoe, et al., 1958). This model can be used to completely describe the bamgieorof

sand which includes contraction, dilation, phase changeudtimdatefailure at the steady state. This is

very brief overview of the behavior of fine sands susceptible to liquefaction in respatstc and

dynamic loadingThe purpose here is to only inthace the subject. Kramer (1996, pp. 348 to 368))

presents anore detailed overview of topic and should be studied by those inviolggthamic analyses

of earth structures.

Porepressure estimation methods based on cyclic stresses involves makingarsriectthe initial

static shear stress level and the static overburden stress (discussed in the chapter on Material Properties).
The above discussion clearly shows why the initial static stress state is so important and why early
researchers recognizedetheed for introducing corrections in the cyclic stress approach.
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1.4. Permanendeformation

When there is a zone of soil in a soil structure that has experienced a sudden strength loss, there will be
some stress adjustment anebistribution.Zones that havist theirstrength will shag their excess load

with regions that have not undergone the strength Tossstress réistribution will continue until the
structure has once again reached a point of equilibiiutime strength loss is so great that thetle

structure cannot restablish equilibrium, the entire structure will collapsten with catastrophic
consequence$f., howeverthe structure can find a new point of equilibrium, the streskstebution will

be accompanied by permanent deformei®he chief engineering issue then becomes to determine how
the permanent deformati@ffectsthe serviceability of the structuréhe question is whether the structure

is still functional or can it be repaired to again be functional or is the defomsatisevere that the

structure can no longeetused for its intended purpose?

There is considerable field evidence as summarized by Gu et al. (1993) that much of the stress re
distribution and the accompanying permanent deformation takes place afterthiggiake shaking has
stoppedlIf there is a failure, the failure is delayed by minutes or even hours and for this reason the
associated deformation is referred to assasthquake deformation.

An extremely important implication of the delayed movemeut failure is that the deformations are
actually driven by static forcé&snot dynamic forcesThe dynamic forces cause the generation of the
excess porpressuresbutthe damaging deformations are driven by static gravitational forbéshas
importantnumerical modeling implicationghis being the case, a QUAKE/W dynamic analysis can be
used to estimate the generation of excesspassuresbuta QUAKE/W analysis is not required to
estimate the permanent deformatidhe permanent deformation cas tmodeled with a static software
product like SIGMA/W.

Modeling the stress feistributionshould ideally include atrainsoftening constitutive relationship to
simulate the strength losehese types of numerical algorithms have been developed andistadyt

the postearthquake relistribution. Gu (1992) for example developed strainsoftening model as part

of his Ph.D. dissertation for analyzing the peatthquake stress-tistribution and was successful in
obtaining good agreement between tradei predictions and the observed field behavior at two sites.
One was the postarthquake deformation analysis of the Wildlife Site in California (Gu et al. 1994) and
the other was the analysis of the progressive failure that occurred at the Lowerrienl&&an in
California (Gu et al. 1993).

SIGMA/W has a stressdistribution algorithm which can be used in conjunction with QUAKE/W

results. The SIGMA/W method uses an elaglistic constitutive model and simply-déstributes the

excess stress wheethe stress state exceeds the soil strength. The procedure can be quite effective even
though it does not follow a prescribed straoftening path. The premise is that somehow there was a
strength loss and consequently there is a needdstribue the stresses. Stated another way, the
SIGMA/W procedure gives the correct end pointitnecessarily the correct path to the end point.

The analyses of the San Fernando Dams described in the QUAKE/W detailed examples demonstrate that
the SIGMA/W approach together with the QUAKE/W results can be effective in investigating the post
earthquakeleformatiornthat may be associated with liquefaction even though it is not a completely

rigorous approach.

I n version 7.1, S| GMA/ Wnal samaHasias ficthyartamiid | defonrs
stresses between saved QUAKE/W time steps as a driving force for permanent deformation if the chosen
constitutive model allows for some plastic deformation based on-se@istribution.
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1.5. Concludingemarks

Conceppually, the issues as they relate to dynamic analyses, liqguefaction, cyclic mobility and permanent
deformation are now fairly well understoodseoStudio now has dle components to examine all these
aspects. Good illustrations of this axailable in the QUAKE/W detailed examples. The San Fernando
Dam Case Histories, for example, involve seepage analyses with SEEP/W, stability analyses with
SLOPE/W, dynamic analyses with QUAKE/W and peatthquake deformation analyses with

SIGMA/W.
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QUAKE/W Chapter 2: Numerical Modeling

2. Numerical Modeling: What, Why and How

2.1. Introduction

The unprecedented computing power now available has resulted in advanced softwars fmoduct
engineering and scientific analysis. The ready availability andafasse of these products makes it
possible to use powerful techniques such as a finite element analysis in engineering practice. These
analytical methods have now moved from beieggarch tools to application tools. This has opened a
whole new world of numerical modeling.

Software tools such as GeoStudio do not inherently lead to good results. While the software is an

extremely powerful calculator, obtaining useful and meaning®ults from this useful tool depends on

the guidance provided by the user. Itisthe e r 6 s  u noflitkerinpuit anah tdeir abiity to interpret

the results that make it such a powerful tool. In summary, the software does not do the modeling, the user
does the modeling. The software only provides the albdigo highly complex computations that are not
otherwise humanly possible. In a similar manner, modern day spreadsheet software programs can be
immensely powerful as welbutobtaining useful redis from a spreadsheet depends on the user. It is the
userbds ability to guide the analysis process that
mathematicsbuti t i s the userdés ability to tadksto advantage
something meaningful and useful. The same is true with finite element analysis software such as

GeoStudio.

Numerical modelings a skill that is acquired with time and experience. Simply acquiring a software
product does ot immediately make a person a proficient modeler. Time and practice are required to
understand the techniques involved and learn how to interpret the results.

Numerical modeling as a field of practice is relatively new in geotechnical engineering asetjwamtly,
there is a lack of understanding about what numerical modslihgw modeling should be approached

and what to expect from it. A good understanding of these basic issues is fundamental to conducting
effective modeling. Basic questions suchVihat is the main objective of the analysis?, What is the main
engineering question that needs to answered? and, What is the anticipated result?, need to be decided
before starting to use the software. Using the software is only part of the modelingexEnei

associated mental analysis is as important as clicking the buttons in the software.

This chapter discusses the fiwhat o, fAwhyo and Ahow
guidelines on the procedures that should be followed in good main@odeling practice.

This chapter discusses modeling in general terms and not specifically in the context of dynamic analyses.
Many of the illustrations and examples come from other GeoStudio prpduttise principles apply

equally to QUAKE/W. The om exception perhaps is the admonition of making a preliminary guess or
estimate as to what modeling results will look like. In a dynamic analysis, it is nearly impossible to make

a handcalculated guess as to a likely dynamic response of an earth stritiisrenakes it all the more

important to start a dynamic analysis with a problem that is as simple and basic as possible so as to gain a
preliminary understanding of the possible dynamic response before moving onto more advanced analyses.

2.2. What is a nummal model?

A numerical model is a mathematical simulation of a real physical process. SEEP/W is a numerical model
that can mathematically simulate the real physical process of water flowing through a particulate medium.
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Numerical modeling is purely mathatical and in this sense is very different than scaled physical

modeling in the laboratory or fuficaled field modeling.

Rulon (1985) constructed a scale model of a soil slope with a less permeable layer embedded within the
slope and then sprinkled watan the crest to simulate infiltration or precipitation. Instruments were
inserted into the soil through the side walls to measure thewaisr pressures at various points. The

results of her experiment are showrigure2-1. Model i n

g Rul

onos

| aboratory

gives the results presentedrigure2-2, which are almost identical to the original laboratory
measurements. The posit®aof the equipotential lines are somewhat differbatthe position of the
water table is the same. In both cases there are two seepage exit areas on the slope, which is the main

important observation in this case.

_— Observed equipotential lines
0.9 —— Predicted water table
os{ 7 Observed water table - o ("

.........

................
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R

T s
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Figure 2-1 Ru | o laldosatory scaled model results

v T v
2.2 2.4

Fine Sand

Z (m)

X (m)

Figure2-2SEEP/ W anal ysi s

of

Rul

onos

| aboratory m

The fact that mathematics can be used to simulat@ihgalcal processes is one of the great wonders of

the universe. Perhaps physical processes follow mathematical rules, or mathematics has evolved to
describe physical processes. Obviously, we do not know which came first, nor does it really matter.
Regardlss of how the relationship developed, the fact that we can use mathematics to simulate physical
processes leads to developing a deeper understanding of physical processes. It may even allow for

understanding or discovering previously unknown physical pesse

Numerical modeling has many advantages over physical modeling. The following are some of the more

obvious advantages

Page 10



QUAKE/W Chapter 2: Numerical Modeling

1 Numerical models can be set up very quickly relative to physical models. Physical models
may take months to construct while a nurm@rinodel can be constructed in minutes, hours
or days.

1 A physical model is usually limited to a narrow set of conditions. A numerical model can be
used to investigate a wide variety of different scenarios.

1 Numerical models have no difficulty accountirgg gravity. Gravity cannot be scaled, which
is a limitation with laboratory modeling. A centrifuge is often required to overcome this
limitation.

1 With numerical modelinghere is no danger of physical harm to personnel. Physical
modeling sometimes involgeheavy equipment and worker safety is consequently a concern.

1 Numerical modeling provides information and results at any location within theszossn.
Physical modeling only provides external visual responses and data at discrete instrumented
points.

9 Numerical models can accommodate a wide variety of boundary congitioaseas physical
models are often limited in the types of boundary conditions possible.

It would be wrong to think that numerical models do not have limitations. Associated withesdepa

there may also be temperature changes, volume changes and perhaps chemical changes. Including all
these processes in the same formulation is not possible, as the mathematics involved simply become too
complex. In addition, it is not possible to mamatically describe a constitutive relationship, due to its
complexity. Some of these difficulties can and will be overcome with greater and faster computer
processing power. It is important to understand that numerical modeling products like SEERTsVanill
limitations that are related to the current capability of hardware or integral to the formulation of the
software, since it was developed to consider specific conditions. SEEP/W is formulated only for flow that
foll ows Dar cyds L face moisiue anay lebve the ggounal asrvapor sThis component

is not included in the SEEP/W formulation, like it is in another product called VADOSE/W.
Consequently, SEEP/W has limitations when it comes to modeling moisture leaving the system at the
ground sirface. A real physical model would not have this type of limitation.

The important point to remember is that the mathematical formulations implemented in software like
GeoStudio result in a very powerful and versatile means of simulating real phystadges.

AA mat hemati cal mo d eworldiobjecteor system.llt is araattemnpt to sakenoer understahdirjg of
the process (conceptual model ) and translate it Jinto m:

2.3. Modeling in gatechnical engineering

The role and significance of analysis and numerical modeling in geotechnical engineering has been

vividly illustrated by Professor John Burland, Imperial College, London (UK). In 1987 Professor Burland
presented whatis knownastieas h Lecture. The title of the | ectur
Mechanics a Per sonal Vi ewo . I n this |l ecture he advocat
three fundamental components: the ground profile, the soil behavior and modeling. dernteprthese

components as the apexes of a triangle, as illustratéidune2-3. This has come to be known as the

Burland triangle (Burland, 1987; Burland, 1996).
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The soil behavior component includes laboratory tastsfutests and field measurements. The ground

Ground
profile

Empiricism,
Precedent

Soil
behaviour

Modeling

The soil mechanics triangle

Figure 2-3 The Burland triangle (after Burland 1996)

profile component basically involves site characterization: defining and describing the site conditions.
Modeling may be conceptual, analytical or physical.

Of great

empiricism and precedent. This is the part inside the triangle.

signi fi canc e reesompoheats needitorbe tidditogétleembygl 6 s

\

ew,

The Burland triangle idea has been widely discussed and referred to by others since it was first presented.

An article on this topic was presentedaimissue oGround EngineeringAnon. 1999. Morgenstern
(2000)discussed this at some length in his keynote addressfitl@amon Groundat the GeoEng2000
Conference in Melbourne Australia if@0). With all the discussigrthe triangle has beeanhancd and

broadened somewhat, as showikigure2-4.

One important additional feature has been to consider all the connecting arrows between the components
as pointing in bth directions. This simple addition highlights the fact that each part is distinct yet related

to all the other parts.

The Burland triangle vividly illustrates the importance of modeling in geotechnical engineering.
Characterizing the field conditions anthking measurements of behavior is not sufficient. Ultimately, it

is necessary to do some analysis of the field information and soil properties to complete the triangle.

As Burland pointed out, modeling may be conceptual, analytical or phylsteaéver with the
computing power and software tools now available, modeling often refers to numerical modeling.
Accepting that modeling primarily refers to numerical modeling, the Burland triangle shows the
importance that numerical modeling has in geotechnigihesring.

Making measurements and characterizing site conditions is often time consuming and expensive. This is
also true with modeling, if done correctly. A common assumption is that the numerical modeling
component is only a small component that shbeldindertaken at the end of a project, and that it can be
done simply and quickly. This is somewhat erroneous. Good numerical modeling, as we will see later in
the section in more detail, takes time and requires careful planning in the same mannkéwstime

and planning to collect field measurements and adequately characterize site conditions.

Considering the importance of modeling that the Burland triangle suggests for geotechnical engineering,
it is prudent that we do the modeling carefully anthwa complete understanding of the modeling

processes. This is particularly true with numerical modeling. The purpose of this book is to assist with
this aspect of geotechnical engineering.
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Genesis / geology

Empiricism,
precedent,
experience,
risk management

Soil
Behaviour

Lab / field testing,
observation,
measurement

Site investigation,
ground description

Modeling

Idealization followed by
evaluation. Conceptual
or physical modeling,
analytical modeling

Figure 2-4 The enhanced Burland triangle (after Anon. 1999)

2.4. Why model?

The first reaction to the
problem. Upon more thought, the answer becomes more complex. Wittleat anderstanding of the
reason for modeling or identifying what the modeling objectives are, numerical modeling can lead to a

frustrating experience and uncertain results. As we will see in more detail in the next section, it is wrong

question,

iwhy

mo d e |

to set up the modiecalculate a solution and then try to decide what the results mean. It is important to
decide at the outset the reason for doing the modeling. What is the main objective and what is the
guestion that needs to be answered?

The following points are some tife main reasons for modeling, from a broad, high level perspective. We

model to:

T
T
T
T

make quantitative predictions,
compare alternatives,
identify governing parameters, and

understand processes and train our thinking.

2.4.1. Quantitative predictions

Most engineers, when asked why they want to do some modeling, will say that they want to make a
prediction. They want to predict the seepage quantity, for example, or the time for a contaminant to travel
from the source to eepage discharge point, or the time required from first filling a reservoir until

steadystate seepage conditions have been established in the embankment dam. The desire is to say
something about future behavior or performance.

Making quantitative prediaiins is a legitimate reason for doing modeling. Unfortunately, it is also the
most difficult part of modeling, since quantitative values are often directly related to the material
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properties. The quantity of seepage, for example, is in large part conbylied hydraulic conductivity

and, as a result, changing the hydraulic conductivity by an order of magnitude will usually change the
computed seepage quantity by an order of magnitude. The accuracy of quantitative prediction is directly
related to the acracy of the hydraulic conductivity specified. Unfortunately, for a heterogeneous profile,
there is not a large amount of confidence about how precisely the hydraulic conductivity can be specified.
Sometimes defining the hydraulic conductivity within adesrof magnitude is considered reasonable.

The confidence you have defining the hydraulic conductivity depends on many,faotting general

difficulty of defining this soil parameter highlights the difficulty of undertaking modeling to make
guantitative predictions.

Carter et al. (2000) presented the results of a competition conducted by the German Society for
Geotechnics. Packages of information were distributed to consulting engineers and university research
groups. The participants were asked to jotetie lateral deflection of a tieack shoring wall for a deep
excavation in Berlin. During construction, the actual deflection was measured with inclinometers. Later
the predictions were compared with the actual measurenfégise 2-5 shows the best eleven submitted
predictions. Other predictions were submittedtwere considered unreasonable and consequently not
included in the summary.

There are two heavy darikés superimposed drigure2-5. The dashed line on the right represents the
inclinometer measurements uncorrected for any possible base movement. It is likely tifdtmse
inclinometer moved together with the base of the wall. Assuming the inclinometer base moved about
10 mm, the solid heavy line iRigure2-5 has been shifted t@flect the inclinometer base movement.

At first glance one might quickly conclude that the agreement between prediction and actual lateral
movement is very poor, especially since there appears to be a wide scatter in the predictions. This
exercise might & considered as an example of our inability to make accurate quantitative predictions.

However, a closer look at the results reveals a picture that is not so bleak. The depth of the excavation is
32m. The maximum predicted lateral movement is just ovenB0or 5cm. This is an extremely small

amount of movement over the length of the walkrtainly not big enough to be visually noticeable.
Furthermore, the actual measurements, when corrected for base movement fall more or less in the middle
of the preditions. Most important to consider are the trends presented by many of the predicted results.
Many of them predict a deflected shape similar to the actual measurements. In other words, the
predictions simulated the correct relative response of the wall.

Consequently, we can argue that our ability to make accurate predictions,ibytwee can also argue

that the predictions are amazingly good. The predictions fall on either side of the measurements and the
deflected shapes are correct. In the end, theetimapprovided a correct understanding of the wall

behavior, which is more than enough justification for doing the modeling, and may be the greatest benefit
of numerical modeling, as we will see in more detail later.

Numerical modeling is sometimes disses as being useless due to the difficulty with defining material
properties. There arbowevey, other reasons for doing numerical modeling. If some of the other

objectives of numerical modeling are completed first, then quantitative predictions oféeembie value

and meaning. Once the physics and mechanisms are completely understood, quantitative predictions can
be made with a great deal more confidence and are not nearly as useless as first thought, regardless of our
inability to accurately define nerial properties.
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Figure 2-5 Comparison of predicted and measured lateral movements of a shoring wall (after
Carter et al, 2000)

2.4.2. Compare alternatives

Numerical modeling is useful for comparing alternatives. Keeping everything else the same and changing
a single parameter makes it a powerful tool to evaluate the significance of individual parameters. For
modeling alternatives and conducting sensitivitid&es it is not all that important to accurately define

some material properties. All that is of interest is the change between simulations.

Consider the example of a enif wall beneath a structure. With SEEP/W it is easy to examine the

benefits obtaiad by changing the length of the @ff. Consider two cases with different eaff depths

to assess the difference in uplift pressures underneath the strigure2-6 shows the analysis when

the cutoff is 10 feet deep. The pressure drop and uplift pressure along the base are shown in the left graph
in Figure2-7. The drop acroséié cutoff is from 24 to 18 feet of pressure head. The results fof@R0

cutoff are shown ifrigure2-7 on the right side. Now the drop across the cutoff is fronoZbbout 15

feet of pressure head. The uplift pressures at the downstream toe are about the same.

The actual computed values are not of significance in the context of this discussion. It is an example of
how a model such as SEEP/W can be used to quicklpaealternatives. Secondly, this type of

analysis can be done with a rough estimate of the conductivity, since in this case the pressure distributions
will be unaffected by the conductivity assumed. There would be no value in carefully defining the
condutivity to compare the base pressure distributions.

We can also look at the change in flow quantities. The absolute flow quantity may not be all that,accurate
butthe change resulting from various -aff depths will be of value. The total flux is 6.28.07 ft¥/s for
the 10foot cutoff and 5.3& 102 ft¥/s for the 26foot cutoff, only about a 15 percent difference.
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Figure 2-6 Seepage analysis with a cutoff

Figure 2-7 Uplift pressure distributions along base of structure

2.4.3. ldentifygoverning parameters

Numerical models are useful for identifying critical parameters in a design. Consider the perfahaance

soil cover over waste material. What is the most important parameter governing the behavior of the

cover? Is it the precipitation, the wind speed, the net solar radiation, plant type, root depth or soil type?
Running a series of VADOSE/W simulatiofegeping all variables constant except for,anakes it

possible to identify the governing parameter. The results can be presented as a tornado plot such as shown
in Figure2-8.

Once the key issues have been identified, further modeling to refine a design can concentrate on the main
issues. If, for example, the vegetative growth is the main,iisere efforts can be concentrated on what
needs to be done foster the plant growth.
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