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1. Introduction 

QUAKE/W is a geotechnical finite element software product used for the dynamic analysis of earth 

structures subjected to earthquake shaking and other sudden impact loading such as, for example, 

dynamiting or pile driving. 

QUAKE/W is part of GeoStudio and is, consequently, fully integrated with the other components such 

SLOPE/W, SEEP/W, SIGMA/W for example. In this sense, QUAKE/W is unique. The integration of 

QUAKE/W and other products within GeoStudio greatly expands the type and range of problems that can 

be analyzed beyond what can be done with other geotechnical dynamic analysis software. QUAKE/W can 

be used as a stand-alone product, but one of its main attractions is the integration 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 modeling. The purpose is not to explain the software interface 

commands. This type of information is provided in the on-line 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 

these issues. The intent here is not to provide an exhaustive review of the state-of-the-art of geotechnical 

earthquake engineering. The intent is more to provide an indication of the thinking behind the QUAKE/W 

development. 

The textbook, Geotechnical Earthquake Engineering, by Steven Kramer (1996) provides an excellent 

summary of the concepts, theories and procedures in geotechnical earthquake engineering. This book was 

used extensively as a background reference source in the development of QUAKE/W and is referenced 

extensively throughout this document. QUAKE/W users should ideally have a copy of this book and use 

it in conjunction with this documentation. It provides significantly more details on many topics in this 

document. 

1.1. Key issues 

The response and behavior of earth structures subjected to earthquake shaking is highly complex and 

multifaceted. Generally, there are the issues of: 

¶ the motion, movement and inertial forces that occur during the shaking, 

¶ the generation of excess pore-water pressures, 

¶ the potential reduction of the soil shear strength, 

¶ the effect on stability created by the inertial forces, excess pore-water pressures and possible 

shear strength loses, and 

¶ the redistribution of excess pore-water pressures and possible strain softening of the soil after 

the shaking has stopped. 

Not all these issues can be addressed in a single analysis, nor is it possible to address all the issues in the 

current version of QUAKE/W. Effects such as strain softening and re-distribution of excess pore-

pressures will be perhaps dealt with in future version. The 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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1.2. Inertial forces 

Earthquake shaking creates inertial forces; that is, mass times acceleration forces. These forces cause the 

stresses in the ground to oscillate. Along a potential slip surface, the mobilized shear strength decreases 

and increases in response to the inertial forces. There may be moments during the shaking that the 

mobilized shear strength exceeds the available shear resistance, which causes a temporary loss of 

stability. During these moments when the factor of safety is less than unity, the ground may experience 

some displacement. An accumulation of these movement spurts may manifest itself as permanent 

displacement. 

Figure 1-1 illustrates how the factor of safety may change during an earthquake. Note that the factor of 

safety falls below 1.0 five times during the earthquake. Subtracting the QUAKE/W computed stresses 

from the initial static stresses gives the additional shear stresses arising from the inertial forces. This 

information together with the Newmark Sliding Block concepts can be used to estimate the permanent 

deformation. In GeoStudio, SLOPE/W uses the QUAKE/W results to perform these calculations. 

 

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 situations. It is only one aspect of earthquake 

engineering and does not provided answers to all to issues. 

In the late 1990ôs an embankment was constructed in Peru at a mine site to control temporary flooding 

(Swaisgood and Oliveros, 2003). The embankment was constructed from mine waste with a concrete 

blanket on the upstream face to control seepage through the embankment. The embankment was very 

wide with 4:1 side slopes and a crest width of 130 m. The embankment materials were expected to remain 

essentially dry (unsaturated) most of the time since water would be ponded up against the dam only for 

short durations after heavy rainfalls. On June 23, 2001, a Magnitude 8.3 earthquake struck the southern 

portion of Peru. The newly constructed dam was heavily shaken by the tremors. The dam, however, 

endured the shaking without much damage. The downstream crest settled only about 50 mm. 

The Peru Dam is a case that lends itself well to a Newmark-type permanent deformation analysis arising 

from the earthquake inertial forces. The unsaturated coarse material meant that there was no generation of 

excess pore-pressure and very little change, if any, in the shear strength of the fill, conditions essential to 

an analysis like this. 
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1.3. Behavior of fine sand 

1.3.1. Loose contractive sand 

As is well known, loose sandy soils are susceptible to liquefaction. There are many variables besides 

grain size distributions that influence the potential for the soil to liquefy. Two of the more prominent are 

the density or void ratio, and the stress state. Different starting stress states can have a profound effect on 

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

the context of a q-pȭ plot (shear stress versus mean normal stress). 

Consider the diagram in Figure 1-2. If a sample is isotropically consolidated (Point A), the effective stress 

path under undrained monotonic loading will follow the curve in Figure 1-2. Initially , the shear stress will 

rise, but then curve over to the left and reach a maximum at which point the soil-grain structure collapses. 

After the collapse there is a sudden increase in pore-pressure and the strength falls rapidly to the steady-

state strength.  

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

 

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

Figure 1-3 presents the picture for a series of tests on triaxial specimens at the same initial void ratio, but 

consolidated under different confining pressures. A straight line can be drawn from the steady state 

strength point through the peaks or collapse points. Sladen, DôHollander and Krahn (1985) called this line 

a Collapse Surface. Similar work by Hanzawa et al. (1979) and by Vaid and Chern (1983) suggests that 

the line through the collapse points passes through the plot origin (zero shear stress, zero mean stress) as 

opposed to the steady-state strength point. They called the line a Flow Liquefaction Surface. 
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Figure 1-3 Collapse surface illustration 

The fact that the sudden loss in strength is related to the collapse of the soil-grain structure has been 

vividly demonstrated by Skopek et al. (1994) with laboratory tests on dry sand. The highlight of their 

testing is shown in Figure 1-4 and Figure 1-5. The samples were tested under a constant shear stress. 

Initially , the void ratio remained relatively constant, but then dramatically decreased when the soil-grain 

structure collapsed, particularly for the Path 2 test. The point of significance is that this behavior occurred 

for dry sand; that is, the volumetric compression occurred in the absence of any pore-pressure. The only 

logical reason then for the compression is that the grain-structure changed. 

 

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 ï not just cyclic loading. 

Cyclic loading can also lead to liquefaction as is illustrated in Figure 1-6. Say a sample is at a stress state 

represented by Point B and a cyclic load is applied. Pore 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.  

 

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

1.3.2. Dense dilative soils 

The effective stress for dense dilative soils is as shown in Figure 1-7. A stress path starting from Point A 

rises to meet the steady-state point without going through a peak and with no loss in strength. 
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Figure 1-7 Stress path for a dense dilative sand 

Excess pore-pressures will also be generated in dilative sand if subject to cyclic loading. Say a soil sample 

is at a stress state represented by Point B in Figure 1-8. Under cyclic loading, pore-pressures will increase 

until the effective stress state reaches Point C. Thereafter, Point C will simply move up and down along 

the stress path between Point A and the steady-state point. If the cyclic loading 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 

steady-state point. 

 

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 C in Figure 1-8 is called cyclic mobility. 

Gu et al. (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 complex behavior of 

sand, which includes contraction, dilation, phase change and ultimate failure at the steady state. This is 

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

dynamic loading. The purpose here is to only introduce the subject. Kramer (1996, pp. 348 to 368)) 

presents a more detailed overview of topic and should be studied by those involved in dynamic analyses 

of earth structures.  

Pore-pressure estimation methods based on cyclic stresses involves making corrections for the 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 recognized the need for introducing corrections in the cyclic stress approach. 
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1.4. Permanent deformation 

When there is a zone of soil in a soil structure that has experienced a sudden strength loss, there will be 

some stress adjustment and re-distribution. Zones that have lost their strength will share their excess load 

with regions that have not undergone the strength loss. The stress re-distribution will continue until the 

structure has once again reached a point of equilibrium. If the strength loss is so great that the earth 

structure cannot re-establish equilibrium, the entire structure will collapse, often with catastrophic 

consequences. If , however, the structure can find a new point of equilibrium, the stress re-distribution will 

be accompanied by permanent deformations. The chief engineering issue then becomes to determine how 

the permanent deformation affects the serviceability of the structure. The question is whether the structure 

is still functional or can it be repaired to again be functional or is the deformation so severe that the 

structure can no longer be used 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 after the earthquake shaking has 

stopped. If there is a failure, the failure is delayed by minutes or even hours and for this reason the 

associated deformation is referred to as post-earthquake deformation. 

An extremely important implication of the delayed movement and failure is that the deformations are 

actually driven by static forces ï not dynamic forces. The dynamic forces cause the generation of the 

excess pore-pressures, but the damaging deformations are driven by static gravitational forces. This has 

important numerical modeling implications. This being the case, a QUAKE/W dynamic analysis can be 

used to estimate the generation of excess pore-pressures, but a QUAKE/W analysis is not required to 

estimate the permanent deformation. The permanent deformation can be modeled with a static software 

product like SIGMA/W. 

Modeling the stress re-distribution should ideally include a strain-softening constitutive relationship to 

simulate the strength loss. These types of numerical algorithms have been developed and used to study 

the post-earthquake re-distribution.  Gu (1992), for example, developed a strain-softening model as part 

of his Ph.D. dissertation for analyzing the post-earthquake stress re-distribution and was successful in 

obtaining good agreement between the model predictions and the observed field behavior at two sites. 

One was the post-earthquake 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 Lower San Fernando Dam in 

California (Gu et al. 1993). 

SIGMA/W has a stress re-distribution algorithm which can be used in conjunction with QUAKE/W 

results.   The SIGMA/W method uses an elastic-plastic constitutive model and simply re-distributes the 

excess stress where the stress state exceeds the soil strength.   The procedure can be quite effective even 

though it does not follow a prescribed strain-softening path.   The premise is that somehow there was a 

strength loss and consequently there is a need to re-distribute the stresses.   Stated another way, the 

SIGMA/W procedure gives the correct end point but not necessarily 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-

earthquake deformation that may be associated with liquefaction even though it is not a completely 

rigorous approach. 

In version 7.1, SIGMA/W also has a ñdynamic deformationò analysis that will consider incremental 

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 stress-redistribution. 
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1.5. Concluding remarks 

Conceptually, the issues as they relate to dynamic analyses, liquefaction, cyclic mobility and permanent 

deformation are now fairly well understood.   GeoStudio now has all the components to examine all these 

aspects.   Good illustrations of this are available 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 post-earthquake deformation analyses with 

SIGMA/W. 
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2. Numerical Modeling: What, Why and How 

2.1. Introduction 

The unprecedented computing power now available has resulted in advanced software products for 

engineering and scientific analysis. The ready availability and ease-of-use 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 being research 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 meaningful results from this useful tool depends on 

the guidance provided by the user. It is the userôs understanding of the input and their ability 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 ability to do highly complex computations that are not 

otherwise humanly possible. In a similar manner, modern day spreadsheet software programs can be 

immensely powerful as well, but obtaining useful results from a spreadsheet depends on the user. It is the 

userôs ability to guide the analysis process that makes it a powerful tool. The spreadsheet can do all the 

mathematics, but it is the userôs ability to take advantage of the computing capability that leads to 

something meaningful and useful. The same is true with finite element analysis software such as 

GeoStudio. 

Numerical modeling is a skill that is acquired with time and experience. Simply acquiring a software 

product does not 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 and, consequently, 

there is a lack of understanding about what numerical modeling is, how 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 such as, What 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 modeling exercise. The 

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

This chapter discusses the ñwhatò, ñwhyò and ñhowò of the numerical modeling process and presents 

guidelines on the procedures that should be followed in good numerical modeling 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 products, but the principles apply 

equally to QUAKE/W. The one 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 hand-calculated guess as to a likely dynamic response of an earth structure. This makes 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 numerical 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 mathematical and in this sense is very different than scaled physical 

modeling in the laboratory or full-scaled field modeling. 

Rulon (1985) constructed a scale model of a soil slope with a less permeable layer embedded within the 

slope and then sprinkled water on the crest to simulate infiltration or precipitation. Instruments were 

inserted into the soil through the side walls to measure the pore-water pressures at various points. The 

results of her experiment are shown in Figure 2-1. Modeling Rulonôs laboratory experiment with SEEP/W 

gives the results presented in Figure 2-2, which are almost identical to the original laboratory 

measurements. The positions of the equipotential lines are somewhat different, but the 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.  

 

Figure 2-1 Rulonôs laboratory scaled model results 

 

Figure 2-2 SEEP/W analysis of Rulonôs laboratory model 

The fact that mathematics can be used to simulate real physical 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. 

Regardless 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 processes. 

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

obvious advantages: 
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¶ Numerical models can be set up very quickly relative to physical models. Physical models 

may take months to construct while a numerical model can be constructed in minutes, hours 

or days. 

¶ 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.  

¶ Numerical models have no difficulty accounting for gravity. Gravity cannot be scaled, which 

is a limitation with laboratory modeling. A centrifuge is often required to overcome this 

limitation. 

¶ With numerical modeling, there is no danger of physical harm to personnel. Physical 

modeling sometimes involves heavy equipment and worker safety is consequently a concern. 

¶ Numerical modeling provides information and results at any location within the cross-section. 

Physical modeling only provides external visual responses and data at discrete instrumented 

points. 

¶ Numerical models can accommodate a wide variety of boundary conditions, whereas 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 with seepage flow 

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 mathematically 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 SEEP/W will have 

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 

follows Darcyôs Law. Near the ground surface moisture may leave the ground as vapor. This 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 surface. 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 physical processes.  

ñA mathematical model is a replica of some real-world object or system. It is an attempt to take our understanding of 

the process (conceptual model) and translate it into mathematical terms.ò National Research Council Report (1990). 

2.3. Modeling in geotechnical 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 what is known as the Nash Lecture. The title of the lecture was ñThe Teaching of Soil 

Mechanics ï a Personal Viewò. In this lecture he advocated that geotechnical engineering consists of 

three fundamental components: the ground profile, the soil behavior and modeling. He represented these 

components as the apexes of a triangle, as illustrated in Figure 2-3. This has come to be known as the 

Burland triangle (Burland, 1987; Burland, 1996). 
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Figure 2-3 The Burland triangle (after Burland 1996) 

The soil behavior component includes laboratory tests, in situ tests and field measurements. The ground 

profile component basically involves site characterization: defining and describing the site conditions. 

Modeling may be conceptual, analytical or physical.  

Of great significance is that, in Burlandôs view, all three components need to be tied together by 

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

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

An article on this topic was presented in an issue of Ground Engineering (Anon. 1999). Morgenstern 

(2000) discussed this at some length in his keynote address titled ñCommon Groundò at the GeoEng2000 

Conference in Melbourne Australia in 2000. With all the discussion, the triangle has been enhanced and 

broadened somewhat, as shown in Figure 2-4. 

One important additional feature has been to consider all the connecting arrows between the components 

as pointing in both 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 and making 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 physical, however, 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 geotechnical engineering. 

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 should be undertaken 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 manner that it takes time 

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

2.4. Why model? 

The first reaction to the question, ñwhy model?ò seems rather obvious. The objective is to analyze the 

problem. Upon more thought, the answer becomes more complex. Without a clear understanding 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 

to set up the model, calculate 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 

question that needs to be answered? 

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

model to: 

¶ 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 a seepage discharge point, or the time required from first filling a reservoir until 

steady-state seepage conditions have been established in the embankment dam. The desire is to say 

something about future behavior or performance. 

Making quantitative predictions 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 controlled by the 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 accuracy 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 an order of magnitude is considered reasonable. 

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

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

quantitative 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 predict the lateral deflection of a tie-back 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 measurements. Figure 2-5 shows the best eleven submitted 

predictions. Other predictions were submitted, but were considered unreasonable and consequently not 

included in the summary. 

There are two heavy dark lines superimposed on Figure 2-5. The dashed line on the right represents the 

inclinometer measurements uncorrected for any possible base movement. It is likely the base of the 

inclinometer moved together with the base of the wall. Assuming the inclinometer base moved about 

10 mm, the solid heavy line in Figure 2-5 has been shifted to reflect 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 be 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 

32 m. The maximum predicted lateral movement is just over 50 mm or 5 cm. This is an extremely small 

amount of movement over the length of the wall ï certainly 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 predictions. 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 is poor, but we 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, the modeling provided 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 dismissed as being useless due to the difficulty with defining material 

properties. There are, however,, other reasons for doing numerical modeling. If some of the other 

objectives of numerical modeling are completed first, then quantitative predictions often have more 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 material 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 sensitivity studies 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 cut-off wall beneath a structure. With SEEP/W it is easy to examine the 

benefits obtained by changing the length of the cut-off. Consider two cases with different cut-off depths 

to assess the difference in uplift pressures underneath the structure. Figure 2-6 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 Figure 2-7. The drop across the cutoff is from 24 to 18 feet of pressure head. The results for a 20-foot 

cutoff are shown in Figure 2-7 on the right side. Now the drop across the cutoff is from 24 to about 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 quickly compare alternatives. 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 

conductivity 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, 

but the change resulting from various cut-off depths will be of value. The total flux is 6.26 x 10-3 ft3/s for 

the 10-foot cutoff and 5.30 x 10-3 ft3/s for the 20-foot 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. Identify governing parameters 

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

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 simulations, keeping all variables constant except for one, makes it 

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

in Figure 2-8. 

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 issue, then efforts can be concentrated on what 

needs to be done to foster the plant growth. 

 
















































































































































































































































































































