
Analysis Methods 

Applying the Finite 
Element Method to 
Practical Use in 
Geotechnical Engineering 

Proper use of the finite element 
method does not mean 
employing it as an end in itself; 
its application still requires 
data collection and sound 
engineering judgment. 

• Consolidation. (with two-dimensional 
drainage and nonlinear behavior). 

However, the finite element method has not 
freed geotechnical engineers from the necessity 
to understand geology and site conditions well, 
to measure soil and rock properties with care, to 
understand the phenomena that control behav
ior and to take construction processes into ac
count in a realistic way. No method of analysis 
can eliminate the need to do those things. Thus, 

J. MICHAEL DUNCAN the finite element method has not affected the 
basic requirements for good geotechnical engi-
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technical engineers from having to base . tion to these fundamentals, it has produced 
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properties and boundary conditions. The merge real problems beneath a sea of largely ir
method has removed many limitations from relevant computer output. A brief examination 
everydayanalyses,makingitpossibletoanalyze: of three examples where the finite element 

• Stress and deformation (with nonlinear 
soil properties); 

• Soil-structure interaction (modeling con
struction sequence); 

• Seepage (modeling hydraulic properties 
as well as they can be known); and, 

method has been particularly useful can help in 
establishing its proper application. 

Port Allen Lock 
Port Allen Loe~ was one of the first applica
tions of the finite element method to soil
structure interaction (see Figure 1).1 The lock 
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FIGURE 1. A cross-section view of the Port Allen Lock, with a base pressure profile below. 

chamber is about 75 feet wide by 75 feet high by 
1,100 feet long. The soils at the site were so deep 
that conventional pile-supported lock walls 
were not suitable; instead, an integral U-frame 
lock chamber was used. The structure was de
signed and built in the late 1950s, before the fi
nite element method was developed. Because it 
was so well instrumented, it provided an excel
lent opportunity to compare results of finite 
element analyses to actual field behavior in a 
complex soil-structure interaction problem. 

The base slab is about 10-foot thick, heavily 
reinforced concrete, poured in three lifts. Con
struction of the slab was modeled three ways 
(see Figure 2): 

• One lift-stiff slab: The calculated deflec
tions were smaller than those measured. 

• One lift-dense liquid: The calculated deflec
tions were larger than those measured. 

• Two lifts: Dense liquid when placed, stiff 
after placement. The calculated and meas
ured deflections were in good agreement. 

The example of the Port Allen Lock illus
trates the importance of simulating closely 
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what actually happens in the field to achieve 
useful results. 

New Melones Dam 
The New Melones Dam, shown under construc
tion in Figure 3 (on page 78), was designed by 
the Sacramento District of the Corps of Engi
neers. The objective of the analysis was to pre
dict how much movement would occur during 
construction of this 670-foot high central core 
rockfill dam. By comparing measured and com
puted movements as the dam was built, it was 
possible to determine whether the dam was per
forming within a "normal" range of behavior.2 

Two analyses were performed, using stiff 
and not-so-stiff properties for the core and the 
shell. The movements measured in the field 
compared well with the results of the analysis 
performed using stiff properties. The second 
analysis indicated movements on the order of 
50 percent larger. Figure 4 ( on page 78) shows a 
comparison between measured and computed 
cross-valley movements. Comparisons made 
throughout construction indicated very clearly 
that the field behavior was at the favorable end 
of the expected range. 



Dam 2 Powerhouse 
on the Arkansas River 

Another step forward provided by the finite 
element method is the ability to analyze condi
tions where there is some, but not complete 
drainage (some dissipation of excess pore pres
sures, but not complete dissipation of excess 
pore pressures). When coupled finite element 
analyses are used, there is no need to define the 
problem as completely drained or completely 
undrained, a simplification that is necessary in 
many other types of analyses. 

Figure 5 (on page 79) shows the excavation 
for the Dam 2 Powerhouse on the Arkansas 
River. The headrace channel walls range from 0 
to about 90 feet high, the powerhouse walls are 
about 90 feet high and the tailrace channel walls 
range from 0 to about 90 feet high. All of the 
walls visible in Figure 5 are concrete diaphragm 
walls cast in slurry-filled trenches. The headrace 
and tailrace walls were supported by passive 
pressure at the bottom and by a single line of an
chors tied to massive deadman structures at the 
top. The powerhouse walls were supported by 
six rows of prestressed grouted anchors during 
excavation and by the powerhouse structure af
ter it was completed. The site was surrounded 
by a plastic concrete cutoff wall to control seep
age and make dewatering possible. 

Movements of the powerhouse walls during 
construction were analyzed using the finite ele
ment method.3 The analyses were performed us
ing a new finite element program called SAGE. 

Figure 6 ( on page 79) displays the effective 
stresses and pore pressures at the end of power
house excavation in December 1995. There is a 
zone beneath the powerhouse where negative 
pore pressures developed during excavation 
have not yet dissipated. A discontinuity in pore 
pressure contours can be seen at the right side 
of Figure 6 atthe location of the seepage cutoff. 

Figure 7 (on page 80) shows conditions about 
three years later, in September 1998. Groundwa
ter had reached essentially a steady flow condi
tion and the negative pore pressures that devel
oped during excavation had dissipated. 

What Has Changed? 
The finite element method, and computers in 
general, provide analysis capabilities that were 
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FIGURE 2. Three models for slab construc
tion (Port Allen Lock). 

completely unavailable before 1960. Without 
those capabilities, geotechnical engineering 
analyses were often very time-consuming 
undertakings. 

A review of the studies Karl Terzaghi made 
of the settlements of the Long Beach Steam 
Power Station on Terminal Island presents a 
good example of how sound geotechnical engi
neering analyses used to be attained. That proj
ect was very important (a major power plant 
was in the process of settling 25 feet) and it was 
difficult (neither values of compressibility nor 
boundary conditions were easily determined), 
and there were major difficulties in estimating 
the magnitudes of the settlements that would 
ultimately occur. 

It is interesting to see, in Terzaghi's corre
spondence with his client, how the difficulties 
of performing analyses limited what could be 
accomplished in the way of predicting the 

CML ENGINEERING PRACTICE FALL/WINTER 1999 77 



FIGURE 3. The New Melones Dam under construction. 

course of future settlements. In one letter, he 
discussed the computations he wanted done in 
order to compare measured settlements with 
the settlements computed using various as
sumptions regarding compressibility and time 
lag. Terzaghi indicated that those calculations 
would take about two months. Needless to say, 

1200 

1100 

900 

800 

700 

600 

500 

Crest Elevation 
S1-1 

those computations could be done much more 
quickly today. Today, many engineers would 
approach this type of problem by performing 
parametric finite element analyses to match 
field observations and gain better insight on 
mechanisms. In 1958, however, such an ap
proach was not possible. 
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FIGURE 4. A comparison between measured and computed cross-valley movements. 
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FIGURE 5. Dam 2 Powerhouse excavation. 

The finite element method has done a great 
deal for geotechnical engineering. Before the fi
nite element method was available, 
engineering understanding of site conditions 
and phenomena often exceeded the ability to 
perform analyses, as in the case of the Terminal 
Island Power Station. Now, the ability to per-

form analyses usually exceeds the ability to de
fine site conditions. 

The amount of judgment and understand
ing required for good geotechnical engineering 
is exactly the same as it was before the finite ele
ment method was developed. The finite ele
ment method does not replace judgment or un-

FIGURE 6. Effective stresses and pore pressures at the end of the powerhouse excavation. 
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FIGURE 7. Effective stresses and pore pressures aboutthree years after powerhouse excavation. 

derstanding of geology, phenomena or 
properties. However, there is no doubt that 
when essential judgment and understanding is 
supplemented by appropriate finite element 
analyses that are appropriately interpreted 
geotechnical engineering capability and prac
tice are enhanced. 

Of course, the finite element method also 
can be misused. If finite element analyses be
come a substitute for data, understanding or 
judgment; if performing the analyses becomes 
an end in itself; or, if blind trust is placed in 
black-box computer programs, the result is un
likely to be useful, and more Hkely to be mis
leading and dangerous. However, where the 
method is used appropriately by capable geo
technical engineers, it has the potential for add
ing considerable value in many types of geo
technical engineering studies. 

NOTE-This article is based on a presentation at a 
technical session entitled, "What Has the Finite Ele
ment Method Done for (or to) Geotechnical Engi
neering?" held at the ASCE National Convention 
in Boston in October 1998. 
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