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INTRODUCTION

This paper presents the latest results of the ongoing program entitled,
"Standard Problems for Structural Computer Codes", currently being worked on
at BNL for the USNRC, Office of Nuclear Regulatory Research. During FY 1986,
efforts were focussed on three tasks, namely, (1) an investigation of ground
water effects on the response of Category I structures, (2) the Soil-Structure
Interaction Workshop and (3) studies on structural benchmarks associated with
Category I structures.

The objective of the studies on ground water effects is to verify the
applicability and the limitations of the SSI methods currently used by the
industry in performing seismic evaluations of nuclear plants which are located
at sites with high water tables. In a previous study by BNL (NUREG/CR-4588),
it has been concluded that the pore water can influence significantly the
soil-structure interaction process. This result, however, is based on the
assumption of fully saturated soil profiles. Consequently, the work was
further extended to include cases associated with variable water table
depths. In this paper, results related to "cut-off" depths beyond which the
pore water effects can be ignored in seismic calculations, are addressed.
Comprehensive numerical data are given for soil configurations typical to
those encountered in nuclear plant sites. These data were generated by using
a modified version of the SLAM code which is capable of handling problems
related to the dynamic response of saturated soils.

Further, the paper presents some key aspects of the Soil-Structure
Interaction Workshop (NUREG/CP-0054) which was held in Bethesda, MD on June
16-18, 1986. This workshop was set up with the following objectives: (1) to
examine the SSI related licensing concerns and various procedures and
alternatives jointly by the regulators, practitioners, researchers, utilities
and other interested groups in the light of the recent analytical and
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experimental development; (2) to examine the areas of greater uncertainties
and means to address them; (3) to review the licensing criteria in the SSI
area with an overall view and discuss suggestions to improve the licensing
process; and (4) to present results of recent USNRC research. During the
workshop the emphasis was placed on particular aspects related to the
Unresolved Safety Issue (USI) A-40, "Seismic Design Criteria".

Finally, recent efforts related to the task on the structural benchmarks
are described. The objective of this task is to develop benchmark problems
which can be used to validate methods and computer codes used by the industry
in making predictions of the behavior of Category I structures. Each bench-
mark consists of an experimental observation which is compared with code pre-
dictions. The structural loads, the response characteristics as well as the
uncertainties in strength are discussed for one benchmark problem, namely a
shear wall benchmark.

INFLUENCE OF GROUND WATER ON SSI

Soil-structure interaction evaluations of nuclear category I structures
are typically performed using continuous or finite element methods which
assume that the foundation medium is of the dry type. Under this program, BNL
developed a methodology which extends currently available SSI methods to
include pore water effects in seismic response evaluations of nuclear struc-
tures located at saturated sites. The method was implemented into a computer
code which was subsequently used to develop response solutions for the case
involving rigid footings resting on saturated uniform deposits
(NUREG/CR-4588). The results obtained show that the pore water causes the
horizontal mode of the response to increase by more than 50%. Furthermore,
the radiation damping associated with rocking mode increases by a factor of
more than two as compared with the case of the dry foundation. The frequency
variation of the rocking stiffness is further modified due to the influence of
the pore water. Finally, with respect to the vertical response it was found
that the damping increases by factors of more than four.

The studies performed for the footing case were then extended by consid-
ering a model of a typical containment building. Numerical results obtained
by BNL indicate that due to the pore water pressure, the rocking response of
the reactor containment was significantly reduced.

More recent work on this subject dealt with saturated sites in which the
ground water table was located at some depth below the ground surface. The
objective was to generate criteria to allow the analyst engineer the ability
to judge when ground water effects are significant for a particular problem.
For this purpose frequency-dependent interaction coefficients were obtained
for typical foundation configurations in which the water table depth was
treated as a free parameter. These coefficients were plotted together with
the corresponding results from the dry case.

In order to develop solutions for interaction coefficients, a variety of
calculations were made using the finite element computer program developed
previously (NUREG/CR-4588). For the two-phased soil-fluid system, the govern-
ing equations of motion were discretized into a set of nodal equations for the
skeleton displacements and the relative water displacements. For any given



frequency of steady state motion, the numerical solution is obtained, from
which the corresponding soil and pore water stresses can be calculated.

The specific problem investigated is shown in Figure 1. A rigid surface
footing of width 2a is located at the surface of the elastic halfspace and
moved in the three coordinate directions (horizontal, rocking and vertical
modes) in a steady state manner, from which the total forces developed on the
footing are calculated. The corresponding influence coefficients are then
determined as a function of frequency of the steady state motion. All the
data generated is then plotted as a function of dimensionless frequency

X = aft/Vs

where a is the half footing width, Q. is the input freauency of the steady
state motion and Vs is the shear wave velocity of the dry soil. The specif-
ic properties of the soil and water used in the calculations are defined in
Figure 1. These are typical for a relatively stiff silty sand.

As mentioned previously, the primary goal of this numerical study
has been to determine the influence of the depth to the ground water table
(GWT) on the standard interaction coefficients. In the previous study
(NUREG/CR-4588), calculations were made for the two cases of either fully
saturated soil (GWT at the ground surface) or dry soil (GWT at infinite
depth). In this study, the computer program was modified to allow for placing
the ground water table at various depths, considering the soil above the GWT
as dry. In all the calculations performed, a simplified one-dimensional
transmitting boundary was used. As will be seen in some of the following
data, this simplified transmitting formulation is reasonably adequate for
these calculations. However, in studying more realistic problems, an improved
two-dimensional formulation is required. A continuum type of formulation
which can be used to generate consistent transmitting boundary was also
developed (NUREG/CR-4784).

Calculations were performed with different mesh sizes, i.e., shallower
mesh and the deeper mesh. In all cases, the bottom and side boundaries are
subjected to the one-dimensional transmitting boundary condition mentioned
above. Obviously, the required symmetry conditions are applied on the left
boundary.

Next, results are discussed for the finite element mesh which is shown in
Figure 2. This is made up of uniform rectangular elements, fourteen laterally
(B/A = 7) and eight vertically (D/A = 4). Based upon previous calculations,
this mesh is adequate to treat wave propagation up to a dimensionless frequen-
cy of 2.5 to 3. All calculations presented herein are thus limited to a maxi-
mum dimensionless frequency of 2. Calculations were then performed for a
variety of configurations, moving the GWT from the ground surface to a depth
specified by H/A = 3.5 (seven elements below the footing). Figure 3 presents
horizontal interaction coefficients (stiffness and damping) for a variety of
the depth to the GWT. As may be noted from the lower figure, the damping
coefficient rapidly decays from the fully saturated case to the dry case,
until at a depth ratio of 1.0, at which the damping coefficients are



essentially identical to the dry problem. From the upper plot of Figure 3,
however, it may be noted that the horizontal stiffness coefficient does not
quickly converge to the dry case. Similar data is shown in Figure 4, which
shows additional results for the lower depths to the GWT. As can be seen, the
damping coefficients still show the independence with the GWT at these depths,
with the stiffness coefficients essentially showing relatively uniform results
below a dimensionless depth of 2.0.

Similar data using this model for the rocking stiffness and damping are
shown in Figures 5 and 6. As may be noted, the damping essentially approaches
the dry data at depths below 0.5 while the rocking stiffness converges to the
dry case at depths of 1.5. The small differences at the higher frequencies
probably are unreal if actual material damping effects were considered in the
calculations. All the data at the deeper depths shown in Figure 6 show
essentially complete agreement with the dry data at depths below 1.5.

SOIL STRUCTURE INTERACTION WORKSHOP

The objective of this workshop was to discuss licensing review criteria
and related issues in Soil-Structure Interaction (SSI) area and obtain some
guidance to assist the NRC staff in the upcoming revision of the SSI related
Standard Review Plan (SRP) sections. Further, the specific objective of the
last of the workshop session, was to present summaries prepared by each of the
panels of the previous four sessions. It is remarkable that this workshop was
extremely successful in achieving both of the objectives. Discussions
throughout the workshop remain focused on the broader review criteria related
issues. The summaries presented by moderators of technical sessions were
prepared after lengthy discussions among panel members. These summaries not
only provided definite guidance useful for the development of licensing review
criteria but also addressed the specific issues and questions identified in
the workshop program.

Time and again, thoughout the workshop beginning with Harold Denton's
opening address, it was observed that it is necessary to avoid the compounding
of conservatism in each step (seismic input, site analysis, SSI analysis,
etc.,) of the seismic analysis/design process such that final results do not
contain unquantifiable, excessive conservatism. In order to do so, the
effective interaction between different desciplines, such as seismology,
geotechnical and structural, involved in the seismic design process is very
crucial. The effective interaction should lead to clear understanding of
needs of different desciplines and assumptions used in various steps, thus
providing consistancy between various steps. The interaction between the
regulatory agency and the design organization was also discussed. Some of the
foreign participants indicated that the licensing review process in their
countries was more interactive and started early enough to establish
acceptable technical approaches prior to the detailed designs. The concern
with excessive conservatism also led to a discussion of performance versus
prescriptive requirements. Desirability of specifying a performance criterion
over prescriptive requirements were expressed by a number of participants. A
truly performance criterion may allow one to perform an analysis using best
available techniques and then adding known margin to the final design.
However, it was noted that a true performance criterion, in terms or
probability of exceedance of some critical parameter, may not be feasible.



The degree of prescriptsveness could also vary depending on how explicitly and
systematically one accounts for uncertainties in each step of the analysis.
In any event, the staff's proposed revision in the SSI area is very likely to
be less prescriptive than the current version.

The objective of Session 2 was to apprise the audience of the
state-of-the-art approaches for ground motion estimation. In this light, four
currently used approaches were discussed. The ensuring discussion, again,
greatly emphasized the interactions between engineers and seismologists to
best define the ground motion parameters to achieve the desired
desing/analysis objectives. A need for revising Appendix A to 10 CFR Part 100
was also discussed. It was noted that in the U.S. the regulatory process is
primarily geared to satisfy the legal requirements and technical
considerations, in many cases, are secondary.

In Session 3, with respect to the seismic input to be used in the SSI
analysis, the importance of the site effects and the use of the site-specific
spectra (defined at finished grade or rock surface) were emphasized. The past
experience of using a broad-banded site-independent spectra in a SSI analysis
has led to some inconsistent results. The discussion in Session 3 centered on
the most controversial element of the current licensing criteria, that is the
location if input motion for SSI analysis. The current requirement of
defining the control motion at the foundation level in the free-field was
examined and discussed at great length.

With respect to the current requirement for SSI methodologies, it was
noted that licensing review criteria should not try to regulate "misuse" or
"abuse" certain SSI methods or procedures; however, the proper implementation
of these procedures should be assured through some other means. In this
light, a number of participants pointed out a need for developing simple
models to identify critical parameters and to judge the adequacy of the
results obtained from a complex analysis. Sensitivity studies and systematic
parametric variation should be a part of an SSI analysis.

In Session 5, four invited papers were presented. These papers described
some of the more pertinent sources of data (both currently available and
planned) that can be used to verify soil-structure interaction methods. These
papers also described some correlation studies that were performed using the
data to validate various aspects of the SSI problem, A fifth paper was
presented by staff of ENEA-Fast Reactor Department (Italy) describing an
experimental program being conducted as an integral part of the construction
of a breeder reactor. The data sources discussed were: (1) Fukushima, (2)
Humboldt Bay, (3) Lotung experiments in Taiwan, (4) SIMQUAKE experiments, (5)
HDR shaker tests in Germany, and (6) Japanese shaker and high explosive
tests. Much of the discussion regarding correlation studies centered on the
liftoff problem. It was generally agreed that this was only important for the
higher level earthquakeSc



The NRC staff, with consideration of the above have discussed general
observations and specific conclusions and recommendations of each of the
technical panel sessions. The staff is currently preparing the draft revision
of the affected SRP sections. These sections will be issued for public
comment prinr to finalizing the staff acceptance criteria.

STRUCTURAL BENCHMARKS

BNL efforts associated with the task of developing structural benchmarks
for Category I structures was begun during the last quarter of FY 1986. The
objectives of this phase of the overall program are to:

1. Locate experimental data that is useful for benchmarking problems.

2. Relate the parameters of the experimental conditions to nuclear power
plant structures and loadings of interest. The program is focused on the
seismic response of Category I, shear wall structures.

3. Generate computer solutions for the selected benchmark problems.

4. Correlate the computer solutions with the experimental data. These
correlations may then be used to establish the acceptance criteria by
which other methods and computer programs may be evaluated when compared
with the experimental benchmark data.

BNL examined the data collected on the shear wall tests performed and
planned to be performed at Los Alamos National Laboratory. An extensive
series of tests are being performed on 1/30 to 1/4 scale model shear wall
structures. Both stiffness and strength characteristics of the walls and
assemblies of walls are being measured. Stiffness characteristics at both low
and high stress levels are considered. These tests have been under way since
FY 1980.

The reports describing the work performed to date and the planned work
were reviewed. A visit was made to Los Alamos on August 26, 1986 during which
the program was discussed with Los Alamos personnel. The measured stiffness
of walls have been significantly less than that predicted by standard strength
of material models (typical of those used in modeling nuclear power plant
structures). It is possible that this reduced stiffness results because of
the boundary conditions existing in the tests which are likely different from
those found in power plant structures. The loads were applied to the test
structures at a point rather than distributed across the top surface of the
wall, representing one of the differences with prototype walls. The second
difference occurs at the base of the wall. The test walls were clamped to the
load frame and lift off likely occurred for some of the walls.

A SAP finite element model of one of the test walls was developed at BNL
to investigate the effects of these boundary conditions. Five runs were made
as follows:



Base Computed Stiffness/
Run # Input Load Boundary Condition Theoretical Stiffness

1 Dist. Across Top Fully Fixed 0.911
2 Concentrated Fully Fixed 0.540
3 Concentrated Release 30% Base 0.371
4 Concentrated Release 10% Base 0.511
5 Concentrated Release 40% Base 0.202

As may be seen in problems 1 and 2, the application of a concentrated
rather than distributed load reduces the stiffness of the wall to 54%. The
base support results in further reduction.

The work under the Structural Benchmarks Program will be continued during
FY 1987. Particularly

1. The literature review begun during the past year will be completed,
There is an extensive body of literature dealing with shear wall
problems. It is essential that this review be performed in a selective
manner so that the scope is manageable. The significant problems
(uncertainties) as defined in the following task will be used to identify
the types of shear wall problems that are of interest. Preliminary
screening of data sources will be used to limit the scope of the review
and to focus the review in problems of principal interest.

2. The list of uncertainties identified under this task will be expanded.
As the literature review proceeds, the data sources will be evaluated
against the uncertainties. The goal in selecting benchmark problems will
be to obtain a cross section of problems that relate to as many of the
uncertainties as possible.

3. Computer solution will be developed for each of the benchmark problems.
Acceptance criteria will also be developed which may be used to test the
acceptability of alternative methods of solution.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency or the United States
Government Neither the United States Government nor any agency thereof, nor any of their
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process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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Figure 1 - Rigid Footing Atop an Elastic Soil in a Two-Dimensional
Plane Strain Configuration
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Figure 3 - Horizontal Interaction Coefficients Using Model 1 For
A Uniform Soil
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Figure 4 - Horizontal Interaction Coefficients Using Model 1 For
A Uniform Soil
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Figure 5 - Rocking Interaction Coefficients Using Model 1 For
A Uniform Soil
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Figure 6 - Rocking Interaction Coefficients Using Model 1 For
A Uniform Soil


