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ABSTRACT

Presented here is a number of numerical analysis challenges for analysis of nonlinear behavior of Earthquake-
Soil-Structure Interacting (ESSI) Nuclear Installation (NI) systems, during static an dynamic loading. Pre-
sented is also a a summary of education, training and quality assurance activities that are necessary to develop

high quality numerical analysis of NI ESSI systems response for static and dynamic loads.

INTRODUCTION

Engineering design and assessment of soil-structure systems behavior requires knowledge about, competence
in and capability to analyze behavior of soils, structures and their interaction (SSI) for static and dynamic
loads. This is particularly true for nuclear installations, large, important objects for which safety and
economy dominates all phases of design and assessment. Engineering design and assessment of SSI systems
for static and dynamic loads requires use of efficient, sophisticated, quality assured, numerical analysis
tools. Practicing engineers, knowledgeable in statics and dynamics of soils and structures, need versatile,
efficient, sophisticated numerical analysis tools to explore different design options and to assess state of
existing objects for service and hazard loads. Analysis tools need to be capable to analyze SSI models of
different levels of sophistication, and to offer engineers capability to model all necessary components of the
SSI system. A number of analysis challenges need to be addressed for numerical analysis to develop high

quality results that are then used for design and assessment.

ANALYSIS CHALLENGES

Numerical analysis of earthquake soil structure interaction (ESSI) aims to develop understanding of the
realistic behavior of the ESSI systems for static and dynamic loads. Static loads are present before the

main dynamic, earthquake loading is applied. Static analysis is very important as most nonlinear, inelastic
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materials, soils, and structures, do have memory, that is, their nonlinear behavior will be influenced very
much by their prior, static and dynamic loading history. In a sense, when we discuss ESSI analysis, static
loading history prior to the main dynamic, earthquake loading is also as important, and so the ESSI analysis
encompasses both static and dynamic analysis.

A number of analysis challenges, that need to be addressed with certain level of sophistication, are
present. Analysis challenges are comprised of both modeling challenges, challenges that have to deal with
proper modeling of loads and material behavior, as well as algorithmic challenges that deal with space and
time discretization and use of proper numerical algorithms in order to properly solve numerical analysis

models.

MODELING ANALYSIS CHALLENGES

A number of modeling analysis challenges that need to be addressed exist. Modeling analysis challenges are

listed below:

- Modeling of realistic seismic motions that feature all three components icluding three translations and
three rotations (3C/6C). Simplifying assumption of using only one components (1C) motions needs to

be verified against using full 3C/6C components of motions.

- Modeling of realistic behavior of soil and rock materials that show nonlinear, inelastic, elastic-plastic

behavior and can be dry and/or partially or fully saturated.

- Modeling of realistic behavior of interfaces, joints, and contacts that show nonlinear, inelastic, elastic

plastic behavior.

- Modeling of realistic behavior of structure, systems and components (SSCs), beams, walls, plates, shell
made of steel and reinforced concrete, base isolators and dissipators, systems that feature nonlinear,

inelastic, elastic-damage-plastic behavior.

- Interaction of soil/rock — structure systems with fluids (water, air,etc.): (a) internal, within structure or

in pores of porous materials (soil, rock, concrete) and (b) external fluids in reservoirs, pools.

- Modeling of the complete SSI system with all realistic loads, realistic material behavior and realistic

interactions.

- Modeling of parametric uncertainty, aleatory uncertainty in material behavior and in loads.

Modeling analysis challenges need to be addressed with reqired level of sophistication as they add to the
modeling, epistemic uncertainty of developed results. Some simplification in modeling sophistication might
be made, however it is the task of responsible engineer to demonstrate that such simplifications are adequate

for the purpose of performed analysis.
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ALGORITHMIC ANALYSIS CHALLENGES

In addition to the modeling analysis challenges, numerical analysis brings in a number of challenges related
to discretization process and numerical algorithms that are used to solve underlying static and dynamic

modeling equations. Algorithmic analysis challenges are listed below:

- Challenges of proper spatial discretization of the continuum soil-structure systems into finite elements

for analysis of

- Elastic-plastic analysis with possible localization of deformation, for example for plastic hinges
in beams and plastic zones in plates, walls and shells, plastic shear zones in solids and interfaces,
- Propagation of seismic waves, motions of required frequency through the finite element mesh,

with elastic or elastic-plastic material behavior,

- Challenge of proper time discretization for linear and nonlinear ESSI systems, into finite time steps at

which ESSI systems response is analyzed.

- Challenge for high performance computing methods including parallel computations.

EXPERT ENGINEER, EDUCATION AND TRAINING

Expert engineer, analyst working on nonlinear analysis of nuclear installations needs to be properly educated,
trained and experienced. Education and training can be done through university courses, professional practice
short courses on nonlinear analysis. Expert engineers can also gain significant knowledge through self study
as a significant amount of learning material as well as a significant number of educational example are
available online. It is really important to note that education and training for capable nonlinear analysis
requires time! With proper education and training, competent, expert engineers can handle with ease all
the challenges noted above. Current experience show that some guidance from available, just in time (JIT)
education and training material, and occasional consultations with nonlinear ESSI analysis experts might be

required sometimes.

ANALYSIS QUALITY ASSURANCE

The main of this paper is on focus is on numerical analysis, that is overwhelmingly used nowadays for
design of new and assessment of existing nuclear installations SSI system response to static and dynamic
loads. In numerical analsys there always exists a numerical discretization error, an error that is omnipresent
due to space and time discretization process in numerical analysis. Numerical discretization error needs
to be thoroughly analyzed, understood and documented through a detailed verification process. Detailed

verification of all the components of the numerical analysis tool, program is essential for quality assurance of
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results. In addition, validation, using hight quality experiments is also an essential part of quality assurance
of results [13, 10, 12, 11, 5] It is noted that verification, that has to do with mathematics and computer science
is usually developed in more details. On the other hand, validation, that to do with mechanics, is requiring
high quality experiments of components, subsystems and complete system, is currently not as available, and

will require further development in the future.

ENGINEERING ANALYSIS SYSTEM

Engineering analysis challenges noted above were used as inspiration for the development of the Real-ESSI
Simulator system. The Real-ESSI Simulator (Realistic Modeling and Simulation of Earthquakes, and/or
Soils, and/or Structures and their Interaction [4]) is a numerical analysis system for high performance,
sequential or parallel, time domain, linear or nonlinear, elastic and inelastic, deterministic or probabilistic,
engineering analysis of ESSI problems. The system is developed to address all the modeling and simulation
challenges noted above. The system is also developed and used to provide engineers with analysis tools to
investigate design options and to develop high quality assessment for static and dynamic behavior of nuclear
installations ESSI systems [9, 14, 3,2, 6, 7, 8, 21, 20, 23, 22, 25, 24, 15, 17, 16, 18, 19, 1, 5]. The Real-ESSI
system features models, methods, and algorithms to address all of the above challenges. In addition, the
Real-ESSI system features extensive quality assurance effort and documentation [5]. The Real-ESSI system
web site http://real-essi.us provides an up to date list of models, methods and features. Moreover,
number of detailed manuals and documents, and a large number of examples, as well as access to the program
is available for local install, on MS Windows or Linux systems, or for use on cloud computers, for example

on Amazon Web Services.

CONCLUSION

Realistic behavior of nuclear installation ESSI systems for static and dynamic loads can be successfully
analyzed, provided that analysis challenges, noted above, are addressed. Realistic nonlinear, inelastic
behavior of all components and of a complete nuclear installation ESSI system has to be adequately modeled
using capable and quality assured nonlinear analysis programs, by competent and trained engineers, analysts.
Significant benefits in safety and economy from such realistic modeling can be gainded and should are used
to promote and encourage nonlinear analysis of nuclear installations. The Real-ESSI Simulator system is
one example of a nonlinear analysis program that has all the necessary models and algorithms for high
fidelity nonlinear analysis if nuclear installation ESSI systems. The Real-ESSI Simulator system features a
significant documentation and examples library Capable, competent expert engineer, can use the Real-ESSI
Simulator systems to improve economy of, and to assess safety for design basis and beyond design basis

loads for nuclear installations ESSI systems.


http://real-essi.us
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