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1. Introduction

As the failure of nuclear power plants subject to
earthquakes can cause enormous economic and social
losses, their structural safety is considered important [1].
Conventionally, the safety evaluation and response
prediction of a structure subject to earthquakes requires
introducing a physics-based-model (e.g., finite element
(FE) model) [2-4]. However, a conventional approach
may have limitations, particularly when the introduced
physics-based-model is complicated and needs to be
analyzed for a large number of uncertainty factors and
earthquake ground motions, because such a structural
dynamic analysis using a sophisticated FE model can be
computationally expensive.

To overcome the research challenge, in the recent
years, data-driven approaches have been applied
extensively [5]. For the data-driven prediction on the
response of a complicated structure, the structural
responses of a target structural system for various values
of random variables and several earthquake excitations
need to be collected first [6,7], which requires repeated
FE simulations. However, it is often impractical to
perform a large number of FE simulations while
changing the FE model parameters manually.

This paper presents a new computational platform,
Monte Carlo ABAQUS, which enables automated FE
analyses. Among various software packages of structural
analysis, ABAQUS [8,9] was selected because it is
widely used for various structures including nuclear
power plants. The automated structural analysis platform
can generate an expected number of random samples
based on Monte Carlo simulation (MCS). Then, the
corresponding input files are generated, and FE
simulations using ABAQUS are performed. Finally, the
analysis results are collected. Monte Carlo ABAQUS
automates all these processes, making it easy to collect
structural response data for the response prediction of a
structure.

2. Developed Platform: Monte Carlo ABAQUS

Monte Carlo ABAQUS is the combination of MCS,
which is a widely-used sampling-based method, and
ABAQUS. The overall process of Monte Carlo
ABAQUS consists of three steps: (1) random sample
generation, (2) ABAQUS input file modification, and (3)

ABAQUS simulation and response collection. The
operation process of Monte Carlo ABAQUS is briefly
shown in Fig. 1.
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Fig. 1. Operation process of Monte Carlo ABAQUS

The first important step of MCS is typically random
sample generation for random variables (RVs) which
contain the uncertainty associated with a structure, and
this is the same for Monte Carlo ABAQUS. Based on the
prescribed statistical information about m RVs, Monte
Carlo ABAQUS generates N samples sets. In this study,
the developed computational platform was mainly
constructed in MATLAB because it provides several
built-in functions for random sample generation with
various probabilistic distributions (such as normal,
lognormal, exponential, and Gumbell distributions).

Once random sample sets are generated, the original
ABAQUS input file (i.e., in the “*.inp” file format) is
automatically modified to have the corresponding
random sample values. For the task, special marking
techniques are applied to the original ABAQUS input file,
which allows MATLAB to recognize the locations and
original values of the RVs that need to be modified.

Then, ABAQUS simulations are performed using the
modified input files. ABAQUS analysis can be ordered
by using commands in the DOS mode, and MATLAB
enables this ABAQUS control. In addition, Monte Carlo
ABAQUS contains a Python-based interface code which
enables the access to “*.0db” file, the output database of
ABAQUS. Among the various structural responses
accessible within the output file such as displacement,
force, and stress, Monte Carlo ABAQUS selectively
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extract and stores only the desired kinds of data.
Techniques similar to those mentioned above have been
applied in previous studies [10-12], and these techniques
were modified so that they can be applied to MCS and
used in this computational platform. Eventually, through
this process, N structural responses can be automatically
obtained for N random sample sets.

3. llustrative Example

To illustrate the developed computational platform, it
is applied to a simple hypothetical wall structure. The
ABAQUS model of the example structure is shown in
Fig. 2. As shown in the figure, it is assumed that the wall
is fixed to the ground (i.e., bottom), and it is subjected to
a uniform transverse load.

Fig. 2. ABAQUS model of illustrative example

In this example, there are assumed to be three RVs
about density, elastic modulus, and load. One of the key
techniques of Monte Carlo ABAQUS is to automatically
modify the original ABAQUS input file in accordance
with the generated random sample sets of RVs. As
described in Sec. 2, Monte Carlo ABAQUS introduces
special marking techniques, and Fig. 3 shows a part of
the original and modified ABAQUS input files.

** MATERIALS ** MATERIALS

*k *k

*Material, name=Material-1 *Material, name=Material-1

*Density *Density

500., Y% 1 % 500.%,
*Elastic *Elastic

1.9¢+08, 0.3 % 2 % 1.9¢+08 %, 0.3
Kk dk

** LOADS ** LOADS

®k *%

** Name: Load-1 Type: Pressu  ** Name: Load-1 Type: Pressu
*Dsload *Dsload
Surf-1, P, 1000. Surf-1, P,% 3 % 1000. %

(a) (b)
Fig. 3. (a) Original and (b) modified ABAQUS input files

First, the number of each RV is placed between two %
symbols. At this time, the RV number must be the same
as the one used when generating random sample sets.
Next, the value that needs to be modified is enclosed with
the following % symbol. In this way, Monte Carlo
ABAQUS can recognize the locations and original
values of RVs and modify the ABAQUS input files.

To test the computational platform, in this example,
1,000 samples are generated for each RV, which means
a total of 3,000 random numbers for all RVs (i.e., m=3,
N=1,000). In addition, the maximum displacement on top
is extracted from the output file after each FE simulation,
and a total of 1,000 top displacements are automatically
collected. Fig. 4 shows the histogram of these values.
Although Monte Carlo ABAQUS is applied to a simple
structure in this study, it will be applied to more
complicated structures in an actual nuclear power plant
subject to earthquakes. It is expected that the collected
data allow us to predict the seismic response and detect
the anomaly of the target structure efficiently.
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Fig. 4. Histogram of maximum displacements on top

In addition to such a structural response dataset, as a
byproduct, Monte Carlo ABAQUS can provide the
failure probability of a structure for a given limit state, as
in a typical MCS. For example, in this study, the limit-
state function g(x) is assumed to be as follows:

g(x):l.OxlO’5 —d(x) @))]

where x is the vector of random variables and d is the top
displacement. Typically, g(x)=0 represents the failure of
a structure in reliability analysis. In this example, it
means that the wall structure fails when its top
displacement exceeds 1.0X1075. Then, the failure
probability can be obtained by dividing the number of
failure cases by the total number of samples, and it is
calculated as 0.153 (=15.3%) in this example. Fig. 5
shows how the probability obtained from MCS
converges as the number of samples increases. The
coefficient of variation of the failure probability result
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for 1,000 samples is estimated to be
[(1-0.153)/(1,000<0.153)]%5=0.074, which is at an
acceptable level.
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Fig. 5. Probabilities from MCS with increasing number of
samples

4. Conclusions

In this study, a new automated computational platform of
structural analysis, Monte Carlo ABAQUS, is developed
for data-driven prediction on structural responses. The
overall process of Monte Carlo ABAQUS can be
summarized in three steps: (1) random sample generation,
(2) ABAQUS input file modification, and (3) ABAQUS
simulation and response collection. The developed
platform was constructed in MATLAB, which makes it
possible to control ABAQUS automatically. In addition,
Monte Carlo ABAQUS introduces special marking
techniques so that the locations and original values of
RVs can be recognized. The computational platform is
tested through its application to a simple hypothetical
wall structure, and the structural response of interest (i.e.,
top displacements) is successfully obtained for 1,000
samples. It is also confirmed that the failure probability
of a structure for a given limit-state function as a
byproduct. Monte Carlo ABAQUS will be applied to
more complicated structures in an actual nuclear power
plant, and it is expected that the collected data allow us
to predict the seismic response and detect the anomaly of
the target structure efficiently.
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