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ABSTRACT

HANARO is a multi-purpose research reactor with a thermal power of 30MW. Systems and structures
related to the safety of the HANARO are classified as a seismic category . When an earthquake occurs, it is
necessary to take prompt action to obtain the seismic response information of the reactor building and the safety
related systems of the HANARO. A Seismic Evaluation System(SES) has been newly developed to evaluate
promptly the seismic safety of the reactor building and the safety related systems of the HANARO. After an
earthquake, using the seismic signal obtained from the field sensors, the SES can perform a 3-D seismic analysis
of the reactor building and a local analysis of the safety related systems in the HANARO building. In addition,
the SES has the capability of a graphical monitoring and document reporting of these seismic analysis and safety
evaluation results. The SES is used in the HANARO for the safety evaluation and analysis of an earthquake.
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1. INTRODUCTION

HANARO(Hi-flux Advanced Neutron Application Reactor) is a multi-purpose research reactor with a
thermal power of 30MW. Many systems and structures related to the safety of the HANARO are classified as a
seismic category 1. It is required that suitable instrumentation is provided so that the seismic response can be
evaluated after an earthquake. Since the start of the reactor operations, the seismic monitoring system has been
utilized for monitoring an earthquake at the HANARO site[1-4].

When an earthquake occurs, it is necessary to take prompt action to access the effects of the earthquake at
the reactor building and the safety related system of the HANARO. If the vibratory ground motion exceeding
that of the trigger level(0.01g) is perceived by the field sensor, it is necessary to determine whether a reactor
shutdown is required. Prompt reaction to access the effects of the earthquake at the reactor building and the
safety related systems of the HANARO helps the determination of the reactor shutdown.

The objective of this work is to develop a Seismic Evaluation System(SES) that can perform rapid
evaluations on the seismic safety of the HANARO after an earthquake[5]. In order to develop a SES, a three
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dimensional(3-D) structural model of the HANARO reactor building is developed. The database of the
DRS(Design Response Spectrum) of the HANARO reactor building is provided as a criterion for the seismic
safety assessment. The structural dynamic analysis program and floor response analysis program calculating the
seismic response and the FRS(Floor Response Spectra) of the reactor building are newly developed. To perform
rapid evaluations of the seismic safety of the HANARO reactor building, a MMI program that can manage the
operation of the structural dynamic analysis program and floor response analysis program is developed. The
functional capability of the SES operated by a MMI program is verified by a site acceptance test, the accuracy of
the analysis results for the developed analysis program is also verified through the comparisons with the valid
results.

2. METHOD FOR SESMIC SAFETY EVALUATON

The structural analysis, floor response analysis and seismic safety evaluation methods used in the SES are
described in the following subsections 2.1~2.3, respectively.

2.1 Modeling of the Reactor Building and Structural Analysis
The reactor building and safety related structures of the HANARO can be modeled using 3-D beam
elements and masses as shown in Fig. 1. The seismic responses due to an earthquake can be represented as Eq. 1,

Mi+Cu+Ku =-MU , Q)

where M, C, K represent the mass matrix, damping matrix, stiffness matrix of the reactor building model,
respectively. The U, u, u represent the acceleration, velocity, and displacement response at the nodes of the
structural model of the reactor building, respectively. The U, denotes the matrix of the seismic input that is

measured at the base slab of the reactor building.

Fig. 1 Model of HANARO reactor building for structural analysis

After an earthquake, by using the seismic signal obtained from the field sensors of the seismic monitoring
system[1-4] and the structural model of the reactor building, the SES can perform a 3-D structural dynamic
analysis. As for the results of the structural analysis, the response time history at the nodal points of the structural
model, U, u,and u of Eq. 1, are obtained by using the Wilson-6 method[6]. Fig. 2 illustrates the role of the
structural analysis program of the SES.
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Fig. 2 Structural analysis of the SES

2.2 Floor Response Analysis

The floor response analysis of the SES provides the seismic response spectrum at the nodal points of the
reactor building required for the assessment of the seismic safety of the HANARO building. As shown in Fig. 3,
the time history data obtained from the structural analysis is used as the input to the floor response analysis. The
floor response spectrum can be obtained by various numerical methods such as the piece-wise exact method, or
Newmark-g method, etc.[7]. The floor response spectra generated from piece-wise exact method are
automatically converted into the enveloped, broadened, and increased spectra in order to compare with the
corresponding DRS at each location of the reactor building model.
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Fig. 3 Floor response analysis of the SES
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2.3 Evaluation of Seismic Safety

Fig. 4 shows a schematic diagram on the seismic safety evaluation procedure of the SES. The database of
the Design Response Spectra(DRS) of the HANARO reactor building is provided as a criterion for the seismic
safety assessment. After an earthquake, the SES performs the evaluation of the seismic safety for the reactor
building and the safety-related systems by comparing spectral amplitudes of the generated floor response spectra
with that of the design response spectra.

Fig. 4 Seismic safety evaluation of the SES

Fig. 5 illustrates the seismic safety evaluation procedure for the n-th node of the structural model of the
reactor building. If the level of the floor response spectrum due to an earthquake is lower than that of the design
response spectrum, then the SES decides that the system is safe. If the level of the floor response spectrum is
higher than that of the design response spectrum, then the SES compares the floor response spectral value at the
natural frequency of the system with that of the design response spectrum. If the floor response spectral value at
the natural frequency of the system is larger than that of the design response spectrum, the SES decides that the
system located at the n-th nodal point is required for an inspection.
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3. DEVELOPMENT OF SOFTWARE FOR THE SES

The software for the SES consists of a structural dynamic analysis program, floor response analysis program,
and the MMI program[8]. The following subsections describe the capability of the developed programs briefly.

3.1 Development of the Structural Analysis Program

The structural analysis program is designed to perform a 3-D seismic response analysis of the HANARO
reactor building using the earthquake signal obtained from the tri-axial accelerometer located at the base slab of
the building and free field. The structural dynamic analysis program calculates a response time history, force and
moment at each nodal point of the structural model. Fig. 6 represents the execution window of the structural
analysis program.
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(a) Execution window of the structural analysis (b) Results of structural analysis

Fig. 6 Structural analysis program for SES

3.2 Development of the Floor Response Analysis Program

The floor response analysis program is designed to calculate the floor response spectra at the nodal points of
the reactor building. The time history data of the seismic response at each nodal point is used as the input to the
floor response analysis program. Fig. 7 shows the execution window of the floor response analysis program. The
program calculates the response spectra for four different damping values required for the seismic safety
evaluation.
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(a) Execution window of the FRS analysis (b) Results of FRS analysis

Fig. 7 Floor response spectrum analysis program for SES
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3.3 Development of the MMI Program
Fig. 8 represents the initial window of the MMI(Man-Machine Interface) program. The MMI program of the
SES is implemented using a Visual Basic language under Microsoft windows XP. The program is designed to

provide a user-friendly GUI(Graphic User Interface) environment, making the system setup and data display
quick and easy.
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Fig. 8 Initial window of the MMI program for SES

The newly developed SES is equipped with a seismic response analysis capability needed to process the
seismic data after an earthquake. Fig. 9 (a) represents the seismic analysis window displaying results of the
seismic events. The program calculates and displays the response time history and the response spectra required
for the seismic assessments at the HANARO site as shown in Fig. 9 (b).

(a) Seismic input at the base slab of the building (b) Seismic response analysis

Fig. 9 Seismic response analysis capability of the SES

The MMI program can evaluate the seismic safety of the reactor building and the reactor structure using the
seismic safety evaluation algorithm discussed in the subsection 2.3. Fig. 10 represents main window displaying
the seismic safety evaluation results of the SES. By using this capability, the user can get all information on the
seismic safety of the reactor building and the reactor structure. The blue mark on the node denotes that the nodal
point is safe. The red mark means a remarkable sign that an additional inspection is required at the location
related to the node.
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(a) Safety evaluation of the reactor building (b) Safety evaluation of the reactor structure

Fig. 10 Main window displaying seismic safety evaluation results of the SES

The MMI program is designed to provide a simple database menu for searching the information of the safety
related systems and the recorded data of the earthquake events as shown in Fig. 11 (a). In addition, the MMI
program displays and prints the analysis and evaluation results in report form as shown in Fig. 11 (b).

(a) Database management (b) Document reporting

Fig. 11 Database management and document reporting capability of the SES

4. SITE ACCEPTANCE TEST AND OPERATION

For the verification of the functional capability of the SES, a Site Acceptance Test (SAT) was carried out.
The software capability such as a seismic data display, seismic response analysis(e.g., structural analysis, FRS
analysis, etc.), the document reporting capability, and the data management capability of the MMI program have
been fully tested. In addition, the accuracy of the analysis results of the developed structural dynamic analysis
program and floor response analysis program are verified by comparing analysis results with those of a
commercial analysis program. Based on the results of the SAT, the requirements of the fabrication technical
specifications are satisfied.

In order to apply the SES to the HANARO operation, the operation manual of the SES was provided[8]. The
newly developed SES in this study is now operated in the HANARO for monitoring and analyzing the signal of
an earthquake.
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5.

CONCLUSIONS

The SES (Seismic Evaluation System) performing rapid evaluation on the seismic safety of a reactor

building has been developed. After an earthquake, using the seismic signal obtained from the field sensors of the
seismic monitoring system, the SES performs 3-D seismic analyses for the reactor building and the safety related
systems required for the assessment of the seismic safety of the HANARO building. In addition, the SES has the
post processing capability of displaying the analysis results graphically or in report form. It is expected that the
SES can be utilized for the evaluation of the seismic safety of the HANARO reactor building and the safety
related structures after an earthquake. Moreover, the seismic safety analysis technology developed in this work
may be utilized as a base technology for the design and development of the seismic safety evaluation system for
other research reactors or nuclear power plants.
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