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Abstract: 
Why has The Gyeongju Cheomseongdae masonry structure, been safe for more than a thousand years to this 

day? I wonder how Cheomseongdae, who survived the 2016 Gyeonggi Earthquake, behaves in the earthquake. 

So i did 3D modeling of the Cheomseongdae. And it was dynamically tested through Ansys simulation. It is 

hoped that it can be used as a basis for the seismic research and preservation of seismic studies and laminated 

cultural properties by verifying the seismic design techniques of its ancestors. 
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I. Introduction 
 Why has The Gyeongju Cheomseongdae masonry structure, been safe for more than a thousand years 

to this day? According to records, the gyeongju area has experienced several earthquakes, and there are records 

of moderate earthquake damage in 779 a.d. and 1036 after the completion of the Cheomseongdae. Even in the 

event of such an earthquake, it is questioned why the Cheomseongdae, masonry building, has endured for more 

than a thousand years and is still safe to this day. Through this study, if you examine the characteristics of the 

ground based on the ground survey data for the vicinity of The Suptdae, the ground around The Shogunate is 

large amplification potential of the ground in the event of an earthquake, it is determined that the possibility of 

resonance with the Cheomseongdae structure is also large. Given the historical seismic record of the race, it is 

Cheomseongdae that the tidal structure, called The Suppand, has a full-of-life appearance in the modern era. 

Accordingly, 3D modeling for the Cheomseongdae was carried out. And the dynamic test was performed 

through the Ansys simulation experiment. And by performing a dynamic test through the Ansys simulation 

experiment, it is to experiment whether the role of the seismic performance of the seismic performance of the 

the Jeongja ston, binyeo ston, bottom stacked soil stone. In addition, we want to verify the "seismic design" 

technology of our ancestors and to awaken their superiority. Furthermore, we hope that it can be used as a basis 

for the study and preservation of seismic research and laminated cultural properties. 

 

II. Evaluation of Seismic Behavior for Cheomseongdae 
Review of the Cheomseongdae 

 On December 20, 1962, Cheomseongdae designated as National Treasure No. 31, is located at 839-1 

Inwang-dong, Gyeonggi Province, Gyeongsang Province. According to the literature, the exact solidarity is 

unknown, as it was written in the Three Kingdoms-like Shendeok Queen Ziggy Samsajo, but it can be seen that 

it was constructed in 632-647. It is also our precious cultural heritage, which is recognized as the oldest 

astronomical observatory in the Orient, which has preserved its original shape without repairto date.   

 It is divided into three parts. However, Cheomseongdae has the internal roughness and filling material 

between each member of the supplication and filling material, and look at the member form and the remain 

structure form in the upper 19-stage or more position, for the dynamic horizontal load, such as earthquake 

supplication itself it can be seen that it is equipped with a structure system that can be a significant resistance. 

And until the 12 steps of the house is composed of an internal filling material that forms a stable structure. 

 

3D Modeling of the Cheomseongdae 
 As shown in Figure no 1, Chemseongdae was modelled using Ansys simulation program. 
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Figure no 1: Process of the structure modelling. 

 

Valuation of Seismic Behavior 

Natural Frequency of Cheomseongdae: According to the existing actual results, the measured frequency of 

the seismic band is 4.52Hz in the north-south direction, 4.59Hz in the east-west direction, there was little 

difference in direction. Therefore, the analysis was assumed to be the natural frequency of the suppnotic band in 

both directions 4.5Hz. 

 

Dynamic Characteristics according to physical properties of joint:The masonry structure has a decisive 

effect on the behavior characteristics according to the frictional stiffness of the stacking surface. Therefore, the 

dynamic characteristics were analyzed while adjusting the stiffness of the line. The lower filling material was 

assumed to be a mixture of gravel and sediment. At this time, the stone and the line portion was modeled as a 

continuum, it was adjusted to the stiffness in a way to lower the shear elastic coefficient of the line. The stone 

was applied to the physical properties of Hwangdeungseok used in practice. 

 

 

Figure no 2: Mass of Chomsungdae. 
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Dynamic Characteristics of Seismic Waves: 

 

 

Figure no 3: Measured Position of Cheomseongdae. 

 

Seismic acceleration was applied to the commonly used Ofunato Data stress measurement was measured 

in base layer, 1st layer, 12th layer, 13th layer, 19th layer, 25th layer, 27th layer. Dynamic analysis results by 

seismic waves show a specific result by station position. It is showing a stable structure as an effective response 

to earthquakes. 

 

 

Figure no 4: Dynamic Analysis of Cheomseongdae. 
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Figure no 5: Static Analysis of Cheomseongdae. 

 

Dynamic characteristics according to the type of filling material 
 Depending on the type of filling material, the acceleration and displacement was interpreted by varying 

the fill material dynamic characteristics. The shear elastic coefficient of the experimental model was shown very 

low as 1Hz, which is shown to be the difference between the model and the actual peak band with the difference 

in frictional stiffness of the stacking line eye. Therefore, in this analysis, it was interpreted by taking into 

account the stiffness of the natural frequency value of the 4Hz of the actual peak band to compensate for the 

stiffness of the line eye and apply the elastic coefficient of 400 Mpa. 

 

 
Figure no 6: Structure with Filled Part. 

 

 

Figure no 7: Structure without Filled Part. 
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Figure no 8: Structure with Filled Part (sand). 

 

 

Figure no 9: Structure with Filled Part (sand clay). 

 

 

Figure no 10: Structure with Filled Part (sand gravel). 

 



Evaluation of Seismic Behavior for Cheomseongdae using Ansys simulation 

DOI: 10.9790/1684-1703051824                        www.iosrjournals.org                                                      23 | Page 

 

Figure no 11: Structure with Filled Part (gravel). 

 

 

Figure no 12: Structure with Filled Part. 

 

 The graph above (figure no 12) shows the natural frequency according to each of filling material, 

showing the lowest natural frequency in the sand (4.228Hz) and the natural frequency in the shear stiffness large 

gravel (4.593Hz) it appears the largest. As the mode grows, you can see the natural frequency increases, which 

is determined to be due to the various influences such as torsion as the high-order mode. 

 

III. Conclusion 

 The natural frequency of the modeled surface was measured almost similar to the existing results, 

assuming the dynamic characteristics with respect to some types according to the internal filling material state 

of the bottom structure and compared to the actual natural frequency. Thus, depending on the type of internal 

filling material, the results of studying the structural characteristics of the seismic group through dynamic 

characteristic experiments and comparison with the frequency of the natural frequency for the real thing and the 
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dynamic characteristics of the 3D model of the race supptomitrinous group was able to obtain the following 

conclusions.  

(1) When looking at the changes in the frequency of the natural frequency depending on the presence or absence 

of the internal filling material of Cheomseongdae, it was found that the Cheomseongdae was built to respond 

well to earthquakes. And it will also be an important resource for the preservation of Cheomseongdae 

 (2) There was no structural anxiety even if the stacked without filling soil inside the Cheomseongdae. This is 

analyzed to prevent the conduction of adjacent stone support and complementary relationships with each other 

because the cross-section of each layer is a circular cross-section. 

(3) If you do not put the material of Cheomseongdae, if you put the sand in the internal filling material and put 

the sand gravel, it was tested for several models, such as when putting gravel. As the stiffness of the filling 

material increased, i could find that the natural frequency increases. 

(4) The primary natural frequency of the Cheomseongdae was found to be 4.592° if gravel. This can be 

estimated that the texture of the current peak is very robust as a similar value when compared to the natural 

frequency measurement results of the real thing. Internal filling material will also mean that the shear elastic 

coefficient is likely to be mixed with gravel and soil, not low sediment. However, when looking at the results of 

the study analyzing the dynamic behavior characteristics of the ground in The Race province, the ground 

constant oscillations should be closely examined for the possibility of resonance to belong to the category of 

mainly 3.0Hz ~ 4.0Hz in the range of 2Hz to 8.8Hz, and it can be seen that the upper structure is vulnerable 

when analyzing the shear rate and displacement value. It is believed that attention should be paid to the 

management of the structure at the top. 
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