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1. Introduction 

 

PGSFR (Prototype Gen-IV Sodium Cooled Fast 

Reactor) has adopted a horizontal seismic isolation 

system [1]. Seismic response time history analyses for 

the seismically isolated reactor structure are performed 

for several cases. The maximum deformation of the 

isolator and the maximum acceleration responses of the 

isolated reactor building and reactor structure are 

calculated.  

The influential factors considered in analyses are the 

structural damping, the skeleton curve of the bilinear 

model featured by the limiting value of the primary 

stiffness and vertical resisting weight of the isolators.  

The full analysis model for the reactor, auxiliary and 

fuel buildings with the numerous elements[2] was 

simplified to shorten the computation time in the 

seismic response time history analysis using ANSYS[3].  

Using the analysis model, the seismic response 

analyses for an artificial time history (ATH) earthquake 

of 0.3g are performed by replacing the influential 

parameters and the result responses are evaluated. 

 

2. Configuration of analysis model 

 

The reactor building has a circular dome shape, with 

45,032 tons, as shown in Table 1, it is located at the 

center area of the PGSFR auxiliary building, which is 

connected to the reactor building at the common 

basemat and is excluded in analysis model. The reactor 

building includes a 1.5 m thick reactor support wall at 

the innermost side and a huge cylinder containment at 

the outside as shown in Fig.1. 

 A simple 8-node beam-mass model of the reactor 

structure is supported on reactor support wall at the 

innermost side [4]. This model weight is 1,997 tons. 

 

Table 1 Weight and dead loads of reactor structure 

and building 

Components Element type Thickness  
Weight 

(ton) 

RV base-mat Solid185 2.0 m  4,230 

Roof  Shell181 1.2 m 2,929 

Outer wall Shell181 1.5 m  21,094 

Rx structure 

support walls 
Shell181 1.5 m, 0.9 m 4,802 

Floor slab  Shell181 0.6 ~ 0.9 m  4,972 

Internal walls Shell181 0.3 ~ 0.6 m 5,006 

Rx structure   Beam4 & mass 
 

1,997 

Rx - building 

connections 
cerig   

 
45,032 

Floor dead loads Surf154 
25% ~ 125% 

(97.65 kg/m2) 
1,512 

 

3. Seismic response time history analysis 

 

3.1 Modal analysis 

 The natural frequencies of the analysis model was 

calculated with the primary horizontal stiffness (K1XY) 

of the isolator, which is about 100 times higher value 

than the secondary softening stiffness (K2XY) as 

shown in Fig.2. The natural frequencies are represented 

in Table 2. The first and second frequencies in 

horizontal are 1.9 Hz and 4.7 Hz, respectively. These 

are combined mode shapes of the horizontal isolation 

mode and the first bending mode of reactor building as 

shown in Fig.2. The first frequency in vertical direction 

is 9.08 Hz.  

The secondary softening stiffness (K2XY) of the 

isolator is actively influenced on the isolation response 

behavior for a strong seismic load over 0.3g. 

 

Table 2 Natural frequencies of reactor structure and 

building of PGSFR 
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3.2 Seismic response time history analysis 

In the seismic response time history analysis using 

ANSYS, the artificial time history (ATH) earthquake of 

0.3g was directly applied to the fixed lower basemat 

supporting the isolators of the analysis model.   

The seismic response analyses were performed for 4 

cases by changing the influential parameter values in 

Table 3.  

 

Table 3 Seismic responses w.r.t analysis input 

parameters 

Case 

No. 

Influential input parameters Maximum acceleration responses  

(g) 

Max. LRB 

disps. 

(mm) #1  #2  #3 

LRB, 

bilinear 

model, 

Qd (ton) 

Structural 

damping 

coefficients 

(α, β) 

LRB 

vertical 

resisting 

force 

(ton) 

RV 

support 

(330288)  

RV  

bottom 

(330195) 

Building  

top 

(137368) 

Basemat 

center 

(130026-

330026) 

x, y z x, y z x, y z x / y 

1 
25,044  

(10%) 

high 

structural 

damping 

 

α:1.736406 

β:0.00119 

1,268 

 

(122 % 

of 

average) 

0.051 

0.041 
0.389 

0.102 

0.043 
0.594 

0.057 

0.044 
0.957 240/250  

2 

250,442 

(100%)  

  

0.114 

0.103 
0.597 

0.132 

0.114 
0.957 185/195  

3 
low 

structural 

damping 

 

α:0.30947 

β:0.000475 

  

0.181 

0.130 
0.689 

0.136 

0.167 
1.122 310/250  

4 

1,036 

(45 

isolators, 

average) 

  

0.186 

0.152 
0.71 

0.210 

0.179 
1.17 277/223  

 

3.3. Seismic response analysis summary results  

The seismic response analysis results at selected 

points for the four model cases were evaluated with the 

expected ones. 

The model of Case 1 is that the limiting value 

(FSLIDE, Qd) of the primary stiffness in skeleton curve 

of the isolator’s bilinear model is decreased to 1/10. The 

Qd is a parameter affecting only for the horizontal 

response. The horizontal maximum acceleration 

response at the bottom of the reactor vessel (node 7) 

was about 0.1 g in Figs.4~5, and the maximum 

deformation of the isolators was calculated by 250 mm.  

The model of Case 2 is that Qd is set to the initial 

value (100%). The horizontal maximum acceleration 

response was increased by 10% to 0.11g from 0.1g at 

node 7 as shown in Fig.6, and the maximum 

deformation of the isolators was calculated by 195 mm. 

    The model of Case 3 is that the Qd is the same as 

Case 2 and the structural damping coefficient [α, β] of 

the analysis model is set to be smaller than the initial 

value so that the structural damping ratio[5] is less than 

5% for the frequency content between 3 Hz and 10 Hz 

as represented in Fig.3. As a result, the structural 

damping ratio applied is so high above 20% at the 

isolation frequency of 0.5 Hz. So, the damping 

coefficients are adjusted so that the maximum 5% 

structural damping is applied to the frequency content 

between 0.5 Hz and 33 Hz. Then, the horizontal 

maximum acceleration response was increased by 80% 

at node 7 to 0.18g, and the acceleration in the vertical 

direction was increased from 0.597g to 0.689g. The 

maximum deformation of the isolators was calculated 

by 310 mm, an increase of 59% over Case 2. 

In the model of Case 4, the parameter Qd is the same 

as Case 2, and the damping coefficients of the structure 

are the same as Case 3, the vertical support load of the 

isolator was reduced to 1,036 tons, which is equivalent 

to 10% increase of the seismic isolation frequency. The 

analysis results were represented in Figs.7~8. The 

horizontal maximum acceleration response was 

increased by 8% to 0.186 g at node 7, and the vertical 

acceleration was slightly increased from 0.689g to 

0.71g. The maximum deformation (277 mm) of 

isolators was reduced by 10%, compared to the Case 3. 

The maximum deformation of the isolators and a 

slight increase in the horizontal acceleration in Case 4 

were acceptable at the seismic isolation system design 

point.  

 

4. Seismic isolation effects compared to non-isolation  

 

For checking the seismic isolation effects, the seismic 

analysis results for two models of seismic isolation and 

non-isolation were compared. The vertical support load 

of the isolator is 1,036 tons and the Qd is the same as 

Case 4. Both models have the low structural damping as 

follows. 

 

- α = 0.30947 

      - β = 0.000475    
  

In the vertical direction, the acceleration response of 

0.71g was recorded at node 7 for the isolation model, 

and 0.83g for non-isolation model as shown in Fig. 9. 

The results were caused by the overall amplification of 

the seismic response near 10 Hz of the natural 

frequency of the reactor building in vertical direction. 

In the horizontal direction, the acceleration response 

of 0.19 g was recorded at node 7 for the isolation model, 

but the acceleration response of 1.3g for non-isolation 

model as shown in Fig.10. The seismic response 

acceleration in horizontal direction was reduced to 1/6 

level by the seismic isolation system. Most of the 

seismic input energy in the horizontal direction was 

absorbed by the seismic isolators.  

 

5. Conclusion  

 

The several parameters affecting on seismic response 

time history analysis were identified by using the 

seismically isolated analysis model.  

The acceleration response of the reactor structure is 

increased by the limiting value (Qd) of the primary 

stiffness in the skeleton curve of the bilinear model for 

the isolator. The structural damping coefficients should 

be determined so that an over-damping value at the 

isolation frequency of an isolated structure system is not 

allocated. 
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The seismic response acceleration in the vertical 

direction was not affected by the horizontal seismic 

isolation bearings, while the seismic response 

acceleration in the horizontal direction was greatly 

reduced to 1/6 level by the seismic isolation system. 
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Figure 1 Reactor structure (8 nodes) and building 

models of the PGSFR 

 

   

Figure 2 Mode shapes of the analysis model and 

isolator stiffness 

 

 

Figure 3 Rayleigh structural damping ratios for two 

coefficient parameter sets (low & high)  

 

 

Figure 4 Seismic acceleration responses at support of 

reactor vessel (low damping  of LRB) 

 

 

Figure 5 Seismic acceleration responses at bottom of 

reactor vessel (low damping of LRB) 
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Figure 6 Seismic acceleration responses at top of reactor 

vessel (low and high damping of LRB) 

 

 

 

Figure 7 Seismic acceleration responses at bottom of 

reactor vessel (low structural damping & high damping of 

LRB) 

 

 

 

Figure 9 Vertical seismic acceleration responses at bottom 

of reactor vessel (isolation & non-isolation) 

 

 

Figure 8 Seismic response deformation hysteresis of 

isolator (tons vs. mm) 

 

 

 

Figure 10 Horizontal seismic acceleration responses at 

bottom of reactor vessel (isolation & non-isolation)  

 


