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ABSTRACT

The main objective of this report is to evaluate the structural integrity accounting for creep 

and stress-rupture effect for the KALIMER reactor internal structures subjecting the normal 

reactor heat-up and cool-down transient operating cycles during 30 years of total life time. 

From the results of the structural damage evaluations, most parts of the reactor internal 

structures satisfy the limit rules of the structural integrity using ASME design code. However, 

the reactor baffle parts at elevation of the hot pool free surface slightly exceed the limit value of 

the total accumulated creep-ratcheting strain, then more detail structural analyses and 

evaluations for this region should be carried out to meet the design rules. 
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Fig. 1 Conceptually designed KALIMER reactor structures 



Table 1. Dimensions of Conceptually Designed KALIMER Reactor Structures

Items Outer Dia.
 (Cm) 

Thickness
(Cm) 

Material Remark 
(Cm) 

1.  Containment Vessel 737.0 2.5 2(1/4)Cr-1Mo Partial-spherical bottom 
head

2.  Reactor Vessel 702.0 5.0 316SS
Gap between RV and CV 

= 15.0 

3.  Reactor Baffle 687.0 2.5 316SS
Gap between RB and RV 

= 2.5 

4.  Support Barrel 374.0 5.0 316SS
Gap between SB and IHX 

= 16.925 

5.  Inlet Plenum 374.0 15.0 304SS
Upper Grid Plate T=10.0
Lower Grid Plate T=15.0

6.  Baffle Plate 687.0 2.5 316SS
Lower Baffle Plate T=2.5
Upper Baffle Plate T=2.5

7.  Separation Plate 687.0 10.0 316SS Circular Disk Type 

8.  Core Support 374.0(t) 
454.0(b) 

15.0 316SS Skirt Type, Height=60 

9.  Core 335.15 - - Gap between Core and SB
= 14.425 

10. Reactor Head 

11. Flow Guide 

12. Inlet Pipe 

13. Core Shield 

14. Former Ring 

15. EMP Nozzle 

737.0

660.0

45.08

248.0

358.0

125.0

30.0

2.5

2.54

15x3

10.0

2.5

304SS

304SS

316SS

316SS

316SS

316SS

Circular Disk Type 

4 EA 

3-Cylinder Type, Gap=3
Height=370 

Height=80 

* O.D. of IHX (4EA) = 120 cm 

* O.D. of EM-Pump (4EA) = 120 cm 

* T : Thickness 

* t, b : top, bottom
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Fig. 2 Concept of KALIMER reactor internal structures 
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Fig. 5 Finite element model for transient thermal analysis 
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Fig. 6 Used transient thermal cycle for heat-up and cool-down operation 
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Fig. 8 Temperature distribution along SB inner surface during refueling operation 

Fig. 7 Temperature distribution along SB inner surface during cool-down operation 
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Fig. 10 Temperature distribution along SB inner surface after heat-up operation 

Fig. 9 Temperature distribution along SB inner surface during heat-up operation 
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Fig. 11 Temperature distribution along RB inner surface during steady state operation 
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Fig. 13 Temperature distribution along RB inner surface during refueling operation 

Fig. 12 Temperature distribution along RB inner surface during cool-down operation 
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Fig. 15 Temperature distribution along RB inner surface after heat-up operation 

Fig. 14 Temperature distribution along RB inner surface during heat-up operation 



(Average wall temperature)  408oC

ASME  3Sm = 333MPa > 129MPa .

 2  Fig. 17

(101MPa) .

 11  Fig. 18

(85MPa) .

2  Fig. 19

(53MPa) .

.

Fig. 20  229MPa

.  530oC

-

- .

10  Fig. 21

 Fig. 22

.

Fig. 23  ASME 

. Table 2

.



Fig. 16 Tresca stress intensity contour during steady state condition 



Fig. 17 Tresca stress intensity contour at time=2 hours during cool-down operation 



Fig. 18 Tresca stress intensity contour at time=11 hours during cool-down operation 



Fig. 19 Tresca stress intensity contour at time=14 hours during refueling operation 



Fig. 20 Tresca stress intensity contour at time=0 hour after heat-up operation 



Fig. 21 Tresca stress intensity contour at time=10 hours after heat-up operation 



Fig. 22 Tresca stress intensity contour at time=48 hours after heat-up operation 



Table 2. Calculated Stress Intensity Components for Assumed Heat-up and Cool-down 

Operating Conditions 

Section No. Max (Pm) Max (Pb) Max. Range 
∆(Pm + Pb) Max (Peak) 

Max Avg. 
Wall 

 Temp., oC
Inner 96.2 120.2 1.4 1 Outer 27.3 96.7 94.9 2.3 408.0

Inner 114.5 145.2 1.9 2 Outer 45.1 112.4 112.8 1.6 408.0

Inner 43.3 138.3 6.1 3 Outer 99.5 43.2 61.7 7.9 424.7

Inner 79.0 78.1 2.0 4 Outer 2.1 78.1 77.2 2.5 477.5

Inner 22.1 27.2 1.7 5 Outer 7.5 22.1 17.9 1.9 527.2

Inner 85.1 87.0 5.2 6 Outer 66.3 87.0 83.9 5.2 382.9

Inner 10.6 6.8 0.4 7 Outer 8.2 9.8 17.0 0.8 433.2

Inner 95.6 124.3 3.8 8 Outer 59.7 91.1 86.5 4.5 525.1

Inner 146.4 218.2 11.3 
9 Outer 127.1 157.0 173.4 6.9 524.1
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Table 3. Calculated total creep-ratcheting strain for assumed heat-up and cool-down 

operating conditions 

Section No. 
Total Creep 
Ratcheting 
Strain, % 

Allowable 
Limit, % Design Margin 

Hold 
Temperature, 

oC
Inner 0.027 0.5 18.5 1 Outer 0.027 0.5 18.5 408.0

Inner 0.041 0.5 12.2 2 Outer 0.041 0.5 12.2 408.0

Inner 0.123 0.5 4.1 3 Outer 0.123 0.5 4.1 424.7

Inner 0.003 1.0 333.3 4 Outer 0.003 1.0 333.3 477.5

Inner 0.006 0.5 83.3 5 Outer 0.006 0.5 83.3 527.2

Inner 0.051 0.5 9.8 6 Outer 0.051 0.5 9.8 382.9

Inner 0.011 1.0 90.9 7 Outer 0.011 1.0 90.9 433.2

Inner 0.118 1.0 8.5 8 Outer 0.115 1.0 8.7 525.1

Inner 1.323 1.0 0.8 
9 Outer 1.416 1.0 0.7 524.1

* Total Hold Time = 236520 hours 
* Number of Cycle = 30 
* Average Cycle Time = 7884 hours 
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Table 4. Calculated Creep-Fatigue Damage for Assumed Heat-up and Cool-down 

Operating Conditions 

Section No. Creep Damage Fatigue Damage Hold Temperature,
oC

Inner 0.003 0.0 1 Outer 0.002 0.0 408.0

Inner 0.004 0.0 2 Outer 0.003 0.0 408.0

Inner 0.005 0.0 3 Outer 0.004 0.0 424.7

Inner 0.004 0.0 4 Outer 0.004 0.0 477.5

Inner 0.002 0.0 5 Outer 0.001 0.0 527.2

Inner 0.003 0.0 6 Outer 0.003 0.0 382.9

Inner 0.000 0.0 7 Outer 0.000 0.0 433.2

Inner 0.058 0.0 8 Outer 0.034 0.0 525.1

Inner 0.846 0.0 
9 Outer 0.570 0.0 524.1

* Total Hold Time = 236520 hours 
* Number of Cycle = 30 
* Average Cycle Time = 7884 hours 
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