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Stress Analysis of Pressure Vessels in Nuclear Power Plants

(Part [ : Stress Analysis of Tapered Cylinder in the Shell-Head Junction)

Chon Wook Kim - Young Woo Chu

Abstract

Stress analysis of tapered cylinder of reactor vessels is investigated by means of the inter-

section method.

The tapered cylinder is approximated into threc models-average cylinder,

conical frustum, and ring. The results are compared with thosc of the finite clement method

program and an experiment.

In this paper, the following resulls are obtained: (1) the best

approximation has been obtained by the ring model analysis: (2) the intersection analysis of

the tapered cylinder by the ring model shows a sufficient accuracy for the stress analysis of

reactor vessels.
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Fig. 1. Shell-Head junction analysis (Short Cylinder)
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Fig. 2. Free radial displacements of the ele-
ments due to the internal pressure
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Fig. 4. Free radial displacements due to the
internal pressure
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Fig. 5. Free radial displacements of ring model
due to internal pressure
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Table 1. Radial displacements

[ Type _ o Conical Frustum - 3 .

~ Cylinder Model Ring Model Seal Shell Prograni
Loc. \ Model

Seg. No. 5 5.1241x 107 5.1217X 102 5,1396X 10-2 5.2054 X 10

10 5. 2065% 10~ 5. 2069 10-2 5.1967% 102 4. 9504 % 102

12 5.3321 X107 5.3533X 10"? 5. 1857 X 102 4.2921X 102

14 5. 4059 102 5.4476X 10" 5.1291x 10" 3,7814x 102

16 5,4447x10"2 5.5123X 10" 5. 0084 X 10~ 3.2191% 10

17 5. 4446 X 10" 5.6180X 102 4.9517X 102 3,2259x 10-2

22 5.2785% 10" 5.3049X 10 4.6629X 102 2.9868X 10~2

27 4.7418X 10 4. 6436 X 10 4.1140X10-* 3.3778%10-*

28 4,6489X10"? 4. 5767 X 10" 4.1945X10"? 3.3778%10-?

30 4.0105X10"* 3.9643%X 10" 3.7526 X 1072 3.5116X 102

40 3.1491X10-? 3.1519X 10~ 3.1651X10-2 3.2261X10-2

49 3.1915X10-* 3. 1922 X 10" 3.1942% 1072 3.1912X10-2

Table 2. Circumferential stresses (outside) unit:

Table 3. Longitudinal stresses (outside) unit:
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psi psi
) . i . “Type| ~.1:4... | Conical | 5. a1

O Crtiner | it [ King [Seat Shell 7 Cinder | it | King - [Seat Shel

Seg. No.5 25,340 25,331 25,401 24,558 Seg. No.5 12,060 12,064 12,042 12,236
10| 25,565 25,532 25,747 24,357 10| 11.627 11,510 12,375 15,131
12| 26,248 26, 287 25,933 25,514 12 12,101 11,926 13,153 14,735
14| 26, 823 26,959 25, 868 18,651 141 12,959 12,813 13,748 11,906
16, 27,440 27,728 25,517 14,730 16; 14,461 14,447 14,311 5,849
17| 28,518 27,278 25,273 14,730 17| 17,300 17,285 14,311 5,849
22! 28,605 28, 561 24,413 14,243 22/ 20,090 19,987 15,651 7,080
27 25,713 26, 881 21,612 21,023 27| 18,406 18,080 14,391 23,220
28/ 26,689 26,279 24,397 21,023 28| 23,195 22,853 21,932 23,220
30 22,077 28,899 21,233 20,781 30, 17,477 17, 503 18,059 20,853
40, 19,341 19,351 19, 387 18,663 401 19,512 19,516 19, 506 18, 437
49, 19,394 19,397 19,421 18,455 49| 19,641 19,632 19, 590 18, 455
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@ Test vessel
® Dumy gage column
® Pressure gage

@ Pressure transducer
(® Plunger pump
® Needle valve

Fig. 7. Photograph of testing apparatus

@ Strain meter

Balaneing box
(@ Dynamic strain meter

Table 4. Strain gage results

E “Gage | Strains L .
t 24454 station | measures Direction | Stresses, psi
D 2 01—1 690 tan. 24, 520
R T —
6309 & 01—2 188 long. 12,976
06 3
<@‘u zog 02—1 688 tan. 24, 445
o — N 02—2 187 long. 12,924
o R 510 3.01
3 — ' 03—1 663 tan. 23,338
®Eoo JR— o 03—2 158 long. 11,725
i) &
o : 04—1 718 tan. 25, 647
STRAIN GAGES N
N 04—2 208 Iong. 13,942
I
N 05—1 490 tan. 17, 546
| 3 05—2 147 long. 9, 658
\ ‘ Lo 06—1 533 tan. 21,176
i N
‘ jrd_ = 06—2 372 long. 17, 474
UNIT: mm
07—1 490 tan. 18,472
Fig. 8 Dimension of the shell and the location 07—2 241 long. 12,746
of strain gages. 08—1 446 tan. 15, 233
AY WES e BLTT RRD Fo NE 06—2 59 | [long. 6,334
2,500 psi o ] 5 MRS WEdz ol & EHeE & 09—1 430 tan. 15, 841
Har g ok 09—2 174 long. 9, 954
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10--1 460 tan. 19, 005
10--2 ] 395 long. 17,510
11--1 443 tan. | 19,816
11--2 | 534 long. “ 21,909
121 { 431 tan. | 18, 604
12—2 | 451 long. ‘ 19, 064
13 1 367 | tan-long. 13,673
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Fig. 9. Radial displacement distributions
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Fig. 10. Longitudinal stress distributions (outside)
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Fig. 11. Circumferential stress distributions (outside)
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