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Impact Absorbing Behavior of a Cylindrical Tube Shape Impact Limiter
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Abstract

Impact limiters are attached to most of high level radioactive material transportation casks
attach at the both ends to protect the cask from the impact accident such as free drop
accident. Impact limiters must have a large deformation and ideal crush characteristics to
absorb the impact energy of the cask. The buckling behavior of a thin walled steel structures
which commonly used as an impact limiter significantly affected from the boundary conditions
in spite of the same sizes and thicknesses. This study presents an investigation of the
variation of the buckling and crushing behaviors of cylindrical thin walled tubes according to

the variation of tube weldment and suggests an effective impact limiter design consideration.
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Table 1. Specifications of empty tube crush test specimens

Specimen O.D. L t Weld Geometry

pecime (mm) (mm) (mm) condition (L/D)
A0 full butt
AO2 80.0 80.0 1.0 - 1.0
A03 we
All
AlL2 80.0 80.0 1.0 tz;d‘ .Wfld 1.0
Al?) pomts
B0l
B02 80.0 60.0 1.0 full ]i;ltt 075
B03 we
Bl
B12 80.0 60.0 1.0 tgd‘ .Wfld 075
Bl?) pomts
Col
Co2 80.0 100.0 1.0 full ]i;ltt 125
C03 we
Cll
Cl12 80.0 100.0 10 | tackoweld o o
C13 8 points

* Note : Specimen identification
1st : Geometry group (L/D) : A =10, B = 0.75, C = 125
2nd : Weld condition : 0 = full butt weld 1 = tack-weld

3rd : Serial number



Table 2. Test results of each specimen

Speci. Py Py AP Ps P 0 max 7L 7%
(kN) | kN) | (kN) | (kN) | (kN) (mm) | (%) (%)
A01 26.24 | 1582 | 1042 | 32.46 | 20.16 | 11490 | 60.35 | 80.1 | 44.2
A02 3318 | 13.33 | 19.85 | 37.16 | 20.39 | 1162.3 | 57.00 | 70.1 | 39.1
A03 2487 | 1500 | 987 | 31.70 | 19.73 | 11245 | 59.80 | 80.2 | 44.3
All 3040 | 1393 | 1647 | 36.80 | 19.73 | 11245 | 5947 | 729 | 38.2
Al2 2651 | 1378 | 12.73 | 36.01 | 18.63 | 1062.0 | 59.74 | 76.0 | 36.7
Al3 26.22 | 1460 | 11.62 | 3566 | 1968 | 1122.0 | 60.00 | 77.8 | 39.3
BO1 3122 | 1216 | 19.06 | 4412 | 1831 | 808.0 | 4454 | 695 | 37.7
B02 2662 | 1296 | 13.66 | 35.67 | 1738 | 766.9 | 4549 | 743 | 358
B03 2541 | 1344 | 11.97 | 3518 | 16.84 | 743.1 | 4583 | 764 | 352
B11 25.08 | 15.76 9.32 | 31.89 | 1890 | 833.7 | 44.12 | 814 | 436
B12 2379 | 1372 | 10.07 | 3226 | 1775 | 783.1 | 45.16 | 788 | 40.5
B13 20.36 | 14.20 6.16 | 37.16 | 1648 | 727.1 | 45.02 | 849 | 32.6
Co1 2821 | 1143 | 16.78 | 46.17 | 1525 | 10549 | 7963 | 70.3 | 22.8
Co2 2771 | 14770 | 13.01 | 41.45 | 1942 | 1343.1 | 79.80 | 765 | 324
C03 29.09 | 1251 | 1658 | 42.37 | 16.82 | 11635 | 69.16 | 715 | 275
Cl1 2977 | 1363 | 16.14 | 41.86 | 1793 | 12399 | 7956 | 729 | 29.6
C12 2597 | 1534 | 10.63 | 33.19 | 1971 | 1363.2 | 7957 | 795 | 41.1
C13 2623 | 1378 | 12.45 | 33.32 | 19.27 | 13329 | 79.93 | 76.3 | 40.0
Table 3. Summary of test results of empty tube specimens
Speci. Py P AP Ps P Ea 7L 7k
group (kKN) (kKN) (kKN) (kN) (kN) qap (%) (%)
A0 28.10 14.72 13.38 | 33.77 2009 | 11453 | 76.8 425
Al 2771 14.10 | 1361 36.16 19.35 | 11028 | 756 38.1
BO 21.75 12.85 | 1490 | 39.32 1751 20| 734 36.2
B1 23.08 14.56 852 | 33.77 17.71 7813 | 81.7 389
Co 28.34 12.88 | 1546 | 43.33 1716 | 11872 | 728 276
C1 21.32 1425 | 13.07 | 36.12 1897 | 13120 | 76.2 36.9
* Note
Pu : mean value of maximum loads E. : energy absorption
PL : mean value of minimum loads 7 ¢ : compression efficiency
Psa ¢ maximum load observed 71 - load efficiency
Pm  mean crush load 7E - energy efficiency
AP @ load amplitude




Fig. 1 Configuration of a spent fuel transport cask.
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Fig. 3 Idealized |oad-deflection curve of an impact limiter. Fig. 4 Crush load-deflection curve of practical impact limiter.
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Fig. 5 Concertina buckling mode of cylindrical tube. Fig. 6 Load-deflection curve and deformed shape of cylindrical tube.
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Fig. 7. Axisymmetric concertina buckling of cylindrical tubes.
(D= 90.0,t=2.0)

Fig.

(b) tack-welded specimen

Fig. 10 Buckled shapes of cylindrical tube specimens.
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