
Part A - Initial Design with Borobond Cylinder 179

3.12 Comparison of Test vs Analysis

Physical testing of the ES-3100 shipping container to the 4-foot, 30-foot, 30-foot crush
and 40-inch punch impacts were carried out in late May, 2004 at the Oak Ridge National
Lab (ORNL), National Transportation Research Center (NTRC) facility in Oak Ridge.

The test specimen were subject to the entire series of impacts (4-foot, 30-foot, crush
and punch), however the analytical impacts were not all subject to the entire series.
Typically, the analysis was a design run which was subjected to a 30-foot impact followed
by a crush impact. So the 30-foot analysis comparison was made to a test specimen that
had experienced a 4-foot and a 30-foot impact. And likewise for the crush impact
comparisons, the analysis results are lacking the initial 4-foot impact.

The comparisons are made for TU1 (Test Unit #1), TU2, TU3 and TU4. TU1 is the 120
slapdown, TU2 is the cold package side impact, TU3 is the corner impact and TU4 is the
end impact. The nodes in the analysis model shell elements lie on the thickness centerline.
Therefore, where appropriate, half thickness dimensions are included to render surface
to surface comparisons with the test data. Figure 3.12.1 shows locations for which test
diameters were obtained.

Dimensions in the tables are inches, unless otherwise noted. The analysis model was
reflected with the post processor so that it appears as a full model. This was done to aid
in the visual comparison between the test specimen and the
model results. The background in the test photos has been - Top Chime

erased, also to aid visual comparisons. //7///- Top Hoop
- C& Hoop

The "flats" is the region of relative flatness in the drum
liner due to the impact. The analysis flats dimensions are i'
obtained by knowing the element width (whole widths used)
and judging which elements are dominantly in a relatively ' C Hoop

flat plane. The test flat dimensions are taken by visually ' I

judging when the drum deviates from a permanent, v
relatively flat region./.7- "1 Bottom Hoop

•l/f' i/' Bottom 'Chime

Figure 3.12.1 - Locations of
Test Diameter
Measurements
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3.12.1 Comparison of Run4g to TU1

Run4g is a 30-foot, 120 slapdown impact followed by an offset crush (crush plate centered
over the CV flange). TU1 is a 120 slapdown with a 4-foot impact, 30-foot impact, offset
crush, and punch test specimen. The following Table 3.12.1.1 shows the initial diameter
comparisons (pre-impact) using test data compared to the analysis results.

Table 3.12.1.1 - Run4g vs TU1, Comparison of Initial Diameters (Pre-Impact)

Location 0°- 1800 900-2700

Test Analysis Test Analysis

Top Chime 19.25 19.32 19.25 19.32

Top Hoop 19.25 19.37 19.25 19.37

Top CG Hoop 19.25 19.37 19.25 19.37.

CG Hoop 19.25 19.37 19.25 19.37

Bottom Hoop 19.25 19.37 19.25 19.37

Bottom Chime 19.25 19.38 19.25 19.38

The Table 3.12.1.2 shows the digital results of the 30-foot impact. The test diameters are
after the 4 and 30-foot impacts, while the analysis is after the 30-foot impact.

Table 3.12.1.2 - Run4g vs TUl, Diameter Results After the 30-Foot Impact

00-1800 900-2700

Test Analysis Test Analysis

Top Chime 18-1/2 18.1 19-3/8 19.5

Top Hoop 18-1/2 18.2 19-3/8 19.6

Top C& Hoop 18-1/2 18.5 19-3/8 19.5

CG Hoop 18-5/8 18.8 19-3/8 19.4

Bottom Hoop 18-5/8 18.9 19-1/4 19.3

Bottom Chime 17-13/16 18.1 19-3/8 19.4
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Figure 3.12.1.1 shows the final configuration 
of the test specimen after the 4 and 3 0-foot

impacts. Figure 3.12.1.2 shows the analytical 
model configuration 

after the 
3 0-foot 

18o

im1pact.

Figure 3.12.1.1 - TUi, Results of 3 0 -poot Impact

Figure 3.12.1.2 - Run4g, Results of the 30-Foot Impact

Y/LF717/?, M -3 00BUj SAR/Ch.2Ir~w8_60
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Table 3.12.1.3 shows the comparison of the digital results of the crush impact. The test
data is for the cumulative effects of a 4-foot, 30-foot, and crush impact. The analysis
data is for a cumulative 30-foot impact and crush impact.

Table 3.12.1.3 - Run4g vs TUl, Diameter Results After the Crush Impact

00-1800 900-2700

Test Analysis Test Analysis

Top Chime 15-5/8 15.0 20-5/8 20.7

Top Hoop 16 15.3 20-7/16 20.8

Top CG Hoop 16-1/4 15.9 20-1/4 20.6

CG Hoop 16-1/2 16.4 19-7/8 20.1

Bottom Hoop 18-i/4 18.3 19-1/2 19.6

Bottom Chime 17-13/16 18.1 19-1/4 19.4

2-340

Y/LF-717/Rev 2/ES-3100 HEU SAR/Ch-2/rlw/3-06-08



Part A - Initial Design with Borobond Cylinder 183

Figure 3.12.1.3 shows an isometric view of the test specimen with the crush side up.
Figure 3.12.1.4 shows a similar view for the analysis results.

Fu

Figure 3.12.1.3 - TU1, View of Crush Damage with the Crush Side Up

Figure 3.12.1.4 - Run4g, View of the Crush Damage With the Crush Side Up
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Table 3.12.1.4 shows the results of a comparison of the "flats" measurements on the drum
for the 30-foot impact and Table 3.12.1.5 compares the crush impact test measurements
and analysis results.

Table 3.12.1.4 - Run4g vs TUl, Comparison of Flats for the 30-Foot Impact

Test Analysis

Top Chime 8 8.8

Top Hoop 7-3/8 8.4

Top CG Hoop 7-1/8 7.6

CG Hoop 6-3/8 5.9

Bottom Hoop 6-3/4 5.9

Bottom Chime 10 10.1

Table 3.12.1.5 - Run4g vs TUl, Comparison of Flats for the Crush Impact

Location Rigid Surface Side Crush Plate Side

Test Analysis Test Analysis

Top Chime 9 10.5 8-1/2 10.5

Top Hoop 10 11.0 10 11.0

Top CG Hoop 10 10.1 10-1/8 10.1

CG Hoop 9 8.4 10-5/8 10.1

Bottom Hoop 8-1/4 7.6 - - - 0.0

Bottom Chime 9-7/8 10.1 - - - 0.0

The stud at the 900 position was severed in the model (reference Section 3.7,
Figure 3.7.6), however arguments were made that the lid would tear first, relieving the
loading on the stud. This was verified in the test results where tears were noted at both
stud holes at 900 to the impacts/crush.
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3.12.2 Comparison of Run2e vs TU3

Run2e is a CG over lid corner 30-foot impact, followed by a bottom corner crush. TU3 is a
similar impact configuration with a 4-foot impact and 30-foot impact on the lid corner,
then a crush impact on the bottom corner followed by a punch.

Test measurements show that there is 1.125 inches between the top chime and the top
hoop in the test. Similar measurements in the analysis show that the distance is about
1.7 inches. This would be a somewhat judgmental comparison due to points chosen for
measurement on the test specimen might not be the same as those chosen in the analysis.
The analysis measurement is from the top of the crimped drum roll to the center of the
flattened region in the lid roll, on the plane of symmetry. Actual point locations chosen in
the test measurements are not known.

Table 3.12.2.1 shows the comparison of the TU3 test unit and the computer run2e
diameter changes after the 30-foot impact.

Table 3.12.2.1 - Run2e vs TU3, Diameter Results After the 30-Foot Impact
00-1800 900-270o

Test Analysis Test Analysis

Top Chime 19-1/4 19.0 19-3/16 19.1

Top Hoop 18-5/8 19.1 19-7/8 20.0
Top CG Hoop 19-1/8 19.4 19-3/8 19.5

CG Hoop 19-1/8 19.4 19-3/8 19.4
Bottom Hoop 19-1/8 19.4 19-1/4 19.4
Bottom Chime 19-1/8 19.3 19-3/8 19.4

Figure 3.12.2.1 is an image of the damage after the 30-foot impact of TU3. The test
photo shows the cumulative damage from the 4-foot and 30-foot impacts. Figure 3.12.2.2
shows the analysis damage from only the 30-foot impact.
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Figure 3.12.2.1 - TU3, Deformed Shape After the 30-Foot Impact

Figure 3.12.2.2 - Run2e, Deformed Shape After the 30-Foot Impact
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The package diameters after the crush impact are compared in Table 3.12.2.2.

187

Table 3.12.2.2 - Run2e vs TU3, Diameter Results After the Crush Impact
00-1800 900-2700

Test Analysis Test Analysis

Top Chime 19-1/4 19.0 19-1/16 19.0
Top Hoop 18-3/4 18.9 20-1/4 20.6

Top CG Hoop 19-1/4 19.4 19-3/4 19.9

CG Hoop 19-1/8 19.3 19-1/4 19.4
Bottom Hoop 19-1/8 19.3 19-3/4 20.4

Bottom Chime 18 18.6 19-3/8 19.4

The final images after the crush impact are shown for the test and the analysis.
Figure 3.12.2.3 shows the final shape of the crushed bottom on the test specimen (4ft +
3Oft + crush impacts) and Figure 3.12.2.4 shows a similar view of the analysis (3Oft + crush
impacts).
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Figure 3.12.2.3 - TU3, Damage to the Bottom Head in the Crush Impact

Figure 3.12.2.4 - Run2e, Damage to the Bottom Head in the Crush Impact
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The damage to the lid region at the end of the crush impact is shown in Figure 3.12.2.5 for
the TU3. The damage to the lid region in the analysis run2e is shown in Figure 3.12.2.6.
Note that the stud at the initial 30-foot impact onto the rigid surface has failed in the
test. Elevated plastic strains throughout the stud shank are noted in Section 3.5 along
with discussion about the stud.

Figure 3.12.2.5 - TU3, Lid Damage from the Crush Impact

Figure 3.12.2.6 - Run2e, Lid Damage from the Crush Impact
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3.12.3 Comparison of Run3b vs TU4

The run3b is a 30-foot lid end down impact onto the rigid surface, followed by a crush
impact onto the container bottom. TU4 is a test unit subjected to a 4- and 30-foot
impact onto the lid end, followed by a crush impact onto the bottom.

The diameter measurements after the 30-foot impact are given in Table 3.12.3.1.

Table 3.12.3.1 - Run3b vs TU4, Diameter Results After the 30-Foot Impact

00-180o 900-2700

Test Analysis Test Analysis

Top Chime 19-1/4 19.3 19-3/8 19.3

Top Hoop 19-1/8 19.7 19-7/8 19.7
Top CS Hoop 19-13/16 20.0 19-3/8 20.0

CG Hoop 19-1/8 19.5 19-1/4 19.5
Bottom Hoop 19-1/4 19.4 19-1/4 19.4

Bottom Chime 19-1/4 19.4 19-1/4 19.4

The overall height measurements of the drum are compared. The 30-foot impact test
results vary around the circumference: 43.0 inches at 0, 43.125 inches at 90, 42.875
inches. at 180" and 42.625 inches at 2709. The analysis is symmetrical, and the height from
the top of the lid drum roll to the bottom head surface after the 30-foot impact is about
42.6 inches.

Figure 3.12.3.1 shows the configuration of the TU4 after the 30-foot impact (4ft + 30ft).
Figure 3.12.3.2 shows the analysis model configuration after the 30-foot impact in a
similar orientation to the test unit.
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Figure 3.12.3.1 - TU4, 30-Foot Impact Damage

Figure 3.12.3.2 - Run3b, 30-Foot Impact
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The height measurement of TU4 after the crush impact is 39.375 inches at 00,
40.375 inches at 90%, 40.625 inches at 180, and 39.75 inches at-270%. The analytical value
for the height is about 38.9 inches.

The diameters after the crush impact are compared in Table 3.12.3.2.

0

Table 3.12.3.2 - Run3b vs TU4, Diameter Results After the Crush Impact

0o-180o 900.2700

Test Analysis Test Analysis

Top Chime 19-1/4 19.3 19-3/8 19.3
Top Hoop 20 20.2 20-1/8 20.2

Top CG Hoop 20 20.2 20-1/16 20.2
CG Hoop 19-7/16 20.1 19-1/2 20.1

Bottom Hoop 19-15/16 20.5 20 20.5
Bottom Chime 19-1/4 19.4 19-1/4 19.4
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Figure 3.12.3.3 shows the TU4 at the end of the crush impact (4ft + 3Oft + crush), while
Figure 3.12.3.4 shows the configuration of the run3b model (3Oft + crush).

Figure 3.12.3.3 - TU4, Crush Damage Figure 3.12.3.4 - Run3b, Crush Damage
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3.12.4 Comparison of Run1hh vs TU2

Runlhh was the upper bounding kaolite (-400F) run which included a 4-ft, 30-foot, crush,
and punch impacts. The test results are for the cumulative damage from all four impacts,
therefore, only one set of data is compared. The table 3.12.4.1 shows the results for the
diameter changes due to all four impacts for the test and the analysis.

Table 3.12.4.1 - Runlhh vs TU2, Cumulative Diameter Results After the Punch Impact

00-1800 900-2700

Test Analysis Test Analysis

Top Chime 17-5/8 18.1 19-13/16 19.5

Top Hoop 17-3/8 16.7 19-3/4 20.0

Top CG Hoop 17 16.5 20 20.3

CG Hoop 16 16.4 20-1/4 20.4

Bottom Hoop 15-1/2 16.3 20-1/8 19.9

Bottom Chime 18 17.7 19-3/8 19.4

Table 3.12.4.2 shows the comparison of the "flats" dimensions for the test and the
analysis.

Table 3.12.4.2 - Runlhh vs TU2, Cumulative Flats Results After the Punch Impact

180° - Crush Plate Side 0° - Rigid Surface Side

Testý Analysis Test Analysis

Top Chime 6-1/4 0 8.0 9.2

Top Hoop 8-7/8 10.1. 9.0 8.4

Top CG Hoop 9-5/8 8.4 10-1/8 8.4

CG Hoop 12 9.3 9-7/8 9.3

Bottom Hoop 14-7/8 10.1 9-7/8 9.3

Bottom Chime 0 0 9-3/8 10.1

- Note - The crush plate edge was 4.75 inches from bottom of package, therefore the
top chime was engaged with the crush plate in the test.

A visual comparison of the cumulative damage on the rigid surface side after the four
impacts is shown in Figures 3.12.4.1 (test) and Figure 3.12.4.2 (analysis).
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Figure 3.12.4.1 - TU2, Cumulative Damage
After the Punch Impact, Rigid Surface Side

Figure 3.12.4.2 - Runlhh, Cumulative Damage
After the Punch Impact, Rigid Surface Side
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A visual comparison of the cumulative damage on the crush side after the four impacts is
shown in Figures 3.12.4.3 (test) and Figures 3.12.4.4 (analysis).

00.

Figure 3.12.4.3 - TU2, Cumulative Damage
After the Punch Impact, Crush Plate Side

Figure 3.12.4.4 - Run1hh, Cumulative Damage
After the Punch Impact, Crush Plate Side
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4.0 Summary and Conclusions

The response of the ES-3100 shipping container to various 1OCFR71 required impacts is
presented in Sections 3.1 to 3.10. The maximum effective plastic strain for each
component in the Section 3.1 to 3.10 impacts is summarized in Table 4.0.1. The effective
plastic strain for shell elements in Table 4.0.1 is maximum surface strain. Section 3.11
presents the response of the drum to various punch angles. The maximum effective
plastic strain for the drum in each punch angle orientation of Section 3.11 is summarized in
Table 4.0.2. Section 3.12 compares the analytical results to physical test results.

Maximum strains in excess of 0.5 in/in are near the 304L strain limit of 0.57 in/in and are
highlighted in red in Table 4.0.1. The components which are highlighted include the drum,
lid, studs and liner.

From Table 4.0.1, the fact that is apparent is the high demand placed on the drum lid and
studs. buring the design phase of the ES-3100, an effort was made to minimize the
number of fasteners in the drum lid. The relatively high lid/stud strains are therefore a
precipitate of that effort. The side and slapdown impacts place a high demand on the
lid/stud components.

In the side crushes (runig, runlga, runihl, runlhh, run4g, run4ga, run4h and run4ha) a large
demand is placed on the lid and the studs. In all the runs the impact of concern is the
crush impact and the demand it places on the lid and studs. In all the runs, the relatively
high levels of effective plastic strain (surface and membrane) are shown to exist over
localized regions of stud/lid interaction in the lid. Investigations revealed that the
elevated plastic strains in the lid occurred before the studs experienced elevated strain
levels. Therefore, it would be expected that the lid would tear and relieve loading on the
studs, before the studs would fail. Some tearing of the lid may take place, but
catastrophic tearing or ripping of the lid is not predicted. The large washer would restrain
the lid, even if the crimping of the lid/drum roll didn't pin the lid in place. This was
verified in the TUI test specimen with local tearing at the stud holes at 900 and 2700
without the loss of a stud.
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Table 4.0.1 - ES-3100 Shipping Package Summary of Componenet Maximum Effective Plastic Strains (in/in)

0~

Runig Runlga Runihl Runlhh
Side Side Side - Low Bound Kmolite Side - Upper Bound IWooite

M ra b cription (Section 3.1) (Section 3.2) (Section 3.3) (Section 3.4)
S Centered _ Offset 3 -ot Centered 0-otCentered

Impact Cred Impact Offsh 4-foot 30-foot Punch 4-foot 30-foort Punch
______________ _____ Crush _____ Crush _____ Crush Crush

I CV Body 0.0346 0.0348 0.0348 0.03 0.0287 0.0287 0.0299 0.0298 0.0386 0.0462 0.099
3 CV Lid 0.0002 0.0002 0.0002 0.0000 0.0001 0.0003 0.0006 00000 0.0000 0.0004 0.0004
4 CV Nut Ring 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
5 Angle 0.0682 0.0945 0.1066 0.0054 0.0777 0.1176 0.1178 0.0059 0.0622 0.0B16 0.0816
6 Drum 0.2218 0.3028 0.3818 0.1661 0.2215 0.6309 0.5309 0.1170 0.2259 0.2623 0.2623
7 Drum Bottom 0.2444 0.2946 Same as 0.2444 0.0991 0.2125 0.3342 0.3346 0.1215 0.2526 0.2107 0.2807

Run1 g 0.2 0.310 Liner 0.1189 0.2063 Impact 0 0.0637 0.1800 0.2537 0.2637 0.0598 0.0970 0.2006 0.2027
12 Lid 0.3660 0.6430 Results 1.1345 0.1320 0.5180 1.299 1.2971 0.0860 0.4073 0.6411 0.6411
15 Lid Stiffener 0.0050 0.0303 0.1116 0.0001 0.0118 003 0.0530 0.0000 0.0069 0.0217 0.0217
16 Lid Studs 0.1171 0.1937 0.5207 0.0000 0.1098 0.41.59 0.4221 0.0000 0.1226 0.1763 0.1761
17 Lid Stud Nuts 0.0005 0.0006 0.0103 0.0000 0.0000 0.0007 0.0007 0.0000 0.0000 0.0000 0.0000
18 Lid Stud Washer 0.1628 0.1628 0.1685 0.0011 0,0225 0.0832 0.0844 0.0310 0.0951 0.10341 0.1034
19 Plug Liner 0.HE 0.1212 0.2181 0.0022 0.0196 0.1255 0.1255 0.0046 0.0996 0.1259 0.12M8

Iun2e Run3b Run4g Run4ga Run4h Run4ha
pCorrr End Slapdowv Slapdovm Sapdo SkqpdWt

i escription (Section 3.5) (Section 3.6) (Section 3.7) (Section 3.6) (Section 3.9) (Section 3.10)
Crush Crush Offset a Centered Offset a Centered

Impact u Impact Impact Crush Impact Crush Impact Crush Impact Crush

I CV Body 0.0142 0.0364 0.0012 0.0063 0.0446 0.0467 0.0741 0.041M 0.0461 0.0839
3 CV Lid 0.0024 0.0024 0.0031 0.0034 0.0003 0.0005 0.0006 0.1100 0.0004 0.0013
4 CVNut Ring 0.0000 0.0000 0.0000 0.000(0 0.00 0.0000 0.000 0. 0 0.000a 0.0000
5 Ang•e 0.0393 0.0464 0.0287 0.0304 0.0881 0.1046 0.0917 0.0861 0.1071 0.0B81
6 Drum 0.3238 0.3787 0.0565 0.1266 0.3017 0.3972 0.3537 0.3017 0.3881 0.3148
7 brum Bottom 0.0000 0.0731 0.0024 0.0312 0.2977 0.2877 Same as 0.2919 0.2877 0.2877 Same as 0.2922

10 Liner 0.3797 0.5137 0.1565 0.3585 0.1234 0.2702 Run4g 0.2363 0.1181 0.2475 Run4h 0.2633Impact Impact
12 Lid 0.2968 0.3579 0.1094 0.1415 0.6637 1.0797 Results 1.0796 0.3831 0.983m Results 0,6336
15 Lid Stiffener 0.0271 0.0272 0.0068 0.0098 0.0=32 0.0838 0.0303 0.0184 0.1063 0.0338
16 Lid Studs 0.5197 0.5578 0.0962 0.1541 0.1737 >0.57 0.3174 0.0891 0.6364 0.1705
17 Lid Stud Nuts 0.2252 0.2266 0.0162 0.0170 0.0000 0.0086 0.0000 0.0000 0.002 0.0000
18 Lid Stud Washer 0.0907 0.1111 0.0510 0.0510 0.0697 0.1003 0.0597 0.0762 0.08B5 0.0782
19 Plug Liner 0.1131 0.1170 0.0636 0.0944 0.1290 0.2715 0.1636 0.1592 0.2719 0.1832

(7

0
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Table 4.0.2 - ES-3100 Punch Angle Variation

Punch Maximum Effective Plastic Strain in the Drum (in/in)

Angle Surface Membrane

0 0.2030 0.1385

10 0.1204 0.0633

20 0.1100 0.0529

30 0.1551 0.0951

40 0.1632 0.1115

50 0.3340 0.1238

60 0.1844 0.0646

63.6 0.3895 0.1858

The drum in runlhl (lower bounding kaolite impacts) is shown to experience a high demand
during the centered crush impact. The regions of high effective plastic strain are in the
drum at each edge of the crush plate. The lid end of the drum experiences the highest

* strain (about 0.53 in/in), but its magnitude is below the failure limit of 0.57 in/in in
bending and less than (about 0.36 in/in) in membrane. Therefore, tearing of the drum is
not expected.

The liner in run2e (corner impact) also experiences relatively high effective plastic strain
in its crush impact (about 0.55 in/in). This is in a region of localized crimping and the
membrane stain is found to be about 0.25 in/in. Therefore, tearing of the liner is not
expected.

The run2e corner impact shows high effective plastic strain in the drum stud at the 0'
position (at the initial impact point with the rigid surface). The region of high strain
exists across the diameter of the stud, near its attachment to the angle. High strain
levels are shown in the 30-foot impact (about 0.52 in/in) and higher in the crush impact
(about 0.56 in/in). Two factors direct concern to this stud. One factor is that this stud
is right at the rigid surface and, therefore, experiences direct loading between the
shipping package and the rigid surface. The second factor is that effective plastic strain
quickly (about 0.003 seconds into the 30-foot impact) reaches a significant value (about
0.5 in/in) throughout the stud shank. Slight changes in configuration in the stud from the
modeled configuration (e.g. length, end configuration and boundary conditions) could
quickly elevate the strains past failure. Boundary conditions such as changes in the
friction factor could also prove detrimental for the stud. This was verified in the test
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with the failure of the stud at 00.

The CV lid/body flange separation is reported as time history nodal separation data. The
data is from a transient analysis and therefore contains analytical ringing or contact
chatter. The maximum gap spike value is about 0.012 inches in run3b. The largest
elevated value of gap is also for run3b and is between 0.008 inches and 0.010 inches for
about 0.005 seconds. The gap response is oscillatory in nature and reaches an average
value of 0.003 inches or less.

In conclusion, review of the results of the ES-3100 borobond design runs presented in this
calculation predict:

1) The lid is predicted to locally tear at the stud holes in the side and slapdown
crush impacts. Extensive tearing is not predicted. The studs are predicted
to remain in place to secure the lid in the side and slapdown impacts.

2) The single stud at the point of contact in the corner impact could easily fail.
The remainder of the studs in the corner impact experience relatively low
demand and are predicted to restrain the lid/plug. The failure of the single
stud, would not result in shielding or thermal protection concerns for the CV.

3) The maximum CV lid/body flange separation spikes to about 0.012 inches
briefly, and between 0.008 to 0.010 inches for about 0.005 seconds. The
maximum relaxed value of the gap would be expected to be 0.003 inches or
less.

4) The remaining kaolite thickness is shown in time history plots in each analysis
results in summarized in Section 3(e.g., Figure 3.1.33).
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6.0 Analytical Model

The differences between the initial, detailed borobond model (described in Section 2.1)
and the redesigned ES-3100 package are described in detail in Section 6.1. The material
properties for the HABC are described in Section 6.2. Other than the geometric
differences described in Section 6.1 and the material models described in Section 6.2, the
detailed analytical models are the same as those presented in Part A, Section 2.1.

6.1 Model Description

The redesign configuration details to incorporate the HABC will be described as changes
to the initial model. Figures 6.1 and 6.2 show the design configuration changes that were
made in the analytical models. In the two figures, the black color indicates the initial
design and the red (magenta) color indicates the redesign configuration.

The changes to the configuration of the analytical model were:

1. The internal radius of the liner between the neutron absorbing material
and the kaolite was increased from 4.08 in to 4.30 in (Figure 6.1 and
6.2).

2. The internal radius of the liner above the neutron absorbing material
and near the CV flange was decreased from 4.40 in to 4.30 in
(Figure 6.1).

3. The radius of the CV bottom pad at its inner most part radius was
increased from 0.05 in to 0.11 in. This effectively slightly thickens the
pad at the footprint of the CV bottom head and therefore the CV was
raised by about 0.068 in (Figure 6.1 and 6.2).

As a precipitate of the above configuration changes, some changes were made to the
contact surfaces between the neutron absorber material, the kaolite and the stainless
steel (S5) liners. The contact type remained the same as in the Part A computer runs
(SURFACETOSURFACE).

Figures 6.1.3 and 6.1.4 show the element mesh configurations near the CV flange and the
CV bottom. These figures can be compared to Figures 2.1.3 and 2.1.4 to show the
differences between the two design configurations.

The runs chosen to be made with the HABC modifications and compared to the original
borobond model are shown in Figure 6.1.5. To differentiate the runs, yet show similarity,
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the "HABC" is added to the borobond run identification to identify the redesign runs. For
example, the Part A, borobond "run2e" impact configuration is known as "HABC-run2e" for
the Part B, HABC runs.

Table 6.1.1 describes the impact configurations for the HABC computer runs. Note that
the bounding stiffness runs (lhh and ihi) do not include the punch impact following the
crush impact. The Part A, lhh and Ihi impacts and the punch study demonstrate the
integrity of the drum/kaolite. The drum/kaolite remained the same for the Part B HABC
runs, therefore the punch impacts were not included in the HABC runs. Table 6.1.1 also
gives the kaolite and HABC models used in each run.

Table 6.1.2 shows the component mass/weight for the HABC models. The total weight for
the fully loaded models is about 432 pounds with the 22.4 lb/ft 3 kaolite. The mass inertia
about the global Y axis is 90.98 in*lb*sec2 and the CG is located at Z=22.41 inches above
the bottom surface of the container.
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- Initl~l Borobond Configuration
- High Aiumine Borated Cement

Figure 6.1.1 - Configuration Changes for the HABC, Compared to the Borobond Model Near
the CV Flange

0

Figure 6.1.2 - Configuration Changes for the HABC, Compared to the Borobond Model Near
the Bottom of the CV Body
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Figure 6.1.3 - Configuration of the HABC Analytical Model Near the Package Top
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Figure 6.1.4 - Configuration of the HABC Analytical Model Near the Package Bottom
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Table 6.1.1 - Description of the ES-3100 HABC Impacts

Run 10 Impact Description Kaolite Model HABC
Model

HABC-runlhl 4-foot side impact Lower bound 100°F,
+ 30-foot side impact stiffness, Section
+ 30-foot crush impact Section 6.2.3

3.2.5.2

HABC-runlhh 4-foot side impact Upper bound -40°F,
+ 30-foot side impact stiffness, Section
+ 30-foot crush impact Section 6.2.1

3.2.5.3

HABC-run2e 30-foot CG over lid corner impact Average 700F,
+ 30-foot crush on bottom corner stiffness, Section

Section 6.2.2
3.2.5.1

HABC-run3b 30-foot top end impact Average 700F,
+ 30-foot bottom end crush stiffness, Section

Section 6.2.2
3.2.5.1

HABC-run4g 30-foot, 12° slapdown with lid studs on plane of symmetry Average 70°F,
+ 30-foot crush with plate centered on CV flange stiffness, Section

Section 6.2.2
3.2.5.1

HABC-run4ga 30-foot, 120 slapdown with lid studs on plane of symmetry Average 70°F,
+ 30-foot crush with plate centered on drum stiffness, Section

Section 6.2.2
3.2.5.1
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Table 6.1.2 - Analysis Weights for the ES-3100 HABC Models
Mabe' ConienWt bescription HABC-run2e HABC-nmlhh HADC-nnlhl HABC-nm3b HABCnnm49

Number__
mass wei chane'"m, C l-e mass wegt ef mass af m "* der muos e4M dW

1 V _ _ body 2.73602 21.10 0.0 2.73.02 21.10_ 0.3 2.73602 21.10 . 2.736M 21.10 0.03 2731502 21.10 0G.
N 2 CVbody atflan" 1.73E03 1.34 0.GA 1.731403 1.34 M0.0 1.73•503 1.34 0.00 1.73143 1.34 0.00 1.73E03 1.34 G.R
a 3 (Vlid 9.57E.0 7.39 0 001 9.57E03 7.39 0.00 9.603 7.39 0.- 9.5763 7.39 0.00 9.57E,03 7.39 T.A
.4 'Vscewrln 4.27E03 3.3 0,M 4276E0 3.3' 0.3 427M03 330 010 4.27603 3.31 0.03 4.27E-03 3.31 0m
• 5 an.gle 1.L0602 13.10 0.00 1.69E-02 13.02 (Q.00 1.0602 "13`M M.0 1.60- 13.02 0.M0 1.&602 i3.02 OMI
* 6 drum 6.02E-02 46. 0.00 S.62-2 46.93 0.03 5.03602 45.3 &.0W 6.02-02 46.03 0.03 &.0]5-O 46.M0 G.m
a 7 drum b•ttom head 1.221-02 9.42 0OM 1.22602 9.42 0.00 1.22E402 9.42 0.00 1.225.02 9.42 0.00 122602 942 O.R
1 8 weld drum to drum bottom head 1.18-04 0.09 0.0 1.1815(04 0.09 Ga 1.16504 0.09 G.0 1.1.0 G 0.03 1.186-04 0.9 .OC
S9 lineroverlaptom lgle(0.03) 1.36E-04 0.11 0.03 1365504 0.11 G0 1.36E-04 0.11 0.F0 1.36604 0.11 0.03 1.356154 0.11 0.am

210 limer (0.06) 4.06M2 31.23 0.71 4.05M.2 31.23 0.71 4.05k-2 31.23 .71 4.Q02E 31.23 0.71 4.056.2 31.23 0.71
a11 likewbottom(0120)(seem27forsolids) 1.4163 101 0.0M 1.49E60 I.0 GAD 1.406-3 113 0.0D 1.406-03 1.09 0.03 1.40E53 1.03 G.m
m12 lid shells (0.06) 7.2560 m6.3 GAD 7.256M 5.03 MGD 7.25W-0 5.6. 0.0 7.25603 6.03 0.00 7.256.03 5.0 Om

13 tiin lidi sl at bolts 1.37540 0.01 GAD 1. 0 0.01 .GA 1.376-05 0.01 0.03 1.376-0 0.01 0.03 1.37E60 0.01 aM
.14 lid solids at tM lid bolth 5.031-0 0 0.04 03 6.060 0.04 0.0A 5.0303& 0.04 0.03 56.36--05 il 0.03 .036I 0.14 OMI
.15 lid stiffenw 1.3915433 1.07 O00 1.396.0 1.07 GAD 13960 1.07 am 1.39603 1.07 0.03 1.391-41 1.07 OBm
m16 drum bolts 511W604 0.39 0.0& 5.0104 0.39 0.00 5.0604 0.3 M. 6.604 039 0.0 5.06E-64 039 FR
.17 drum bolt nuts 1.0E-03 0.3 0.03 1.23030 0.33 0GA 13.0E3 0.93 1.2a0--3 0.93 0.03 1.26,03 0.93 o.i
a18 drum boltwashers 4.71E04 0.3 0.00 4.711544 0.35 GAD 4.711504 0.35 0.03 4.71504 0.36 0.03 4.71E-04 036 0.0m
.19 plug liner 1.2615M 1OAD 0.0M 1.29602 10.03 0.03 1.266 10.A 0.10 1.2X662 10.03 0.03 1.296152 10.00 ®.m
.20 pljgkaolitt 1.25602 9.70 0.00 1.52602 11.70 0.03 1.52602 11.701 0.0 1.260.2 9.70 0.03 1.2502 9.70 O.m
.21 drum kalift 1.4A 01 107Je3 .- 20 103B501 130.43 -213O 113601 130.43 -2.50 1.40601 107.88 -2.2 1.40601 10713 -2.2
* 22 drum ABC 63602 49.05 6.35 6.3602 4913 6.36 8.3602 49.13 5.31 6.356E02 49.M3 6.39 5.3560q2 49.08 6.E
a 24 lower iternal cv ass 4.756-02 35.03 0.03 4.76602 365 0.03 4.756M 3S.O 0.- 4.75E.02 35.03 GAD 4.75602 36.69 FOEa
.25 middle interal cv ams 4.75M0 365 03 4.75602• 3 AD .3N.03 0.03 4M5602 3513S 0.00 4.75602 3650 am
.26 p internal cv mass 4.75M02 36.9 G.0D 4.75M02 35.3 0.03 4.76 0 5.2 35 GAD 4.7K602 3A19 0.03 4.7565402 N3.UB Hm

s27 lierbotlomsolids 1.25E03 0.95 0z. 1.2563 0.95 0.2 00 1.25E.03 06.95 0.20 1.2503 0.95 0
*29 visual riid plame .0350E, 0.(2 -.013O 7.801544 0.O M03 75E04 MOD 0M 8MM 0.62 0.03 9.0*04 0.69 0.0m
.30 crush plete 1.42540- 1099.10 0.03 1.426400 1099.99 GAD 1.42E40 18.99 0.MO 1.42E400 11198,9 0.03 1.42640M 10899, am

31 pinh &,24E-02 53. 0.00 824602 6312 GAD 82402 63.62 0.0 8.24E102 63O2M 0.00 8.24E-0 3.52 am:
a32 silicon rubber 1.74603 1.34 O07 1.74E-0 1.34 0.7 1.746-03 1.34 0.07 1.746E03 1.34 0.07 1.746-03 134 0.35

d_ _ otal modelwei*t 2.076403 16(.2 4M3 211E100 1G.77 3.77 21]E-403 1M77 3.77 2077*03 159.23 4.16 27E40M 159&31 4.1E

V li and nut ring 101N1 10.68 10.(0 10.68 10.6

CV b w 22.44 2244 22A4 22.44 22.44

CV total W1t 33.12 33.12 33.12 33.12 33.12
plg liner and koollte 19,70 21.03 211A 19.70 19.70

liner. le +_ _ 45.41 -. -1 46.41 46.41

drum body + kaolite + borobond4 251.10 293.56_ 231 281.10 261.10

drum + lid + plug - kaolite + borobond4 2981 313.3 31335 290.81 2__.91
internal cv mus 110.09 110.M3 11013 11013 _ 110.06

Total Pack"a Weiqht 432i01 4__._ 48S -,5 4-201 432D01

Crush Plate Wekght 1099.6( 1099.99 109.99 1099.99 1118.991

PunchWeight ____ ; 62 -3.52 .5 63.2 63.62

Vil RimglRid Plane 0.62 0.60 0.6( 0.62 0OS _

t______ Total Iod elWe it of ____ 1620.77 1520.77" 1 .23 159_,31

W-ight is for t total paockaI (2 *model weight) aid is in nidts of pounds
- ChoJs$ is the difference between the HABC run and the Table 2.12 results
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6.2 Material Models

The material models used in the Part B HABC runs are those described in the Part A,
Section 2.3 except for the Section 2.3.6 which covered the Borobond material. As in the
initial borobond models the stud material was defined with a material failure at the
0.57 in/in strain level.

The borobond material was replaced with the catalog 277-4 high alumina borated cement
material which is described in this section and sub-sections. The LS-Dyna material model
used for the HABC material is the *MAT_SOIL_AND_FOAM model. The material data
was obtained from testing performed at Y12 in the Fall of 2004. Figure 6.2.1 shows the
stress vs strain curves obtained in the test.

HABC Stress vs Strain

1400.0o

1200.0
1000.0l-

6. 00.0-

400.0 o I-OOF - Lower Bound

200.0 --4-70 F - Nominal
-40F - Upper Bound

0.0
0 0.0005 0.001 0.0015 0.002 0.0025 0.003 (10035 0,004 0.0045 0.005

Stran. Win/In

Figure 6.2.1 - HABC Stress vs Strain Curves

6.2.1 HABC at -400 F

Poisson's ratio is given as 0.33 by the testing results. The modulus of elasticity was taken
to be the slope of the load deflection curve for the first data point.

E = ac 201.3psi -Opsi = 1.991e6psi

E (1O1.le-6)-O

The shear modulus is then calculated as:

ShearModulus - -. 9e psi = 7.485eS psi
2(1 +v) 2(1+0.33)
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The bulk modulus is calculated as:

BulkModulus = E _ 1.991e6 psi = 1.952e6 psi
3 (1-2v) 3(1+2(0.33))

Volumetric response data for the HABC material is lacking. A volumetric response will be
derived from the one dimensional compressive test data. The HABC material is assumed to
behave as a homogeneous, isotropic material.

Using Figure 6.2.1.1 and noting the following
def initions,

Al~oA t 1 "og AlIlat Clat
e lion eltt- l__ ;e

lon 1og -l lil long

rClat = V long

.lat = 0long = I

The initial volume is, 13, and the final volume is:

lat 1

final volume = (I - Aliong)(l + Al1t)(l + Allat)

Figure 62.1.1 - Assumed Response of a Unit Substituting the above definitions into this
Cube equation and simplifying results in the following

expression for the final volume.
final volume =13(1 - £1ong)(1 + Velong) 2

The relative volume then is,V= current volume
_ _ _ _ _ _ _ _ _ _ _ _ = ( 1 - C io n g ) ( 1 + V e /o ng ) 2

initial volume

The volumetric strain then is:

volumetric strain = In V

Using this and P = a/3, a pressure vs volumetric strain curve is derived. The pressure cut
off for tension is derived from the tensile failure of 234.7 psi. The pressure cut off for
the material model is: P - a _ 234.7 psi = 78.2 psi.

3 3

The constants ao, a,, and a2 are yield function constants defined in the material model. To
eliminate the pressure dependence of the yield strength, aQ = a2 = 0 and ao = a 2Y/3 =
(1165.8 psi)2/3 = 4.530e5 psi 2. The following material model was used for the upper
stiffness bound of the HABC material (-400).
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LS-Dyna Material Model
Density
Shear Modulus
Bulk Modulus
Ao
A1

A2

Tensile Cutoff
Volumetric Strain Data vs Pressure:

Volumetric Strain. in3/in 3

*MAT_SOILAND_FOAM
1.5742e-4 lb-sec2/in 4 (105 lb/ft3 )
7.485e5 psi
1.952e6 psi
4.530e5 (psi)2

0
0
78.2 psi

Pressure, psi
0
67.100
187.300
294.367
374.067
416.567
4 3 3 .3 3 3 t

566.667t
10 0 0 .0 00 t
100 0 0 0 .000t

0
-3.4380E-05
-1.3300E-04
-2.5971E-04
-4.4481E-04
-8.8812E-04
-3.4612E-03t
-1.6787E-01t
-5.5498E-01t
-1.1409E+00t

to achieve numerical lock-up.t - assumed values

6.2.2 HABC at 700 F

Poisson's ratio is given as 0.28 by the testing. The modulus of elasticity was taken to be
the slope of the load deflection curve for the first data point.

E = a _ 150.3psi- Opsi = 6.838e5psi
(219.8e-6)-0

The shear modulus is then calculated as:

ShearModulus 1 E _ 6.838e5 psi = 2.67le5psi
2(1 +v) 2(1+0.28)

The bulk modulus is calculated as:

BulkModulus = £ _ 6.838e5 psi = 5.1806e psi
3 (1 -2v) 3(1+2(0.28))

The pressure cut off is calculated as P=184 psi / 3 = 61.3 psi and the constants ao is
calculated as (983psi)2/3 = 3.221e5 psi2. The following material model was used for the
70°F runs of the HABC material.

2-370

0

Y/LF-717/Rev 2/ES-3 100 HEU SARICh-2/rlw/3-06-08



Part B - Design with HABC Cylinder 213

LS-Dyna Material Model
Density
Shear Modulus
Bulk Modulus
Ao
A1

A2

Tensile Cutoff
Volumetric Strain Data vs Pressure:

Volumetric Strain, in3/in 3

0.0000E+00
-9.6740E-05
-3.5131E-04
-6.9019E-04
-1.1268E-03
-2.0363E-03
-1.9536E-01t
-6.0570E-01t
-8.4601E-01t
-1.2052E+00t

*MATSOILANDFOAM

1.5742e-4 lb-sec2/in4 (105 lb/ft')
2.671e5 psi
5.180e5 psi
3.221e5 (psi) 2

0
0
61.3 psi

Pressure. psi
0.000
50.100
140.400
217.100
278.133
329.067
50 0 .0 0 0 t

10 00 .000t
10 0 0 0 .000t

10 0 0 0 0 .0 0 0 t

t - assumed values to achieve numerical lock-up.

6.2.3 HABC at 1000 F

Poisson's ratio is given as 0.25. The modulus of elasticity was taken to be the slope of the
load deflection curve for the first data point.

E= -- 103.7psi- Opsi = 4.027e5psi
s (257.5e-6) - 0

The shear modulus is then calculated as:

ShearModulus - E _ 4.027e5 psi - 1.6108eSpsi.
2(1 +v) 2(1+0.25)

The bulk modulus is calculated as:

BulkModulus - E _ 4.027e5 psi 2.6847e5 psi
3 (1 -2v) 3(1+2(0.25))

The pressure cut off is calculated as P=209.7 psi/3 = 69.9 psi and the constants a0 is
calculated as (833.7 psi) 2/3 = 2.317e5 psi2 . The following material model was used for the

lower bound, 100°F runs of the HABC material.
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LS-Dyna Material Model
Density
Shear Modulus
Bulk Modulus
Ao
A1

A2

Tensile Cutoff
Volumetric Strain Data vs Pressure:

Volumetric Strain, in3/in3

O.OOOOE+00
-1.2879E-04
-6.6103E-04
-1.1769E-03
-1.7225E-03
-2.3119E-03
-5.5975E-02t
-4.5758E-01t
-6.3677E-01t
-1.2448E+00t

*MAT_SOILAND_FOAM
1.5742e-4 lb-sec2/in 4 (105 lb/ft3 )
1.6108e5 psi
2.16847e5 psi
2.317e5 (psi)2

0
0
69.9 psi

Pressure, psi
0.0
34.567
123.133
165.533
204.967
240.0
3 3 3 .3 3 3 t

50 0 .ot
10 0 0 .0t
10 0 0 0 0 .0t

t - assumed values to achieve numerical lock-up.
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The volumetric strain vs pressure curves used by the analytical models are plotted in
Figure 6.2.3.1 for the lower values.

215

HABC Pressure vs Volumetric Slrain

48.U

ct

-- -$ -HABC Lower Bond---,.._. . Z-~70

Upper Bound

-2.OE-03 -1.5E-03 -1.OE-03 -5.0E-04 O.OE+0-

Volum etr ic Strain, in^ 3/in^ 3

Figure 6.2.3.1 - Volumetric Strain vs Pressure Curves for the HABC Material
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7.0 Analysis Results

The figures presented in Section 7 may show the punch, however, no punch impacts were
made on the HABC model as discussed in Section 6.1.

7.1 HABC-runlhl - Lower Bounding Side

HABC-runlhl are the runs with the lower bounding material properties for the kaolite and
the HABC materials. The 4-foot impact occurs from time = 0.0 to 0.01 seconds; the
30-foot impact occurs from 0.01 to 0.02 seconds; and the crush impact occurs from 0.02 to
0.04 seconds.

The initial configuration for HABC-runlhl is shown in Figure 7.1.1. The configuration after
the 4-foot impact is shown in Figure 7.1.2. Enlargement of the lid and bottom regions after
the 4-foot impact is shown in Figure 7.1.3.

The effective plastic strain in the CV body after the 4-foot impact is shown in Figure 7.1.4.
The maximum is 0.0185 in/in and occurs near the bottom head of the CV body. The plastic
strain in other components for the 4-foot impact are given in Table 7.1.1.

Table 7.1.1 - HABC-runlhl, 4-Foot Impact, Effective
Plastic Strain Levels in Some Components

Component Effective Plastic Strain,
in/in

CV Lid 0.0001
CV Nut Ring 0.0000

Angle 0.0055

Drum 0.1599
Drum Bottom Head 0.1033

Liner 0.1045

Lid 0.1393

Lid Stiffener 0.0004

Lid Studs 0.0000

Lid Stud Nuts 0.0000

Lid Stud Washers 0.0194
Plug Liner 0.0022

0

Figure 7.1.5 shows the final configuration for the HABC-runlhl 30-foot impact. Figure 7.1.6
shows the lid and bottom regions after the 30-foot impact.
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The maximum effective plastic strain due to the 30-foot impact in the CV body is
0.0195 in/in as shown in Figure 7.1.7. The maximum effective plastic strain in the drum lid
is shown to be 0.5790 in/in in Figure 7.1.8. The maximum lid strain is a surface strain at
the stud hole nearest the rigid surface. The membrane effective plastic strain component
is 0.4416 in/in in the localized region near the stud hole. Effective plastic strain levels in
other components for the 30-foot impact are given in Table 7.1.2.

Table 7.1.2 - HABC-runlhl, 30-Foot Impact, Effective
Plastic 5train Levels in Some Components

Component Effective Plastic 5train,
in/in

CV Lid 0.0002

CV Nut Ring 0.0000

Angle 0.0780

Drum 0.2251

Drum Bottom Head 0.2126

Liner 0.1078

Lid Stiffener 0.0093

Lid Studs 0.1140

Lid Stud Nuts 0.0000

Lid Stud Washers 0.0194

Plug Liner 0.0958

The final configuration for the crush impact is shown in Figure 7.1.9. Figure 7.1.10 shows
the configuration at the bottom and lid regions after the crush impact.

Figure 7.1.11 shows the effective plastic strains in the CV body. The maximum is shown to
be 0.0206 in/in and occurs below the flange region due to the upper internal weight.

The maximum effective plastic strain in the drum for the crush impact is 0.5139 in/in
(surface strain) as shown in Figure 7.1.12. The maximum in the drum occurs near the angle
on the crush plate side of the drum. The maximum membrane effective plastic strain at
this location is 0.3551 in/in.
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Figure 7.1.13 shows that the maximum effective plastic strain in the lid is 1.2580 in/in
(surface strain) and occurs just below the upper stud hole (hole nearest the crush plate,
1800). The maximum membrane effective plastic strain in this region of the lid is
0.7746 in/in. A time line investigation during the crush impact shows that the lid exceeds
0.57 in/in strain in bending at about 0.0248 seconds at the 180° stud hole. The crush
impact started at about 0.0200 seconds, so the lid reaches failure level near the start of
the crush impact. The membrane levels in the lid reach 0.57 in/in at about 0.0264 seconds.
The elevated effective plastic strain levels in the lid are localized in the region just
inboard of the upper stud.

Figure 7.1.14 shows that the effective plastic strain in the drum studs is 0.5121 in/in and
occurs in the upper stud at the bearing of the lid onto the stud. The elevated strains in
the stud are localized on the inner surface (bearing of the lid on the stud). Effective
plastic strain levels throughout the thickness of the stud are generally 0.25 in/in or less.
At time 0.0264 sec, the lid has reached 0.57 in/in strain in membrane, and the maximum
strain in the drum studs is about 0.2870 in/in.

Considering the strain levels in the lid and the studs, some tearing at the 1800 stud hole
would be expected. But the tearing would be localized to the stud hole due to the extent
of the strain patterns. Failure of the stud to restrain the lid due to this tearing is not
expected. The lid stiffener would limit any tearing from the stud at 1800 and the large
washer would be expected to restrain the lid. The effective plastic strain in other
components due to the crush impact are listed in Table 7.1.3.

Table 7.1.3 - HABC-runlhl, Crush Impact, Effective
Plastic Strain Levels in Some Components

Component Effective Plastic Strain,
in/in

CV Lid 0.0002

CV Nut Ring 0.0000

Angle 0.1142

Drum Bottom Head 0.3562

Liner 0.1593

Lid Stiffener 0.0515

Lid Stud Nuts 0.0005

Lid Stud Washers 0.0693

Plug Liner 0.1220
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The lid separation time history is shown in Figure 7.1.15. The nodes used in Figure 7.1.15
are shown in Figure 3.1.30. From the time history plot it can be seen that a lid separation
of 0.005 in or less would be expected.

Figure 7.1.16 shows kaolite nodes used to find the kaolite thickness time history.
Figure 7.1.17 shows the remaining thickness time histories for the nodal pairs shown.

Figure 7.1.18 and 7.1.19 show the diameter and radial time histories for the drum. The
nodes are defined in Figure 3.1.34.

Figure 7.1.20 shows the diameter time history for nodal pairs along the length of the liner.
Figure 3.1.37 shows the nodes and Table 3.1.3 gives the location of the nodes.
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31W tm4 )4.JI ttt.L DECu 2*c K1
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Figure 7.1.1 - "ABC-runlhl, Initial Configuration

31WI~~1~ . otuwwDCnil4 rW

Figure 7.1.2 - HABC-runlhi, Conf iguration After the 4-FOOt Impact
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Figure 7.1.3 - HABC-runlhl, 4-Foot Impact, Configuration in the Lid and Bottom

3100a HABC-RUN1HL L BOUND DEC 2004 KOH
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Figure 7.1.4 - HABC-runlhl, 4-Foot Impact, Effective Plastic Strain in the CV Body
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Mln tIASC-4WN1 gILL SOUND DEC 2964 KOM

ez

Figure 7.1.5 - HABC-runlhl, 30-Foot Impact, Final Configuration

Figure 7.1.6 - HABC-runfhl. 30-Foot Impact, Configuration of the Lid and Bottom
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3109 HABC-UNI HL L BOUND DEC 2004 KOH
Time - 0.821001
Contaura of Effecdve Pluasic Strain
nmax Ipt. value
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mac0.0196004. at clenm 28365

Figure 7.1.7 - HABC-runlhl, 30-Foot Impact, Effective Plastic Strain in the CV Body
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Figure 7.1.8 - HABC-runlhl, 30-Foot Impact, Effective Plastic Strain in the Lid
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3190 HABC-FkN1 HL L BOUND DEC 2•14 KOH
Time = 1.14

224

Figure 7.1.9 - HABC-runlhl, Crush Impact, Final Configuration

Figure 7.1.10 - HABC-runlhl, Crush Impact, Configuration of the Lid and Bottom
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3101 HABC-RUN HL L BOUND DEC 2304 KOH
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Figure 7.1.11 - HABC-runlhl, Crush Impact, Effective Plastic Strain in the CV Body
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Figure 7.1.12 - HABC-runlhl, Crush Impact, Effective Plastic Strain in the Drum
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Figure 7.1.13 - HABC-runlhl, Crush Impact, Effective Plastic Strain in the Lid

3100 HABC-RUNlIHL L BOUNU DEC 2004 KOH
Time = 3.84
Conltirs of EfMctive Plastic Strain

-un lpt. value
ndb40. at aluall 71077
maw-0.51 2117, at ale"m 73621 40

Fdnge Levels
5.121.e-Al

4.6119.-Ol
4.097-41 _1

3.585"1

3.073.-C1 _

2.561-0C1

2.041.C 1"1

1.0324.e- l
L121e-02 _

U.U•e. _

I 'AM

U"'Y
Figure 7.1.14 - HABC-runlhl, Crush Impact, Effective Plastic Strain in the Studs
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Figure 7.1.15 - HABC-runlhl, CV Lid Separation Time History
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3100 HAB4C-RUNI HL L BOUND DEC 2004 KOH
TIme= 0
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Y

Figure 7.1.16 - HABC-runlhl, Kaolite Nodes
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Figure 7.1.17 - HABC-runlhl, Kaolite Thickness Time History
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Figure 7.1.18 - HABC-runlhl, Drum Diameter Time History in the X Direction
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Figure 7.1.19 - HABC-runlhl, Drum Diameter Time History in the Y Direction
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Figure 7.1.20 - HABC-runlhl, Diameter Changes in the Inner Liner

2-388

Y/LF-717/Rev 2/ES-3 100 HEU SAR/Ch-2/rlw/3-06-08



Part B - Design with HABC Cylinder 231

7.2 HABC-runlhh - Upper Bounding Side

HABC-runlhh are the runs with the lower bounding material properties for the kaolite and
the HABC materials. The 4-foot impact occurs from time = 0.0 to 0.01 seconds; the
30-foot impact occurs from 0.01 to 0.0188 seconds; and the crush impact occurs from
0.0188 to 0.04 seconds.

The final configuration for the 4-foot impact is shown in Figure 7.2.1. The configuration at
the ends of the package are shown in Figure 7.2.2. The effective plastic strain in the CV
body for the 4-foot impact is shown in Figure 7.2.3 to be a maximum of 0.0238 in/in. The
effective plastic strains in other package components for the 4-foot impact are listed in
Table 7.2.1.

Table 7.2.1 - Runlhh, 4-Foot Impact, Effective Plastic
Strain Levels in Some Components

Component Effective Plastic Strain,
in/in

CV Lid 0.0000

CV Nut Ring 0.0000

Angle 0.0061

Drum 0.1207

Drum Bottom Head 0.1252

Liner 0.0991

Lid 0.1604

Lid Stiffener 0.0006

Lid Studs 0.0000

Lid Stud Nuts 0.0000

Lid Stud Washers 0.0411

Plug Liner 0.0045

The final configuration for the 30-foot impact is shown in Figure 7.2.4. The configuration
at the ends of the package are shown in Figure 7.2.5. The maximum effective plastic
strain for the 30-foot impact in the CV Body is 0.0347 in/in near the bottom head
(Figure 7.2.6). The maximum effective plastic strain in the drum lid is 0.4063 in/in at the
stud near the rigid plane as shown in Figure 7.2.7. The effective plastic strain in other
components for the 30-foot impact are given in Table 7.2.2.
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Table 7.2.2 - HABC-runlhh, 30-Foot Impact, Effective
Plastic Strain Levels in Some Components

Component Effective Plastic Strain,
in/in

CV Lid 0.0001

CV Nut Ring 0.0000

Angle 0.0632

Drum 0.2296

brum Bottom Head 0.2517

Liner 0.1184

Lid Stiffener 0.0076

Lid Studs 0.1306

Lid Stud Nuts 0.0004

Lid Stud Washers 0.0424

Plug Liner 0.1072

The configuration after the crush impact is shown in Figure 7.2.8. The configuration at
the ends of the package are shown in Figure 7.2.9. The maximum effective plastic strain
for the crush impact in the CV body is 0.0525 in/in, on the crush plate side near the lid
end of the top inner weight (Figure 7.2.10). The maximum effective plastic strain in the
drum is 0.2814 in/in near the angle and the rigid plane (Figure 7.2.11). The maximum
effective plastic strain in the drum lid is 0.6413 in/in (surface strain) a shown in
Figure 7.2.12. The maximum occurs at the lid hole for the stud closest to the crush plate
(1800). The membrane effective plastic strain is 0.4907 in/in at this location in the lid.
Figure 7.2.13 shows that the maximum effective plastic strain in the studs is 0.2364 in/in.
The effective plastic strain in other components are listed in Table 7.2.3 for the crush
impact.
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Table 7.2.3 - Runlhh, Crush Impact, Effective Plastic
Strain Levels in Some Components

Component Effective Plastic Strain,
in/in

CV Lid 0.0004

CV Nut Ring 0.0005

Angle 0.0845

Drum Bottom Head 0.2827

Liner 0.2022

Lid Stiffener 0.0171

Lid Stud Nuts 0.0018

Lid Stud Washers 0.0439

Plug Liner 0.1286

The lid separation time history is shown in Figure 7.2.14. The nodes are shown in
Figure 3.1.30. The response is oscillatory with peak gap separation on the order of 0.010 in.
At the end of the impact, the peaks are on the order of 0.006 in with an average gap on the
order of 0.003 in or less.

The kaolite thickness time history is shown in Figure 7.2.15. The nodal pairs are shown in
Figure 7.1.16.

Figure 7.2.16 and 7.2.17 show the drum diameter and radial time histories. The nodes are
defined in Figure 3.1.34.

Figure 7.2.18 shows the diameter response of the liner. Figure 3.1.37 and Table 3.1.3
define the liner nodes used in Figure 7.2.18.
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live I4ABCW'H U OOUND DEC 2U9d4 KOHT•m e.36399' ______i___

Figure 7.2.1 - HABC-runlhh, Configuration After the 4-Foot Impact

Figure 7.2.2 - HABC-runlhh, 4-Foot Impact, Configuration of the Lid and Bottom
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Figure 7.2.5 - HABC-runlhh, 30-Foot Impact, Configuration of the Lid and Bottom
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Figure 7.2.6 - HABC-runlhh,30-Foot Impact, Effective Plastic Strain in the CV Body
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Figure 7.2.7 - HABC-runlhh, 30-Foot Impact, Effective Plastic Strain in the Lid
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Figure 7.2.8 - HABC-runlhh, Configuration After the Crush Impact
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Figure 7.2.9 - HABC-runlhh, Crush Impact, Configuration of the Lid and Bottom
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Figure 7.2.10 - HABC-runlhh, Crush Impact, Effective Plastic Strain in the CV Body
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Figure 7.2.11 - HABC-runlhh, Crush Impact, Effective Plastic Strain in the Drum
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Figure 7.2.12 - HABC-runlhh, Crush Impact, Effective Plastic Strain in the Lid
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Figure 7.2.13 - HABC-runlhh, Crush Impact, Effective Plastic Strain in the Studs
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Figure 7.2.14 - HABC-runlhh, CV Lid Separation Time History
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Figure 7.2.15 - HABC-runlhh, Kaolite Thickness Time History
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Figure 7.2.16 - HABC-runlhh, Drum Diameter Time History in the X Direction
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Figure 7.2.17 - HABC-runlhh, Drum Diameter Time History in the Y Direction
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Figure 7.2.18 - HABC-runlhh, Diameter Changes in the Inner Liner
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