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SECTION X1

Appendix F

Introduction -

This appendix augments the structural section of this Application. There
are two areas in which this appendix amplifies and clarifies the structui:al
analysis of the cask.‘ The first area of concern is the influence of the newer
lead s_t_réés-strain data on the parts of the evaluation of the cask that were
completed uéihg the eérlier data. And second, this appendix presents an addi-
tional normal cycle evaluation of the cask using the 'S_ection.VIIl, Appendix D,
| temperature distributions. This evaiuation provides the data required in‘Sec-
tion XV in ;he discussion of thevthermal acceptance criteria.

F.1 Influence of the Change in High Temperature
Lead Stress-Strain Properties

Reference 81 presents high temperature stress_-stfain curves for the lead
alloy used as shielding in the cask. The _lead:data of Ref. 81 correlates well
with the lower temperature leéd stress-strain data of Tietz, Ref. 20, at the
one temperature common to both studiés, 325° f‘. These.two sets of curves,
which are presented in Fig. 4.9.6-13 and in Section 1. 2.3, provide a. compllete.
get of lead stress-strain properties. However, prior to obtaining the high
temperature data of Ref. 81, the stress-strain curves above 3259 F were de-
termined fi:orri' the Tietz data by extrapolation to the 620° F melting point. The
stres's-strain curves that i:esult from this extrapolation are shown in Appendiic B,
Section B,5. The extrapolatéd curves and the experimental Ref, 81 curves are
seen.to differ signjﬁcanﬁy _é_t the higher tempérétures, i.e., above a tempera=’

ture of approximately 380°F. Therefore, it was necessary to examine the

_F-1
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analyses that wei'e coﬁpleted-using the older lead stress-strain curves to
determine if using the revised curves sighificantly alters the computed
stress results. |

The fourteen,base case solutions kless cases 1 and 11) discuslsed in Section
3.8.4 were all corhpleted using the older lead stress-straih curves, Addition-
ally, the lead pressure study of Appendix B incorporated the older lead data. |
" The lead pressure and buckling calculations of Section X1, 4.6. 2.1 and 4.9.6,
were all completed with the revised set of lead stress-strain curves, |

To assess the influence of the newer lead curves on the base case solutions,
only the cases with temperatures above the deviation point between the two sets
of lead data require some re-examination. Below this point, the lead proper-
" ties used in the analyses were correct. Thus, only the 70 kw, 130°F amhient
normal and post-fire, and the 70 kw, -40°F ambient post-fire cases are in
question. Of these cases, the 70 kw, 130°F amblent normal case is the most
critical since it is an extreme condition of the normal cycle, and further, the
evaluation for the normal cycle stress range using this condition currentlyv
meets the stress allowable by a relatively small margin. Therefore, the ANSYS
solution for this case was re-computed using the revised lead representation,

it was found from this later ANSYS solution that the resulting stresses in the
cask shells were not signiﬁeantly altered by the imoosed change in the lead
stress-strain properties. For example, the maximum change in stress level
at the critical inner shell, mid-cask locauon (the location of highest tempera-
ture and largest stress range) was found to be only about 500 psi. Small stress '
‘changes were computed in the other cask locations, but none of the changes was
significant enough to alter the conclusion of the stress range calculation or any

of the other normal case evaluation steps which found the cask shells to be struc-
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turally adequate. The stress component resu;:ts for the inner shell, mid-
cask locations, Locations 11 and 12 of Fig. 3.8.4-15, for the old lead pro-

perties solution and the revised solution are presented below.

L 2

- LOCATION 11 'LOCATION 12

Stress Component Old”  Revised Oid Revised
(ps)) |
oy 16 -16 -708 ~710
0y -20830  -20698 18680 -19207
oy 23556  -23508, -20748  -20098
Oy 0.0 00 0.0 0.0

F.rom the comparisdn of the two ANSYS solutions, it is reasonable to
conclude that the thermal-elastic properties of the lead are of major signifi-
cance in producing the shell stresses, while the detailed shapes of the lead
stress-strain curves are not. The thermal-elastic properties of the lead were
not altered in any of the ANSYS solutions.

To assess a possible change in the stress-free temperature computed in
Appendix B, the calculation in Appeddix B that i.ncluded the highest assumed
temperature, 500°F, was repested using the revised lead stress-strain pro-
perties.

The results of this calculation were essentially identical to the previous
solution, and no change in the eomputed stress-free temperature was found. I'I'he
important factors leading to the very close agreement between the two solutions
were believed to be: 1) the importance of the thermal-elastic properties in pro-'
ducing shell stresses as discussed above, and 2) the presence of creep in the

Appendix B calcul_auons. Even though the lead stress-strain curves of the re-
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vised solution were different, the indicated equivélent stresses at eaeh point
in the two solutions were identical, thus indicating that the creep of the lead
a',cted.to deérade the stress-strain propertiee effectively to the same levels.
The post-ﬁre evaluatior_l, which included base cases incorporating the old
lead data, indicated that there was a‘ substantial inargin between the computed
and allowable stresses. (A very conservative estimate of the smallest margin,
the margin in the accident range calculation, is apprbximately 30%.) Further,
since the results of the two calculations for the normal cYcle and stress-free
temperature discussed above did not differ significantly from the previous
results, the post-fire cases that used the old. lead properties were not repeafed.
The assumption was that if these cases were repeated, the resulting etresses
and.evaluation would lead to the same conclusions as the existing evaluation of
Section 4.9.6. | |

F.2 Stress Evaluation Using Normal Condition Temperatures
of Section VI, Appendix D

To provide a bounding case for the thermal acceptance test criteria pre-
gented in Section XV, a .stress evaluation using the Section VIII, Appendix D,
temperature distribution for the 70 kw, 13()_0 F ambient normal case was per=-
formed. | _ v -

In this evaluation, the 70 kw, -40°F ambient and -40 kw, ~40°F ambient
normal temperature distributions were taken from Section, Appexidix E. This
is not consistent with the 70 kw, 130°F ambient solution; hoWever, this 70 kw,
130°F ambient case along with the -40°-F isothei‘mel geﬁerally make up the
extremes of the normal cycle for the different cask locations, notably the critical
inner shell, m1d-p1ane location. The other normal temperature d15tributions

represent inte_rmediate loading cases. Further, the 70 kw, 130° F ambient case
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is always the highest témperature case of the cycle and therefore sets the
allowable stress for each evaluation. Thus, the inconsisteﬁcy of the thermal
soluti.ons does not éause any limitation on the evaluation presented in this
appendix, |

The methods used for this evaluation were the same as presented in Sec-
tions 3.8.4 and 5, including the adding of the additionél stresses due to the
non-axisymmetric heating at the inner sheu; mid-éask location. The base
case stressés and the evaluation results are given in Tables F,2-1 and 2, |
Tables F.Z;l and 2 correspond to Table 3.8.4-2 and Table 3,8.5-3, respec-
tively. "The other tables of Secti‘on 3.8, i.e., the primarf stress listing,
primary stress evaluation, and the stress range load cases, were not altered.

All stress allowables are satisfied in this revised evaluation.
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BASE CASE STRESS DATA FOR EACH CASK LOCATION

LOCATION BASE CASE
NUMBER  SIGR
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STRESS COMPONENTS

e20457

-19246

SIGZ -

38589
36352

9817
21696
17703
~3621
-1C86

-555

1964

204
39188
35788
34561

-17360
«29436
-13115
-80532
-2582
-626
=59

. =299
204
-34616
-42980
-75403

-14883
1155
-14795
16383
695
-233
-138

. .=1l1t

278

-10337

SIGH

13740
11074

_ =b92%

8599
~26776
-1G 32
47
-531
968

5827
1668
-19753

-7076
~-20623
-4022

-61123

-722
98
=343
153

. =21078 -

-26541
-58354

-9884
-7620
-2240
-12401

-10535

-32
103
=340
. e11

- =-9797

-8491

SISRZ

-606
~-382
291,

759
579
329
L7646
-72

-136

26
14
-38
-0

730
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LOCATION BASE CASE

NUNBER

11 -
12

14

WO NOM NN
[~]

o P e
Y R=

'
' e
R -
oo o

12 742
13 %13
14 =431

i

2 1303
3 967
& -421
5 896
6

7

8

0
13 ¢
g

SIGZ

27%
-5549
-5117

12092

 =32165

STRESS COMPONENYS

- SIGH

-0
-1914
-352
12038

: 0
39789
29377
-11275
25802

-964
-19
-897
957

-0
22532
12143
-10856

-0
39237
28730
-3932
25028
-30890
-938
-27
=909
938
-0
22983
14093
-8025
. 0
-22178
-1657%
-2070
-16790
10037
-130
48

SI5RZ

=105
350
31
-30
-8
11
-12
-0
=320
-335
-228

119
102
-136

56 -

-10
=36
4“1
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U

TABLE F 2 -1 condT:)

LOCATION BA

SE CASE

NUMBER

9
10
11
12
13
14
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[} N
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oCofdtogho o

4
» 0 -
e R I
oo o

1209
894

eao
-1093

[ 4

. =697 .
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BASE CASE STRESS DATA FOR EACH CASK LOCATION

STRESS CINPONENTS

. .SIGZ.

-7

253
373

- =4296
=-438G80
15718

-7592
-5390
. 6752
-3569
6171
. =4450
-1006
-91
..303
372
L84
6573
842

9045

" 6864
«22572
6676
-29632
=-2318
-2712
-75
396
377
-4680
-16381
34147

0

9042
6860
=20508
- 621%&

- 27529

SIGH

-820

599

-0
-14561
-13035

.=533 .

21440

-15882
689y

11674

20583
-3
48
=798
573

-0

-8641
872
11006

0

. 40061

29480

- =25589

27363
-42799
-137
- =30
~1176
- 1098
=0
17403

247

-26639

e
337383
28540

-22788
26033
-39393

SISRZ
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TABLE F z-|\4oNT.)

BASE CASE STRESS DATA FOR EACH CASK LOCATION

\_/ LOCATION BA

12
12
12
12
12
12
12
12

13
013
13
13
13
13
13
13
13
13
13
13
13

N 13

14
14
14
1k
16
16
14
14
14
16
i6
1%
14
14

15
15
15
15

SE CASE

NUMBER

SIGR

-3
-1
-38
-60
-0
566
-10
-819

0
1459
1092
-71%
1006

- =113¢

3
. =5

SFTRESS COMPONENTS

SI5Z

-2315

-2712

-75

399
12
-3338 .

-164105
-3183%

0
-8223
-6240
-97
-8840
-7334
-2630
__=2685
11
281
512
-4243
-2849
=9741

-8247
-6264
9878
=44 08
2118
-2624
. =2685
11

283
512
-4243
-2849

£86

- =1356
-1042
8379

F-lo

SIGH

-133
-30
-1140
1059
-0
18159
2449

-=23587

0
-23865
-17111

2697
-17236
14707
-70

99
-834
651

-0
-11136
-4426
7796

0
-21371
-15935

11719
-11834
122673
-b%

93
-786
609

-0
-11136
-4426

16752

0
L I
0

. 12685
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BASE CASE S[RESS'DATA FOR EACH CASK LOCATION

2 LOCATTION BASE CASE STRESS COMPONENTS
o 'NUMBER  SIGR SIGZ = SIGH SI3RZ )
15 5 0 1784 (] 0
15 6 0. 26887 =18 0 )
15 o g -2223 & 0
15 8 0 -2641 -4 0
o 15 g =100  _iu64 _  Se17 0 .
15 10 0 . 87 0 0
15 11 . =0 506 -0 -0
B 15 12 -1%4 3368 748 0
15 13 -33 5864 1509 0
15 14 0 32512 =33 0
16 1 s 0 0 0
16 2 0 -1365 1] )
16 3 0 - =1042 ] 0
16 4 0 . 8498 12721 0
16 5 0 1784 0 0
R 15 6 _0_ - 26995 .13 0 .
16 7 0 -2223 3 0
15 8 0 -2641 -3 0
o 16 9 0 146% 5417 0
16 10 0 87 0 0
16 11 -0 506 -0 -0
- - 16 .12 0 __ . 3430 767 N
16 13 0 5975 1521 0
16 14 0 32695 22 0
17 1 0 0 ] 0
17 2 o -1219 16977 0
o 17 '3 0 =3401 12926 0
17 4 -46 -4907 -6819 0
17 5 0 5956 - 15797 0
17 6 -16 -17600 - ~21849 ... . O )
17 7 0 “478  =12787 0 FL 0 -
17 8 0 - =884 . 242 -
17 9 o0 Y R & & S
17 10 -100 2566 1867 .0
17 11 -0 174 B -g
17 12 .. =16 7013 16423 0
17 13 -16 7985 10575 0
17 14 -16 3127 4322 0
18 1 o 0 o ]
18 . 2 1682 14413 21759 711
o/
F -1l
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BASE CASE STRESS DATA FOR EACH TASK LOCATION .

W, LOCATION BASF CASE . STRESS COMPONENTYS
R ~ NUMBER SIGR SIGZ  SIGH  SI3RZ
18 1621 12774 17922 532
_ 18 =585 -11310 -8011 177
18 1661 -7061 93 33 28
18 -830 - ~40657 -26435 11
IR 18  ~493 _=7138 -3726 =135
18 42 -5336 -1193 2 4
18 . =167 792 -1254 -38
_ 18 -157 85 1016 2 =-28
18 -0 176 -0 -0
18 1604 -32362 1103 -323
o 18 950 -36269 =5975 =236
18 -966 ~4406L -19572 -350
19 0. .0 _ 0 - 8
19 o 8960 16132 0
19 0 5186 12479 0
B 19 16 _=14527 -6762 O
19 0 -4241 19580 0
19 -16 -35515 -15895 0
19 0  =-1099 -1281 0
19 0 -3699 -327 0
19 0 244 -739 0
B 19 -100 1915 1923 0.
~ 19 -0 174 -0 -0
19 -16 -1691%4 8842 0
19 =16  =15243 5466 0
19 -16 -22134 =3520 0
B .20 1 e_ 0 0 U
20 2 0 10097 16473 0
20 3 .0 8547 13488 0
N 20 4 . 6 8986 292 0
20 5 0. 12650 15647 0
20 6 0 17063 -122 e
_ 20 T 0 =7039 = =-3063 0 )
20 8 D 3351 1788 0
20 9 0 -742 -1035 0
. 20 10 6 373 - 1460 0
20 it -0 174 -0 -0
20 12 ()] 22316 20611 0
I - | 13 0 16663 15038 -0 i
20 14 0 19027 8829 ]
N>

F-l2
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B@SE”CASE»SIRESS DATA FOR EACH CASK LOCATION

N LOCATION BASE CASE STRESS COMPONENTS

LN~ " NUMBER  SIGR 'SIGZ _  SIGH SI3RZ

21 1 0 0 0 0

L 21 2 .. 1861 8 15407 0

21 3 -143% g 12410 o

24 & 14551 0. 96 o

21 5 -19599 0. _ 487 ) 0

21 6 38415 0 3591 0

21 7 -4,98 0 -1569 0

21 8 1243 0 761 0

21 9 105 0 -888 0
21 10 -151 0 1095 0.

21 11 e 0 ... =0 -0

21 12 -13959 0 7879 0

21 13 -9482 0 4452 0

21 14 5446 0 -2847 0

22 1 0 0 0 0

e 22 2 1716 0 ____ 12849 3

| 22 3 -1395 0 10461 0

22 &  ~14419 0 -9849 g

. 22 5 16681 0. 17536 0

22 6  =37361 0 -22505 0

22 7 736 0 -1018 0

. 22 8. . -1463 . .0 ____ =318 0

— 22 9 104 0 -784 0

22 10 -159 0 1246 0

22 11 -0 0. =0 -0

22 12 9880 0 16647 0

22 13 6377 0 10596 0
22 16 =5070 0 -6189 0

23 1 0 0 0 0

23 2 1977 . . 2609 -10743 -959

23 3 1549 2446 -8148 -532

23 4 -467 -5660 -8162 130

23 5 1165 -4274%  -12135 -42&

23 6 -748  -18752 -12941 48

23 7 457 2307 a9 -124

23 8 -323 -7502 -1817 137

23 9 -89 151 -831 29

23 10 -178 -463 316 69

o 23 11 . -0 . 237 -0 -0

23 12 94 -4309  -=1202% 118
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BASE CASE STRESS DAYA FOR EACH CASK LOCATION

LOCAYINN BASE CASE ~ STRESS COHPONENTS

NUMBER  SIGR - s$IGZ  SIGH SI3RZ
23 13 2 -8438 -11510 3kb
23 14 -135% -28600 -20067 219
24 1 0 0 o 0
24 2 0  -7242- -130S55 0
24 3 0 -5721 -10116 0
24 o -235 9080 3286 0
2% 5 0 -4780 -8545 0.
24 6 0 107863 3155 0
24 7 0 -1832 -1204 0
24 8 0 =-3988 _ _ -583 I )
24 9 -100 -257 -893 0
24 10 - 0 625 636 . 0
24 11 -0 237 -0 -0
24 12 -14 -2172 -6956 0
24 13 ~33 3894 -726 0
2« 1% 07020  _-1947 0 )
25 1 0 0 0 0
25 2 ¢ -13635 -8237 o
25 3 0 -10556 -2418 0
25 & 0 17434 -8605 0
25 5 D -4631 -5280 0
25 6 6 62964 -1939% 0
25 7 0 -2690 -561 0
25 8 0 5797 26 0
25 9 0 43 . =356 0
25 10 0 930 130 0
25 11 -p 200 -0 -0
25 12 6 3762 -4011 8
25 13 0 15600 -3073 0
25 16 0 75983 -14163 0
26 1 0 0 0 0
26 2 0 23117 3398 0
25 3 0 8236 2964 0
26 4 -235 -13597 -9106 0
26 5 0 -3500 -1236 0
26 6 0 -69868 -45419 0
26 7 0 3576 1147 0
26 8 0 _~-17u483 -6159 0
26 9 -100 -137 -491 0
26 10 : 0

0 -822 =342
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_TABLE F. 2 -+ conIT.)

BASE CASE STRESS DATA FOR EAGH CASK LOCATION.

LOCATION BASE CASE

26
26
2b
26

27
27
27
27
27

I ¢

27
27
27
27
27
a7
27
27

28
28
28
28
28
28
28
28
. 28
28
28
28
28
28

29
29
29
29
29
29
29
29

‘STRESS CIMPONENTS

NUMBER SIGR = SIGZ _ SIGH
11 -0 230 -0
12 -14 _  =9923 3116
13 -33 -20066 -6764
14 0 -96828 -53277

1 0 0 0
2 0 -2953 48
3 .0 =2206 26
4 -235 41830 8100
5 0 535 3958
6 ... .0 __ 49485 16661
7 6 -2856 -530
8 0 -4203 -1156
9 =100 9246 2562
10 0 291 -11
11 -0 197 -0

42 ~-i4 12558 3533
13 -33 20685 5353
14 0 59703 -10156

1 0 0 0
2 0 883 1198
3 .0 .. 615 _ 870
% 0 -28830 -13098
5 0 2644 4531
6 0 _ -6899 -254
7 0 %33 456
8 0 -934 -176
9 0 . __=7124 -2349
10 0 -158 -146
11 -0 197 -0
12 ¢  -7206 = -2396
13 0 ~11399 -4273
14 0 -8003 1692
1 0 ] 0
2 0 4588 1274
3 0 3215 892
4 -16 460 =-2696
5 0 1527 1445
6 -16 - =1150 =393
7 0 -61756 -1801
8 0 3528 1059
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o TABLE Fzu (conT). .. ...  Rev. t2/n

BASE CASE STRESS DATA FOR EACH CASK LOCATION

\_ LOCATION -BASE CASE . STRESS CIMPONENTS
o U NUMBER  SIGR  SIGZ  SIGH SI3RZ
29 9 0 -45 -9 0
. 29 10 -103 6953 2173 0
29 11 -0 106 -0 -0
29 12 -16 3249 1563 0
L 29 13 -16 2075 1078 0
29 1 =16 1163 670 0
30 1 0 ¢ 0 0
30 2 0 11675 3400 0
30 3 0 8369 2439 0
o 3 4 8 =5229 -4433 0
30 5 0 5339 2589 0
30 6 ¢ -15223 -4617 0
30 7 0 -1978 -5t 1 0
30 8 0 -3660 -1098 0"
3 9 0 -326 -93 0
R ~ 30 10 } =0 _ =4519 = -1263 -0 )
30 11 -0 106 -0 -0
30 12 0 909 861 0
) 30 13 8 -16a8 -27 0
30 14 0 -4510 -1032 0
31 1 0 0 - 0 0
— 31 2 0 1609 3020 0
31 3 0 7582 2202 0
31 4 0 -22142 -4685 0
21 5 0 11024 2209 0
31 6 0 -39304 -8805 0
) 31 7 0 180 106 0
31 8 0 -5066  =1519 0
31 9 0 -46 -9 0
) 31 10 0 -1218 -278 g
31 11 -0 0 -0 -0
31 12 0 -10840 4028 g
) 31 13 0 -18018 -3778 0
31 14 ¢ -26309 -5339 0
32 1 6 0 0 0
32 2 0 13374, 3910 0
32 3 0 9335 2729 0
o 32 4 g 15532 -4685 0
32 5 0 -1886 -1562 0
32 6 0 15863 7745 0
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. TABLe Fz-h feodTi) . _Aavi - 2/7¢

BASE CASE STRESS DATA FOR EACH CASK LOCATION

AU LOCATION B8ASE CASE STRESS COMPONENTS -
. NUMBER  SIGR SIGZ SIGH. SIGRZ
32 7 0 -10838 -3199 0
32 8. 0 3512 1054 0
32 9 0 -500 -145 0
32 10 0 3460 1125 0
32 11 -0 ___ g8 . =0 -0
32 12 0 16040 6040 0
32 13 0 16112 7061 )
.32 14 0 21296 8943 . 0
33 1 0 0 0 0
. .. . 33 2 .0 5187 1213 0
33 3 0 3300 803 0
33 4 0 22486 10006 0
33 5 0 -6049 -2944 0
33 6 0 30512 12707 0
33 7 0  -6069 -1871 0
_ .33 8 6 . 3387 . . 1803 0
33 9 0 -320 1 0
33 10 0 2830 932 0
33 11 -0 0 -0 -0
33 12 0 10861 -2523 0
33 13 0 17614 5745 0
NOE 33 44 0 _ 26429 -31605 0
34 1 0 0 0 0
34 2 0 18478 5200 0
34 3 0 13534 3873 0
34 4 0 -29386 -5555 0
. 3 5 .0 _ . 15606 3552 0
34 6 0 -54181 -12701 0
34 7 0 ~4B6U4 -1453 0
34 8 .0 =4730 -632 0
34 9 0 -21 33 0
2% 10 0 -529 -76 o
e 34 11 -0 ... 0 . -0 -0
34 12 0 -5957 = -1396 0
34 13 0 -17738 -4879 0
R { 14 .0 . =31605 -5541 3
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MAX

TEMP
320
317
295
272
261
261
346
342
313
302
612
496
364
339
325
326
342
337
335
335
335
335
318
282
292
26%
259
259
324
324
306
306
273
279

MIN
TEM
=40
-4
=43
=43
-40
=44
=40
-40
=44

-40

-40
=40
-4
-44d
-&49
=43
=40
-40
-40
-LJ
=40
-40
=40
-4
=49
-40
=43

C~4Q

=40
=40
-4y
=40
-40

S =40

CTAble Fz-2o.
NORMAL TYCLE. PQIHARY 3LUS SECONDARY RANGE EVALUATION

STRESS RANGE- DATA  LOAD SASE

STRESS ALLOWABLE
P RANGS STRESS
39342 68725
25893 . 68755
25581 58969
21931 69193
29193 69301
18392 539301
51051 58472
47365 68511
25362 68794
28575 68901
65633 = 657738
59671 67842
28555 68296
33344 68540
15469 68667
15362 68667
23773 68511
. 53607 68560
29303 68579
17298 68579
28097 68579
22762 68579
15730 68842
18858 69096
34292 68938
844D 69271
46842 59320
33295 69320
5635 68686
19147 68686
33564 68862
14909 68862
17975 . 6912%5
48812 69125

. Pev. /- z/7e

MIN
T 4P

2 USED AS REFERENCE

70

70

70

£}

70

70 .

70
79
70
70
70
70
70
70

70
70
70

70

70

270

70
70

70

70
70
70
70
Tv
70
70
70
70
70

STRESS
RANGE

QQDQOOO'OQOQOQOOC'DOQQQQQOOOQOQQOQOOD

ALLOWABLE
STRESS
68725
68755

68969
69193
69301
69301
68672
68511
68794
68901
67738
67842
68296
68540
68667
68667
68511

68560
68579
68579
68579
68579
68842

63096
68998
69271

69320
69320
68656
68636
68862
68862
69125
69125
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c U TARBle F 2w (condT) \VRev. /;-z/76
NORMAL CYCLE PRIMARY PLUS SZCONDARY RANGE EVALUATION
o STRESS RANGE DATA LOAD CASE- 8 USED AS REFERENJE
La3C MAX MIN STRESS ALLOWABLE MIN STRESS ALLORARALE
TEMP TEMP RANGE STRESS TENP . RANGE STRESS

1 329 -40 31105 68725 70 31145 58830
2 317 -40 29214 68755 70 29214 58859
3 295 . =&l . 20607 , 68969 70 20607 - 59074
& 272 -4 194923 69193 70 19408 59298
5 261 -=&0 28962 69301 70 28962 594405
6 261 . =&Q 1823 69301 ; 70 18230 59495
7 345 -40 40639 68472 70 40639 58576
8 342 =40 37172 68511 7o - 37172 58615
i .9 313 =40 . 20825 . 68794 70 .. 20826 58898
i0 302 -40 23017 . 68901 70 23017 59005
11 n12 =40 55053 . 67738 70 55058« 57843
12 405 -40 49743 67842 7o 49743 57946
13 364 -ug 22811 68296 70 22811 58401
14 339 =40 27958 68540 Ta - 27968 58645
- 15 326 .o=4%% 15155 === 68667 Y 4 ' B 15155 58771
16 325 -40 15039 68667 70 15039 58771
17 342 =40 26103 68511 70 20108 58615
18 337 -0 52018 _ 68560 10 52018 58664
19 335 40 25535 68579 70 25535 58684
20 . 335 -40 16085 " 68579 70 16C386 58684
\_/ 21 335 -40 .. 28455 . 68579 7o 28455 58684
22 335 =49 20374 68579 70 - 20374 58684
23 308 -40 14361 68842 70 14361 58947
24 282 =40 17337 69096 70 17337 59200
25 292 -40 37032 689938 70 37032 59103
26 264 -40 33559 69271 70 33559 59376
27 259 =40 46095 . 69320 70 . 46095 59425
28 259 -40 33027 659320 70 33027 59425
29 324 -40 4263 68686 70 4263 58791
38 324% -40 15841 68686 70 15841 58791
31 366 =49 Jo7rsr 68862 70 30737 . 58966
32 306 -4 14103 68862 70 14103 58966
33 279 -40 = 19863 . 69125 70 . 19863 59230

w
&~

279 =40 43865 69125 70 " %3866 59230
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NORMAL CYCLE PRIMARY PLUS SECONDARY RANSE EVALUATION
/ STRESS RANGE DATA LOAD SASE 16 USED AS REFERENZE

LOG MAX MIN SYRESS ALLOWASBLE MIN STRESS ALLONWABLE
TEMP TEMP RANGZ . STRESS " TENP ‘ RANGE STRESS

1 320 -&0 - 31803 68725 70 31803 58830

2 317 -40 29537 - 68755 70 29537 58859

3 295 -by . 27337 . .. 68969 70 22364 59074

L 27? -40 20174 59193 70 17651 59298

5 261 -40 30925 69301 70 30694 59495
6 261 -4 16498 - 69301 70 16498 59435 -

7 145 =40 51051 68472 76 40639 58576

8 342 =40 47365 - 68511 - 70 37172 58615

.9 313 =40 23055 168794 70 18484 58898

10 302 -43 28575 68901 70 23017 59635

11 L12 =49 65633~ 67738 70 55058« 57843

12 4406 -49 59674 = = 67842 70 49743 57946

13 36% =40 28555 68296 70 21464 58401

339 =40 3334s 68540 70 - 27968 58645

15 326 =40 . _ 18657 .. . 68667 .70 18353 58771

16 326 -40 13560 68667 T0 18237 - 58771

17 342 -40 23773 68511 70 23242 - 58615

15 337 ad 3V . 32843 68561 70 32843 58664

19 335 =40 25822 68579 70 22048 . 58684

20 335 -4 - 20319 68579 76 , 23319 58684

N\ 21 335 -4J - 38976 68579 . 70 38976 58684

22 335 -4 31243 68579 78 31240 58084

23 308 -4y 14250 68842 7¢0 11408 58947

24 282 =40 - 20355 69096 76 18834 539200

25 292 -40 38296 - 68998 70 38296 59103

26 264 -4J 40535 69271 70 25624 59376

. a7 259 -4y 48047 . 69323 73 .. W7343 59425

28 259 -4 32050 69320 70 31782 59425

29 324 -40 4965 68686 72 4283 58791

30 32% -40 18477 68686 70 15171 58791

31 335 =40 33673 68862 70 33673 58966

32 306 -40 | 20787 63862 70 - 20787 58966

33 279 -4J 2887 69125 79 . 28874 59230

34 279 =40 48810 69125 4 45465 59230

—
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