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OBJECTIVE

This study was undertoken at the request of the zustomer to determine whether the size
24 Figure 607 main steam isclation valves at the Three Mile Island nuclear power plent
are capable of safely withstanding @ sudden release of upstream pressure, such as would
occur due to an instantaneous bursting of the pipe. Such @ condition would cou.e these
stop=check type valves to slam shut, the disks striking the seais at o velocity of 107
ft/sec. (33 m/:) and with an energy of 1,380,000 in.lb. (155 kJ).

Due to the limited time awaileble, this study was to be limited to an elastic finite=
element analysis, hand calculations and simgle tests.

CONCLUSIONS

1. The disk impoct energy due to the sudden flow reversal cssocicted with a line
breck can be sofely cbsorbed by the valve seat.

2, The type of deformation that will occur is @ plastic flow of the seat shelf, down=
ward and inward, caousing a reduction in the inside dicmeter of the valve bore
below the seat. Very little radiai movement of the body shell will occur.

3. The valve disk is stronger than the seat by o facter of 2,24, Therefore most
plastic deformation will cccur in the valve seat. Any plastic deformation that
might occur in the disk will provide further energy=absorbing capacity.

4, The deformed seat in the model was coined to an excellent finish, However,
no stellite was deposited on this seat ar is the case in the actual valve. Therefore,
the secling ability of the valve after this deformation has occurred cannot be
predicted solely on the basis of the test, However, even though the stellite
might crack, the tight mechanical engagement of disk and body would be
preserved and would efiactively limit the flow.

DISCUSSION

This investigation included two principal activities: an elastic finite-element stress
analysis of the disk and body and en experimental study of the plastic ceformation of
the seat. Discussion of these activities will be presented in that order,

ELASTIC FINITE-ELEMENT ANALYSIS

The lower portion of the disk and the seat region of the body were modeled using
FINEL 2), an axisymmetric finite=element program having rectanguler end tricngular

' Numbers in parenthesis refer to references ot end of paper, ] 4] ] 5 l 0
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elements. This program has been used extensively within Rockwell and has been
verified with clesed=form anclyses and by comparison to NASTRAN on identical
models .

Since the body loading includes both the seat loading due to impact and the internal
pressure loading above the seat, it was necessary to run two cases in order to identify
the seat deflecticn due to the ir ~=:! .0ading alone.

Exhibit One is the computer output for the combined pressure and impact loeding of
the body. For o pressure load of 1000 psi (69 bar) and an impact loed of 1,000,000
Ibs. (4.45 MN), the maximum stress intensity occurs just beiow the seat, and has o
magnitude of 46.2 ksi (318 MPa).

Comparing this value to the yield stress of the tody material at S500F 240C), which,

from Section |1l of the ASME Code, is 29.1 ksi 200 MFa) shows that the actuc) seat
loading ot which yield will occur is:

1,000,000 %) = 630,000 b, 2.8 MN)

And the corresponding pressure loading would be:

1000 (%’-2') = 630 psi (44 ber)

which fortunately compares well with the 617 psi (43 bar) cbtained by extropolating
the inler pressure in the simulation study to the time of impact.

Exhibit Two is the analysis of the body under impact loading only. This analysis
shows thot the outward deflection of the seat is ,004" (0,10 mm) due to impact.
Applying the 0.43 yield adjustment factor as above, the adjusted deflection ot a
€30,000 Ib. (2.8 MN) load would be 0.0026" (0.065 mm).

A calculation of the elastic energy abrc.ced by outward deflection of the seat yields:

W = ,", Fx = 5'- (630,000)(.02¢) = 820 in-lb.,

or, in S| units,

1411 311

%fz.a)(.oos) 1% = 91

which is, of counse, insignificant compared to the !,380,000 in=ib (155 kJ) kinetic
energy of the disk.
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Exhibit Three is the finite~element mode! of the disk, This disk mods! is loaded in
proportion to the moss ot each secticn, in the manner used in the Leonard and O'Leary
study of nuclear swing check valves (3). The FINEL program is also used in this
analysis,

The seat load resulting from the arbitrarily=scaled inertial loading wes 212,675 Ib.
(.946 MN). The maximum stress intensity was 4,7 ksi (32,4 MPz) compared *o @
yield stress (F11 material) of 31.2 ksi 215 MPa), indicating that the disk con with=
stand a seat load of:

212,675 (3-"‘-'% = 1,412,000 Ib. (6.28 MN)

.
-,

before yielding. Since the body will begin to yield at 630,000 b, 2.8 MN), the
disk is approximately 1,412,000/630,000 = 2,24 times as strong as the body.

By summing the products of one~half the cpplied forces times the deflection of the
corresponding nocdes, the elastic energy input to the disk was calculated te be
149.3 in=ib (16.9 J) unde: the loading of the model, This must be scaled up by a
factor of 630,000/712,675)2 = 8.77 to correspond to the body yield locd, yielding
an elastic energy of 1310 in=lb (148 J),

The elastic energy clso would include that energy abserbed by relative motion of the

disk into the wonical seat. Inward deflection of the disk , adjusted for the yield loud
of the body, would be:

.00017 (g%g-:-g%) = .0005" (0,012 mm)

Adding this to the outward deflection of the body and m:Itiplying by half the applied
force, the energy absorbed is:

W = % (620, 000)(, 0005 + .026) = 977 in.lb.

or, in S| units,
-

W = %(z.a)(.ozz +,065) 10° = 108 J

The total energy that is absorbed elastically, then, up to the point of incipient yielding,
would be:

Description Energy, in=b () ‘ 4'\ ‘\ S\z
Body Elastic Encrgy 820 (91)
Disk Elastic Energy 1310 (148)
Disk=30dy Relative Mction $77 (108)

Total Elastic Energy Cupecity 3107 (347)
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Thus, the elastic analysis bears out the initicl opinion that the amount of energy
that can be absorbed elastically is for less than that which would be supplied under
the postulated line breck conditions.

Nonetheless, the elastic analysis does identify the body as the likely site of plastic
deformation.

EXPERIMENTAL SEAT STUDY

In orwer to determine the nature of the plastic deformation that would sccur, it was
decided to mcke a scale model of the volve seat, and to perform on cctuc! deformation
test, while mecsuring deflections and forces.

In order to mrke use of the 200,000 (b, (889.6 kN) test machire in the Rockwell
materials leboratory, a scale factor of 0,189 wes chosen.,

Exhibit Four shows the test medel dimensions. Clay impressions were made of the seat
in the model and viewed on an optical comparator to verify that the gecmetry was
correct. A solid disk having @ 45° beveled edge and ¢ 4.217 diameter was made of
hardened AIS| 4340 steel, in order to confine the deformation to the body only,

A tensile specimén was made of the same piece of material that was used for the body,
and was pulled to determine the yield strength of the material. Its yield strength
(0.2% offset) was 43.4 ksi 298 MPa). This is typical of the 1018 metericl used,

and is higher than the minimum specified yield strength of the valve body material (4).
Knowing the cctual vieid strength provides a basis for comparison of the energy
absorbed in the test ncdel to that which would be cbsorbed in a valve with minimum
material properties. The ratio of yield strength is:

7‘%:%- = 1,487

Exhibit Five is the force~deflection curve obtained from t":is test. The crea under this
curve represents the amount of energy dissipated by plastic flow of the material, This
crea is approximately 17,000 in=Ib (1.92 xJ).

The energy in the model can be scaled to the actual valve by dividing by the cube
of the scale factor. This means that a geometrically similar deformaticn ina velve
of equal material strength would abserb 17,000/, 1893 = 2,518,000 in-lb 285 kJ).
Adijusting for the mtio of actual yield strength of the model to the MSYS of the bocy
material reduces this te 1,693,000 in=Ib (191 kJ).

1411 315
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Applying these results to the postulated event in the valve, it is estimated that to
a first opproximation, the inpact energy would be cbsorbed after sect deformation
ond disk travel of 0.44 in, (11 mm). This disk travel will produce cdditionel
energy to be cbsorbed becouse of the unbelanced pressure force acting on the disk.
This is determined to be:

Seat arec (379 inz) x bonnet cavity pressure (168 psi) x 0.44 in,
= 28,000 in.lbs.

Thus the total energy to be absorbed is 1,380,000 in.Ibs, + 28,000 in,lbs., or
1,410,000 in.lbs. (159kJ). Since the 1,693,000 in.lbs. (191 kJ) value calculated
for @ minimum yield strength body represents only the extent of deformation cpplied
to the model and not ¢ limiting vclue, it can be concluded that the safe energy
absorption capacity of the body is conservatively adequate for the pestulcted event,

Deformetion of the model is shown in Exhibit Six. The disk moved the seat down=
ward by a plowing type action. The width of the seat was increased from 025"
(.64 mm) to ,082" 2.1 mm) by the "piling up" of displaced material. The dicmeter
of the body was not significantly changed.
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SHIE 24 FIG. 6J7 d0DUY SELAT AREA FINITE ANALYSIS MICHAUX

AVIMAGED STRESSES AT NODES

NO.

Livl

Gl

CENO V-

KADI AL

116,
99.
208,
224.
143,
°5-

15.

St

63,

6.,
6.
lu‘lo
134,
9.

i,

.
1ol
~luj.
21,

e,.
=315,
-265.
'.‘l’..
139,
-942.
-559,
">’o
-lsul.
-1652,
=116V,
622,
6l

® JO')J.
b1y,
-2,
0251,
-394 3,
=216,
“99% .

“ 4.
-leusl.
~3jounreez.
-203>55.
~12021.
-2902.
- 2246,
HEALH
- 1485,
1o,
-8%v%i.

AxiAL

-€535.

~6%19.
=620,
'),,lo
-)8l2.
7!)65-
-1601.
“121%.
= 1045,
-6,
6422,

- =3214.

-313%.
-2323.
1187,
=24,
~84) .
e TR
-1513.
~52613,
.?”05.
-1¢24.
~le8.
tilo.
=14041.
’lllhl.
=1332.
430l
-2+58.
-12%.
994 .
A2l
=29194%.
-1ursr.
-6Cs6.
- 3u29.
'l”'})o
-121.
1672,
“2N.
-382%2.
=21,
10218,
2349,
. ~20b0.
- 108s.
j2u.
1878,
“Z219.
114,

HOOP

10e30.
10255,
995,
S,
9555 .
9440,
9304,
9015 .

046,

109,
9421.
S668,
9599.
$515.
9415,
9223,

10040,
95462,
Q‘Sl -
S64l.
G,
9626,
9635,
9103 .
BU4 S,
girs.

. 9408,
G438,
93lo.
9486,
Yous.

10054,
4509,
Jwa,

mnn.
1815,
8812,
i DT
Gisl.
G959,
= 15%¢.

-3445,
.
tu52.
1837,
8474,
8805,
9064,
S632.

10451 .

SHEAR

~b.

15.
41.
29.
2.

== 42.

1.
-32.

— J 28

322.
6l6.

9‘2. -

1005.
849.
487,
208 .
384,
Tes .

15690

1678,

- 1909 .

1478,
810.
3483,
483,
l.o.‘

2982.

2229.

1461,
135.
312.
1216,

9446 .

~‘~,.

£400,

1250,
670,
3.
185.

11132,
15409.
69".
1918,
“o

-3Te.

-422.

~-363.

-192.

-336.

116.
$9.

. 208.
225.
1446,
65.
5.
“e.

i A

G8.
l".

W

,“0.
304 .
204,
1.
118,
-32.
ni.
739.
129.
LE
€44,
1200,
-$25.
-286.
188,
405,
210.
525.
1219.
Jun9.

——- =080,

=-5%20%.
-17133.,
-22%9.
=1210.
80.
1112,
%209.
-10&z20.
~1Js06.
~6690.
~4Esl.

~2650.,

-1020.
425,
19217,
4228,
839.

PRINZIPAL STRESSES

‘.5”-
-h519,
~6020.
-)0!! -
-3813,
-2565.
-1601.
-1215.
=10s7,
‘6“800
~6L420 .,
-%37.
-3981.
-2591.,
-13e6l.
~601,
-Sﬁil.
~8774.
-l8l6.
-5915.
-4208.
=25171.
-677.
,s.
~14059.
=12531.
'.“'so
-6221.
~4320.
=2431.
-907.
29.
'lbq'lt
~25336.
~11415.
-1786,
=452u,
=2360.
=103e6,
3%.

-3 'l ".
~4217153.
~23883.
-125%39.
-9962.
~3309.
~1818.
-834.
107,
~980.

Ll
DEG
-Je

J.

J,.

l.

i.

i.

V.
nt T

l.

3.

b.
19,
14,
18.

19. _

7.
3.

9. °

11.
18,
25,
33,
45,
13.
2.
e
21.
2.
40.
49,
Y.
L
17.
5.
“8.
58.
65,
s,
ei,
Hrl.
248,
52.
63,
5.
-90.
-80.
-18.
-82.
-a7.
-,’.

PAGE 11

orzsa1715

STRESS

INVENSITY

17165,
161173,

15965,

14748,
13380,
12011,
10905,
10231.
17513,
17099,
16311,
15040,
135u0.
12113,

10782,

S826.
18451,
18320,
171228,
155517,
L3853,
12167,
10611,

260617,
22124,
20905,
11942,
15666,
13av0.
1917,
10591.
100 25.
Iy,
287124,
19256.
1561 .
13000,
11305,
10376,

99 34,
sn2i.
35284,
18590,

_13199.
11786,
106213,

9918,

9526.
1412,
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46 FiG. GJ7 BUDY SEAT AKEA FINITE

AVIRAGED STRESSES AT NODES

RAUT &L Al AL HOOP
1322. 2069, Liess.,
 =3%. ~1029, ST12.
~1390. = 1309, B804,
~131. “129. veu2,
~902. 340, 85063,
=445, __ lold. . 8558,
ul. 202. 680% .
-625. S98. 10180.
-382, 463, 9210,
- 250, =102, a3n2.
-212. L 8129.
~23%. . duB, 193s.
= _ W 1109, Tds6.
“d. 1885, 1149.
- 300, 145, du02.
-519. =211, ToBo.
~336. ~%26. 1230.
-129% =320, eIlb.
-9, d4. e,
“ ke 416, 6593,
~28. - 2082, _. 86333,
~b%6. ist. e9ls.
~1l1. -14. 6380,
%72, - =130, 6040 .
-3t “1l6. 5159,
-181. =13 5944,
“S¥e tb. 5340,
-10). -8, 5054.
-T26. 261. 5554,
"b,o - )lo ,|0‘0
~9544,. 4. 4838,
-382. =14, 4613,
-239. ~2%. “el2. ~
-103. - 58, 4234,
-124. -22¢. 3994,
- 190. 139 4ls0.
105 it. iBls9.
-512. 21. Jo¥z.
~ 400, S5 34509,
~2%). -17. 3320.
-121. ~52. Jisa.
=120, =143, 3023,
90l . ~i%3. 2626.
~bul. =215, 2408,
~Lld0. -236. 2291. .
&9, -229. 2203,
=314, =225. 2129.
=11l =&MW 2063,
-131. ~Job. 1954,

ANALYS IS MICHAUX

SHEAR PRINCIPAL STHESSE"S
-1694. 3s58. 233,
-887. 259 . ~1640.
- =945, -448. -2338.
-1090. 87. -2187.
=961, LIS -1420.
~623. Lisr. -619.
-212. 3226. 59.
141. 1011, ~6il.
TR | T -4 74,
-628. uY. ~l412.
-9¢1. t2l. -1321.
-9517. 1007, -913.
~-6l8. 1366, -381.
~263. 1922. 21.
-95. 153. -308.
-68. =205, -592.
-260b . -149. =Tls.
-453. 239. -b8l.
-492. si2. -48),
“315. 633 . -158.
106, . _ 999, -46.
~-45. 359. -et5n,
-22. -13. -Ir.
- 8u. - =D0%e ~490.
-162. ~4l. - 48b.
=154, 79. =213,
-99. 121. _ -112.
-12. -688. -113.
-30. 202, =721,
27. 52. - 158,
28. 5. -551.
20. -13. -38)3,
15, -23. =240,
10, “56. =106,
33 =489 -236.
-26. - 140, "qlo
40. 19. -111.
57, 21r. -517.
62. 15. . =410,
57. -4 -261.
6. -3d. ~isl.
47. -83. =179,
-28. -192. -902.
il. -234 . ~bbB.
38, -232. -683,
&6 -222. -497.
Al -209. -330.
2'0 - 160, -240.
“l. -121. -282.

3

bEG
-57.
-,SQ
-35%.
~93.
-6l.
-Ts.
-85

4%.

24.
-20.
«2ie
»$d»
-61.
-8l

s,

-84.
8.
8%.

h
“ .

.
bd.
in,
-8,
".
8%,
8.
69.
l‘.
16.

PAGE 12

0rz2Lzi1s

STRESS
INTENSITY
11402,
11412,
His2.
106069,
9893,
9L7r.
874s.
10817,
GLH84,

9194,

9451,
“‘Ua -
8221.
Tiun.

. 8910,

B2178.
1944,
Teos.
1256,
6I51.

1633,
70917,
65,60
6155,
t8le.
5454,
5166,
6283,
5859,
5389.
4996.
40652
4340,
42130.
“937.
4596,
4210.
L3819,
Isur.
3329.
J202.
3528,
3211,
2915.
2100,
2458.
2303,
2249.

o319, ___

|

06d

|
!
|
|
|
|
|
|
|

9140 ¥

\
I

l
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ELEMENT CENTER DATA

KAOL AL

l6l.
342,
jon,
221.
7.
'IBS.
=18,
16).
314,
251,
e b
-235%.
‘152.
-IJO.
262.
LL IS
"9"'
-1251.
=l0ues.
~-9%96.
~1ly,
=719,
=&960,
-ﬁ"il -
= 3404,
-2081.
=loor,
AEALD
12031,
=101,
-~288.,
=2403.
1104,
~223.
“b’ul.
~435%5.,
—I H!‘)-
~le6ll.
"“2.
-2049,
~824.
=945,
=120,
~422.
-1i0,
-86b6.
~2 35,
-119,

“197.

~173.

AxlaL

~65%04,
-6187,
“%48,
-4396.
-3224.
’2'09:
~1487,
ALY

= 1024,

~ubos.
“40i5.
= 3000,
- 1548,
~-%20.
=5514.
=904 3.
~li26.
=448,
~2290.
=444,

lans,

-lhlﬂi.
=12235.
~6292.
= 3045,
= 1055,

si..

21%2.
-8240.
=29064.
= 1284,

-232.

1253,

33139,

-299,
-2306.
-1290,

- 1d5.

1ile,

2835,
-§959%.
‘ll 5.

-281.

#ils.
L1942,
95.
=540,

-£53,

-22)3.

106,

Hooe

10456,
10184,
9901,
9658,
Yals.
9290,
9080,
o181,

9933, .
9r02.

9534 .
9470.
9433,
931s.

5%,

“281.
9038,
9198,
”,9'.
Ss51re.
Stes,
,,“. -
tu9l.
8074,
urio,
9183,

‘9523,

9“.6.
5'° ‘.
sorl.
8500,
8918,

- 923} .

9605,
918l
8ises.
8513,
LIPE N
#u20,
9066,
.’“'.
8299,
8196.
197,
B251.
Bob4,.
Bl3y.
o822,
'50‘.
1236.

SHEAR

83.
260,
421,
531.
5’0.
408,
175,
2517.

T2,

13%3.
1638,

e 80 S

1116,
“ls.

1829,
2867,
2684,
2080.
"9‘.

579.
3039.
Sell.
41417,
2502.
1491.

LE L

282.
€431,
407.
=15.
" ,lo
-1713.
-129°.
= 1297.
-10817.
-Lb8.
~196.
”u‘.
~t60.
.. =219,
=-1243.
-1012.
-650.
135,
~140.

'62‘ _Jees

- 846,
‘,,,o

306,

MiCHAUX

PRINCIPAL STRESSES

.6‘- -6505-
353, ~6198,
399, __ -5490.
l"l. ~4459.
'020 -llOl.
. ™ ~2248,
=96, =1509.
169, ~1450.

— ,""’o = -'lu~.
5’5. ’6’“20
477, =5141.
433, ~j6b64d.,
3j0. =2191.
220. -1n.

- 2n2. . =9523.
441, -9396.
lb'o "2550
256, -6000.
529. -3n2s.
ar3. =1914.
1487, . -3719.
- 148. -16815.
-'“lo -153135.
= l)l 'n s -9 155.
~le6. -5733.
T. -3149.
104, =1340.
2119, =210,
-3632. = 16844,
2351, ~1uls.
-1%24. =434,
-232. =24013,
1265. . ~l1lle.
3351, -Z&31.
-3l. =6510,
-l678. ~4584.
-1n9. =3360.
293, ~2148,
1457, -10712.
2884, -258.
- 44V -1974.
a971. -2351.
154, =117,
1383, -989.
2078, -206.
Il4. ~885.
-180. -594.
254. =3079.
€31, -1057,
9210. -69%.

9
DEG
|
2.
‘.
5.
9.

..

Te
2.

. b
12,
18,
248,
3o.
ib.
2.
1.
21.
29.
3.
“r.
.
11.
29.
40,
47.
55.
. 68.
85.
53.
1.
82.
-90.
~Hb.
-87.
-1d.
=64,
-62.
04 .

"lo -

-d3.
-0,
e T
-50.
~6la
-,

82.
-21.
=34
-45.
-55.

PAGE 13

arzarzis

STAESS

INTENSITY

16970,
15391,
isl128.
127183,
11538,
10589,
11632,
11osr.
16044,
14676,
13138,
11624,
101s 7.
19118.
LasBl,
17292,
15 ‘8. _
1322..
11491,

10147, _

22226,
17830,
14524,
12332,

_los63,

1015%6.
22106,
15749,
12914,
11322,

10347,

G896 .
15711,
13510,
11874,
10776,
9892,
9324.
1orzi.
106467,
9970.
9186.
B4b4.
9548.
sr21.
8761,
8465,
7933,

i) ¥00d

¥
f

?

Ty
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S1i: & FI1G. 6C7 BUOOY SEAT AREA FINITE ANALYS IS MICnAuX Ql/721715 i
ELEMENT CENTER DavTa
TN waulaL Axlar Hooe SrEAR PRINCIPAL STRESSES 3 STRESS
DLu  INTENSITY B ==
51 -82. ner. ro85., -351. 1vol. -196. <-12. 1281.
%2 ~les. 123. r1328. 19. 124. =145, 89, sorl.
b3 | -222, -90. 69006, -Tb. -713. -4 39. ~19. G s S -
54 -20%. ~149. 651 ~226. si. -404. =48, 918,
5% ~131. -6% 6281, -341. 240, -44b. =44, al2r.
TN -121. 5. 60Lh. -34S, .. 305, -357. ~=5%. R P o) =
5' "\'o l‘,- 5'79. -‘360 lu’n -‘5". “0.‘- 592..
oY 839, 138, 5959. 13, 138. ~835. 89. YR
5 ’50.- - ,‘. s"‘o B . 5. s‘- -_--56[. = 9\,- “l"’o —— -
&) -39, Te $352. -28. 9% -381l. -86. SIis.
ol -23%. ~d. 5102. -50. 2. -263, ~19. 5305,
62 ~16%. -317. 4859, . ~41. =29 =110 =14 50406, o
(¥ ~-6l. -131. 4650, ~8. -b6. -132. -1, 4783,
G ~Bous. 5. s614. 6. o, - 865, 88. 5419,
[ '0.0. iniin CuLs s’. _ “’s’o ‘OQ . - 5“'. "a.lo as- 50050 SNY EwEN . - = - .
(XN -35%5%. 28, 4152, 67, 3r. -S04, 82. 4olt.
ol ~304. V. 1961l . [ 13. -321. 8. “282.
oy -1ul. -~42. 3181, 58. =28, -202. 13. 3989, ke =
w9 -62. -107. j6ell. 2. -45, ~12%. 28. 3155,
1 ~dll. i13. 3251 . iT. 13. -87l. LE ™ 4133,
n ~Luh, 20. B ) S .38, 23. ~6b66. ar. 3159, P .
12 ~a 18, 1. 2932. Sl. 17. 404, s, 3s e, .
13 - 308, 1. 2833, 5. 11. -3l1. Ad. 3150,
I ot 1 12 2128, 4. 1. =170, 14. 2898, =
" -32. ~2%. 2635, 22. -6 -%1. “5. 2688, _
1o ~d9%066. -38062)3. - 1455, 11961, ~4T43. ~42840. 1v. MNINe ~——-
n =243l l. 23921, -l656 ., 10303, ~13814. - 364824, 46, 2160, _ .
] -31126. -22114. ~527113. 20515. -11715 . ~51466. 5%, 46192,
e 343, -950. 98069, 832. 1%0. 31350 2es 11226, -
bu -55%). 1013, . 10090, 187. 1035, -57. 83. 19069 e =
L] ~8906. T4, 10451, -330. 839. -960. ~-1Iv. 11412, =
- ameem
S -
P o e
o i
g =
— P
L
N
™~

|
|
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SEez 24 FIG. oC/7 BUOY SEAT AREA FINITE ANALYS IS

ELEMENT CENTER DATA

NGO RaulaL

5. "l-
b ¥4 ~Ies.
v ~%d2.
5 ~20%.
55 =130
6 -127.
o7 -19.
94 ~834.
59 -S56l.
() -319.
ol FE LN
[ 16>,
¢l -6l
64 ~864.
(3] “bib.
o -5$%%.
() -3uy.,
[ -1y,
3] ~b2.
10 ~dll.
r ~bLus,
12 ~& 8.
s - 308,
Is -157.
" -32.
16 ~g9066.
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1.

"0
lb‘.
-%0.
~152.

- 3d.
3.
-Z210.
-2vl.
-180.
290,
-10>3.
-5%1.
-39,
~14d>.
~l6lu.
=319,
“LeL9.
204,
-3142.
~1i86Yy.
-4l
~619).
~3190)%.
-2125.
~9 19,

I Ty,

M ULEEN
- 30%59.,
-204912,
“lloss.
-hHulv.
~3132.
-l6d5.
-7149.
241,
“4.

Axiai

-85d¢).
“Rel .
-1261.
-55¢0.
~3ull.
1154,
-§33.
100c.

- S44t.
~8y2n,
~lud.
-3121.
-3299.
=193,
233,
1631,
-10e92.
e D ETL'N
~-8LY3.
'2"000
-3l 80,
-dst.
L1500,
3.
-1%91¢.
~13134.
-8323.
~el31.
=2 354,
-101.
2131,

s 160,
-2621)2.
-19991 .
-65%6.
-§202.
-1193.
115,
25%d46,
S04,
=-32144%.
24142,
-1lelC.
6150,
- 300¢.
~1Q+7.
AR
2¢elc.
53%6.
255.

HOOP

bustu.
K135,
budy
R BTN
vuZY .
Bysz,
Sulv.
013,
Ho4 8.
4553,
8315,
Beio.
BBJY .
8958,
Y0713,
Y5y,
8099,
Tuse .
8ulo.
8472,
4710,
8917,
913,
9419,
2962,
6535,
1928,
80%%.
B2lz.
8539,
#9311,
99393,
2090.
1lu9.
5833,
L2l
Tales .
Tudo,
vesti.,
9115,
-3118.
-581).
UTEN
3915,
6000.
tHv3.
1353,
IR
85%37.
82id5. »

SHEAR

~214.
'25,0
-220.
-2C7.
-202.
~237.
- 244,
-261.
109.
2‘),.
b‘“.
tol.
922.
181 .
450.
19%.
353.
T16.
l“ls.
1800.
1727,
1328,
125.
312.
445.
l6%0.
2813,
2699,
1947.
1230.
tus.
262,
10€b.
9103,
4522.
2110,
91l
400,
184.
137,
1C802.
Lel32.
6260,
1458,
~450.
~803.
~8l6.
=545,
-2786.
‘“)5-

-~ FOMLER -~

PRINCIPAL STRESSES

-24,
ST,
156.
180.
1o7.
b‘.
223.
1096,
-68.,
~3O
156.
274,
,05-
329.
S87.
1658,
-38.
-102,
148.
S548.
5’0.
1.
1469,
3225.
-1039.
-3117.
503.
28,
-35.
100.
22%8.
&T15.
=114,
-5%962.
-2%21.
~28064.
~1454.
437,
2594.
S6i1l.
-11091.
-12430.
-8581.
-S807.
-2936.
713,
973.
2103,
5371,
s76.

~8989.
-8430.
1214,
‘,SO'Q
-3e82.
'l ldl)c
-25%.
13,
-9449.
~83134.,
~1685.
-%851.
-3817.
~1862.
- 338,
2’“.
~10703.
~-104175.
-8919.
~0d %5,
-3974.
-19%5.
-4499.
263.
=15930.
= 13944,
-9220.
-63uu,
-=3989.
-1990.
- 155.
L89.
-282 )4,
=25%898.,
-115n2.
-1531.
".2‘!20
-2181l.
-949.
174,
=3lube.
~-&26T1.
~231d6.
-1219¢0.
-5899.
~3406.
- 1890,
-8'.1 -
22¢.
28,

L
DEG
2o
~2.
g

87.
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STRESS
INTENSITY

17849,
15960.
14302.
12511,
10723,

9319,

8865,
18097,
17391.
16200.
144687,
12625.
luaz".

S4ll.

8935,
18802.
18335,
16935,
17217,
12684,
10872.

‘;6’2-

9216,
21892.
20453,
17044,
14354,
12201.
10526.

9Lb6.

9364,
30324,
210617,
17405,
13742,
11258,

Y873,

240,

H94l.
396,

TN p———

24530,
16170,
11899,
10249,
92413,
us28.
8311.
viss.

TYNIINO H00d
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21
92
53
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RADT AL

2026.
3‘5.
-wiz.
".llo
=149,
=375,
191.
323,
451,
6.
181.
- Y.
-19.
160,
541.
2ul.
269,
301.
204,
126.
tH,
160,
L4,
115,
lu 2.
.
10.
-l6.
1o,
19,
24,
22.
13,
19.
-3

EXTAL

18l3.
=1634.,
"b’lc

~-ri8.

615,
2lee.,

4026,

oy,

L
-1261.

~481l.

“ll.
1478,
2401.
S84,

-385,

“bat.

» ”lo

185,
E4E.
T9u.
287,
=50,

-1517.

-§23,

17.
lll.
=$3
219.

G2,
3.

~14v.
-34%.
=304,
=385
-3uS.
~-2917.
~304.
-313.

HoOp

9168,
1600,
6821,
ube.
616>,
Tolz.
1419,
1830,
w892,
6208,
bulls,
6ol 3,
601'.
6091,
Sab7,
4994,
ITE
4921,
L4492,
“’600
4202,
3STes
32306.
Jus2.
2909,
2800.
2705,
25%19.
169%.
1536,
1440,
1362,
1292.
1222,
1195,
-3 1.
-172.
-le9.
-lol.
- l6H.
=376
~-198.
2194,
-2054 .
-19%l.
~1d54.
“1139.
~lor8.
~l6Vd .

SHEAR

ot L L
= 1194,
~1318.
-1504.
=1301.
-817.
=351 .
156.
=il
=-935.
- 1295,
-1 &,
- «80.
-326.
-150.
s =154,
-420.
=633,
-650.,
~406.
~134,
=I5,
=506,
-142.
'2l°o
-219.
~136.
-18.
~45.
2“.
19.

a.

6.

6.

41.

3 1
44,
60.
T4,
69.
L3,
6"
=53
)Z.
48.
56.
sl.
il.
50 .

PRINC IPAL STRESSES

jror.,
882.
oL,
602.
1416,
2405,
4060.
835,
460,
190.
1146,
1491.
1810.
24408,
T4,
2459,
432.
692.
844,
810.
822.
321.
ol.
116,
234.
268,
228.
-9
233,
13,
3s8.
24.
14,
19.
-24.
101.
82.
85.
9.
7.
13,
-5.

- 139,
=130,
-138.
=108,
-13.
'61.
~42.

132.
=2200.
-2743.
-2431.
-1530.

=615,

159.

275.
-azl.
-lsu8.
~l4817.
-1028.
-352.
113,
411.
-4$23,
-8u9.
-123.
‘*55.
~96.
41.
i25.

”3.

'Ilﬂ.
-25%4.
=174,
-47.
-60.
€3,
8.
=Te
=15.
-20.
L I
-239.
-13.
-28.
-53,
-10.
-81.
-4,
-161.
-359.
-317.
-328.
-321.
-309.
-308.
=325,

3
OEG
-63.
2%,
-38.
-4 .
-59.

i L T

29.
24,
‘l‘.
10.
15.
16.
13.

L2,
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$Ta: 5SS
INTENSITY
90'S.
9831.
9504 .
Y085,
B3lo.
1628,
T2u0.,
1555,
1718,
1836,
517.
1041,
oini,
598~'
52456,
53117,
5453,
52%50.
4897.
4455.
‘l b. -
3449,
3309.
327%0.
3l64.
2980,
2519.
1636,
1528.
14417,
1317,
1312,
128¢.
1344,
2173,
254 .
224,
246.
22¢6.
190,
193,
2059,
1928.
182).
175%0.
lbsb.
1617,
1566,
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NOL

CE NV e

-
- -

12

a6
ol
4
44
S0

RADI AL

13+,
282,
29 4.
T

~23%6,
“ 1064,
~209.
-95922.
- 40306,
-2310.
-1%21.
=713
~l86.
~&4 1.
-594.
~Su4.
-303,
-¥e.
B
LU,
321.
106.
-ll.

OATA

A 1AL

~dob17.
-70105.
~6 b,
“Gou Y.
2156,
“luis.
b0
=-450%,
~Wasl.
~6920.
~QHIO.
-25%5%0.
-471.
I sul.
=11364.
~10390.
"“"o
-aS7.
-1893,
51 9.
2H21.
-170%2.
=13 1345,
~LYsb.
-3202.
- 129,
15417,
4013,
~92)34.
-.%00.,
-I-BU.
2u.
18u3.
40l
~losl.
~2ci4.
=443,
2
Lobs,
ez,
~205 1.
14 30.
“Al6.
1156,
2%20.
~10%.
-152.
-163.
-3 19.
S6T.

dLOY Seal

AKEA, LERD PRESSURE -~

Hwonp

8820,
8161,
8743,
uwlis.
BU2Y.
Buly.
unsl .,
LELR M
8422,
Bads.
8545,
8l22.
8912,
Y069 .
rios.
1022.
Tu25 .
8032.
40 .
Bd%5.
$250.
S 7.
5015,
L42b.
i3s3,
T9l9.
8514,
YOL%H.
3Nrs.
alvl.
L2h.
ialo.
195%1.
a0,
tivs.
6365,
von 7,
698,
1324.
Tius.
el
2549,
LIl
Ganl.
well.
60l .
S080.
354,
%2)6.
51413,

SHEAK

13,
234,
6.
483.
qE5.
3le.
161.
229.
6% .
1227,
1491,

1317,
1016.
«32.
261 .
1677,
2638,
2430.
I"c.
1218,
510.
24719
$392.
ELIVE N
2145,
1les.
5913.
177,
¢olo.
1282,
-31.
~40H.
“457.
-292.
-i130.
-1 785,
= 1500,
-1319.
-1092.
-509.,
-1041.
- 1E40,
~lull.
-1287.
-568.
5.
-330.
-8689.
-1111.
‘952-

PRINCYPAL STRESSES

135.
209.
Jle.
215.
60.
~l4.
36Y9.
13e6.
Jor.
Jn8.
322.
375.
£52.
1421.
233,
299,
-128.
~20.
434,
1299.
2911,
=240.
~2303.
-18917.
-115%2.
~58.
1679,
4020.
-6&02.
=313d.
-1120.
se.
1952.
43140,
-1030.
-1538.,
- 348,
sil.
209 4.
LT
233.
618,
1249,
1906.
2¢139.
63,

Sob.

821.
1083 .
1268.

FOMLER -~

-8651.
risz2,
SCEL TN
-4651.
-2841.
1173,
=174,
~6514.
‘Usﬁl.
-T126.
=9243.
‘3203.
=1349.
-352
=11390.
-10653.
~8/84.
-5930.
-3351.
-1383.,
-299.
-1822¢0.
-15981.
-9818.
“9445.
-2 "8,
-1127.
-252.
-16709.
-14006,
~sl%6.
-2405.
-1133.
-2217.
=65 34,
=5312.
~3eLs.
-2341.
-1138,
-2%3,
-2522.
=2105.
~ 1969,
~10513.
-193.
~l4o.
“Hiv.
-12¢2.
~115%6.
‘7260

d
DEG
0.
2.
3.
6.
10.
20.
2.
1.
6 -
10.
16.
25‘
42.
14.
1.
QC
19.
28.
,‘.
57.
81.
Y.
26.
3.
46 .
60.
77
88 .
51.
2.
-89.

PAGE 13

Cy70%715

SIRESS
INTENSITY
17477,
16942,
15129,
13430,
11607,
10046,
935¢6.
17963,
171014,
15580,
1378,
11925.
10301,
9321.
19095.
18215,
16410,
13962,
11817,
10238,
9509.
23543,
20996 .
16246,
12819.
10725.
9641.
9307.
20484,
13%91.
11122,
SHi15.
9990,
8783,
13208,
116171.
10352,
9319.
84062,
1902.
G069 .
B9¢c4 .
8283,
7499 .
6Ble,
6221.
6515,
60!“.
6362,
5867.

YN0 ¥00d
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ELEMENT CERTER CATA

)

i
wn

HALTAL

-&2.
o4,
24 1.
308,
169,
4).
~36.
93,
119,
115,

AX laL

1155,
6.
~152.
185,
-5,
13:.
174,
Ilou.
«8.
l.

- 6.
3%
-5 959
113,
65,
’-‘.
-3,
-%5.
-140.
0.
25.
i,
e

~39495,
=-24193.
‘2‘“9.-
-1433,
272,
595,

Hgp

Su82.
w319,
Sudbs.,

3455, |

jule.
3222,
33157,
2512,
2,000
2224,
2105,
l“a\)'
lust.,
r2z.
h'] -
620,
%d2.
93
415,
=18 .
~1024.
-912.
-923.
- Hso.
845,
'3)5 3.
- 349 3.
"'10.
1104,
ris8.
glis6.

ShEar

11661,
§9413.
19520.
Te5.
14.
-105.

PRINZIPAL STRESSES

1295,
150.
335,
489,
5513.
502.
273,
160,
124,
145,
127.

S¢.
-17.
131.
Li9.
lu‘ -

17.

ja.

—l.

ja.

58.

1o,

4.

66,

3a.
~-4882.
=14640.
=9144.
lss“.
5913,
’,0.

-182.
16.
=206,
-36e,
~420.
=331,
=134,
52.
43,
-27.
65,
~-87.
=156,

3
<EG
-72.
-d.

~18.

-217.
~34.
-4H.
-6l.

95.
14.
14,
=19.
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087057175

SIRESS
INTENS LT Y
5264,
42414,
4260,
4221.
4099,
.\Bfo’.
3a91l.
2460,
2317,
22%5.
2170,
20L&,
NUB.
125.
695,
673,
653,
637.
635,
e,
1082,
1042.
991.
945.
H84.
398K0.
30615,

43402, —

9338.
1423,
8lus.

26390

G‘.\]r
,:¢. 5 o ‘buL do (Ortt
3 k
=290 -2.7V= 26,200 P

?3432,

46192 weden presovec,

AST dve 4 frddve = 270.

29.0 kst
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08/0377, “ee ATTIN: LIBRARIAN USERS see
VEMSION 5.1 oF LIBRA' AN IS AVAITLABLE FOR USER TESTING. The .
NE4 VERS IUN MAY BF FIVOKID BY ADDING THE WyMBOLIC *QIBsTSYS

TO Tnt EXECUTE CF The LIFRAR AN FROCEDURES .

GUEST IONS OR PROBL EMS SHOULD BE DIRECTFD 10 ECC SATELLITE
SYSTEMS PROGRAMMING, CASNET 128-3253.

Qd/u1/71715 #8984 ATIN: ALL USERS eess
AUTOMAT IC DISCONNECT SERVICE INSTALLAT JON

EFFECTIVE SAM AUGUST o 1975 1F YOU ARE INACTIVE IN EXCESS OF 2¢ MINUTES
YOU WitL BE DI SCONNEC TED FRCM YRIDGEVILLE (ECC). YOU mAY ayolD JNNECESSARY
DIFFICULTIES IF vou SIGNOFF FROM THE SYSTEM WHEN YOU KNOw YOU WILL BE
!NACTIVE FOR FCRE THAN 20 MINUTES. IF YQU HA“ L A. '+ SUESTIONS OR PRIBLENS
PLEASE CALL SERVICE ADMINISTRATION AT CASAES 128-3258

OR DLD 412-221-1100 EXY 258.

JCS vsol7s
" e

CURRENT RESTIICTIONS, WARNINGS AND MINTS,
CHANNEL ~TO-CH/ NNEL ADAPTER (SYSOUTY):
DO NOT SECIFY THE DEN SUBPARAMETER OF THE CCB PARAMETER,
DO NOT SPECIFY ODCB=0PTCC=C.
THERE ARE AB OLUTE MAX [MUM LIMITS IMPOSEL ON SYSOUT:
PRINT 1S 25,060,000 BYTES PUNCH IS 10,000 CARDS  CRY IS 5000 BLICKS

MA X | MUM CHANNEL ~T 0-CHANNEL BLOCKS 1ZE 1S 2020,

TyiI91E0 400d
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ELAPSED TIME CN MAIN = N1GS = 002.03, STARY TVIME = 14.12.04%

DUNAYE = SYSHMSG PRINTED ON RM501PR2, LINES = 000131

DOMNAME = SYSPRINT PRINTED ON RM501PR 2, LINES = 000006

DONAME = FTOLF OO PRIATED CN RM501PR2, LINES = 000716
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