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Figure 2
Table 3-Continued
Table 3—Stress C ation Factor Variatl for Different .
fpe at Various Angles—Capped Cylinder S, (Middle Surface only)
» = 0.30 Bpe ¢ =0 »/10 5 3x/10 2x/5 /2
a 1.4142 6.6163 7.1556 7.2307 4.7269 0.6424 —1.4030
Ber (Supper Se (Slower 1.5909 6.7936 7.7349 8 3542 5.6384 0.6623 —1.8994
é =0 1.7677 6.9059 8.4207 9.5285 6.6467 0.7164 —2.4293
0.14142 2.75054 2.64709 2.54365
0.21213 2.94174 2.81900 2.69625
0.28284 3.13290 3.03870 2.94050
0.35356 3.30842 3.28570 3.28297
0.42426 3.45933 3.55467 3.65001
0.49497 3.58032 3.83486 4.08940
0.56568 3.66795 4.11911 4.57027
0.63639 3.72044 4.40201 5.08357
0.70710 3.73656 -4.67874 5.62091
0.84852  3.66013 5.20121 8.74228 R
0.98994 3.44158 5.668483 7.88769
1.13137 3.08080 6.05690 9.02300
1.27279 2.61996 6.37120 10.12243
¢ = /8 ~ T
0.14142 2.46988 2.33179 .2.19372 ]
0.21213 2.66925 2.47978 2.29030
0.28284 2.87265 2.67011 2.46758
0.35355 3.06813 2.89212 2.71811
| 0.42426 3.25013 3.13783 3.02553 - -
0.49497 3.41623 3.40126 3.38829
0.56568 3.56589 3.67806 3.79024
0.63639 3.69969 3.96508 4.23059 1
0.70710 3.81810 4 25958 4.70107
0.84852  4.01561 4.86482 5.71403 |
0.98994  4.16962 5.48212 6.79472 p
1.13137 4.29120 6.10374 - 7.91627
1.27279 439120 6.72431 9.05741
¢ = x/d 1
0.14142 1.79394 1.56884 1.34374 . -— 3 “'V2} r
0.21213 2.01190 1.65385 1.29580 ® 2 \/__
0.28284 2.23806 1.76710 1.29514 Rt
0.35355 2.46809 1.90438 1.
0.42426 2.70142 2.08304 1.42466 . .
0.49497 2.93776 2 24180 1. 54544 The membrane stress concentration factor S, and the total
0.56568 3.18071 2.43944 1.68816 . -~
0. 63839 3 43312 2 65648 1.8‘1’383 stress concentration factor Sc are, respectively, defined
0.70710 3.69754 2.89277 2.08800 b
0.84852 4. 27107 3.42439 2.57T771 Y
0.98994 4.91382 4.03512 3.15642
1.13137  5.63074 4.72359 3.81643 _ lorgestof (N1, N2)
1.27279 6.42060 5.48575 4.55090 " Targest of (N0, N;0)
¢ = 3x/8 (middle surface)
0.14142 1.12040 0.80340 0. 48640
0.21213 1.35527 0.81807 0.28087
0.28284 1.59750 0.83819 0.07888 ~s  lorgestof (a1, 0 2)
0.35355 1.84227 0.86252 -0.11723 - .
042426 208946 088996 —0.30954 € largestof (g 19,029 ) (for fixed r, )
0.49497 2.34032 0.91983 —0.50085 0 0
0.56568 259629 0.95182 —0.69283 where Ny©, N2 are the nominal principal stress resultants
0.63639 2.85862 0.98593 —0.88675 .
0.70710 3.12823 1.02243 —1.08337 and 510, 520 are the nominal flexural stresses for the shell
gg;xi iggg;g i;gﬁ; :i ggg under the same loading but without the hole. N; and N2
igg; ;gé%{l] i-iég?: :gg;gi dencte the principal stress resultants, o1 and o the principal
. /2 stresses respectively. The stress concentration facter is
-,
0.21213 1.08342 0.46892 —0.14857 calculoted as a function of ¢.
0.28284 1.32929 0. 44570 —0.43787
0.35355 1.57420 0.41483 —0.74454
0.42426 1.81691 0.37473 —1.068744
0.49497 2.05720 0.32403 —1.40912
0.58568 2. 29480 0.26158 —1.77164 NOTE
o‘m 2_5%28 0_1%5‘ _2. 15617 MEFEMENCE: "“STATE OF STRESS (N A CIRCULAR CYLINDRICAL
0.70710 2'75%7 Dml _2.56273 SHELL WITH A CIMCULAR HOLE,” WELDING RESEARCH COUNCIL
0.848562 3.20626 -0.11635 —3.43897 SULLETIN 102. 1968
0.98994 3.62829 —0.38079 —4.38988
1.13137 4.02201 —0.68968 —5.40137
1.27279 4.387T77 —1.03524 —8.45827

GILBERT ASSOCIATES, INC. FIGURE 2

Revision 28 5/2019



Figure 3
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STRESS DISTRIBUTION AROUND OPENINGS IN CYLINDRICAL SHELLS
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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Figure 8
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Figure 9

HOOP STRESS-RESULTANT Ng ALONG SYMMETRY AXES
(TEST PROBLEM)
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Figure 10

LAYER THICKNESSES AND DESIGNATION

TYPICAL SHELL
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Figure 11

GINNA/UFSAR

NODAL FORCES DUE TO CURVATURE OF TENDONS IN NEIGHBORHOOD OF OPENING

Appendix 3B DESIGN OF LARGE OPENING REINFORCEMENTS FOR CONTAINMENT VESSEL
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Figure 12

STRESS DISTRIBUTION AROUND OPENINGS
(THERMAL GRADIENT NEAR EQUIPMENT QPENING)

+120°F
0 8 16 24 32 40 '48 56 &d
|
LY
{ %"STEEL‘
32°F.
83°F ?
25°F
73°F r
z
=]
-
INSIDE < OUTSIDE
+120°F 2 -.10°F
z
. 9°F
____.---"'-- !
__._--'-'--—.—
STEEL LINER (,375™
GILBERT ASSOCIATES, INC. FIGURE 12

Revision 28 5/2019



GINNA/UFSAR
Appendix 3B DESIGN OF LARGE OPENING REINFORCEMENTS FOR CONTAINMENT VESSEL

Figure 13 Steady State Temperature Distributions - Winter Gradient
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Figure 14

STRESS DISTRIBUTION AROUND OPENINGS .
(EFFECT OF BOND FAILURE ALONG TERMINATED REBARS)
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Figure 15

HOOP STRESS RESULTANTS ALONG HORIZONTAL AND VERTICAL SYMMETRY AXES
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Figure 16
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Figure 17
SHELL DISPLACEMENTS (69 PSI INTERNAL PRESSURE)
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Figure 18
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Figure 19
INTERACTION DIAGRAM
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Figure 20
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Figure 21
INTERACTION DIAGRAM
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Figure 22

INTERACTION DIAGRAM
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Figure 23
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Figure 24
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Drawings
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Figure Drawing 1Reactor Containment Vessel - Equipment/Personnel Access Reinforcement -
Enlarged Sections
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Refer to Drawing
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Figure Drawing 2Reactor Containment Vessel - Equipment Access Opening Reinforcement -
Stretch-out & Sections

Figure Deleted

Refer to Drawing
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Figurel Comparison of HH. & GAI Results Hoop Stress Resultants Along Horizontal
and Vertical Symmetry Axes (Internal Pressure = 69 PSI)
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Figure Drawing 1Reactor Containment Vessel - Equipment/Personnel Access Reinforcement -
Enlarged Sections
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Refer to Drawing
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Figure Drawing 2Reactor Containment Vessel - Equipment Access Opening Reinforcement -
Stretch-out & Sections

Figure Deleted

Refer to Drawing
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Figure Drawing 3 Large Openings - Pour Schedule
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