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SUMMARY

A cylindrical semimonocoque shell of circular cross section was
mounted as a cantilever and loaded by a direct shear at the tip. The
cylinder was tested with no cutout, with a rectangular cutout on the
tension side, and with the cutout centered on the neutral axis on one
side of the cylinder. The cutout was successively enlarged through six
sizes varying from 30° to 130° in circumference and from 1 to 2 bays in
length. Strain measurements were made with resistance-type wire strain
gages near the cutout on the stringers, the skin, and the rings for each
case, and the stresses obtained are presented in tables.

INTRODUCTION

Stresses obtained in torsion tests of a stiffened circular cylinder
with a cutout are given in reference 1 and stresses found in pure bending
tests of the same cylinder are given in reference 2. The present report,
which is the last on this series of tests, gives results for two loading
cases: shear load with the cutout on the tension side of the cylinder and
shear load with the cutout centered on the neutral axis. In this report
the cutout centered on the neutral axis is called a side cutout.

Results of related experimental work by other investigators are
given in references 3 to 5. Reference 3 gives some data for stresses
around cutouts for a series of tests of a cylinder loaded by torque or
direct shear. Only shear stresses are given for the tests of the cylinder
under torque loading, and only axial stresses are given for the tests
with direct shear loading. Reference 4 gives stringer stresses and shear
stresses in a circular cylindrical shell with two opposing side cutouts
and loaded by direct shear and torque. Reference 5 presents experimental
and theoretical studies of stresses in a fuselage model loaded by direct
shear and having two opposing side cutouts.
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TEST SPECIMEN AND PROCEDURE

Although the test specimen was the same one as that used in refer-
ence 1, a description of the cylinder is repeated here for completeness
of the present paper. The test cylinder, which is shown in figure 1,
consisted of a 24S-T aluminum-alloy skin 0.051 inch thick, 36 external
3/h x 3/4 x 3/32 angle stringers with cross-sectional area of
0.1373 square inch, and 8 equally spaced 24S-T aluminum-alloy Z-se¢ *ion
rings with cross-sectional area of 0.4413 square inch. The rings
made of 1/8-inch sheet and were 2 inches deep with l-inch flanges. 1.
moment of inertia of the cylinder about a diameter was calculated to

be 1119.3 in.*. After an initial test of the cylinder without a cutout,
the series of cutout tests began with a cutout 1 bay in length by 30° in
circumference. In four succeeding tests, the cutouts were 1 bay long
and varied up to 130° in circumference. A final test was made with a
cutout 2 bays long by 130° in circumference. The size of the cutout for
each test is given in table 1.

The test procedure was analogous to that used in the tests of ref-
erences 1 and 2. The cylinder was mounted on a heavy ring which was
bolted to a rigid support. (See fig. 2.) Load was applied to a steel
bulkhead at the tip by means of a hydraulic jack. The tip bulkhead was
attached to the cylinder by a steel sleeve so that the distance from the

end of the specimen to the point of load application was 12l inches.

8

Baldwin SR-4 wire strain gages mounted near the cutout on the
stringers, skin, and rings were used for obtaining all the strain meas-
urements. Type A-12 gages were used on the stringers and rings and
type AR-1 rosette gages were used on the skin. Typical gage mountings
are shown in figure 3. Stringer gages were mounted along the inside
corner of the stringer angle, either at the rings or halfway between
rings. Rosette gages were mounted either halfway between rings or

l% inches from a ring. In each rosette, two gages mounted at angles

of 45° and 135° to the axis of the cylinder were used to measure the
shear strain. Ring gages were mounted near the neutral axis of the ring
cross section and on both flanges. The gage pattern in figure U4(a) shows
the location of all the strain gages used in tests 2 to 6. The angular
coordinate 6 is measured from the center line of the cutout. All the
gages shown were used in the test with a 30° cutout 1 bay long. For suc-
cessive tests with a cutout 1 bay long, the cutout was enlarged by
removing panels symmetrically located on either side of the longitudinal
center line. All gages not cut away by enlarging the cutout were used
in the next test. The gage pattern for test 7, with a 1300 cutout 2 bays
long, is shown in figure 4(Db).
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In each test, the maximum load was chosen to make the most highly
strained gage indicate tension or compression of about 10,000 psi. This
value was well below the buckling load in each test but was considered
high enough to avoid the large relative errors associated with measure-
ments of very small strains.

About 300 or 400 gages were read in each test, but the equipment
available permitted only 80 gages to be read at one time. The procedure
was as follows: A group of approximately 80 gages was read at each of
four successively higher loads; then the first load was repeated as a
check. If for some gages the original reading and the check reading
differed by more than about 100 psi, the data for those gages were rejected
and a test was performed for those gages only. Testing continued until
satisfactory checks were obtained. If the temperature varied more than
1° F during a test run, the entire run was repeated. The reruns required
only a small portion of the total testing time. After satisfactory data
were obtained for a group of gages, another set of about 80 gages was
read and the testing continued until all the gages had been read.

DATA REDUCTION AND ACCURACY

For each test, load was plotted against strain for the data from
each gage, and the slope of a straight line through the test points deter-
mined the value taken as the strain at the maximum test load. Strains
were converted to stresses with Young's modulus taken as 10,600,000 psi
and the shear modulus as 4,000,000 psi. Tension is considered positive
for normal stresses, and positive shear stresses are those that would
be produced by a clockwise tip torque.

Because of symmetry, the stress at each longitudinal station at an
angle 6° from the center line of the cutout should be the same as the
one at -6°; consequently, except for the cases noted in the next sec-
tion, the stresses from symmetrically located gages were averaged. The
final stresses were all reduced to correspond to stresses for a load of
2,000 pounds.

Errors in measuring the applied load include an uncertainty of 1 per-
cent in the jack load and a small amount of friction in the loading frame.
In addition, the strain gages may have inaccuracies of 200 psi at the
loads of the actual tests or 3 percent, whichever is larger.
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RESULTS

Stresses are presented in tables for all of the cutout tests and
the actual maximum load used in each test is also given. Results of
tests of the cylinder with the cutout on the tension side are given in
tables 2 to 7 and results of tests of the cylinder with the cutout cen-
tered on the neutral axis (the side cutout) are given in tables 8 to 13.
A test of the cylinder without a cutout gave stresses that were very
close to those determined by elementary theory. Consequently, for the
cutout tests, "stringer stresses due to cutout only" and "shear stresses
due to cutout only" were calculated by subtracting from the measured
stresses the stresses determined by ordinary beam theory for the uncut
cylinder.

FEach table gives a set of stresses for one test corresponding to a
certain cutout size and loading condition. In each table, stringer stresses
are given in part (a) and "stringer stresses due to cutout only" are given
in part (b). Shear stresses are presented in part (c) and "shear stresses
due to cutout only" are presented in part (d). Finally, the ring stresses
are given in part (e). When stringer stresses that might be averaged dif-
fered by more than 1,000 psi at the actual test load, both values instead
of the average value are given in the tables. For these cases, the num-
bers giving the stresses from the region where 6 1is negative are in
parentheses, but the signs are chosen as if these stresses were in the
region where 6 1is positive. Ring stresses for the case of shear load
on the cylinder with a side cutout were not averaged because they were
very inconsistent. In several instances, values of stress that were
from obviously inaccurate gage readings were omitted from the tables.

The stress distributions around the cutout are presented in fig-
ures 5 to 8. Stresses for shear load with the cutout on the tension side
of the cylinder are given for the 30° cutout in figure 5 and for the
90° cutout in figure 6. Stresses for shear load with the side cutout
are presented for the 30° cutout in figure 7 and for the 90° cutout in
figure 8. TFigures 5 to 8 have four parts each, corresponding to parts (a),
(b), (c), and (d) of the tables. The test points, which are represented
by the height of the heavy vertical lines, are Jjoined by straight dines
to give a pictorial view of the stress field. In the figures showing
shear stresses, the lines joining points on opposite sides of the coaming
stringer near the cutout have been broken because a straight line is not
very accurate in this region.




NACA TN 3192

CONCLUDING REMARKS

Stresses obtained in a series of tests of a stiffened cylindrical
shell with a cutout subjected to a tip shear are presented in tables.
The data presented are intended primarily to serve as a check on methods

of analysis or

as a guide to the development of such methods. Consequently,

no attempt has been made in this paper to interpret the data or draw con-
clusions therefrom.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., March 12, 195L.

1. Schlechte,
Analysis
TN 3039,

2. Schlechte,
Analysis
IN 3073,
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TABLE 1.- CUTOUT SIZE

Test Length of Width of
number cutout, bays cutout, deg
il None None
2 1 30
) it 50
L 1 70
> 1 90
6 1 130
T 2 130
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x 15
|
| 45
| 0,
deg

>
|

105

TABLE 2.- STRESSES AROUND CUTOUT OF 30° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 7,200 POUNDS)

(a) Stringer stresses, psi

Distance from center line of cutout, in.

30 24 18 12 6 0 6 12 18 2L 30
4 T O e _ 0 s Tl o pos Al
—— 972 ———+—— 1,445 — 2,'329— 2,97k — 2,557« 2,126 ——+— 2,150 —
— 988 ——— 1,581 - 1,;66— 2,212 - 2,%5&— 2,203 —1—— 2,203 ——
—_— 919 —t—— 1,431 — 1,%30-— 1,826 — 1,$26-— 1,993 ——— 2,047 ——
— 898 ——— 1,185— 1,|57l+— 1,458 — 1,%95— 1,737 ——— 1,890 —
et =Ty e 1,:107-— 1,190 — 1,%05— 1,353 —1—— 1,617 ——
—— 583 ———— 746 — 8&2 — 892 — 9l|+7 — 1,063 — 1,115 — 1,263 ——
SRR ) R £55 TR 5|30 Bl slo 59l5— O g ]
l |
I I
— =38 ——4—— -103 — -71— -118— -1c,)5— -162 — -1o|5 — =77 —
l

26T NI VOVN



TABLE 2.- STRESSES AROUND CUTOUT OF 30° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

I
ks
e J
deg
1
105

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED ILOAD, 7,200 POUNDS) - Continued

(b) Stringer stresses due to cutout only, psi

Distance from center line of cutout, in.

30 ol 18 12 6 0 6 12 18 2k 30
_ o e _ T _ -
b— 209 ——1+— -881 — -1,623 S, ol =i o3 ————— Lo
| |
L 13 ———+—— 22 — 749 — 1,236 — 1,041— T3 —— =219 ——
| |
L 55 ———f— 2kl — W77 — 574 — 5k 268 -29
| |
— 32 ———t— 214 — 279 340 305 237 21
| |
75 ————+—— 128 — 200 167 186 211 130 ———
| |
100 ————— 158 — 147 — 134 — 151 107 1
| |
&0 100 104 103 8 — 131 — 111 — 187
[ |
T e e 70 i 43 51 118 148
| |
| I
38 -5 38 il 27 — =21 —— L9 —— 86 ——
| |

26T¢ NI VOVN
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k5

)

deg

105

135

165

TABLE 2.- STRESSES AROUND CUTOUT OF 30° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 7,200 POUNDS) - Continued

(c) Shear stresses, psi

Distance from center line of cutout, in.

36 30 24 18 12 6 0 6 12 18 2k
— = - Bl - 32 56 - -
k2 82 -389 -800 1,319 778
431105 229 L3T7I 441 650
Lok 340 311 335|485 397 316|419 469
559 530|570 561 486 k77 452
610 641 700 671|645 635 640|576 558 649 623
823 176|758 Thk 698|652
795 835 870 813815 81 770! 756 661|757
8621835 82k 830| 846 755
812 888 856 82k (807 849 801|883 809|840
718 755 716 780
501 525 B 525
559
182 160

26T¢ NI VOVN
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TABLE 2.- STRESSES AROUND CUTOUT OF 30° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

0T

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 7,200 POUNDS) - Continued

(d) Shear stresses due to cutout only

Distance from center line of cutout, in.

36 24 18 12 6 0 6 12 18 2k
— - 51! — 32 56 —
it -61 -532 -943 1,176 635
-239|-177 -53 155|159 368
-8 =12 -101 =T7|73 -15 =967 5T
29 0{ko -31 =L {53 -78
-22 9 68 39(13 3 8]-56 e 17 -9
109 62 | 4k 30 -16|-62
21 61 96 39 |41 27 -41-18 -113|-17
50|23 12 18|34 =57
60 76 Lk 12|-5 37 -11(71 -3|28
L 41 2 66
27 =5 L1 =5
:
57 g
39 I \’.j‘
i
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TABLE 2.- STRESSES AROUND CUTOUT OF 30° BY 1 BAY ON TENSION SIDE

OF CYLINDER LOADED BY SHEAR FORCE OF 2,000 POUNDS AT

TIP (ACTUAL APPLIED LOAD, 7,200 POUNDS) - Concluded

(e) Ring stresses, psi

gtk

% Outer flange
il o
e 2P ] 1)
Iu = a
i7¢
P 8 = B
2 ’—ﬁ WL_
" |g—— l =
I 8
\_L__C____D
e
|ll
Ring 1 Ring 2
0, deg
A B 5 A B )

5 -71 -219 -266 77 -321 -321
ili5) -197 -281 -107 -271 -315 =72
25 =157 -162 -1 =1h7 -136 54
55 -118 =51 0 -150 -52 106
45 =118 -31 59 -200 -16 146
55 -125 0 86 -166 =T 131
65 -91 0 52 -150 -3 90
75 =5 0 Ly 111 9 37
85 0 0 0 ~37 0 0
95 0 0 0 0 0 0




TABLE %.- STRESSES AROUND CUTOUT OF 50° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

15
45
9,
deg
i
105

(a) Stringer stresses, psi

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 5,000 POUNDS)

Distance from center line of cutout, in.

2k 18 12 6 0 6 12 18 2k 30
. 202 — 0 ) SR R
691 —+t+——— Lg2 ——c'> (:J-—— 876 —— w1835 ———y
e —— 1 Lo 2,”‘(2” — 3,501 — 3,750 = 2,552 ———ar——— 1,065 ——
910 —— 1,658 — 2,%9& — 2,421 — 2,%&6 =0 LD e
854 ——+—— 1,412 — 1,690 — 1,819 — 1,944 — 1,997 ——— 1,942 ——
S — —1——— Wi e — 1,&89 = ] Slor— 1,:505 — 1,518 ————fF—— 1,696 —
610 —+—— 831 — 9;6 — R —— 1,559 — 1,111 — 1,206 — 1,323 ——
b7l —— 458 — 57l2 — 568 — 6llo — 700 —F+—— 912 ——
. |
0 -123 — -85 — -165 — =132 — -199 — =98 — -26
| | |

Al

26T¢ NI YOVN
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TABLE 3.- STRESSES AROUND CUTOUT OF 50° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

15

45

™

105

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 5,000 POUNDS) - Continued

(b) Stringer stresses due to cutout only, psi

Distance from center line of cutout, in.

30 24 18 12 6 0 6 12 18 2l 30
o D . 0 i i i i
—— =571 ——. =1,259 - -1,623 o e I L e WSl
| [l
——— =416 —— =931 — -1,58 -1,806 - -1,175 ——t—— -47h ——
| |
— =267 — 4 — 1,235 — 1,873 — 1,973 — 397 ——F—— -269 ——
! |
it o T —— Yl — 43 — 935 — 925 — 67Tk ——— 25 —
| |
31 355 — 516 —— 528 —— 535 —— 471 ——aem 180 ——|
! |
143 303 — 329 — 28 — 353 — 1710 ———— 256 ——
! I
— 107 185 208 48 — 178 — 179 — 202 — 247 ——
| |
—— 153 50 119 69 —— 66 —— 111 ——F o o> ]
| I
[ |
76 =25 24 -6 — 2 — 58 — 54 — 137 ———
1 l |

26T¢ NI VOUN

¢T



TABLE 3.- STRESSES AROUND CUTOUT OF 50° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR
FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 5,000 POUNDS) - Continued

(c) Shear stresses, psi

Distance from center line of cutout, in.

36 30 2k 18 12 6 0 6 12 18 2k
— = = — = 0 = 49 15 =
132 -61 -32k -190 550 690
- =975 1,889 1,215
316 203 -3 132| 2kk 305 503|523 826
499 508|667 ST 405|525 461
v 559 595 T84 717|773 649 615|459 ka7 675 688
893 855|816 755 700|535
81k 872 951 925|859 799 776|633 570|737
9, E 929|875 832 821|722 666
deg
o 906 919 882 822| 806 87 806 | 829 808|822
(ALY T 719|780 798
135
Skl 519 562 531
165 247
191 371

it
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45

1@

105

135

165

TABLE 3.- STRESSES AROUND CUTOUT OF 50° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR
FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 5,000 POUNDS) - Continued
(d) Shear stresses due to cutout only
Distance from center line of cutout, in.
36 30 2k 18 12 6 0 6 12 18 2k
— — - 0 - L9 15 =
-11 ~20k -567 -333 Lot W7
—1 25T 1,607 955
-96 -209 -415 -280(-168 -107 G| SIEENS L1k
-31 -22|-137 L7 -125|-5 -69
=73 =37 152 85(-1k1 17 -17(-173 -185 43 56
179 141 (102 41 -14(-179
40 98 g 15185 25 e el -20k4|-37
117(63 20 9|-90 -146
gk 107 70 10|-6 35 =617 =420
-3 33 5|66 8l
14 32 1
48 128

26T¢ NI VOUN

(S
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TABLE 3.- STRESSES AROUND CUTOUT OF 50° BY 1 BAY ON TENSION SIDE
OF CYLINDER LOADED BY SHEAR FORCE OF 2,000 POUNDS AT
TIP (ACTUAL APPLIED LOAD, 5,000 POUNDS) - Concluded
(e) Ring stresses, psi

Quter flange

lII 4
i
= —tt—
" .‘___1
| 8
K c \
L.L: \
2
lll
Ring 1 Ring 2
6, deg
A B ¢ A B 6:
5 63 -Lo7 -456 - -636 -689
15 63 -—— -358 159 -352 -L75
25 =121 -229 -68 =Ly =212 0
35 -163 62 150 17k 67 263
45 -155 -— 222 -221 168 343
55 -191 123 258 -274 184 Lo1
65 -221 102 254 -282 131 343
{(5) -191 - 199 -248 106 246
85 -138 38 159 -172 Lo T,
95 -134 -15 87 =76 - Lo




TABLE 4.- STRESSES AROUND CUTOUT OF 70° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

15
45
0,
deg
13
105

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED ILOAD, 4,400 POUNDS)

(a) Stringer stresses, psi

Distance from center line of cutout, in.

i

26TS NI YOVN

30 2k 18 12 6 0 6 12 18 2k 30
" & o 6 = - i 4 uu— il L :
p——— 2 T R s S 0 — L2 ——3—— 1,431
e | I P

—— 460 —————+—— 111 —@8 0 0 — L453 —— 1,623 ——
I !

p— 595 ———f—— 91 — 0 0 — 1,012 ——— 1,831 —
| |

— 812 ——— 1,869 — 3,257 — L,466 — 4,807 — 2,905 ——F—— 1,918 —
| |

P O e e 11814’5 e 2)55” i3 2)8!"’2 He 5;00)'* i 2;751 T E R 1;851 T ]
| |

973 ——t—— 1,607 — 1,£|362 - 1,927 — 2,'105 — 2,023 ——+—— 1,831 s

— 848 ———— 1,178 — 1,269 — 1,224 — 1,404 — 1,503 — 1,515 — 1,542 —
| |

— 665 ——oA—— 843 — 780 — 761 — 843 — 93h —— 4 — 1,132 ——|
| |
I I

— 173 ——— -1 — 53 — 91 — 81 — -154 — T2 — 120
| I |

LT
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TABLE 4.- STRESSES AROUND CUTOUT OF 70°© BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

15
45
e 2
deg
1z
105

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 4,400 POUNDS) - Continued

(b) Stringer stresses due to cutout only, psi

Distance from center line

of cutout, in.

30 2k 18 12 6 0 6 12 18 2k 30
— _ ] _ - _ _ _

—— 857 ———+—— -1,394 - -1,623 -1,947 ~ -1,685 —rd— -1,002 ——
| |

—— 647 — -1,312 - -1,580 -1,896 - -1,600 ——— -746 —

_ﬁ b) }) | )] 7

—— 4§ ————— =89 — -1,U89 Sl — e s =————— O ———
| |

— -1% ——+———— 652 — 1,906 — 2,980 — 3,186 — 1,149 — -108 ——
[ |

el =——=——r——ee N =TS0 =L B = 05— 1085 e ey

| |

e el e e e e Gl e Bl e e sl
| |

e s s liss e B s R I = s L SR
) |

— 347 ———— U35 — 327 — 262 — 299 — 345 — e
| |
| ]

— 249 83 162 28 49 — -13 — 224 — 2835 ——
l l
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TABLE 4.- STRESSES AROUND CUTOUT OF 70° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR
FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 4,400 POUNDS) - Continued

(c) Shear stresses, psi

Distance from center line of cutout, in.

36 30 24 18 if2) 6 0 6 12 18 2k
@ v 24 -7 = 45 6 F
Sk -64 -142 -100 426 Lg2
45
-2h2 938 1,092
228 70 -559 -1,0k0 2,447 1,683
118 257|391 590 764|496 863
45
483 W77 695 726|946 726 560|361 391 783 T84
1,020 968(990 854 708363
740 889 1,093 992 | 964 925 803|545 L0o6 | 694
(5
5, 1,044 1955 955 848580 543
deg
966 946 946 889 [ 805 843 833|807 726|751
105
TOk4 T34 712|814 796
1515)
556 504 573 Lok
258
165
185 187

26T¢ NI VOVN
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45

&

deg

105

135
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TABLE 4.- STRESSES AROUND CUTOUT OF 70° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 4,400 POUNDS) - Continued

(d) Shear stresses due to cutout only

Distance from center line of cutout, in.

36 30 2L 18 12 6 0 6 12 18 24
— = - =37 = L5 6 =
-92 -207 -285 -243 283 349
-52k 656 810
-184 -3h2 -971 -1,k52 2,035 1,271
412 -273|-139 60 23k -3k 333
-149 -155 63 ok |11k 9k -72{-271 241 151 152
306 2541176 142 =6|-351
-3k 115 319 218|190 151 29|-219 -368|-80
232|143 143 36|-232 -269
154 134 134 T71-7 Bt 21]-5 -86|-61
-10 20 -2|100 82
26 -26 43 -36
=24
42 by

0

c6T¢ NI VOVN
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TABLE 4.- STRESSES AROUND CUTOUT OF 70° BY 1 BAY ON TENSION SIDE
OF CYLINDER LOADED BY SHEAR FORCE OF 2,000 POUNDS AT
TIP (ACTUAL APPLIED LOAD, 4,400 POUNDS) - Concluded

(e) Ring stresses, psi

Outer flange

Ring 1 Ring 2
6, deg
A B . A B ¢

5 313 -523 -696 255 -1,036 B, 55g
15 226 —ge -58% 265 -Th7 -1,048
25 156 -207 -328 S5 -278 -499
2 -193 -147 67 -265 =10 308
45 -260 -—- 328 =57k 308 590
55 -265 219 Lzl -458 374 701
65 -364 2o 537 =534 349 720
i) =357 -—- Lo5 =520 197 506
85 -280 183 352 -4zl 96 29k
95 -253 11k 248 -258 3k 125
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TABLE 5.- STRESSES AROUND CUTOUT OF 90° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

15
45
e )
deg
=
105

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 3,600 POUNDS)

(a) Stringer stresses, psi

Distance from center line of cutout, in.
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TABLE 5.- STRESSES AROUND CUTOUT OF 90° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

155

0, 5
deg

1=

105

(b) Stringer stresses due to cutout only, psi

Distance from center line of cutout, in.

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 3,600 POUNDS) - Continued
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TABLE 5.- STRESSES AROUND CUTOUT OF 90° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED, 3,600 POUNDS) - Continued

(c) Shear stresses, psi

Distance from center line of cutout, in.

"2
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-86 725 762
A =b2 -380 -2L5 1,250 1,361
-617 -1,216 2,987 1,921
366 287 240 Lo2| 563 664 1,103| 351 848 1,046 1,003
9kl 968|1,174 1,042 Tato) ki
37 826 1,177 1,169(1,351 1,058 861|288 183|648
1,214 1,060 989 9251375 291
1,005 1,074 1,069  1,01k4| 824 845 817650 616|625
Thy 687 714|746 760
586 501 522 Lg2
:
206 E
179 147 ™
s



15

45

™

deg

105

135

165

TABLE 5.- STRESSES AROUND CUIOUT OF 90° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 3,600 POUNDS) - Continued

(d) Shear stresses due to cutout only

Distance from center line of cutout, in.
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TABLE 5.- STRESSES AROUND CUTOUT OF 90° BY 1 BAY ON TENSION SIDE
OF CYLINDER LOADED BY SHEAR FORCE OF 2,000 POUNDS AT

TIP (ACTUAL APPLIED LOAD, 3,600 POUNDS) - Concluded

(e) Ring stresses, psi

R
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)

Quter flange

Ring 1 Ring 2
b A B € A B g
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BLE 6.~ STRESSES AROUND CUTOUT OF 130° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

15
45
e}
deg
75
105

(a) Stringer stresses, psi

Distance from center line of cutout, in.

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 2,200 POUNDS)
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TABLE 6.~ STRESSES AROUND CUTOUT OF 130° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

15

45

™

105

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 2,200 POUNDS) - Continued

(b) Stringer stresses due to cutout only, psi

Distance from center line

of cutout,

in.
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TABLE 6.- STRESSES AROUND CUTOUT OF 130° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 2,200 POUNDS) - Continued g
(c) Shear stresses, psi E
b
Distance from center line of cutout, in. \r\cg
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TARLE 6.- STRESSES AROUND CUTOUT OF 130° BY 1 BAY ON TENSION SIDE OF CYLINDER LOADED BY SHEAR W
©
FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 2,200 POUNDS) - Continued
(d) Shear stresses due to cutout only, psi
Distance from center line of cutout, in.
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TABLE 6.- STRESSES AROUND CUTOUT OF 130° BY 1 BAY ON TENSION SIDE
OF CYLINDER LOADED BY SHEAR FORCE OF 2,000 POUNDS AT
TIP (ACTUAL APPLIED LOAD, 2,200 POUNDS) - Concluded

(e) Ring stresses, psi

Outer flange

B

:

)

i
I
|

e e
Ring 1 Ring 2
8, deg
A B ¢ A B D
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TABLE 7.- STRESSES AROUND CUTOUT OF 130° BY 2 BAYS ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

15
45
8}
deg
(S
105

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 2,200 POUNDS)

(a) Stringer stresses, psi

Distance from center line of cutout, in.
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TABLE 7.- STRESSES AROUND CUTOUT OF 130° BY 2 BAYS ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

15
L5
0,
deg
i
105

(b) Stringer stresses due to cutout only, psi

Distance from center line

of cutout, in.

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 2,200 POUNDS) - Continued

i

!

2L 18 12 6 0 12 18 24 30
e : g s s . ) s
—  -1,175 - -1,299 =1,947 = -1,994 21, 805 ' merf
| |
— -1,160 — -1,265 -1,806 - -1,860 ——— -1,704 —
| |
—— -1,043 — -1,192 -1,786 — -1,646 —— -1,394 ———
P )I 1 —_T »39
—— =904 — -1,082 15621 — 1,08l —mellE=_ HiagsoR et
| |
—— 645 — 940 -1,409 — -910 ——+— L2
| |
profete 18— w769 -1,152 — 419 ———tf——— 863 ——
PN ey e s Lo e b _K;6a9) 4
1,017 2,943 33 5)738 7:11"2 8’669 4,079 2,051 — l,l#39 |
i 1,088 —— 3,061 — 3,556 — 3,886 — 4,255 — 3,h6k —————— 1,002
| |
f !
— 1,4 ———— 1,206 — 1,525 — 986 — 1,238 LB |~ i em

|

c6T¢ NI VOVN

¢¢



15

h5

™

deg

105

135

165

TABLE 7.- STRESSES AROUND CUTOUT OF 130° BY 2 BAYS ON TENSION SIDE OF CYLINDER LOADED BY SHEAR

(c) Shear stresses, psi

Distance from center line of cutout, in.

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 2,200 POUNDS) - Continued
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TABLE T.- STRESSES AROUND CUTOUT OF 130° BY 2 BAYS ON TENSION SIDE OF CYLINDER LOADED BY SHEAR E
FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 2,200 POUNDS) - Continued i
(d) Shear stresses due to cutout only \EN
o
Distance from center line of cutout, in. no
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TABLE 7.- STRESSES AROUND CUTOUT OF 130° BY 2 BAYS ON TENSION SIDE
OF CYLINDER LOADED BY SHEAR FORCE OF 2,000 POUNDS AT
TIP (ACTUAL APPLIED LOAD, 2,200 POUNDS) - Concluded

e) Ring stresses si
( ) g » P

elx‘ Quter flange

v
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[ “"‘%"’J
7
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" ____% -

L N —
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I|I |

Ring 1 Ring 2
6, deg
A B g A B C
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9,
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>
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TABLE 8.- STRESSES AROUND SIDE CUTOUT OF 30° BY 1 BAY IN CYLINDER LOADED BY SHEAR

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 7,200 POUNDS)

(a) Stringer stresses, psi

Distance from center line of cutout, in.
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TABLE 8.- STRESSES AROUND SIDE CUTOUT OF 300 BY 1 BAY IN CYLINDER LOADED BY SHEAR

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 7,200 POUNDS) - Continued

Q¢

(b) Stringer stresses due to cutout only, psi

Distance from center line of cutout, in.
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TABLE 8.- STRESSES AROUND SIDE CUTOUT OF 30° BY 1 BAY IN CYLINDER LOADED BY SHEAR

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED IOAD, 7,200 POUNDS) - Continued

(c) Shear stresses, psi

Distance from center line of cutout, in.
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TABLE 8.- STRESSES AROUND SIDE CUTOUT OF 30° BY 1 BAY IN CYLINDER LOADED BY SHEAR

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 7,200 POUNDS) - Continued

(d) Shear stresses due to cutout only, psi

Distance from center line of cutout, in.
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L1

TABLE 8.~ STRESSES AROUND SIDE CUTOUT OF 30° BY 1 BAY IN CYLINDER
LOADED BY SHEAR FORCE OF 2,000 POUNDS AT TIP (ACTUAL
APPLIED LOAD, 7,200 POUNDS) - Concluded

(e) Ring stresses, psi

Outer flange

gt
f
1 Lx

3 | e
'n %
| ot
e
el ——
Ring 1 Ring 2
0, deg
A B C A B C
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15 350 _— 1,250 53 -1,908 -2,109
25 -148 Y27 1,358 0 -2,067 -1,961
55 =Th2 848 1071 148 -1,696 -1,590
45 -9kl - 626 10 -1,007 ~T6k
55, -848 -329 106 0 -392 0
65 647 =65 =276 -636 o} 530
15 -540 -752 -520 -952 201 848
85 -435 -785 -520 -1,166 297 1,007
g5 -318 -710 -530 -1,230 0 901




1
45
0,
deg
2
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TABLE 9.- STRESSES AROUND SIDE CUTOUT OF 50° BY 1 BAY IN CYLINDER LOADED BY SHEAR

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 7,200 POUNDS)

(a) Stringer stresses, psi

Distance from center line of cutout, in.
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TABLE 9.- STRESSES AROUND SIDE CUTOUT OF 50° BY 1 BAY IN CYLINDER LOADED BY SHEAR

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 7,200 POUNDS) - Continued

26T¢ NI VOVN

(b) Stringer stresses due to cutout only, psi

Distance from center line of cutout, in.
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TABLE 9.- STRESSES AROUND SIDE CUTOUT OF 50° BY 1 BAY IN CYLINDER LOADED BY SHEAR
FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 7,200 POUNDS) - Continued

(c) Shear stresses, psi

Distance from center line of cutout, in.
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TABLE 9.- STRESSES AROUND SIDE CUTOUT OF 50° BY 1 BAY IN CYLINDER LOADED BY SHEAR

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 7,200 POUNDS) - Continued

(d) Shear stresses due to cutout only, psi

Distance from center line of cutout,

in.

36 30 24 18 12 6 0 12 18 2k
=3 e S e 58 o =SOSR =0T il
-39 -113 -146 =TT -342 ~306
=753 -493 -176
-2l 32 190 496 |-658 -818 -696 [ 594 il
260 243 |-689 -924 -7261307 315
18 93 128 123 |-581 -690 -520|132 139 1k 128
=25 23 |-3kk =375 -35k4 |39
33 22 -135 -49|-111 -152 -160|-22 -179|70
-52 (43 341 851-89 -191
-2 -29 -13 -42 (208 145 1k (-24 -120(-T0
-6k 138 102 [-177 =21
8 100 50 19
21
-l -2

26T¢ NI VOVN
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L6 NACA TN 3192
TABLE 9.- STRESSES AROUND SIDE CUTOUT OF 50° BY 1 BAY IN CYLINDER
LOADED BY SHEAR FORCE OF 2,000 POUNDS AT TIP (ACTUAL
APPLIED LOAD, 7,200 POUNDS) - Concluded
(e) Ring stresses, psi
5 Outer flange
| A
()
|" [—— %
-
- __,_{ T st
ln . :BL ]
)
o
.
Ill
Ring 1 Ring 2
6, deg
A B c A B ¢
95 -498 1,325 1,760 1,177 -286 -1,208
85 -212 1,654 1,802 912 541 -1,272
75 286 1,208 1,484 u1s -488 -1,071
65 985 1,198 763 -191 -53 =Lol
55 1,400 180 -339 -721 e 636
45 1,484 =572 -1,516 -Th2 1,802 1528
59 l; 113 ‘2: 385 "251*38 =371 2: 809 2: 851
25 159 -2,470 -3,286 106 2,968 3,359
15 0 -1,548 -2,120 625 2,585 2,088
5 456 -1,028 -986 488 753 403
5 254 604 551 BT -1,28% -1,643
15 435 1,749 1,813 92 -2,957 -3,07h
23 -53 2,300 5,021 S -3,24k -3,869
35 -965 2,109 2,559 392 -3,106 3,201
45 -1,357 =Tk 2o 530 -1,875 -1,749
55 -1,399 ~106 583 265 -625 -339
65 -1,060 -922 =445 -Lo3 2l Th2
75 —615 -1,166 -996 =975 636 1,484
85 -233 -1,k42 -1,261 -1,304 Tho 1,770
95 h -1,219 -996 -1,622 562 1,654




TABLE 10

15
L5
9,
deg
{2
105

.- STRESSES AROUND SIDE CUTOUT OF 70° BY 1 BAY IN CYLINDER LOADED BY

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 5,600 POUNDS)

(a) Stringer stresses, psi

Distance from center line of cutout, in.

SHEAR

30 2k 18 i 6 0 6 12 18 oL 30
99 41 0 0 15 3k
t i
———— 413 204 0 0 19 223
| |
= 6l 5= 668 —— 0 0 =45 L7
| |
D e O —— 55 — 1,21l <1 pAG0 e e 871
I I
F——— SB5 —tr—— 1,500 —d3h52 ~— 1,555~ 1 188" 1,000 SN0 Ol e
| |
b——— 978 ———— 1,003 — 9?7 — 1,507 — 1,?08 — 1,866 o = 1,760 —
—— 927 ——————— 933 — 1,022 — 1,722 — 2,110 — 2,240 — 2,035 — 2,158 —
| I
——— Ol6 ————— 1,098 — 1,222 — 1,703 — 2,195 — 2,385 ———— 2,441 —H
l
|
b——— 985 ——t——— 1,456 — 1, 7] —sa.aao 2,460 — 2,500 —
| |

26T¢ NI VOVN
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TABLE 10.- STRESSES AROUND SIDE CUTOUT OF 70° BY 1 BAY IN CYLINDER LOADED BY SHEAR

15
45
e 2
deg
1>
105

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 5,600 POUNDS) - Continued

(v) Stringer stresses due to cutout only, psi

Distance from center line of cutout, in.

2l 18 12 6 0 6 12 18 ol
T — o — 108 I S g R
141 =156 — -5%39 _%7 —_— 48 ———T—— 360 —
180 — 76 — -6;7 -7%39 — 885 m— 505 ===
207 — 9719 — 2,2307 — 215 — -2,391— -1,192 —— 487 —
175 ——— 286 — 5“25 — s —2;h — -37h T e
58 =——o~>Fr—— =179 — -556 63 2;5 160 =208 ——
-96 —t— 381 — -1+3|8 116 3;9 343 -8 -30
-148 —a— -308 — -55‘1 — =15 2&1 %55 100
|
[ I
-152 ———+— -5 =4y 155 189 67
l l

8™

26T NI VOVN



TABLE 10.- STRESSES AROUND SIDE CUTOUT OF 70° BY 1 BAY IN CYLINDER LOADED BY SHEAR g
@
FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 5,600 POUNDS) - Continued >
(c) Shear stresses, psi E
Y
H
Distance from center line of cutout, in. \(8
36 30 2k 18 12 6 0 6 12 18 2
= & - - -656 — -1,168 -1,09k4 —
-872 -89% -712 -699 -1,08 -1,075
iz,
-869 -1,056 -1,027
-697 -696 -1,055 =1,726 -1,100 -68&
i -390 54 1-1,768 1,970 -1,793|269 -115
5
-532 -4p2 -188 -162(-1,58+ ~1,980 -1,565|-100 -115 -259 -309
-281 -2741-1,146 1,414 -1,255|-238
-2kl -218 =37k -305|-674 =725 -Th1|-281 -456(-160
5
9, -212|-202  -212 -246|-253 -396
deg
129 95 72 L1438 37k 371|78 -69( 47
105
35k 621 603|402 —347
135
633 609 684 yarn
792
165
762 731

6%




b5
>
9 J
deg
105
155
165

TABLE 10.- STRESSES AROUND SIDE CUTOUT OF 70° BY 1 BAY IN CYLINDER LOADED BY SHEAR

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 5,600 POUNDS) - Continued

(d) Shear stresses due to cutout only, psi

Distance from center line of cutout, in.

05

36 30 2k 18 12 6 0 6 12 18 ok
- — — - — 169 = -343 — -269 =
-60 -81 100 1i%) -27h -263
=95 -28 =255
17 18 =341  -1,012 -386 28
242 686|-1,136 -1,338 -1,161|901 517
-2 108 342 368|-1,054 -1,450 -1,035[L430 415 271 221
131 138] 734  -1,002  -843)17h
41 6L -92 -23|-392 =443 -459|1 -174 122
-69|-79 -69 -103|-110 -253
-14 -50 -T1 -99|295 231 228 -65 -212|-96
-58 209 191(-10 =759
1 -23 52 82
:
18 2
-50 -81 b
by




NACA TN 3192

Ul
£

TABLE 10.- STRESSES AROUND SIDE CUTOUT OF 70° BY 1 BAY IN CYLINDER

LOADED BY SHEAR FORCE OF 2,000 POUNDS AT TIP (ACTUAL
APPLIED LOAD, 5,600 POUNDS) - Concluded
(e) Ring stresses, psi

Outer flange

N

lll - %
|————— 1 ————
! B INEE
'u %
N —
&t
2
||I
Ring 1 Ring 2
8, deg
A B € A B c

95 ~H81 1,473 2,173 1,292 -763 -1, 887
85 -95 1,825 2,067 890 -1,028 -1,887
i el 1,177 1,304 106 =594 -1,336
65 1,134 816 403 -636 T4 -106
55 1,473 =413 -901 -1,039 1,399 1,484
45 1,251, -1,23%0 -2,311 -848 2,756 2,968
B 456 -2,555 -3,286 -912 3,392 k,2k0
25 647 -2,841 -3,180 -318 3,445 3,943
15 795 - -2,120 -488 2,120 2,438
5 689 2700 -816 106 752 Lol
5 -371 h77 Th2 827 -1,188 -1,654
15 -806 . D70 2,120 1,007 -2,756 -3,021
25 -392 2,841 2,809 678 -3,60k -k, 240
35 -901 2,544 3,445 859 -3,551 k4,505
k5 -1,166 e 2,438 6L47 -2,650 -2,T56
55 -1,367 657 1,092 4hs5 -1,113 -848
65 -1,145 -498 -265 0 276 773
75 -689 -1,166 -1,145 -636 1,007 1,665
85 -159 -1,516 -1,65k4 =1, 377 1,219 2,226
95 37l -1,643 -1,579 -1,526 1,124 2,226




TABLE 11.- STRESSES AROUND SIDE CUTOUT OF 90° BY 1 BAY IN CYLINDER LOADED BY SHEAR

15
45
e)
deg
(i
105

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 4,200 POUNDS)

(a) Stringer stresses, psi

Distance from center line of cutout, i

30 2k 18 12 6 0 6 12 18 2k 30
— _ = e — — — =
83 55 0 0 — 35 Lo
| |
— 346 150 0 0 —— 10 — - 136 ———
I |
——— 598 328 0 Q =—— -50 — 313 ——J
| |
— 921 906 =—— 0 0 — -131 — 590  ——t
| |
—_ 1,065 — 2,185 — 4,970 — 1,726 — ~1,651 — -86 ———+——— 1,000 —
I |
— 1,141 — 1,560 — 1,641 — 1,716 — 1,507 — 1,479 ————— 1,464 ——
| |
1,035 —ft—— 994 — 1,010 — 1,772 — 2,304 — 2,392 — 2,011 — 2,009
[ |
1,000 969 — 1,045 — 1,777 — 2,473 — 2,706 ——— 2,448 S
l
{
—— 889 — 1,318 ————— 1,797 — 2,408 2,766 — 2,690 ———
l |
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TABLE 11.- STRESSES AROUND SIDE CUTOUT OF 90° BY 1 BAY IN CYLINDER LOADED BY SHEAR
FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 4,200 POUNDS) - Continued

(b) Stringer stresses due to cutout only, psi

Distance from center line of cutout, in.

30 2L 18 12 6 0 6 12 18 24 30
e - i it s e o e Loyt
i 4Lz — -108 -130 — =106 -123
| |
15 h 200 — =389 =467 — =495 TR e
] 1
GRARERO - . il i 26l =—. <657 -789 — -90k ——— =673 i
| |
e 200 e 91 — =906 213080 iRl 3B~ r R A
! |
/ L s el s 1,169 — Jeotd DT TRMER el S RNEE
J
deg f—— 201 ————— 378 — 328 —— 272 — 68 — 227 ——— _s0)
! [
12 -320 450 166, ~— 55% == digh, =G0 ce=tr g
! |
75 P 20k iRl 517 59 =" 509 e G0 (et 107" =
|
|
—— 248 —— -143 12 461 BG5S = A e
105 | i

26T¢ NI VOWN



15
L5
7
9,
deg
105
135
165

TABLE 11.- STRESSES AROUND SIDE CUTOUT OF 90° BY 1 BAY IN CYLINDER LOADED BY SHEAR vl
FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED IOAD, 4,200 POUNDS) - Continued
(c) Shear stresses, psi
Distance from center line of cutout, in.
36 30 2k 18 12 6 0 6 12 18 2k
= = = = -530 = -1,124 -1,012 =
-916 -881 =579 =589 -1,097 =991
-671 -1,048 -981
-748 -783 -1,012 -952 -960 -852
-1,232 -2,080 -963 -510
-510 -L46k -24o 389(-2,349 -2,609 -2,178|670 137 -203 -276
-12 2k |-1,874 -2,344 -1,972|97
-206 -194 -202 -173]-1,220 -1,466 -1,369|-165 -302 [-58
-124 | -56% -593 -61L | -257 -420
-135 -61 -20 0487 L1 bhgl-k1 -218|-18
288 765 783|332 -251
6L7 60k 767 828
g
80k =|
698 TOU 2
S




15

45

™

deg

105

135

165

TABLE 11.- STRESSES AROUND SIDE CUTOUT OF 90° BY 1 BAY IN CYLINDER LOADED BY SHEAR =
FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 4,200 POUNDS) - Continued >
(d) Shear stresses due to cutout only, psi E
}_N_,
Distance from center line of cutout, in. S
36 30 2k 18 12 6 0 6 12 18 2k
= 295 = -299 — -187 =
-104 -69 -233% 233 -285 -179
103 -274  -207
-3k -69 -298 -238 -246 -138
-1,448 =331 122
20 -66 -290 919|-1,819 -2,079 -1,648[1,200 667 327 254
436(-1,462 -1,932 -1,560(509
76 80 & 1091-938 -1,18% -1,087|117 -20| 22k
19|-k20 450 -457|-114 =271
8 -163 -163 -143 |34k 328 306|-184 -361|-161
-124 353 371(-80 -663
15 -28 L5 196
%0
-11k 108

e



56

NACA TN 3192

TABLE 11.- STRESSES AROUND SIDE CUTOUT OF 90° BY 1 BAY IN CYLINDER

LOADED BY SHEAR FORCE OF 2,000 POUNDS AT TIP (ACTUAL

(e) Ring stresses, psi

APPLIED LOAD, 4,200 POUNDS) - Concluded

'g'; Outer flange
| &
[ ) |
7
4 8_ _{{-—
" ==
\\47C
L-l.-—-
2
III
Ring 1 Ring 2
0, deg
A B G A B g

95 =445 1,643 2,438 1,290 -1,675 -2,438
85 132 1,802 2,003 60k -1,378 -2,120
75 848 859 Qb -138 -678 -1,060
65 1,219 -32 -276 -583 636 477
55 1,293 -1,420 -1,728 -827 2,184 2,162
L5 859 -— -3,286 ~1,272 3,127 4,113
35 954 -2,512 -2,968 -1,166 3,604 4,452
25 1,495 -2,120 -2,809 -1,548 3,169 4,092
15 1,081 ——= -1,802 -1,049 2,067 2,544
5 509 -413 -647 -233% 625 668
> =329 L 88 594 912 -848 -1,526
15 -1,177 751 2,01k 1,516 -2,268 -3,201
25 -1,420 2,321 3,032 1,855 -3,286 ~l,282
35 -710 2,915 3,032 1,272 -3,880 -4,653
45 -8%0 -—- 3,286 1,124 -3,244 3,710
55 -986 1,463 1,802 498 -1, 834 -1,696
65 -1,166 212 307 212 -138 53
75 -Th2 =943 =954 -Lol The 1,410
85 -265 -1,590 -1,738 -880 1,451 2,396
95 571 1,83k 1,940 -1,442 1,579 2,639




TABLE 12.- STRESSES AROUND SIDE CUTOUT OF 130° BY 1 BAY IN CYLINDER IOADED BY SHEAR
FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 2,800 POUNDS)

a) Stringer stresses, psi
( g » P

Distance from center line of cutout, in.

26T¢ NI YOVN

30 2l 18 12 6 0 6 12 18 2k 30
o b, T T T e T e T Y
N 34 0 0 0 0
! 1
15 e BT0 124 0 0 -84 -68
|
e o ' X i
484 212 (|) <|) =114 e
—— 73 321 0 0 —— -129 5%
| !
45 fr—— 98} 555 0 0 — -151 210
I |
gég — 1,234 —— 1,287 — 0 Tl B 583 =i
(6,299) __ _(~2,658) R gy
— 1,306 2,989 — 8,236 2,264 _991 151 1,393 1,060
i = 1,090 1,628 — 1,885 — 2,059 — 1,991 — 2,042 —— 787 Ty
I
T o v 636 1,893 — 3,096 — 3,324 — 3,001— 2,851 ———
105 | e

LS




deg

15

45

105

TABLE 12.- STRESSES AROUND SIDE CUTOUT OF 130° BY 1 BAY IN CYLINDER LOADED BY SHEAR

FORCE OF-2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 2,800 POUNDS) - Continued

(b) Stringer stresses due to cutout only, psi

Distance from center line of cutout, in.

30 2k 18 12 6 0 6 12 18 2L 30
— — o e — ——— — —_
=12 -64 — -108 =130 =— '-141 = ol ——
| 1
00— =50 -L67 — -589 ==—1u651
| | :
— 23 ——— 480 — -657 -789 — -968 ——T— -1,039 —
| I
e =1;086\= -1,206 ———f—— =1,505 ——
| |
— 194 —t— 461 — 1,127 =lZEai=I_ e B =———=———— = ————
| |
— 314 — 105 — -1,313 -1,575 = -1,979 ———— =l ;585 ———i
4,8 -4,40 -1,271
— 283 —————— 1,675 “(61732) — 658 — (-2j652) --1,746 —( -65(7) e -1,128 —
' I
— -4 |——— 2220 —— 323 341 Al 12— 554 —
|
I
— =372 — =825 108 — 1,149 — 1,215 — 750 —— 398 ——
| I

86

26T NI VOVN



TABLE 12.- STRESSES AROUND SIDE CUTOUT OF 130° BY 1 BAY IN CYLINDER LOADED BY SHEAR
FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 2,800 POUNDS) - Continued

(c) Shear stresses, psi

Distance from center line of cutout, in.

36 30 ok 18 12 6 0 6 12 18 24
5 = = = -309 = -956 — -739 =
=192 =50 -184 -362 -931 -716
15
=415 -902 -762
-721 -675 -527 -500 -837 =790
-875 -T2k -780 -828
45
-53%0 -653 -1,329 -1,205 -783  -692 -325  -331
-1,368 -2,968 -3
-240 =275 -50 1,083}-3,520 -3,626 -3,275|1,354 180}207
i
8, 468|-2,490 -3,193 -2,4L5|359 65
deg
171 88 il o|-12 -132 =177 -321 -559 | -LL
105
197 1,177 1,009 -4k -156
155
536 597 1,171 1,18
887
165
736 739

26T NI VOVN
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15

b5

()

deg

105

135

165

TABLE 12.- STRESSES AROUND SIDE CUTOUT OF 130° BY 1 BAY IN CYLINDER LOADED BY SHEAR

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 2,800 POUNDS) - Continued

(d) Shear stresses due to cutout only, psi

Distance from center line of cutout, in.

36 30 24 18 12 6 0 6 12 18 ok
— — — — —— 516 - -131 86 —
17 215 628 450 =119 96
359 -128 12
= 39 187 214 T -76
-243 -92 -148 -196
0 -123 =799 =675 -253 -162 205 199
-956  -2,556 -331
Lo 7 232 1,365(-3,238 -3,344 -2,993|1,636 462|489
611|-2,347 -3,050 -2,302|502 208
28 -55 =217 -143{-155 =175 -320 | -46k4 -702|-187
=215 765 597 | -456 -568
-96 =35 539 554
113
1
-76 -73

09

c6T¢ NI VOWN




NACA TN 3192

TABLE 12.- STRESSES AROUND SIDE CUTOUT OF 130° BY 1 BAY IN CYLINDER

LOADED BY SHEAR FORCE OF 2,000 POUNDS AT TIP (ACTUAL
APPLIED LOAD, 2,800 POUNDS) - Concluded

(e) Ring stresses, psi

Outer flange

61

1
8
B s
i 4\‘
3 el
1
: 6 1B
l“ %
e
I—’-L-——
2
o — |" NS A
Ring 1 Ring 2
6, deg
A B € A B C
95 -106 95,548 2,364 657 -1,664 -2,490
85 191 742 i, 285 212 -498 =il 0] 3
75 509 —-— -265 -212 1,198 710
65 265 -1,590 -1,950 -1,092 2,406 3,140
55 625 -2,417 =2,480 =1,378 3,820 4,150
L5 1,696 _—- -2,798 -2,406 3,450 4,480
35 2,120 -1,410 -2,576 -2,71h 2,870 4,450
25 1,782 -1,208 -2,18% -2,247 2,280 3,390
1l Sl _— -1,399 -1,13k4 1,124 1,887
5 Lh5 -392 -625 =21 186 191
5 ~318 212 350 1,092 -901 -1,590
115 -1,124 —_— 1,208 1,908 -1,855 -3,190
25 -1,887 1,208 2,131 2,671 -2,544 -l4,140
35 -2,131 1,696 2,650 2,756 -3,270 -4, 800
45 -1,834 - 2,968 2,014 -3,340 -4,380
55 ~6L47 2,406 2,682 869 -2,650 -3,160
65 ~710 1,643 2,184 466 -1,484 -1,590
75 541 - S0 -678 =371 106
85 -466 =445 -7h2 -721 1,007 2,099
95 0 "l; 51*8 '11696 '11599 1)982 5;250




TABLE 13.- STRESSES AROUND SIDE CUTOUT OF 130° BY 2 BAYS IN CYLINDER LOADED BY SHEAR
FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 2,000 POUNDS)

(a) Stringer stresses, psi

Distance from center line of cutout, in.

<9

2L 18 12 6 0 6 12 18 2l 30 36
R R - e e S
15 ———— 129 —— c') c')— -170 ——— -318 —
— 24y — (|> (I)—— =07 ——1—— =33 ———
71 Cl> é — 24— 302 —
o, 45 Blibe—— O: c:) — 551 —t— -382 —
des —— 1,368 — 0 O ——1=68g — 0 —
+— 3,610 — 9,cl>26 - (2:235_3)— (%:?Eg)- -1,590 —(:zgg)- -1,378 — ng% — hgm
5 — 1,601 1,484 — 1,473 — 1,357 — 562 — 816 1,155 ——

|

I

1,642 ——— 2,750 — 3,160 —————— 2,750 — 2,650
105 | l

c6T¢ NIL VOVN



‘ TABLE 13.- STRESSES AROUND SIDE CUTOUT OF 130° BY 2 BAYS IN CYLINDER LOADED BY SHEAR

| 15
|

( )_‘.5
| 9,

deg

} 75
\

| 105

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 2,000 POUNDS) - Continued

Distance from center line

(b) Stringer stresses due to cutout only, psi

of cutout, in.

2k 18 12 6 0 6 12 18 2k 30 36
Lo : o — : cles — Ty
— =55 — =87 -130 — -194 — =246 ——
| I
— 143 — -311 467 — -675 —8—1—— -901
| ]
fb——o 217 — -526 -789 — -1,161 —+— -1,325 —
| |
—— <264 — <725 21,086 = =1 420 ————— ci 0 e
| |
-2k — 902 -1,352 = -2,015 ———t—— 2,071 —
r___" | )' )
—— 8 — -1,051 1,575 = 2,395 ——— -1,968 ——
' (3,24h4) (-103) (-6,945) (-1,926)
[ 2)587 —_ 7) 857 e 5:205 = 1)980_ '5)196 = _41009 = "5)275 - _é56 e '1)711 =
—— 507 T8 =— =89 — 361 — -1,'312— =1, 29k — -1,186 ———
|
|
181 — 965 — 1,233 479 — 217
B |

26T¢ NI VOVN
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TABLE 13.- STRESSES AROUND SIDE CUTOUT OF 130°© BY 2 BAYS IN CYLINDER LOADED BY SHEAR
FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 2,000 POUNDS) - Continued

(c) Shear stresses, psi

Distance from center line of cutout, in.

9

30 2l 18 12 6 0 6 12 18 24 30
- = = = -762 — =482 —
-667 82 -761 =523
15
-770 -589
-787 -550 -765 -659
-812 -T2
L5
=775 -1,537 -80  -832 =354k -336
-1,481
-107 146 -2,727 -2,265|-2,348 -2,278 -2,379 (1,689 206|233
()
o -2,553(-2,534 -2,493 -1,825|-906 166
deg
284 =111 -643 =713|=577 -803 -660 [-21k -325]190
105
618 STt L7l [-148 -297
135
536 1,191 1,071 1,108
1,096
165
IsaTo8 05066

26T% NI VOVN



15

45

[P

deg

105

135

(d) Shear stresses due to cutout only, psi

Distance from center line of cutout, in.

TABLE 13.- STRESSES AROUND SIDE CUTOUT OF 130° BY 2 BAYS IN CYLINDER LOADED BY SHEAR

FORCE OF 2,000 POUNDS AT TIP (ACTUAL APPLIED LOAD, 2,000 POUNDS) - Continued

30 2l 18 12 6 0 6 12 18 24 30
i = = =i =y 63 343 [
145 89k 51 289
b 185
=13 16k =il 55
-180 -110
=245 -1,007 -360 =302 176 194
-1,069
il 428 -2,4h5 -1,983|-2,066 -1,996 =-2,097|1,971 488|515
-2,410]-2,391 -2,350 -1,682|-763 609
141 254 -786 -856{-720  -~946 -803(-257 -468[ 47
206 165 62|-560 -709
~96 559 439 L76
322
300 35k

26T NI VOVN
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TABLE 13.- STRESSES AROUND SIDE CUTOUT OF 130° BY 2 BAYS IN CYLINDER
LOADED BY SHEAR FORCE OF 2,000 POUNDS AT TIP (ACTUAL
APPLIED LOAD, 2,000 POUNDS) - Concluded

(e) Ring stresses, psi

Outer flange

Ring 1 Ring 2
6, deg
A B © A B c
95 3hk 22l 95 519 -848 -1,367
85 281 212 -26 -85 710 0
75 -148 ——— 21 -689 1,556 1, O
65 -1,632 2,555 3,498
55 -1,749 3,074 3,816
| 55 -2,279 2,553 3,571
35 -2,226 2,035 3,392
25 -1,929 1,463 2,417
; 15 -827 716 1,576
‘ 5 85 0 138
| 5 1,007 -1,505 -1,272
! 15 1,749 -Th2 =2,00)
‘ 25 2,438 -1,908 -2,968
25 2,385 -2,353 -3,710
‘ L5 o ks -2,544 -3,466
55 1,590 -2,067 -2,83%0
‘ 65 1035 -1,208 -1,908
75 -175 -— 138 106 -541 -Lak
\ 85 -313 0 191 -498 L7 1,345
95 -286 0 180 -1,166 1,420 2,470
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Figure 2. - Loading system.
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= X X XX XX
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Distance from center line of cutout, in.
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Figure 4.-Gage pattern.
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105
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—~— Tip 36 24 |2 0 12 24 36 48 Root —
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(b) Cutout 2 bays long.

Figure 4.- Concluded.
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Load = 2000 Ib &
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(b) Stringer stresses due to cutout only.

Figure 5. - Continued.
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(c) Shear stresses.

Figure 5. - Continued.
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(d Shear stresses due to cutout only.

Figure 5. - Concluded.
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Figure 6. - Stress distribution, 90°
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Figure 6. - Continued.
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(a) Stringer stresses.

Figure 7 - Stress distribution, 30° side cutout.
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Figure 8. - Stress distribution, 90° side cutout.
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