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ABSTRACT

The effect on stresses in a cylindrical shell with a
cireular penetration subject to internal pressure has been
Investigated. The research is‘limited to thin, shallow,
linearly elastic cylindrical shells; however, some compar-
isons are made to thiek shell experimental measurements,
Results provide numerical predictions of peak stress con-
centration factors around nonreinforced and reinforced
penetrationé in pressurized cylindricél shells. Analytical
results are correlatéd with published formulas, as well as
theoretical and experimental-results. An accuracy study is
‘made of the finlte element program for each of the con-
-figurations. considered 1mpoftant in pressure vessel tech--
nology. |

A formula 1is developed to predict the peak stress’con-
centration factor (SCF) for analysis and/or design in con-
junction with the ASME Boller and Pressure Vessel Code,
Section.VIII, Divisions 1 and 2. 'The formula is rationally
derived to include all of the parameters that are required
to define the various penétraﬁion configurations usedlin
pressure vessel analysis, design, and construction. The
égggracy of the empirical formula 1s determiqed by éomparing
to humerical,-theoretical, and experimental data. In most
cases, 1t is shown that the ASME Pressure Vessel Code 3CF

of 3.3 is extremely conservative,.

"I
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CHAPTER T
INTRODUCTION

1.1 Statement of the Problem

In a cylindrical shell weakened by a hole, the stress
distribution caused by an internal pressure load applied to
the shell willl differ considerably from that in an unweak-
ened shell. The maximum stress will be much larger if there
is a circular hole iﬁ the shell than in the case where therer
is no pénetration. This conjecture 1is suggested immediately
by the casé of a flat plate weakened by a hole with the
plate stretched per unit length 1n one direction and with
one—halflof this stretch pef unit length in the.other direc-
tion. The maximum stress 1s 2.5 times the maximum stress
in the solild plate. This factofl(2.5) is known as the
stress concenfration factor (SCF). There is no reason to
expect that the SCF is 2.5 for the shell. It depends on

the geometry of the shell and the penetratilon: the curva-
pa2 ¢
RT

the hole, which 1s a ecircle in the projected shell surface,

ture parameter of the shell, pa being the radius of

R is the radius of the middle surface of the cyllinder, and

T, the shell wall thickness); the ratio of the dlameter of

A S

the holg,or'pipe to the radius of the shell; and the ratio

of the thickness of the pipe to that of the shell.‘l) Tne
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most important feature of the stress state in the shell

near the hole 1s that bendlng stresses occur, whefeas in

the unweakened shell only membrane stresses (E% and %% )

are present.
The loaded hole boundary condition in a pressurlzed
cylindrical shell with a membrane or diaphragm over the

hole to contain pressﬁre only has been investigated by

(1,2,3,4,5,6)

many authors. Another type of loaded hole

boundary 1is the perpendicular intersection of two cylinders

- shell and pipe. There are a few isolated numerical
(7,8,9,10)

solutions and some theoretical investiga-

(1,2,11,12)

tions. There are many experimEntal results

for both thin and thick shells containing nonreinforced

) (13 through 21)

penetrations (pilpe only and very few

for reinforced penetrations ~ pipe and pad (14,15,17,22,24)

and pipe and pads. (23,24)

(25) requlres in a

Also, the ASME Pressure Vessel Code
stress or fatlgue analysis the stress concentratlon factor

(SCF) to be not less than 3.3 for a "well designed penetra~

tion" in a cylindrical shell unless positive evidence is
available to the contrary. This evidence usually meaﬁs'a
separate ang%ysis to confirm the peak SCF., This factor Is
primarily nééded to obtaln peak stresses to pérform a
fatigue analysis to predict the remaining 1life at é pene-

tration 1n the shell or to assure that the peak stress

pacE B

g,gpALlfﬂ
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around a penetration does not exceed allowable stresses.
The need for_a more refined and/or a more clearly defined
stress concentratidn factor became apparent in valldating
the useful life of 91 penetrations in‘a cylindrical shell(38)
located in a work/residential area of NASA - Langley Research
Center. These penetrations in'the shell range in size from
1-inch to 60-inches in diameter. There are a few formulas

in the published 1itefa£ure(2’u’26’27)

for a membrane over
the hole or a very thin penetration‘(pipe},.but none are
applicable for reinforced penetrations in pressurized
cylindrical shelis.

The author and others were unsuccessful in obtaining
any computer ANSWers to an analytical finite element approach
to the actual intersection curve of the shell, pipe, and
pads boundaries. The compatibility equations for this
actual curve,rrather than a projected clrcular curve (un-
covered durlng this study), were not acceptable to the
computer program., Also, different coordinate systems for
the shell and pipe inﬁut descriptions, soclutlon vectors,
and output notations were unsuccessful. Therefore, itlwas
decided to abandon the analytical work and to magnetic
particle‘examine and/or rework these penetratlons rather
than perform the analyses to obtain the refined stress

concentration factors. This type of verification (field

work 1in lieu of analysis) is not practical in all cases

BB

A
g\mﬂ’“



since this shell which contains 91 penetrations is one of
1,600 pressure vessels (6000 pressure components) for which
the structural integrity must be verified or validated in

a five-year program at NASA - Langley Research Center.
Thus, there is a need for a positive and clear definition
of\a well designed penetration to allow use of the 3.3 SCF
or to obtaiﬁ the appropriate SCF. A "prﬁven" formula to
approximate the peak SCF and/or a finite element program

to bbtain a refined SCF would be invaluable in validating

shells, pipes and/or pad(s) configurations;

1.2 Object and Scopée

The objective of this study is to determine the effect
on stresses 1n a cylindr;cal éhell with a circular penetra-
tion subject to internal pressure. The research 1s limited
to thin, shalloﬁ, 1inear1& elastic cylindrical shells; how-
ever, some comparisons are made to thick shell experimental
measurements. Results from this study provide numerilcal
predictions of the peak stresses around nonreinforced and
relnforced penetfations in cylindrical shells. Analytical
results are correlated with published formulas, theoretlcal
and experimental resﬁlts.

The present research also 1lnvestigates the convergence
and accurac?“of different finite elements and mesh sizes.

Finally, an approximate formula 1s developed to predict the



peak stress concentration factor for analysis and/or design
in conjunction with the ASME Boiler and Pressure Vessel
Code, Seetion VIII, Division 1 and 2. 2°) The formula is
rationally derived to ineclude all of the parameters that
are required to define the penetrations used in pressdre'
vessel tecﬁnology...The accuracy of the empirical forﬁula
is determined by comparing to numerical, theoretical, and
experimental data. Since limited data is available for
reinforced penetrations, many different configurations are
pursued to supplement the published data to provide the
restrictions to the formula. These configurations are
modeled utilizing finite elements where compatibillty be-
tween the cﬁlindrical shell and the pipe/pad(s) are intro-
duced through enforced constraint equaﬁions. The conflg-
urations 1nveétigated are for force aﬁd/or plpe around
both nonreinfdrced and reinforced circular penetratipns in
cylindrical shells subject to Internal pressure. For the
force case, the penetration is considered to be covered by
a diaphragm or membrane that'aliows the hole edge to'deflect
and rotatew‘ It.alSo transmlts the pressure force to thé
shell in the form of a uniform transverse shear stress at
the hole edge. An automation computer program which
punches cards for these configurations for in?ut to a
finite element computer progfam (NASA STRUCTURAL ANALYSIS

PROGRAM ~ NASTRAN(28)Y 15 utilizea.

v



CHAPTER II
ANALYSIS

2.1 Matrlix Analysis by Finite Element Méthods
In the finite element method, 1t 1s necessary to obtain
a characterization of the stiffness properties of each
element in the struéture and to relate end nodal displace-
ments to the corresponding forces. This is expressed in
the following form:
[K}{u} = {F} (1)
where: [X] is the stiffness matrix
{u} is the displacement vector
{F} is the force vector
The process for generating a computer program of any
structure that is composed of many finite elements is to
first pick a set of local coordinates convenient for a
typleal element. The generalized element displacements
are {8} and forces are {F}. The displacements {8} and

stiffness matrix [K] are partitioned corresponding to ends

i1 and j:
p~ - ~ - ¢~ b
Kyg By By Fy
¢ 3= § } ,_ (2)
ACERRNECTE B O 55




In the process of connectlng elements, it is found that
one element's local ccordlnates are not the same as those
' for another element. Therefore, a set of system coordinates
1s chosen that is convenlent for a system of elements and
" the local coordinate points are numbered (points 1, 2, 3,

I

A systematié numbering process for the node points
and members is chosen. The stiffness Kij' for each element
is calculated in local coordinates where 1 and J refer
to the end ﬁbints of each’eiemént.

If the system coordinages or displacéments are called
{ul, the transformation from an eleméﬁt‘s coordinateg to a

system's coordinates is accomplished by a transformation

matrix, [e]. That is:

{8} = [a] {u} {3)

The stiffness of the element 1Is transformed to system

coordinates by use of Equatiéns (3), (2), and (1).

T

(K] = [a]” [K]I [{a] (4

Consider several elements that are connected. The
next step 1s to generate the master stiffness matrix [Kij]M
by summing:all member stiffnesses 1n system coordinates.(zg)
The comﬁatibility equations for requilred coordinate

points are introduced through multipolnt constralnt (MPC)



equations of the form:
‘ZAj,u.=O - - - (5)

wheret A is thelcoefficient
ulis the point
J is the degree of freedom
Thus, the stiffness matfix, fdrce; and displacement
vectors are modified by this degree of freedom Lipk fof
each MPC Equatiqn.(5)-at each grié point.(30).l _
After the compatibility equatlons are‘satiSTied; the
boundafy conditions (displacements of the structure) are
enforced through single—point consfraints (SPC). - Finally,
the system'applied extérnal forces {F} are identified

and the equation:
(K]p {ulg = (Flg o | | (6)
1s solved.

2.2 Formulation of the Problem _

Consider a flat rectangular plate of thickness T.
contalning a circuiar hole of radius N with its edges'
parallel to axes Y', Z' of the circular hole, A material
poirt or finite element grid pbinﬁ within the plate may be

located through'cylindrical coordinates (p, ¢, X) defined

through
Ap PAGR W



Y' = p sin ¢, 2' - o cos ¢ o L (7)

Suppose that the plane ¥' Z' is now rclled into a'circuiar
cylindrical shell in such a way that the Z'-axlis becomes a
generator of the cylinder'and Y' a circuléf arc denoted

by Y (see Figure 2,2.1). If R 1is the radius of the
middle surféce of the shell and © the angle in any normal
Cross sedﬁion of the cylinder measured from the Y=0 plane
in the positive direction of the Y-axis, thén the followlng
rélationships are obtained to define the.finite elemenfs

and grid points (see Figure 2.2.2):

Y! = Y = R8
R =R ‘
§ = Arc sin ( R_E%E_ﬂ) , (8)

Z' = Z = p cos ¢

Consider that.this same configuration - main (lower)

shell (shown in Figure 2.2.1) with mid-surface radijius

R - is intersected by a branch (upper) shell with mid-.
surface radius p, and thickness t, fﬁo = p, * t/2), see
Figure 2.2.3. The axis of the branch shell 1s normal

to the axisﬁgf the main shell. Both shells are considered
to be infiﬁite in length and capped at their ends.

Finally, consider that fthese two ecircular cylindrical



Z=2Z'"=pcos¢

(a) Plan view
| TR sin ¢
" R=R

& = Arc sin (—EM)
‘ ‘ R

(b) Elevation view

e

Figure 2.2.2,- Relationships used to define finite elements,

05 por L PAGE 15
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shells with mid-surface radii po and R are complicated

bj the addition of one or two reinforcing pads with

outside radius Pp and thickness tp (see Figure 2.2.4).
The location of the finite elements fhrough grid points
for a projected eclrcular hole in a eylindrical shell

with a pipe and pad(s) is governed by Egquations (8).

2.3 Introduction of Compatibility Equations

The solution of these problems reguires the matching
of certain physical guantities (compatibllity equations)
along the intersection curve of the two shells and pad(s).
When expressed in the cylindrical coordinate system, the
intersection curve 1s of a very complex nature. Due to
the difficulty of&solving bouﬁdary value probiems in which -
the boundaries are not situated on constant coordinate
curves, the intersectlon curve can be appfoximated by .pa,
‘po, and pp equal to some constants, whenever pO/R is
small, Figure 2.3.1, indicates the error involved in this
approximation when thé lower shell surface is developed

onto a plane.(ll) It can be seen that the actual inter-

<o

sectlon curve does not differ appreclably from a circle,

providing

;.9 < 1/2 (9)
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Therefore, the actual hole bouﬂdary is assumed to be circu~
lar, identicai to fhat‘of a projected view of the penetra-
tion. |
The compatibility equations for a pipe and shell con-
figuration (Figure 2.2.3) are introduced through MPC: |
Equations (5). The six equations for each grid point for
both the shell and the pipe at the pipe and shell juﬁcture

at p_ are as follows (A 1s deflection and 6 1s rotation):

Apipe ‘ shell

R - ﬂR ' = () |
pipe _  ,shell _ ‘T _shell _ .-
, Ae . Ag 5 92 0
pipe _  ,shell _ T , ..shelly _
fz bz 7. (=18 ) =0 o
pipe - shell _
BR QR ‘ 0
‘aPipe _ shell _
ee‘ 96 = 0
pipe ° _ shell _
BZ ez 0

where the subscript is the degree of freedom of the grid' 
polnt. For the finite element analysls, the independent_
degrees of freedom are those for the shell, and the depen-
dent degrees of freedom are those for thé pipe. The super-—
seript in Equations (15) denotes whéther the degfee of free-

dom represents the pipe or shell.

g&ﬁafs
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The cpmpatibility equations for a "plpe-shell-inner
pad" configuration (Figure 2.2.4) are as follows: '

1; Pipe-to-shell Jjuncture (po): Equationé (10)

2. Inner pad (ip) to shell junctures for each grid -

polnt at both and p

iP - a3 -
LA Agﬁell _ (T+Zig) (- oShelly 0

alp_ gshell (T+Zié).- égﬁell-k=lﬁ"r; .
e;p . theli =0 |

Bép _ e:he11'= 0

e%p _ 6;hell - Q

The compatibility equations for a "pipe;shell—outer pad{op)"
configuration for each grid point at locations Po for the

plpe and pa ang pp for outer pad are as follows:

_AgipeA _ Ashell -

R 0
.&gipe - Aghell _ (g + top) B;hell -0 . (124)
Agipe _ A;hell N (g N topi eghell -
Kﬁﬂkﬁﬁﬁﬂ}Pﬁ&aﬁls

OF BOOR QUALITY
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R - By =

epipe _ eshell =0 ¢12a)
G 6

pipe  _ shell _
& 8, 0

op _ shell _

br Ap =0
Lo _ ,shell _ (T+top) gshell _ |

8 6 2 z .

. £ i

AOP _ Ashell . (T+ op) gShell =0 (12b)
Z z 27 78 .
op _ shell _
8r g =0

op _ shell _

bg 94 0

op _ shell _
bz 6y 0

The compatibility equations for a "pipe-shell-outer and
inner pads" configuration are identical to Eguations (11)
and (12). Each of these equations 1s provided as enforced
constraints to every shell, pipe, and pad(s) connecting

grid point.

2.4 Structural Analysis Computer Program

The finite element method is a modern, computer-orient-
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ed approach to the analysls of structures. One of its
principal advantages is 1ts complete generallty. This
versatility makes it possible to consider arbiltrary geom-
etries, support conditions, loadings, and variations of
material propertiles within the structures. The principal
limitation is the cost of operation; The cost 1s ihcurred
both in the time requifed to prepare the inpﬁt data deséfib—
ing the finite idealization of the structure and its loading,
and in the computer time requlired to obtain the éOlution;
The prdcess for generating theicompléte finite element
computer program is described in Chapter iIF Section 2,1. 
The finite element computer program utilized in this
study is the latest NASA STRUCTURAL ANALYSIS (NASTRAN) |
version - level 15.5.1. Structural elements are providéd
for specific representation of more common types'of con-
struction including rods, beams, shear panels, and plates.
The range of analyses that can be solved include static,
elastic stability, and dynamic structural problems.
NASTRAN has been specifically designed to treat large
problems with many degrees of f{reedom. Computation pré—
cedures in NASTRAN were selected to provide the maximum
obtainable efficiency for large problems., NASTRAN uses a
finite element model, wherein the distributed physical
properties of a structure are represented by the elements

interconnecting at the grid points. Loads are applied

. PAGE IS
ORIIAD Ty
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either at grid points or on the elements for which dis-
placements are caleulated, 39

The system displacements {ul}l in Equations (1}, (3),
(5), and (6) locate individual grid or node points which
schematically represent the structure. The structure is
approximated by connecting these grid points with the proper
elementé.(rods, bars, beams, and plates) which best describe
the individual shapes and the overall configuration to be
analyzed. In the process of connecting the elements to
the grids, material and geometrical properties (areaé,
moments of inertia, modulus of elasticity, Poisson's ratio)
for each element can be ldentified. By organizing all.of‘
thé grids, elements, and propertles in the form acceptable
to NASTRAN,-of other general purpose finlte element computer
programs, the stiffness matrix [K] in Equations (1), (2),
(4) and (6) can be generated in the computation process.
The loads {F} that apply to each elemenﬁ and/or discrete
grid polnts can be identified, and the cards ggneratedn

Triangular and quadrilateral elements with both inplane
and bending stiffness are used in this study. The NASTRAN
{level 15) numerical results were calculated using Langley
Research Center's CDC~6000 series computers. Also, HP-9810
programmable desk top calculator was used td iassist in

interpreting the data and to sutomate the empiriecal formula
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developed; The approximate number of degrees of freedom
required to model the.different configurations 1in this
study are as follows: shell, 1500; pipe, 300; and pad,
300. Once the displacements {ul}, Eguation (6), are deter-
mined, internal element stressés are obtalned. Finally,
inside and outside surface stresses for each element in
the structure are computed by NASTRAN from these internal
stresses (membrane stress i'bending stress). A shell,
pipe, and two pad configuration (modeled with 2400 degreés
of freedom) 1s presented in Appendix A. |

With regard to the cost of preparing the filnite ele-
ment program input data previously described, 1t is ﬁﬁite
likely that this willl exceed the cost of the computer
operation in most cases. In any numerical cbmputer method,
the characterization process of a structure can 5e tedlious
and time~consuming. A major part of the cost of data
preparation 1s spent in eliminating errors 1n the extenéive
tables of numbers required to describe the 1ldealization.
The extent of the input process can only be minimized by
the use of automation. In order‘that the finite element
method may be used effebtively as a research, analysis, or
design tool, 1t 1s essential that automatic mesh generation
programs be developed which will define the idealizations
of arbitrary shell geometries, Of similar importance to

the ggéctical use of such programs is automatic plotting

PRICINAL PAGE 1§
/108 POOR QUALITY
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to preseﬁt the configuration and results in a readily
usable format.

A computer program to "automatically" punch input
cards in the format acceptable to NASTRAN was developed.
This program generates the input for shell, pipe, and pads:
grid, element, load, compatlbility, and boundary condition
cards. The cards punched from this program are input to
NASTRAN for solving the inslde and outside surface element
stresses. Many configurations were soived (presented in
Chapter.V) in order to obtain trend data and comparative

results., As a spin-off of the NASTRAN program, plots can

be obtained for pietorial or presentation purposes and as

a debugging tool. Sample piots are shown in Figures 2.4.1,‘

2.4.2, and 2.4.3.

AL PAGR 19
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CHAPTER IIT
ACCURACY STUDY

3.1 Intrbduction

In the finite element analysis of any structure, a
first requirement is thekidealization of the structure.
For example, a shell surface (shown in Figure 3.1.1) is
divided into a system of appropriately shaped pileces. Thél
individual pieces must be standardized as simpie shapes '
suchlas triangles, rectangles, or quadrilaterals in order
that their stiffness properties may be defined. This
requirement'imﬁoses a certaln degree of approximation in
ldealizing the geometry of shells:  a curvedfboundary.
will usualiy‘be represented as a series of stralght line
segments. In general, this boundary,approiimatioh is not
severe, and it can be reduced to any desired error limilt
by reducing the size of the elements.

The most important apﬁroximation i1s iIn the shell

behavior asSumption itself. If the shell 1s treated as a

. two-dimensional surface rather than as a three-dimensional

solid, thils implles cerfain assumptions and limitations,
For example, 1n the Kirchhoff theory, 1t 1s assumed that
stresses in the direction normal to the shell éurface are
small compared to membrane stresses, and 1ines rniormal

to the surface are assumed to remaln normal and unstrained

A1, PAGE B
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durling deformation. Approximations of this type are not a
special feature of the finite element solution but are in-
herent in any shell theory. Another common approxima@ion,
in addition to the stralght llne segment represéntation of
boundaries, is that the elements connecting grid points

are flat surfaces or a group of-séveral flat surfaces. The
great advantage of this assumpﬁion is that the mehbréne'and
bending stiffness propertles of Fhe individﬁéi‘flatpiates
are uncoupled. The coupling, which 1is characteristic of
shell behavior, 1s developed only 1ln the assemblage of the
flat plates into an approximation of the curved shell‘

(31)

surface.

3.2 Types of Finite Elements

The nature of the finlte element approximation is such
that the analytlical results generally converge toward the
true solution as the finite element mesh size is refined.

Other factors in the convergence criterla are the number of

' grid polnts specified for each element, type of elements,

and primarily, the number of degrees of freedom (DOF) at
gach grid. The Kirchhoff theory takes account of five DOF
(3 translations and 2 rotations about axes tangent to the
shell surface). Most shell elements make uée of these same
5 DOF at each grid.

The filnite elements employed in the discretlzed shell
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in Figure 3.1.1 are both planar triangles and quadrilaterals
assembled from 4 planar triangles. The forces and stresses

(30)

on thesé elements are shown in IFigure 3.2.1 The mem-~.
brane gstiffness of the trlangular element 1is represented by
the well-known constant straln triangle ahd shown ih Figure
3.2.2. The componeﬁts of displacement; u and v,'are paréllel
to the local coordinaﬁe system (element X and Y axes)ﬂ1 The
bending property based on cubic diéplacement:pattéfns is;
given by a fully compatilble platé béﬁding.elemenﬁ,_al01bugh

bendlng triangle.(Bz)

This triangle 1s formed by sub=-
dividing 1t into three basic bending trianglesﬁas ShoWn

in Figure 3v2.3. The X-axis of each sUb—triéngle correépoﬁds
with an exterior edge, so that contiﬁuity of slqpé'énd.' |

deflection with surrcounding Clough triangles 1s assured. .

The added grid polnt in the center is like the other grid

points in that equllibrium of forces and compatibllity of .
displacements are required at the center point., 1In addi~_
tion, the rotations parallel to the internal boundaries at

their midpoints, points 5, 6 and 7, are constrained to be

continuous across the boundaries. The equations for slopés
in the basic trlangles contain guadratic and lower drder u
terms, and.since th normal sldpes along interlor boundaries
are constrained té'be equal at three points (both ends and
the middlé), it follows that slope confinuity is satisfied

along the whole boundary. Dispiacement continulty on all

AT PAGE B
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Structural modeling
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Figure 3.2.1.- Forces and stresses in plate elements.
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Figure 3.2.3,- Clough bending triangle,
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boundaries is automatically satisfied when the displacement
funetlon contains only cuble and lower order terms. Thus,
complete continulty of slope and displacement on all
intericr and exterior boundarlies is assured for the Clough
triangle.

The Clough triangie is superimposed with a membrane
friangle tc form triangular elements with both membrane and
bending stiffness. Therefofe,'this triangular element has
5 DOF at each corner, 2 deriving from membrane displacements
and 3 from the bending. The quadrilateral plate was
developed to provide improved membrane straih behavior while
retaining the basic 5 DOF per grid system. It 1s formed as
M:planar triangles as shown in Figure 3.2.4 plus 3.2.5, with
the grids'modeling the shell midsurface. Each triangle Has
one-half of the bending, stiffness or one;half of the -

.~ thickness (membrane) assigned to the quadrilateral element,
Since four points, 1n general, do.not lie in a plane,.care"
must be taken to ensure equilibrium and compatibility.
Rathef than try to define a warped surface, anlaveraging
process 1s used on the noncoplanar membrane triangles.' The

bending element uses two sets of overlapplng basic bending
triangles. Since coupling between membrane stiffness_and
bending stiffness is not, at present, included in NASTRAN,
guadrilateral elements with both membrane and bending

properties are treated by simple superposition of their

ORIGINAL PAGE 18
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I

Figure 3.2.4.- Quadrilateral membrane element.

Figure 3.2.5.- Quadrilateral bending element.

| '[DRIGHVAD PAGE I3
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membrane and bending stiffness matrices. - The following
NASTRAN elements are the ones used in this research:
1. TRIA 2 - The triangular element with both inplane

and bending stiffness.

2. QUAD 2 -~ A quadrilateral element similar to TRIA 2.

3.3 Shell

| In this sectilon, considération is given to the accuracy
obtalned with different mesh sizes and the two types of
elements (TRIA 2 and QUAD 2) used to obtaln the peak stress
concentration factor for a préssurized cylindrical shell
with a cireular hole, Figure 2.2.1. A gquarter of the shell
is choseﬁ as the model: shell radius, R; length, > 2R; and
the hole radius, Pye A typilcal finite element model 1s
shown in Filgure 3.3.1. If the element size or general

mésh geometry 1s too large at discontinuitles (such as a
penetration), the structure will be "too stiff". The
finite element approximations to peak stress concentration
factors will be below the correct answer. This model
provides a gradual transition of large to small elements as
the hole opening 1s approached. Since the "radial" section
is tha easiest to generate or modify, différent mesh
arrangements and elements will be used to compare the
accuracy .9f peak stress concentration factors (8CF) to

"exact" solutlons.

PRIGINAL PAGE B
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The rectangular arrangement of quadrilateral (RQ)
elements of the "radial" section 1s shown tc a larger scale
in Figure 3.3.2. The right {RDT) and left (LDT) diagonal
arrangements of triangular elements for the'"radial“ section
are shown in Figures 3.3.3 and 3.3.4, respectively. A
refined version (additional grid points) of left dlagonzl
triangular (RLDT) elements 1is shown in Figvre 3.3.5. The
triangularizing of only the first element 1n the rectangular
arrangement of‘quadrilateral (1TRQ) elements is shown in
Figure 3.3.6. These code names for ildentifying the articu-
lation arrangements are similar to those used by Melosh.(3l)
It should be noted that:efforts were pursued in refining
these configurations by grouping the same number of.grid‘
points very near the hdle (sée”Figﬁre'BgS,T)'- all to no
avail. Also, results for refining of tﬁe RLDT, regardless
of the locél transitién; were 1n error. .This idea of too

much local refining is known.(3l)

When the elements were
smaller than one-half of the Sﬁell thickness, the peak
SCF oscillated about the hexact" solution.

A summary of the computef runs for peak stress con-
centration factors for a pressurized cylindricai shell with
force around the hole is presented in Table 3.3.1. The
units used in this table:and throughout this study are in
thé English or American System (inches and pounds). The.

RQ radlal section model approximates the peak inside S3CF

GIvAD PAGE B
ORY QOR,QUAlImﬂ -



34

to within -11% (below) of the theoretical or "exact™
solution obtained in Reference (3). The approximations
for the triangular arrangements (RDT, 1TRQ, LDT) are
converging tc the theoretical solution without Iocal
refining (RLDT). Many authors have reported the mid-

(1,2:3) Since this 1s not the

surface {average) SCF.
peak vaiue, the largest SCF (inside) will be the gauge
in the accuracy comparisons to determlne the arrange-
ment to use for all other shell/force problems. The
LDT (which is mﬁch eésier to generate) peak inside

SCF is slightly more accurater(-l.OS% difference)

than the RLDT (+1.14% difference). Therefore, the LDT
arrangement is the one chosen to obtain the peak SCF

results for shell configurations with just a force
around the hole.
Table 3.3.1 - Peak SCF For Finite Element Models For A

Pressurized Cylindriecal Shell With Force Arcund
The Hole: pa=l3.0, R=112.G, v=0.3.

SECTION 7 INSIDE OUTSIDE ANGL. -
DESCRIPTION NASTRAN | ¢ DIFF | MNASTRAN | ¢ pIFw NASTRAN [% DIFF
RQ 1.25 | 4.997 | ~10.99 3,108 |-16.83 4.053 F13.131
RDT 1.25 | 5.405 |- 3.72 3.395 - 9.15 4,40 |~ 5.88
ITRQ 1.25 | 5.479 |- 2.41 3.4877 {1~ 6.96 1 . at& | ob&.z1
LDT 1.25 ] 5.555 |~ 1.05 3.554 j~ 4,90 4.555 | 2,57
RLDT 1.25 | 5.678 + 1.14 3.680 [~ 1.53 4.679 W 0.09
"EXACT" L6114 "EXACTAL 3.737 WEYACTH 4.8
REF. (3 REF, ( REFERENCES '
(1,2,3)
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Figure 3.3.2.- Rectangular arrangement of quadrilateral (RQ) elements for
’ "radjal” section.

QRIGIVAL PAGE B3
%% POOR QUM



36

615

602
589
576

563——>
" 550

537,

024
511

Figure 3.3.3.- Right diagonal arrangement of triangular (RDT) elements for
< "radial" section.
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Figure 3.3.4.- Left diagonal arrangement of triangular (LDT) eléments for
“radial" section.
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3.4 BShell and Pipe

The next configuration to be considered is two inter-
secting c¢ircular cylinders (shell and pipe) as shown in
Pigure 2.2.3. The same shell models in Section 3.3 are
used; therefore, a quarter of the pipe is mcdeled: hqle
radius, e, ; pipe radius, p_; pipe thickness, t; pipe length,
> 2 pa’ and all of the shell parameters previously described.
Typlcal finite element models for a pipe are arranged and
shown as follows: rectangular quadrilateral (RQ), Figure
3.4.1; right diagonal triangles (RDT), Figure 3.4.2; and
left diagonal triangles (LDT), Figure 3.4.3. The success-
ful implementation of the compatibility equations for’
the pipe/shell Juncture was accomplished by using the

following:

1. The 6 relationship in Equations (8) and not

8 = 2 Arc sin (_E_ilﬂ_ﬂ) or
2R
p. sin
8 = 2 Arc sin (__E’_-.___.__(p)9
2R

2. The.same coordinate system for both the shell
and the pipe, and

3. The same coordinate system for input, solution,
and ocutput. | |

A summary of the peak SCF computer sclutions for shell

and pipe is presented in Table 3.4.1. The finite element

AGE »
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approximations are converging to the theoretical
solutions.(l’3) For Tr= 1.084, the convergence 1s as good
as the shell problem. Fcr the same reasons, the left
diagonal triangular shell and the right diagonal pipe!is
the configuration used in the numerical NASTRAN results.
For comparison purposes, computer results for two other
shell thicknesses (T = 1.25 and 2.167) for the "simplest"
and the chosen configurations are also shown.

Figures 3.4.4 through 3.4.7 show the comparison of
the NASTRAN results with experimental and analytical data.
The difference between the chosen NASTRAN configuration

and the experimental data from that in Cranch (14)

is dnly
8.38%, see Figure 3.4.4. Another example of trend and
accuracy 1s the nozzle—to-cylinder 1ntersecfion model in
Figure 3.4.5. The analysls was performed by Prince and the
experimental investigation by the Oak Ridge National

(7)

Laboratory. Remarkable accuracy 1is achieved (-3.55%

difference) with a direct trend comparlson, see Filgures

" 3.4.6 and 3.4.7. Other examples of experiméntal data and

numerical/analytical findings are presented in the results,

Chapter V.
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3.4.2.- Right diagonal arrangement of triangular {(RDT) elements for pipe.
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Figure 3.4.3.- Left diagonal arrangement of triangular (LDT) elements for pipe.
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SHELL '1HICKNESS = 1.084

INSIDE SCF ON SHELL
=0 &
SHELL @ a
RADIAL PIPE % :
SECTION : DESCRIPTION NASTRAN L IFFERENCE.
DESCRIPTION .

-~ LDT _
(First Row LDT 2,189 ~12.09
Removed)

LDT :
{First Row RDT 2.197 -11.77

Removed )

RQ R S 2,227 oy N BRTS)
RDT RDT 2.282 - 8.3%
LDT RO 2.528 - 2.549
LoT H#DT 2. 447 - 1.73
LDT .
7 of First ADT 2,462 - 1,12
Row = T/2
RLDT
T of Pirst RDT 2,524 + 1.37
Row = T/2
t EXAC‘T "
Ref(1) 2,490
SHELL THICXNESS = 1,25
RQ RQ 2.213 -16.80
LDT : .
T of First RDT 2.56% - 3.65
Row=T/2 . ‘
REXACT" 2.660 |
REF(1,3) . S
SHELL THICKNESS = 2.167
RQ RQ 2.513 1 -18.14
LDT RDT 2.793 - 9:02
) "RXACT! 3,070
E REF (1) -

Table 3.4.1 - Peak SCF For Finlte Element Models For &

b5

Cylindrical Shell With Fipe: p_ 7 13.0, R = 112.0;,
v = 0.3, And t = 1.3. '
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Figure 3.4.4.- Comparison of NASTRAN results with experimental data for shell and pipe.
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Figure 3.4.5.- Nozzle (pipe)-to-cylinder (shell) intersection model from Prince, (7)
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?- Circumferential outside surface stresses for the nozzle @¢ =0

s Analytical points from structural analysis of shell
intersection , by N. Prince and Y.R, Rashid.(T)
Data obtained by finite element analysis

-{-' Experimental data from above report

& NASTRAN (finite element)} computer analysis points

[0 NASTRAN computer analysis peak principal stress

(68.1 ksi)
I R
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Flgure 3.4.6.- Comparxs()n of NASTRAN results with ana,lytlcal and experimental
data for shell and pipe,
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Figure 3.4.7.- Comparison of NASTRAN results with analystical and experim'ental
data for sheil and pipe. '
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3.5 8hell, Pipe, and Pad

The preceding sections provided comparilsons of the
accuracy of a variety of finite element solutions to
theoretical; numefical, and experimental results. Results
for this specific case (shell, pipe, and pad) are limited;
however, a configuration was chosen to test the MPC cards.
This configuration is two Intersecting cirecular cylinders
reinforced with a ﬁad. Thé same shell and pipe models 1n
Sections 3.3 énd 3.4 are used; consequently, a quarter of
the pad 1s modeled: outside pad radius, pp; and pad
thickness, tp; and all.of the shell and pad parameters
previously described. Typical finite element models for
a paﬁ are similar to those of the shell "radial" sectipn,
see Figures 3.5.1 through 3.5.3. A summary of the peak
SCF computer soclutions for a shell/plpe/pad configuration
is presented iﬁ Table 3.5.1.

There have been six shell/pipe/pad configuratlons
(14,15,17,22,24) -

(14)

experimentally Investigated. The NASTRAN

result as compared to first set of data 1s shown in
Figure 3.5.4. The dashed line is the author's extension
of the available experimental curve. The déscriptionslof
the two models to show convergence 1is presented 1In Table

3.5.2. The second comparison(lS)

is shown 1in Flgure 3.5.5
and presented in Table 3.5.3. This trend comparison is

outstanding. The accuracies of the two, -3.85% and -4.42%,
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is remarkable. The convergence of these NASTRAN models for
the two experimental cases lends authentlcity to the first
numerical case for which there is no comparison. Therefore,
the LDT shell, RDT pipe, and LDT'pad will be used as the
finite element model for other numerical NASTRAN results.
The other four experlmental results will be presented in
Chapter V (for comparison to the formula developed in

Chapter IV).



Figure 3.5.2.- RDT elements for pad.
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PPAD

Figure 3.5.3.- LDT elements for pad(s).

SHELL | ' SHELL
RADIAL - PIPE TOP PAD - _SCF
SECTION DESCRIPTION - DESCRIPTION (INSIDE)
DESCRIPTION . ¢ =0 & py
RQ . RDT EQ 1.711
RDT RDT RQ 1.808
RDT - RDT RDT 1.831
LDT RDT LDT 1.868

Table 3.5.1 - Peak SCF For Finite Element Models for
Cylindrical Shells With Pipe and Pad: p_ = 13.0, T = 1.25

R =112.0, v = 0.3, t = 1.3, t, = 1.5, & pp = 25.0




S.C.F.

Inside surface stresses @ ¢=0

¢ Pipe
3
B /—2.60 + Ramsey's formula 7
2.50 ~ K| <> NASTRAN computer run
246 ~{Y N ¥ WRC bulletin no. 60
N ref. (14)
bt
\ .
2 M Shell Pad Pipe
N Zad ipe
Y .
N R = 24.312 = 5.25 = 3.172
¢ Hole | N Pp Po
T= 0.625 t_=0.625 p, =3.032
A p a
Po TM t= 0.280
L r=10.3
& P "i‘_
| | pad |t
a
Py T § P -
- Shell—— — $
* >
A A | S
0 | 1.0 2.0 3.0
p/pg

pipe and pad.

Figure 3.5.4.- Comparison of NASTRAN results with experimental data for shell,
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SHELL SHELL PEAK SCF

SECTION - PAD © =0 & py| %

DESCRIPTION | DESCRIPTION | DESCRIPTION |yasTray | DIFF
RQ ©  RDT ~ RQ 2.116  l-18.62
LDT RDT LDT . 2.498 ~3.85

”EXACT” M‘ 2. 60
REF (14)

TABLE 3.5.2 - FEAK SC_F FOR FINITE ELEMENT MCDELS FOR A
PRESSURIZED CYLINDRICAL SHELL WITH PIPE AND PAD:

Py = 3.172, t = 0.280, R = 24,312, T = 0.625, Pp = 5.25,
tp = 0.625, AND v = 0.3.
SHELL SHELL(fFé¥ SCF
RADIAL PIPE , _
SECTION PAD o = 0 & pé %
DESCRIPTION ! DESCRIPTION | DESCRIPTION NASTRAYN DIFF
RQ | RDT 3Q 2.362 -5.90
LDT RDT LDT 2.399 -4 4z
"EXACT" 2.51
REF (15)

TABLE 3.5.3 - PEAK SCF FOR THE FINITE ELEMENT MODELS FOR
A CYLINDRICAL SHELL WITH PIPE AND PAD: po_ = 5,0785,
) £ =0.593, R =19.0, T = 2.0, py, = 9.482,% = 2.0,
JRIGINAL PAGE 1§ -+ .
OF FOOR QUALITY,

 Peceding page blank
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3.6 Shell, Pipe, and Pads
The shell, pipe, and pads configuration is often used
in the désign and construction of pressure vessels. One

experimental investigation for this configuration was
(23)

€

located through a paper by Kitching and Perkins. The
experimental results were for two intersecting circular.
eylinders (pipe and shell) relnforced with two pads (inside
and outside of the shell) as shown in Figure 3.6.1. The
experimental result was obtalned during an investigation

by the British Welding Research Association (BwRa). ()

The same shell, pipe, and pad models in previous sectlons
are used; moreover, a quarter of the second pad is modeled
1dentical to Figures 3.5.1 and 3.5.3. ‘A summary of the
peak SCF computer solutions,-for thé'sihplest and most
accurate type (from pfevious sections) finite element
configurations, 1is shown in Table 3.6.1. " This is the only
shell/pipe/pads experimental or numerical result avallable
and the LDT‘type mbdel has a difference of 9% above the
exact answer. "However, the actual maximum value (SCF)
would be slightly highér than the one measured in the ﬁest
since it is impossible to measure immediately at a point

of discontinuitym"(23} The discontinulty point would be at
the NASTRAN peak SCF location - inside shell surface at

¢ = 0 and p,+ The difference would be < 9%, which is within

RIGINAL PAGE I8
4E POOR QUALITY



SHELL SCF
WRADIAL" | | -
aerTon PIPE TOP PAD. BOT. PAD | |
DESCRIPTION | DESCRIPTION | DESCRIPTION | DESCRIPTION | NASTRON | DIFF
RQ RDT RQ R 1.662 | -7.67
LDT RDT LDT - LDT 1.56% 9.11
"EXACT® | 1.80
REF (24)
TABLE 3.6.1 ~ PEAK SCF FOR FINITE ELEMENT MODELS FOR A
PRESSURIZED CYLINDER WITH PIPE AND PADS: = 6. 13
£ = 0.4, R = 21.8125, T = 1.625, o 9.52, top = 1.375,
Pip = 9.86, £y, = 1.375, AND v =
(HE%AI;P@&EE B

engineering requirements.

Therefore,
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the LDT shell, RDT

pipe, and LDT pad(s) will be used in modeling all other

numerical NASTRAN results.

1.625

FIGURE 2.6.1 - DETAILS OF NOZZLE
WITH TWO PADS IN BWRA STULIES.

1.375 i «—0. 460
l
le—11. 8] e
1.375 DIA 3.5

ég%PE) IN A SHELL REINFQBCED

;EgE’B@QB’E&L&LEEg
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CHAPTER 1V
FORMULA

4,1 Introduction

In practicél applications one frequently encounters
problemé in whieh a circular cylindfical shell 1s submitted
to the action of forces distributed-symmetrically.with
respect to the axié of the cylinder. The stress distrlbu-
tion in wind tunnels, cylindrical containers,’and éirculér
pipes under uniform internal pressure are examples of such
problems.(3u)

For the case of circular cylindrical shells arbitfarily
loaded, two flrst approximation theoriés'are of prime
importance =~ fl) Love;s first approximatioﬁ theory and
(é) its simplified version-dué to Donnell. The simplified
version led to three partial differential equations in three

displacement components These three equations contain

terms which higher approximation theorles have shown to be

negligible. It is therefore permissible to simplify the

(9}

equations by omltting such terms. If these terms are
omitted (oniy pressure 1is considered) and the thickness“of
the shell 1s constant, these Donnell equatlons lead to a
single fourth order equation in w, the radial deflectlon,
for the case of axisymmetricaily loaded circular cylindrical
shells. Thls equation obtalned by a number of

au.xthors(9 34-36) is

o8 8
Ap,,mﬂ



with

where.

60

b o

d ET :
e il (13)
4z R°D
5 - ET3

- "_“"—fﬂg

12(1 ~ v&)
w 1s the radial deflection
"E  1s Young's Modulus of the shell

R is the shell mid radius '
T 4is the shell thickness
p 1s the internal pressure
v 1is the Poisson's ratio of the shell,

For the case of unsymmetrically loaded circular cylin-

dérs, the linear shallow, thin_shell equations may be

readily combined into two différential equations.involving

.only the membrane stress functlon F and the normal displace-

ment w.

JRIGINAL PAGE I8
0 POCR. QUALITY

The compatibility and equilibrium equations are

ET 32w
34 322
(14)
1 ¢F _ P
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4 ] 29 8
where v i + 5 + 0

a7 32%3y% 3y

]

Elimination of the function P between the two‘equations
above yields an eighth order partial differential equation

in w of the form

8 Et 8w _ .p
Vow + = . . (15a}
| DRz BZE D .
or
8 ol Suw o
Vow + 648 7= = (15b)
37
where
L . _ET _ 3(1 - v°)
B .= 5 = 55
16R“D 16R°T

Equations (15) are known as Donnell's linear theory.

4,2 Force Around Hole
The result of a perturbation solutlion to Equation (15b),
modified to include a circular hole covered by a membrane
(Figure H.E.l); through terms of order pra)z 1s a stress
concentration factor at the hole-shell boundary.(z)
SCHF = —%— + cos 2 ¢ + ﬂ(Bpa)2(1 + % cos 2 o)+ . . .
(16)



o1 @OV TV

ALFIVID 2008 &0,

Fo;ce ® -0
a — _ _ — .
¥ J
ERREEEREE

Figure 4.2.1.- Penetration (radius pa) in a pressurized cylindrical

shell (mid radius R, thickness T, and Poisson's ratio
v) covered by a membrane,

cH
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For the case of ¢ = 0, Equation (16) becomes

SCF = 2.5 + —%— ™ (Bpa)2 (17)

where pa is the hole radius.
(4)

Savin's formula for the same problem is

SCF = 2.5 + _gﬁ%_ pg S (18)
“Lind's equation(26) 1s

(19)

roj=
y

SCF =1 + 4 Be, (1 +

Mershon(27) obtained for the same problem but with a pipe

intersecting the shell hole

1/2 1/2

= 2.5 +(Ex) e, (20)

p
- 0 2R
SCF = 2.5 + — (“T")
where Py 1s the plpe mid radius.
Mershon's EQuatioﬁ (20) is restricted to t/T % 0 (force
around hole only) or t/T small - where t is pipe thick-
ness.

Fof v = 0.3, these Equations (16 through 20) reduce to’

2.92 pa2

SCFvan Dyke ) = 2.5 + T (213.)

GE 18
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2

SCF %a

c Savin = 2.5 + 2.3 ~— (21b)
pa

SCFL_md = 1 + 2.585 ——--—-—-l/2 (21¢)
(RT) '

SCFMershQn = 2.5 + 1.414 Py (214d)

(RT)IZQ

The first attempt at a rational analysis of a long
pressurized cylindrical shell having a small-circular hole

(6)

and closed at its ends is due to Lur'e. Due to errors
introduced in the boundary conditions, his results are
ineorrect. The terms in Equation (16) of order (Bpa)2

were one-half the values obtained originally by Lur'e.

(8) (1)

This error was also confirmed by Eringen and Lekkerkerker .
Eringen, Naghdi, and Thiel(3) presented a study using the

exact solution of partial differential equations oflthin,
shallow, cylindrical shell theory. The boundary éonditions

were satisfied by use of Fourler series and the leasﬁ

square error technique through the aid of extensivé.huhern‘

ical calculatlions of the force only aféund a c¢ircular hole

in a cylindrical shell. A comparison of the results from

this "exact" approach with Equation (21) 1s shown in Figure
h,2,2.

'?ﬂEEUUBfﬁuﬂais
%E POOR. QUALITY
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10 L '
Van Dyke Savin
g e
Exact(3)
gase
B
T
T o
= , Lind
Q
W . :
°r /;*/<
// Mershon
.~ :
4 -
Experimental Results
3+ . Ref. (41)
z /
.
2 //
1 { | i L ] 1 ]
0 .2 4 .6 3 1.0 1.2 1.4

. Beg

Figure 4.2.2.- Comparison of formulas with exact results. -
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The two exﬁerimental resulté are those of Houghtan

and Rothwell.(41) Tn both of these experiments, only the
membrane stresses were measured. The stress concentration
féctors correspond to the ratio of the maximum membrane
stress at the.hole to the membrane stress in the shell far
from the hole. Excellent agreement 1s shown for the first
data point (8Bp, = 0.35). The experimental membrane
covering the nole consisted of a very flexible, thin metal

plug. This. may.have introduced slight restraints on the |
freedom of the hole edge. By measuring only the membrane
streés and, perhaps, introducing the slight restraint, the
peak SCF for the second experiment would be hilgher due to
the larger size hole (Bpa = 0.58).

The Van Dyke Equation (21a) is the only conservatilve
equation in comparison with the "exact" results(3) and the
first experimental case. Van Dyke's starting sefieé for
small 8p,» given by Equation (16}, 1s generally accurate
toa Bp, of abdgt 0.3.(2) The required englneering
accuracy is exceeded for Bpa > 0.63 Eherefore, this

equation 1is the one chosen to improve on in the following

format for the force around the hole

2
p
SCF gopea = 2:5 t A —f (22)
8
AL PAGE'IS

o  FOOR Qﬂm
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where 2.5 is the stress concentratlon factor for a flat
plate weakened by a circular hole with the plate
étretched per unit length in one direction and with
one-half of this stretch per unilt length in the

other direction,

and
P 2 :
ﬁ% is a function to increase the stress due to
shell curvature and thickness, and hole size,
. pa
with » for values of —2——._ shown in Figure 4.2.3,
- (RT)l/a

The values of A to go in Equation (22) can be taken
from this curve (PFlgure 4.2.3) or the maximum value of
A = 2.7 could be used. This value is used in Equation {(22)

in this report. For v = 0.3 the result is

2
o]
- a_ :
SCF popoe = 2:5 t 2.7 —&% (232}
or for any Vv
- 2 |
SCF popce ° 2.5 + 6.537 (Bpa) (23b)

) (3(1-v3NH4 o

where Bp

AL PAGE B
B,QﬂﬁleY
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Either use
B o : 2.7p,°
Outside SCF =25+
L RT
_____________ or
- 2

Inside-

>

| : ] | | ] J

2 0.5 0.8 1.1 1.4 1.7 2.0

P,/ RT

Figure 4.2.3.- Values of A in shell with force equation,
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4,3 Pipe Around Hole

The installation (physically or analytically) of a
pipe into a eylindrical shell (Figure 4.3.1) reduces the
peak stress concentration factor at the shelil-plpe juncture.
A function or reduction factar 1s needed to decrease this
stress due to a small amount of reinforcement from the
pipe. _The reduction is dependent on the amount of pilpe
reinforcement {opening and pipe thickness) not needed to
withstand the pressure. Thus, the followlng form is
assumed

= 8CF (reduction factor). (24

SCFPipe Force

The usual pressurization of cyiindrical vessels (wind
tunnels) 1s analogous to a suddenly applied load.(37) The
dynamic response of a structure due to this type load 1is

a dynamlc lcad factor df "one minus some term." Therefofe,

the above reduction factor takes the form
2 _ =
1 ~ (Bpo) (plpe to shell thilckness ratiloe) (25)

where Py 1s mid surface radius of the pipe and B 1s
modified to include Polsson's ratic of the pipe. The plpe

to shell thidkness ratioc (to be of the same order as B)

1/4

will be taken as (t/T) Equation (24) becomes

pAGE 18
m% quatTy
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Figure 4.3,1.- Pipe (mid radius p,, thickness t, and Poission's ratio

yp) in a pressurized cylindrical shell (mid radius R,
thickness~F: and Poission's ratio p).
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- t,1/4
SCF Lipe * §CF force |1~ (8;0,) (-% | (26)
The tofal equation.(EB and 26) developed thus far is
t\1/4
SCF o = (205 + 6.537 (800 1-(8100) ()
(27)

h. 4 Pilpe and Reiﬁforcing Pad Around Hole

The addition of an inner or outer reinforcing pad to
a plpe in a cylindrical shell is shown in Figure b,4.1.
The two new parameters introduced with this configuration
are the outside radius (p ) and the thickness (t ) of the
inner or outer pad. The major parameters from Equation (27)
that contribute to this configuration's influence on the
SCF are the mid radius (R), the thickness (T) of the shell
"and the inside radius (pa), the thickness (t) of the pipe.
~Thus, a function to decrease the.stress due to a reinforcing
a’ tp’
and t or T. This function should be similar to B8p

pad around the pipe or hole should contaln pﬁ, R, p

and multiplied times a pad to shell or plpe thickness ratio

to some power. Note that

2.,\1/4 P , -
(3( - v7)) D
Bp = B /2 . . (28)

ORIGINAL PAGE IS
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Force

€ Hole

pa:po-—t/z._—__). pop

| , 5 —1

_ o _ 1

R I T T PIessuIe i T T T T
) (a) Outer pad

¢ Shel

L Hole

Y

I

¥
=]
o=l

Tt

R Pressure

[ /P
(b) Inner pad p ¢ Sheil

Figure:l.‘l.l.w Pipe {mid radius P, thickness t, and Poisson's ratio vp) in a
pressurized cylindrical shell (mid radius R, thickness T and
Poisson's ratio ») reinforced with an inner or outer pad
{outside radius 2 and thickness tp).
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The pad to shell or pilpe thickness'ratio (to be of the same

order as B) will be taken as (tp/TH)l/”. ‘
Therefore, the reduction in peak stress concentration

factor due to an inner dr outer reinforcing pad to a pipe

in a cylindrical shell is

P £ -
i () 1/* (29)
/2 TH
(R pg)
where T™ =|t for cése of a thin, thin shell where pipe

thickness is more important than the shell

T for approaching case of a thick shell

L where shell thickness is more important
than the pipe.

The limits as to when each thickness should be ﬁsed
{(TH=t for % > 33 and TH=T for .% £ 33) are discussed
in Chapters V and VI under the presentation and discussion
of results. The SCF equation becomes

' o t 1/4
SCF . . = SCF . - ———25371/2(~Jl~3 - - (30)

The total equation (27 and 30) developed thus far 1is

ot N 2 2 __E__ l/“
SCF g = (2.5 + 6.537(Bp )"} |1 = (Byp,)" () |

P by L1/l '
Tﬁgang/Q ("f%—) {31)



Th

where p is outer or inner outside pad radius and tp

p
is ocuter or inner pad thickness,

4.5 Pipe and Reinforcing Pads Around Hole

The addition of inner and outer reinforcing pads to a
pipe in a cylindrical shell is shown in Figure 4.5.1. The
only new parameters intrcduced with this conflguration are
the outside radius and thickness of the second reinforcing
pad. ‘Therefore, the same type of term as Eqﬁation (29} will
apply as a reduction to Equation (31) to obtain the peak
stress concentration factor for two pads. The general

SCF equation becomes

_ ' ' 201, 2.t \1/U
SCF = (2.5 + 6.537(8p_ )7} |1 = (By0 )" ()" |
{32)
o] t p €. ‘
_ o opy1/H i ip,1/4
® o, /2 TR - Tﬁ"%;7 /2 ()

where subscripts o and. 1 are for the outer and inner
pads, respectively.

One can obtain the peak SCF for any of the previously
developed five cases (force, pipe, outer pad, inner pad,
‘and outer and inner pads) by merely substituting the
appropriate parameters in Equation (32). For example, the
pipe problem would be solved with o = p.. =t =t = 0,

op ip op ip
which would result in Equation (27).' The practical approach

e
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Figure 4.5.1.- Pipe and shell reinforced with inner and outer pads. .



76

in the construction of cylindrical shells 1s to generally
reinforce around plpes; therefore, these five coﬁfigurations
are the major thrust of this research. Another combination
of cases can be addressed, i.e. force (t = 0) and pad{s).
The physical significance of force, no pipe, and pad(s)
could ve (1) a cap welded to a reinforcing pad to clese

off an opening and (2) glass ports for observing ﬁhe

inside of cylindrical pressure vessels (test sectionsj.

The accuracy of the formula 1s determined by comparing
to avallable and applicable published numerical, theoreticel,
and experimental data and to the analytical (NASTRAN)
results. Many different cases and examples of this formuls
were pursued in order to uncover the restrictions in the
formula. The aecuracy, results, and applications are
.presented and discussed in Chapters V and VI.

Since the formula is compared to theoretical (Shell
theory) and to the author's computer (NASTRAN) results, the
reliabllity of the answers from shell theory and NASTRAN in
this study 1s needed. An analogy to the cylindrical shell
problem is the exaﬁple of pure bending of an infinite_blate
with a circular hole. Reissner '2) addresses this problem
by including the effect of transverse shear deformations. |

It is assumed in Shell theory and NASTRAN that the stregses

vary;iigearly across the thickness. Relssner obtained a

factor”€?§=(in.lieu of 1.0) in front of the transverse

Wa@;‘}x‘?



[

shear deformation terms 1n the stress-straln equations for
two-dimensional plafe thedry; The significance of this
difference is presented by comparing to an exact (three-
dimensional elasticity theory) analyslis of the plate with
a circular hole subject to pure bending. The effect of
transverse shear on the peak stress concentration factor 1is
negligible provided 'pa/T is greater than about 3.0.
Therefore,'even though Reissner's paper 1s concerned with
a flat plate, the effect of transverse shear on this study
will be negligible as long as pa/T > 3.0 and R/T > 25.C.
It 13 permitted in NASTRAN to ﬁse any shear factor
in front of the transverse shear deformation terms.(u3’uu)
The factor used in this study is 1.0. Theréfore? a
slightly different SCF than the exact answer Will be ?
obtained. All of the theoretlcal and NASTRAN resulté‘
presented in this study have a pa/T ratio greater than H;d,
except the NASTRAN configurations where the shell thickness
equals 8.96 (pa/T = 1.2 and R/T = 13). It will be shown
in Chapter V that for experimentallresults for pa/T < 0.6
and R/T < 15, thé transverse shear effects are not

negligible.

i,

. QRIGINAL PAGE ﬁ_
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CHAPTER V
. PRESENTATION OF NUMERICAL RESULTS

5.1 Introduction

The finité element technique deserlibed in Sectibn 2.1
has been usedlto complete numerical analyses for the con~
figurations previously described (Sectlon 2.2, Chapters IIT
and IV): shell with force around hole, shell and pipe, and
shell/pipe/pad(s). The units used.throughout.this study
are 1n the English or American. System {inches and poﬁnds)..
Except where noted in these results, Poisson's ratio is
taken as 0.3 and Young's meodulus as 29 x 106 psi. - The

membrane stress of a cylihdrigal'shell 1s well known.
g =P = : (33)

The ratlo of the largest principal stress at a point
in question to that which would occur at that point if the
shell were not penetrated willlbe called a stress concentra-

tion factor (SCF). This is defined by

A0F = Max-cstress ) (3“) .
m -

where Gm is defined by Equation (33).

ik
L
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The numerical (NASTRAN) resqlts were calcuiated using
Langley Research Center's'CDC~6000 series computers. All
of the NASTRAN models are composed of triangular and
guadrilateral elements with_ﬁoth inplane and bending stiff-
ness. The pressurizéd cjlindrical shell with a ecircular
penetration is modeled as followsﬁ

1. General.sheli; Figure 3.3.l

2. Radial shell secticﬁ, Figure 3.3..

'3. Pipe, Figure 3.4.2 '

4, Pad(sy,rFigure'3;5.3.

For all of the tabulated reéults, the peak SCF at the
shell/hole or pipe/pad{s) juncture is given. Appendix A
éontains a representativg NASTRAN rﬁn. The detall computer
printoﬁts of{the'numerouS'cases fiil_a volume of 7 cubic
feet; therefore, for brevity, Appendix B contailns typical
ohe page summaries of the NASTRAN runs presented in this
section and Chapter III. These summarie$ fér shell thick- .
nesses 0.896 and 2.215 are organized in the following
configurations: force, pipe, pipe and pad, pipe and
pads, forece and pad, and force and pads.

The one page summary defines'barameters used to model
thatconfiguration: shell mid radius (R) and thilckness (T);
hole fadi%§ (pa); pipe mid radius (po) and thickness (t};
outer padfsutside radius (pop) and thickness (top); inner

pad outside radius‘(pip) and thickness (tip); and Poisson's

a



radio of shéll (v), pipe (up), and péd(s)
locaﬁion\of each SCF 1s determined by (1)
see Figures 2.2.1 and 2.2.2); (2) inside
outside surface (0/s) of shell, pipe, and

{3) ratio of the grid point location (p;

and 2.2{2)1divided by the pipe mid radius

The peak SCF used as the design criterion

80

(vPAD)' The

the angle.(¢,
surface (I/s) or
pad(s); and

see Figures 2.2.1

(o).

O

is the largest

of all SCF wvalues computed for a,configufation.

The accuracy of the NASTRAN results is determined by

comparing to theoretical and ‘experimental data. Since

limited data are available forfreinforcedipenetrations{ .

many different confilgurations were modeled to supplement

the published "exact" data to proﬁide the

restrictions to the fo:mula.

5.2 Formula Restrictions and Conditions

accuracy and *

The accuracy of the formula presented iIn Chapter IV

was Improved by imposing certain restrictions and conditions

based on the results 1n this chapter. These results were

from experimental, theoretical, published numerical;.and

the NASTRAN analytical results. The general restrictions

inherent in any shell theory or finite element solution -

are as follows:

1. o

1
= < 5 (Equation (9))
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2. —2< > 10
i
(thin shell theory)
3. i > 10 : ;
' T

b p /T > 1.2 (Transverse shear effect),

There are other conditions that the author” has used to -

improve the accuracy of the formula, .Thesefconditipns:are

) - - |
1. T < O-L’:l use SCFpipe = SCFfOPCe o
but retain the calculated SCF , . Tor SCF ./ oy,
(. R
2. TH =1t for > 33
R in Equation (32).
T -for T < 33 '

3. If ASME‘boded”top or bottom pad(39) (approximately
A A

o

hole < "reinf.), see Figure 5.2.1, and —— > 10,
then treat as a two pad problem with % tp on‘tdp
and % tp oen bottom.

2 ,t\1/4

b (By 0)° (B 1/% ¢ 1.9 or pipe is "ill-conditioned.”
2 (5

5. If (Bi P > 1.0, treat as "coded'pad -

condition 3._

2 (5% < 1.3, use

6. If 0.9 < (Bl po)

(£)*%  1n Equation (32) in place

TR, o
e_ (Bl po)
of Equation (25).



Rt

Ayeint. = Apad

Aleint. = (pop_ ) pa)top
' : _ A,rein_f. 2 Ah_ole
/ff/</i —
Ahole =Tp

Figure 5.2.1.- Illustration of"'re'infdrcement'” retiui-fed for ASME coded top
‘ or bottom pad, (38). = -+ -

A
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7. _If t = 0 and configuration is pad{s) reinforced,
then pp = 2p., TH = T, and treat as "toded' pad.

p
8. SCF from Equations (31) and (32) is always > 1.0.

A1l the‘fqrmula stress concentration factors are.obtained
from a computer program which is. based on Equation (32) and

these restrictions and conditions.

5.3 TForce, Pipe, and ?ipe/Pad(s)

~ Several éélculations were obtalned for the configuration
of Figure 4.2.1, forpe around the hole. These results were
computed to compére with theorefical ("exact") resﬁlts(l52’3)
as well as to provide cheqk points for the formula preseﬁted
in Chaptér IV, Equation (32), Throughout this chapter, the
formuia answers will be referréd to és SCF Ramsey. The
éomparisons between NASTRAN/"exact" (N-E), Ramsey/NASTRAN
(R-N), and Ramsey/"exact" (R-E) for different shell and
force conflgurations are presented in Table 5.3.1. The
second resulf in this table for R _ 156.5 will arbitrérily
be defined as the only membrane Eesult. ‘A1l other results
in this table are in the thin shell theory realm, 5 > 10.
The overall differences of the comparisons of the Eesults
are as follows: N-E, 17.4% andrw8.9%; R;N, 8.6%7 and -12.8%;
andaﬁgE, approximately #5%. Tﬁe minus sigh in this study

always indicates .less than and the plus sign greater than. .



| 4 Forcz (only)

PEAK SCF @ ¢ = 0 & Py

84

r—* ON INSIDE SURFACE vg = 0.3 1 > 10
Ps | E T | wasrean | EracTe | mansey N—E/i—?fFF ﬁ-E
2.m2 | oes | oone 6.497 | s5.534 | 5.663 | L2 233
7.09 501 0.32 9.603 10. 4 16.983 :T%%%g - 5.61
4. 8Y 50 | 0.40 6.199 | 5.530 | s.663 | g | 2.33
§.712 90 | 0.72 5.746 5.534 5.663 :—%f%% 2.33
10.842 | 112 | 0.896 5.406 5.534 5,663 - ﬁ:%% 2.33
13.0 112 | 1.084 5,907 6.027 6.259 = %:gg 3.85
1452 1150 | 1.2 5. 404 5.534 | 5.663 =532 | 233
13.309 | 112 | 1.25 5.643 5.746 | 5.916 :m%f%% 2.96
13.0 112 | 1.25 5.555 5.61% | 5.760 1—%f%% 2,60
12,285 | 112 | 1.25 5.374 5.316 | 5.411 ——%f%% 1.73
12.25 50 | 2.0 6.033 6,257 | 6.552 :“%f%% 71
13.309 ! 112 | 2.1667 | 4.478 u.ous7 | soary :—%f%% 0.31
10.7667 | 112 2.1667 | 3.5 3.774 | 3.790 222 | 0.u2
13.0 112 | 2.1667 | k.46d 4.371 | 4.380 —223 | 0.z
12.285 | 112 12,2667 | 4.331 4.170 | b4.179 : %:2? G.22
13.2 72 | 2.215 5.233 5.353 5.450 = ﬁ:ig .1.81
12.01 112 | 2.9867 3.836 3.639 3.664 :—%f%é .69
10.752 | 112 | 8.96 2. 694 2.958 | 2.811 :—%f%% 4. 97
Table 5.3.1 - NASTRAN, EXACT(I’ 2> 3), and Formula Comparisons

for Different Shell and Force Configurations.

&

%
g
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the "exact" value. 1In Figure 5.3.1 all three curves (NASTRAN,
"exact" and formula) are approaching the‘flatkplate (B = 0)

| value at 2.5. Fer’Bpa < 0.6 the three curves concide. For
Bpa > O.6(the NASTRAN curve is below (as expected) the "exact™,
and the formula curve is above (as desired).

The sheliJend“pibe configuratioﬁs (Figure 4.3.1) are
presented 1n Tables 5.3.2 through 5.3.6 for different types
of comp&riSons for varieus cateéeries. - The types of com-
parisons are as_follows: NASTBAN/exaet/Ramsey, Tablel5.3.2;
| analytical/Ramsey; Table 5.3.14; and ‘experimertal/Ramsey,
Tables 5.3.3, 5.3.5 and 5.3.6. .The categories are defined

.

as the following: ‘thin shell, T > 10y and thick shell,

R ' Po e Po
T < 10; thin pipe, T > 10' and thick pipe, <

Several NASTRAN thln shell and thin pipe configurations were

'modeled to eompare to theoretical(l 11), numerlca1(7), and

(?;14A17,20,2u)

< 10.

experimental results (see Table 5. 3 2(a) and
5-3 3(a). The overall differences of the thin shell and
pipe NASTRAN results from the "exact"-are —14 0% to 8 9%
:The formula differences between NASTRAN and .
"exact"(l’T’ll’lu’l7’20’2u)'are'approx;mately il“%?, Note
Athe configuration where vp = 0.3 and 0. 5 The accuracy:
of the formula as compared to both NASTRAN solutlons is

' approx1mately 3%.

The thin shell and thick pipe results are shown in

Tables 5.3.2(b) and'5.3.3(bl; Those in Table 5.3.2(b) are



12,0

10.0

8.0

Peak SCF

6.0
4.0
—— (O NASTRAN SCF
——~——=~ /\ Exact SCF
2.5 —m= -— --— ] Ramsey SCF
2.0 : '
1 | ) 1 | 1 1 |
0 0.2 0.4 06 . 08 1.0 1.2 1.4 1.6
' Bp,

Figure 5.3.1.- Effect of shell thickhess and curvature, and hole size (Bpa) on peak SCF

for shell and force (t=0) configurations.

98



Table 5 3.2 - NASTRAN, EXACT, and Formula Comparisons
for Different Thin Shell and Thick/Thin
Pipe Configurations: v = 0.3, v_ = 0.3;
except as noted.- : . P

Py R T E ASTRAN ‘.¥§?A§§; jﬁiﬁgEY N—EijEEFF R-E
2.42 | 25 .2 0.16 2.812 .856 2.898 Lo | 1
7.06 50 0.32 0.32 3.139 - 3.921 24,91
4. 8% 50 0.40 0.34 2,776 .856 2,8b4 2839 1 o2
8.712 | 90 .72 0.576 2.760 856 2.898 = %;38 147

10.842 | 112 .896 0.717 2.812 - 2.897 3. 02

10.842 | 112 0.896 .71?(vp 0.5) 3.061 - 3.152 ) i-i; .

13.0 112 1.084 | 1.3 2.162 490 2.107 TS | 71538
14.52 | 150 2 0.96 2.721 .856 2.898 :—%%%% 1.47
13.309 | 112 .25 0.6825 13.504- 420 3.120 ff%?g%” - B.77
13.0 112 .25 1.3 2.563 .660 2.562 5—%%%% - 3.68
12.25 50 .00 0.5 {728 .ol - ~ 4,29

13.309 | 112 '2.1667 | 0.682 N a2 159 4471 :—%f%? 0.27
10,7667 112 L1667 0;35668 2,992 157 3. 146 "g:ig' -0.35
13.0 | 112 1667 | 1.3 {2.793° .07 3.158 e 2.87
13.2 72 . 215 1.1 '2.809 .268 3.210 :%%f%§ 1.77
10.752 | 112 .96 0.895 2.770 790 2.811 = 0.72 c.75

> 10

Thin Pipe

Ag-



TABLE 5.3.2 - (concluded)

SCE
o R T SCF | EXACT" SCF % DIFF.
a NASTRAN |Ref. ( )| RAMSEY | R-E/R-N R-E
| ] 8.38

3.032 | 2u.312 0.625 .28 3,078 2.84 (18)] 3.209 T3 12,99
6.0 21.8125 1.625 1.625 - 2.60 (24)| 2,407 ' -7.42
2.475 | 5.0 0.1 05 6.743 | 7.129(7) - -5.42 -1.47
6.0 | 21.8125 1.625 000 - 3.000 (24) 2.956

(&) Thin Pipe £2 > 10
o R T t .| Rer, SCF SCF SCF % DIFF.

a ' | HASTRAN | "EXACT" | RAMSEY! N-E/R-N R-E
12.285| 112 2.1667 | 2.73 | (1,11)] 2.347 | (2.580) [ 2,775 | =g=33 | 7.56
12.285| 112 1.25 273t 1867 | - [ 1.795 | - 3.9 -
12.01 | 112 2.9867 | 4.48 |¢1,11)] 2.332 | 2.345 | z.647 ‘12'25 12.88

4,125 | 22.6725 4.845 0.938 | (24) 27 1. 3.3 2,918 -11.576

4.125 | 22.6725 4.845 10.938 |(24) -2 " 2.918 - 8.074

5.9375| 22,6725 4.845 1.438 | (24) - 3.3 - 3.367 2.03

(b) Thick-Pipe ( ﬁL/t < iU}

88



Table 5.3.3 - Experimental and Formula Comparisons for Thin
Shell (R/T > 10) and Thin/Thick Pipe Configurations.

SCF | SCF 7
o, R T : L Reference | "EXACT" | RAMSEY DIFF
~ 3.06 11.860 0.281 0.25 (17) 3.C50 [2.975 - 2.46
0.98 7.659 0.153 - 0.021 (20) 4,750 |4.713 | - 0.78
6.00 21.813 1.625 0.380 (17) | 5.000 |5.242 i, gl
(a) THIN PIPE (Pt > 10)

0.97 | 24.844. | 1.688 0.730 (17) |, 3:.120 [2.524 ©-19.10
10.97 2L, 8UY 1.688 0.218 3.060 |2.561 |  -16.31
1.91 o4, 8UY 1.688 1.095 2.980 |2.589 ~13.12
1.91 24, 8Ly 1.688 0.729 2.980 |2.622 _ -12:.01
6.00 21,813 1.625 1.625 2.700 (2,407 -10.85
3.72 24, 844 1.688 1.593 2,910 [2.719 - 6.56
6.0G0 21.813 1.625 1.000 V 3.100 [2.956 - 4.65

(b) THICK PIFE (—{_’—0'< 10)

69
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slightiy more accurate than the thin'pipe results for both
the formula (+12%) and NASTRAN (-U4%) as compared to the

(1,11:24)

"exact" results. For the same category, 1t is

shown in Table 5.3.3(b) that the formula comparisons are

below the exﬁerimentalClT)

by 19%. The first four config-
urations in Table 5.3.3(b) and the last three in Table 5.3.2(b)
have pa/T < 1l.1. At the end of Chapter IV, it was sﬁated

that transverse shear effects would be negligible provided

pa/T > 3.0 and R/T > 25.0. Both 6f these.requirements

are viclated. Therefore, the low SCF from the formula isl '

to be expected since the hole is too small and/or the shell

too thick. Therefdre, the overall accuracy of'thé formula

for a thln shell and thick pipe 1is approximately +12% by

not includlng the configurations where -pa/T < 1.1 and

R < 1h.7.

m

The theoretical comparison'of Efingen's(l;)‘analytical
results to the formula for the shell and pipe configurations
is presented in Table 5.3.4., The accuracy between the two
of +8% is remarkable. The cases are tabulated by per cent
difference from lowest to highest. These are the only valid
casés from this report. The others violated all four of his
theoretical requirements:
R/T > 10, po/t > 10, Bpo < 0.5, and po/R < 1/3.

Tables 5.3.5 and 5.3.6 present numerous experi-.

1(8,1“1,16,17,19,21,22,135)

menta configurations for thick:
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Table 5.3.4 - Formula andAAnalytical(ll)Comparison for

Shell and Pipe Configurations.

2R/T

SCF-LIT

SCF

| CASE . ' .

NO po/R | Beg B/ FRef. (11] RAMSEY # DIFF
131 250.00 | 0501 .35900 ! .1000 3,63 3.330 -8.26
104 100.00 | L1001 .45800 ) .1000 y 11 3.823 -6.98
102 100.00 | 1001 45400 | 4000 3.31 3.130 -5.43
125 250,00 | .025 | 180001 .0250 2.86 2.709 -5.27
132 250.00 | .050] .35900 ] .0500 3,52 3.337 -5.,20
12k 250.00 | .025 | .18000 { .0500 2.85 2.708 ~5.00
126 250.00 | .025 | .18000 | .0125 2.85 2.710 =4.91
127 250.00 | .025 | .18000 4 .0062 2.85 2.711 -4,89

64 50.00 | .050 | .16100 | .0125 2.80 2.667 -4.75
130 . | 250.00 | .050| .35900 | .2000 3,48 3.317 -4, 68
20 10.00 | .250 | .35900 ] .1250 3.042 3.261 -0.63
63 50.00 | .0S0 | .16100 | .0250 2.79 | 2.665 -4, 47
18 10.00 | .100 | .14400 | .0250 2.75 2,628 -4 42
97 100.00 | .050 | 22700 | .0500 2.96 2.831 bz
98 100.00 | .050] 227060 | L0250 2.96 2.834 ~4.25
99 100.00 [ .650[ 22700 .0125 2.96 2.836 -, 20
21 10.00 | .250| .359¢C0 | .0625 3,04 3.302 -4.01
32 25.00 | .050 | .11400 | .0125 2,69 2.583 ~-2.99
g1 100.00 | L0251 .11400 | .0125 2.69 2.584 =3.96
92 100.00 | .025 | 11400 ] L0062 2.69 2.584 -3.94
18 10.00 | .250 ] .359C0 [ .5000 2.82 2,711 -3.88
38 2500 | 100 .22700} .0250 2.94 2.831 -3.71.
103 100.00 | .100{ .45400 | .2000 3.94 3.7597 -3,64
39 25.00 | .250| .56800 |2.0000 2.22 2,142 -3.51
123 250.00 | .025 ) .18000 | .1000 2.80 2,704 ~3.42
31 25.00 | .050 ] .11L00 | .0250 2.67 3,581 -3.33
90 100.00 | .025 | .11400 | .0250 2,67 2.583 ~-3.27
62 50,00 | .050 | .16100 | .0500 2.75 2.662 -3.20
129 250.00 | .050 | .35900 | .4000 3.05 2.953 ~3.17
37 - 25.00 | .100 | .22700 ) ,0500 2.91 2.82Y4 -2.95
96 100.00 | .050 [ .2270C | .1000 2,91 2.820 -2, 85
15 10.00 | .100 | .1l4koc | .0500 2.70 2,662 -2.89
19 10.00 | .250 | .35900{ .2500 3.27 3,183 ~2.65 .
56 50.00 | .025| .08000 ) .0125 2.61 2.541 -2.63
57 50.00 | .025 | .0800 L0062 2.61 2.542 -2.61
119 25C.00 | .010 | .07200 1 .0050 2.60 2.6530 -2.55
120 250.00 | .010 | .07200 ] .0025 2.601 2.534 ~2.55
105 100.00 | ,200| .45400 | .0500 3.93 | 3.837 -2.38
11 10.00 | .050| .07200 | .0125 2.59 2.582 ~-2,24
118 250,00 | .010| .07200 1 .0100 2.59 2.533 ~2.18
55 50.00 | .025| .08000 ] .0250 3.55 | 2.541 -1.51
89 100.00 | 025 | .11400 | .0500 2.63 2.581 -1,86
117 250.00 | .010| .07200{ .0200 2,58 | "2.533 -1.81
30 25.00 | .050| .11400} .0500 2,62 2.578 -1.61
10 10.00 | .050{ .07200 | .D250 2.57 2.530 -1.5%
B




‘Table 5.3.4 (Continued)
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- ' . FSCF-LTT [ SCF
CASE NO. 2R/T| po/R | Bp, 6/T | ref. (113 RAMSEY % DIFF
134 250.00 ! .050 | .35900 | .0125 3.38 | 3.342 -1.12
116 250,00 | .010 | .07200 | .0400 2.55 | 2.533 -0.68
71 50.00 | .100 | .32100| .0250 3,19 | 3.168 -0.68
69 50.00 | .100 | .32100 1 .1000 3.16 3.148 -0.37
133 250.00 | .050 | .35900 | .0250 3.35 | 3,340 -0.29 |
70 50.00 1 .100 | .32100 ] .0500 3.17 3.162 -C.27
5L 50.00 | .025 { .08000 | .0500 2.54 { 2.539 -0.04
g 10.00 | .050 | .07200 | .G500 2.52 | 2.527 0.29
36 25.00 | .100 | .22700{ .1000 2.79 | 2.811 0.75
61 50.00 | .050 | .16100 | .1000 2,63 [ 2.656 0.97
6 13,13 | .129 | . 21300 | . 1335 2.72 | 2.750 1.11
114 250.00 | .010 | .07200 | .1600 2.49 | 2.530 1.59
14 10.00 | .100 | .1i4400 | .1000 2.56 | 2.609 1.93
106 100,00 | .100 | 45400 .0250 | 3.77 ] 3.843 1.94
115 250.00 | ..010 | .c7200 | .084Q0 2.48 | 2.532 - 2.08
I3 25.00 | .250 | .56800 | .1250 .42 | §.526 .39
35 25.00 | .100 | .22700C | .2000 2.72 | 2.786 p. 1
87 100.00 | .025 | .11400 | .2000 2.51 | 2.571 2.45
34 25.00 ¢} .100 ] .22700 | 4000 2.56 2,626 2.58
88 100.00 1 .025 | .11b00 | .1000 2.51 | 2.578 2.70
60 50.00 | .050 | .16100 | .2000 2.56 | 2.643 3. 24
29 25.00 | .050 | .11400 | .1000 2.9 | 2,571 3,27
41 25.00 | .250 | .56800 | .5000 3.02 | 3.123 3.40
53 50.00 | .025 | .08000 | .1000 2.5 | 2.536 3.50
122 250.00 | .025 | .18000 | .2000 2,60 | 2.698 3,76
86 100.00 | .025 | .11400] .4000 2 43| 2.533 L2k
59 50,00 | .050 | .16100 | . 4000 o.46 | 2.565 .27
95 10C.00 | .050 | .22700 | .2000 2.69 |- 2.811 .50
68 50.00 | .100 | .32100| .2000 2,97 | 3.122 © 5,12
8 10,00 | ,050 ] .07200 | ,1000 2.39 | 2.522 5.51
52 50.00 | .025 | .08000 ) .2000 2.39 2.530 5.85
28 25.00 | .050 | .11400 | .2000 2.41 | 2.560 6.20
137 25C0.00 | .2100 | .71800 | .4000 3.20 | 3.403 6.35
i 25,00 | .250 | .56800 | .0625 4,28 4 . 567. 6.71
&7 50.00 | .100 | .32100 | .4000 2.64 | 2.820 6.80
121 550.00 | .025 | .18000 | .5000 5. 00 | 2.616 720
ol 100.00 | .050 | .22700 | .4000 2.49 1 2.672 7.20
13 10.00 | .100 | .14400 { .2000 2.41 | 2.586 7.32
128 25¢0.00 | .o50 | .35900 | .8000 2.65 | 2.844 7.34
101 106.00 | .100 | .45000 | .8000 2.72 1 2.933 7.82




Table 5.3. 5 - Experimental and Formula Comparisons for Different Thiek Zhell

and Fipe (R/T and po/t < 10) Configurations.

a & ! ‘ Rererence ”EiigT” RE&?EY DI?F.
R-E
L1 3.67 0.590 Jbs | (21) 3.5?0 2.620 ~14,66
.91 3.652 0.553 .281 3.360 2.920 -13.10
.91 3.653 0:555 .285 3.320 2.915 -12.20
.56 3.286 1.011 .093 3.090 2.755 -10.8%
.91 | 3.656 0.563 .279 3.260  |2.921 ~10.95
.00 {15,000 2.000 .188 2.780 | 2.571 - 7.52
.41 1 3,670 0.590 100 Y 2.8L0 RERT - 3.35
Lhy 3.694 0.5€8 ).073 | (6,11,21) 2.800 2.749 - 1.82
.09 | 3.578 0.377 43y (21) 2.280 | 2.235 - 1.97
41 3.315 1.009 .236 §.110 4,105 - 0.12
.68 3.658 0.565 112 3;ngm 3.104 2.11
.91 3.653 0.565 .227 2.900, 2.985 2.93
17 3.516 0.565 .027 2.450 2.539 3.63
.51 3.670 0.490 .218 (16) 2.520 2,683 6. 47

€6



Table 5.3.6

- Formula and Experimental Comparison for Thick Shell
and Thick Pipe Configurations.

SCF SCF %

a R T t Reference "EXACT'" | RAMSEY DIFF.
4.78 19.00 2.0 2.405 (17) 3.140. | 2,44y -22.17
2.88 9.50 1.0 0.432 (22) 3.779 | 3.216 ~14.90
0.91 3.652 0.553 0.281 (21) 3.360 | 2.920 -13.10
0.92 3.648 0.546 0.280 3.360 | 2.928 -12.86
0.91 3.653 0.550 0.285 (17) 3.320 | 2.915 -12.20
4,13 22.673 b, 8us Q.94 3.300 | 2.919 -11.55
0.95 3.653 0.555 0.285 (21) 3.320 | 2.940 -11.45
0.56 3.286 1.011 0.092 (17 3.090 | 2.755 ~10.84
0.91 3,656 0.563 0.27% (17, 21) 3.280 | 2.921 ~10.95
3.72 24, BuY 4,188 0.593 - (17) 3.100 | 2.Bs9 - 7.77
1.45 15.0 2.0 1,144 (17) 2.750 | 2.547 - 7.38
1.0 19.0 2.0 0.188 (17, 135) 2.760 | 2.571 - 6.85
0.92 3.650 0.565 0.277 {19) 2.900 | 2.931 1.07
5.94 22.673 T 1.440 (17 3.300 | 3.367 2.03
0.91 3.658 0.565 0.227 (17, 21) 2.900 | 2.985 2.93
0.68 3.658 0.565 0.112 (17, 21) 3.000 | 3.104 3,47
0.17 3.658 0.565 0.027 ' 2,450 | 2.538 3.59
0.51 3.620 0.490 0.369 2.220 | 2.593 16.8¢

L6
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shells énd.pipes. The comparison bétween thé formula and
these éxperiments are presented,tb illustréte_the need.to .
impose the restrictions presehted ih Section 5.2. Thé
difféfen;es‘between the formula and thick shell and pipe
expefimental results are -22% to +1?%._ |

The shell/pipe/pad (top'énd bottom) Qohfigurétions
(Figure 4;4.1) are listed 1ﬁ.Ta51es 5.3}7hth?ough 5.3.9.~
The same categories as shell and pipe are maiﬁtained for
the sheil/pipe/pad comparisons; The cdmﬁarisons ére_for
NASTRAN, formula, and six experimental results. The thin
;9 > 10) cylinderé_with a'toppéd
are presented 1n Table 5.3.7. The.differences of the

shell and pipe (% ‘and

fofmuia as compared to NASTRAN for the top pad are -15.9%
‘td 11.4%. The thin shell and pipe with a bottom pad are '
listed in Table 5.3.8. The formula differences for the

bottom pad as compared to NASTRAN and the 6ne expérimental-‘

- p
(24) are -16.1% to +3.2%. The thick pipe (.2 < 10}, -
. . t . . .

thin/thick shell, and pad results are shown in Table 5.3.9.

result

The last three configuratiéns in Table 5.3.7 and first
three in Table 5.3.9 have only éne difference - Poisson's
ratio. There afe 0.8% (Table 5.3.7) and 1.0% (Table 5.3.9)
differences between the NASTEAN SCF for all v's = 0.3 and

for v = 0,3, v. = v = 0.5. Based on these six examples,

g pad
the formula only provides a different Polsson's ratlo for



Table 5.3.7 -

NASTRAN, EXPERIMENTAL, and Formula Comparison for Thin Zhell,
Thin Pipe, and Top Pad Configurations.

P’y T t o t SCF SCF g
: CP oF NASTRAN |RAMSEY Diff.
2,42
2.50 25 0.2 ¢ 0.16 L. 25 0.125 2.403 | 2.384 - 0.76
7.09
7.25 50 0.32 0.32 11.25 0.25 2.889 | 2.676 3.01
4,84
5,01 50 0.4 0. 3h 8.5 0.25 2.36¢ | 2.338 - 1.31
8.712
9.00 90 ~ S 0.72 0.576 14,75 0.50 2.303 | 2.389 3.73
10,842 :
11.2 112 0.896 0.7168 19,85935 | 0.50 2.403 | 2.377 - 1.08
10.842
11.2 112 0.896 0.7168 20.0 1.00 1.945 | 1.B848 - 4.99
14.52 '
15.00 150 1.200 5.96 23.0 1.00 2.154 | 2.400 11.42
13.309 ,
13.65 112 _1.25 G.6825 24,698 1.50 2.134 1.795 ~-15,89
13.0
13.65 112 1.25 1.3 24,995 | 1.50 1.866 | 1.883 0.80
12,031 | |
12,50 125 1.25 G.938 | 21.5 | 1.50 1,924 | 2.030 5.51
12.25 i
12.50 50 2.00 0.50 21.0 t1.50 2.908 | 2.772 - 4.68B
13.309 :
13.65 112 2.1667 0.6825 24.999 1.50 2.421 | 2.620 8.22
10,7667
11.2 112 2.1667 0.86668 | 18.5625 1,50 2.396 | 2.533 5.72
13.0 : .
13.65 112 2.1667 1.3 24,399 1.50 2.259 2.479 9,74
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TABLE 5.3.7 - {(Concluded)

| w SCF | SCF E: "Eigzt“
IR T t Pop top NASTRAN | RAMSEY | Diff. or Notes
13.2
13.75 72 .215 1.16 23.0 1.50 | 2.783 12.533 ~ 8.98
10.752 | |
11.2 112 .96 0.896 20.64 5.00 2,316 | 2.215 - 4,36
3.032 ' - 3.85 [Ref. (14)
3.172 24,312 .625 0,28 5.25 0.625 2.498 | 2,461 - 1.48 2.60
: _ i - 5.35 11/=0.3
3.032 5 : . Yet3
3.172 24,312 .625 0.28 5.25 | 0.625 | 2.484 | 2,546 2.50 |Dpad=0.3
3.032 ) ' v =0.3
3.172 24,312 .625 .28 5.25 0.625 2.476 | 2.546 2.83 {Up=0.5
' . : Vnag=1l. &

L6



Table 5.3.8 -~ NASTRAN and Formula Compariscn for Thin Shell,
Thin Pipe, and Bottom Pad Configurations.

r' T SCF
Da/ﬁo R T t pi ti SCH 3CF % YExact”
B . i P P NASTRAN|RAMSEY| DIFF. |pef. (24)
10, 842 . '
11.2 112 0.898 0.7168 20.25 1.00 1.779 1.835 . 3.15 —
13.0 : ’ .
13.65 112 1.25 1.30 25. 1.50 1.824 |1.883 3.23 —_
13.7 ‘ ' :
13.75 T2 2.21% B 1.10 23.0 1.50 3.019 2.533 |-16.10 —
5.9 -1 -
5135 21.813 1.625 0.469 9.869 2.75 1.827 | .3.84 1 1.900
Table 5.3.9 - NASTRAN, Experimental, and Formula Comparison for
Thick/Thin Shell, Thick Pipe, and Top Pad Configurations.
pa/po R T T N to : . 'NOTES SCT SCF | SCF % DIFF
! P p . InasTRaN] "EXACT" |RAMSEY | N-E/R=N | R-E
4,782 {15) -4, 42
5.0785 19 G 0.593 5,482 2.0 2.39% 2.51 | 2,277} ~5.09 -9.28
4 782 ‘ )
- 5,0785 15 .0 0.593 9.482 2.0 vp=0.5 2.34¢ 2.355 0.26
k.782 . ' :
5.0785 19 .0 $.593 9.482 2.0 v #vp,=G.5[2.372 2.355 -0,72
2.88 . {(17)
3.095 9.5 .0 0.43 4,858 2.0 2.07 1 2.105 +1.7
2.68 _ o (17)
3.095 9.5 .0 0.43 5.437. 1.125 c2.22 | 2.149 -3.2
— (223
2.8815 9.5 .0 0.432 5.4375 1.125 2.2951 2.145 -6.5
3.0075 w i :

~(a) Thick Shell,
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Table 5,3.9 (Continued)

o_/p R T % o t SCF { SCF g

a o ov op NASTRAN RAMSEY DIFF.
12,285

13.65 112 2.1667 2.73 24,999 1.50 1.914 2,195 14,68
12.01

14.25 | 112 2.9867 4.48 18.0 2.00 2.212 2.246 1.54
12.285 :

13.65 112 1.25 2,73 . | 24.999 1 1.379 1.215 -i1.89

.50

{b) Thin Shell

66
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the shell and pipe. The overall differences between NASTRAN
-and the formula for the shell/pipe/and pad (top and bottom)
are -16.1% to 11.4%. The comparisons between experiments
and the formula are -9.3% to 1.7% differences.

The NASTRAN/formula comparisons for shell, pipe,land
pads configurations (see Figure 4.5.1) are presented in
Table 5.3.10. All of these.results are for thin shell and
pipe except the three thick pipé configurations denoted
by an asterisk (*) in the "exact" column. The "two pad"
experimental investigation presented.in Chapter III is also
included. The conflguration that 1s presented in Appendix'A
as aArebresentative NASTRAN program 1s indicated by |
"Appendix A" in thé "exact™ column. Most of the SCF values
obtained afe for coﬂfigurationé that represent current
pressufe vessel aﬁalysis,'design, and construction - 1.e.
jdentical inner and outér pad thicknesses and outside radii.
The fifth through the seventh configurations in Table 5.3.10
have different .geometries for the two pads. The accuracy.
of the formula for these examples 1is app%oximately 15%.

The overall éccuraéy is ~8.91% to +14.65% difference;
Figures 5.3.2 and 5.3.3 are representative'of phé
manner in which peak stress concentration-féctors (SCF) for
s pressurized cylindrical shell are affected by (1) thick-

ness and curvature of shell and hole size_(Bpa), and

(2} reinforcement configurations (pipe and‘pipé)pad(s)).



Table 5.3.1C - NASTRAN; Experimental and Formula Comparison for Thin

ﬁ@ﬁ Shell, Thin Pipe, and Pads Conllguration.
% R T t g 0. t. SCF ScF | scF g
Pa * Pq Pop oF iP 1P| yasTRaN | vExacT"] RAMSEY | DIFF.
o .42 '
2.50 25 0.2 0.16 4,25 L1251 4,25 0.125| 1.871 - 1.870 0.05
7.09 )
7.25 50 0.32 0.32 11.25 .25 | 11.25 0.2% [ 1.94¢ ¥ 2.032 4,74
L, 8% :
5,01 50 0.4 0.34 8.5 .25 B.5 0.25 1.8L46 1.832 - 0.76
8.712 : i
g.000 90 0.72 0.576 14,75 0.50 | 14.7% 0.50 | 1.735 1.881 8.42
10.842 , -
11.2 112 0.896 | 0.7168 | 19.85935 ] 0.50 |[19.85935] 0.50 | 1.967 1.856 |- 5.64
10.842 ‘ :
11,2 112 0.896 | 0.7168 | 19.85935 | 0.50 |17.43 0.75 | 1.855 1.871 0. 86
10.842 -
11.2 112 0.896 |0.716% | 19.85935 |.0.50 |[19.85935} 1.00 | 1.656 1.757 6.10
14,52 . ' ] '
15.00 | 150 1.200 | 9.960 23.0 .00 [23.0 1.00 |1.659 1.902 14.65
13.309 : o
13.65 112 1.25 0,6825 24.999 .50 [ 24.999 1.50 {1.383 1.544 11.64
13.0 o '
13.65 112 1.25 1.3 24.999 .50 | 24.999 1.50 | 1.295 1.204 {-7.03
12.285
13.65 112 1.25 2.73 24.999 .50 | 24,999 1.50 |[1.032 # 1,000 |- 3.10
12.25 &
12.50 50 2.00 0.50 2110 .50 |[21.0 1.50 |2.177 1.983 - B8.91
13.309 T - -
13.65 112 2.1667 { 0.6825 24,999 .50 ] 24.999 1.50 |1.904 1.832 - 3.78
10.7667 \
11.2 112 2.1667 {0.86668 | 18 .50 |18.5625 | 1.50 |[1.876 1.920 2.35

TOT
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&
TABLE 5.3.10 - {Concluded}
' _ 8CF SCF SCF 4

s & Pg R T t Pop Sop Pip t1P NASTRAN | “EXACT RAMSEY | DIFF.

13.0 .

13.65 112 2.,1667 1 1.3 24,956 - 1.50 2L . 569 1.50 1.820 1.800 | -1.10]

12.285%

13.65 11z 2.1667 | 2.73 24.999 1.50 2k, 939 1.50 1.626 * 1.615 | ~0.68

13.2 ' . 1 APPENDIX

13.75 72 2.215 1.10 23.0 1.50 23.0 1.50 1.957 A 1.856 | -5.1C

12.01

14,25 112 2.9867 | b.uB 18.0 2.00 18.0 2.00 1,935 # 1.84k5 § k.65

10,752 ) ' _

11.2 112 8.96 0.696 20. 6L 5.00 20,64 5,00 } 1.527 1.701 | 11.40
Ref.(23424) 9,11

5.90 1.80 -6.42

6.13 21.813 1,625 0.460 g.86 1.38 9.36 1.38 1.964 1.838 2.11

20T
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Py = 13.65
Force R=112.0
T = 2.1667
B Po = 0.5632
4 -
v=03
Inner or outer pad:
Oqtside radius = pp = 25.0
Thickness =t_ = 1.5
3 . P
By
2 ‘ ;
. Pipe -
g . .
=9 \ Ne and pad
z | ) Npe_and pads
<L i
= LN
1
: )
0 d .2
Ayt
RT

Flgure 5.3.2.- Effect of reinforcemient (pipe and p1pe/pad(s) conflgurations)
' on peak SCF for a pressurized cylindrical shell (B Py = =0, 5632)



104 -

For'ce
6 Py = 13.65
R = 112,0
T =1.25
ﬁpo = 0.7414
q bk
p=0.23
Inner or outer pad :
Qutside radius = p_ = 25.0
4 - ) B
Thickness = 1.5 = tp
ay
)
jrs
-
g .
=¥
Z
oL
&
£ 2F
' Pipe and pad
; ' ' Pipe and pads
1p .
1 ] ]
0 1 : 2 3
Pt
RT

Figure 5.3.3,- Effect of reinforcement (pipe and pipe/pad{s). configurations) on peak SCF
B far a pressupized cylindpical shell (3p, = .7414), _ ' )
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The force-value in each figure was obtained from Figure 5.3.1.
For both Bp_ = 0.5632 and Bpo = 0.7414, the largest
reduction in SCF 1is due to the reinforcement either offered
from a "thick" pipe or from a "thin"'pipe and one pad. Thils
was typical of all results obtained. The SCF reduction due
to a second pad was always minor in compariéon to that
obtained from a thick pipe or pipe/pad configuration.

Although more pronounced for the smaller Bpo (analogons to

smaller hole), the peak stress concentratlon factors for the

Pt

RT
is indicative of the transverse shear effects (small - pO/T).

shell and pipe rapidly increase as

decreases. This

Extension of the pipe and pad(s)} curves to the peak SCF
ordinate at t = 0 yields the answer for the shell/fofce/

pad(s) configurations.

5.4 Force and Pad(s)

Tt was stressed in Chapter IV that the primary thrust
of the analysis would be for the cases previously presented.
Another type of conflguration can be gsolved by the formula.
This_is for t = 0 and the hole reinforced by one or two
pads. Table 5.4.1 contains comparisons of formula to NASTRAN
results for thin, pressurized, cylindrical shells with pad(s)
reinforcing a hole covered with a membrane (force only).
This type of configuration is identical to Figure 4,2.1

plus one or two reinforcing pads. The formula results for



Table 5.4.1 - Comparison of Formula to NASTRAN Results
for Thin Shell with Pad(s)} Reinfcrecing a liole.

T 0 t Tgi SCF SCF 7

P p o NASTRAN RAMSEY DIFF
0.4 8.5 0.25 TOP 'E:158 4,691 . 9.05
0.4 8.5 0.25 BOT. 3. 589 4.029 12.26
0.858 19.86 0.50 TOP 5,174 5,678 - 9.59
0.898 19.86 0.50 BGT. 3.810 k. oo6 5.14
1.725 21.50 1.50 ROT. 3.656 3.840 5.03
2.215 23.0 1.50 TOP 3.912 4.097 4.73
1,44 20.0 1.875 Top 3.766 4,133 8.75
1.44 20.0 1.875 | BOT. 2. 654 | 4,133 13,11

i . i

{a) Porce and Pad
P R T p v < . 8CF SCF %

4 B °p op i NASTRAN |RAMSEY| DIFF
4,84 50 C.A4 8.5 C.25 8.5 0.2 3.197 3.057 - 4,38
8.172| 90 0.72 14.75| ©.50 | 14,75 | ©0.50 | 2.65% 2.620 - 1.32

10.842 ] 112 0.896 19.86| 0.50 | 16.86 C.50 3.364 3.021 -10.20
11.0 72 1.44 26.0 1.875( 20.¢C 1.875 1.668 1.580 - 5.28
(b) Force and Pads

G011
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the top pad configuration have an accuracy of approximately
+9.7%, whereas all of bottom paa stress concentration factors
were 5% to 13% above the NASTRAN results. All of the force
and pads formula results were below the NASTRAN answers.‘

The difference range 1is ~10.2% to -1.3%.

—"
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CHAPTER VI

DISCUSSION OF RESULTS

This study provides numerical predictions of peak stress
cbncentration factors around nonreinforéed and reinforced
pehetrations. Numerical results have been correlated with
published formulas, as well as theoretical and experimental
'results}' Most of the configurations have been for thin
shells, and all are based on llnear elastic structures.
Some thick shell NASTRAN and published results were obtained.
An accuracy study was made of the finite element program
for each of the éonfigurations considered important in
preséure vessel technology. A formula was developed to
predict the peak stress concentfation factor for analysis
and/or deslgn in conjunctlon with the ASME Pressure Vessél
Code. The accuracy of the empirical formula is determined
by comparing to numerlcal, theoretical, and experimental
data.

The peak stress-cpncentration fadtors (SCF) presented
in Chapter V have confirmed that the 3.3 limit imposed by
‘the ASME Code is indeed conservative for the vast majority
of éases. The peak SCF results due to reinforcement (pipe
or pad(s)) around a circular'penetration in‘cylindrical,
pressurizéd shells suggest a different number. If fact,

78.5% (124 out of 158) of the shell and pipe configurations
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were less than 3.3;' Using the procedure for a well designed
penetration presented in Ref. (25) and shown approximately
in Figure 5.2.1, the one pad problems (32) were checked

for ASME Code reinforcement requirements. The six "coded"
pad configurations are as folléws: Table 5.3.7, flrast two -
t = 1.25 configurations (SCF = 2.134 and 1.868); Table 5.3.8,
second and fourth configurétions (SCF = 1.824 and 1.827);

1.25 configurations

and Table 5.3.9, first T = 1.0 and T
(SCF = 2.07 and 1.379). All of the other 26 one pad
configurations were not "coded" and yet had peak SCF results.
equal to or below 3.0. The two pad problems were mostly
"coded” (by choice). The seven configurations in Table 5.3.10
which are not "coded" are the first five examples and those-
with T = 1.2 and T = 4,48, For the two pad configuration
only one of the twenty problems had a peak SCF outside of
the raﬁge of 1.0 to 2.0. This was a "coded" pads config-
uration (T = 2.0 and R/T = 25) with a peak SCF = 2.177.
Based on thesé results, a "thick" pipe (Figure 5;3.3),
"coded" pad, or two pad configuration would have a peak
SCF of about 2.2 (2/3 of the 3.3 1limit), whereas the shell
and pipe configuration coﬁld achlieve the "well designed
penetration” (SCF = 3.3) definition.

All of the peak SCF results are summarized in Table 6.1
according to thick, thin, or membrane éhell_definitions.

The NASTRAN results compared to publlshed valués, +17.4% to



TABLE 6.1

SCF % DIFFERFNCE SUMMARY

THIN SHFIL & PIPE THTN SHELL & THICK PIPE | MEM. SHELL & THIN PIPE THICK SHELIL & PIPE
CASES | roren | pansEy | RAMSEY | NASTRAN| RAMSEY | RAMSEY |NASTRAN | RAMSEY | RAMSEY | NASTRAN | RAMSEY | RAMSEY
TQ O i) TO O O 0 O TC 0 70 TO
EXACT | NASTRAN | EXACT SXACT | HASTRAN | EXACT | EXACT | NASTRAN [EXACT | EXACT | NASTRAN | EXACT
FORCE [~ .93 {~12.84( - 4.97 ' :
TC TO TG - - - -7.66 {14.37 5.61 - - -
17.40 8.60 b, 71
PIPE |-14.04 |-14.42 | -15.38) -4.03 | - 3.90]| -10.85 ' -22.17
TO TO 0 TO TO TO - 24,91 - - - T
+ 8.88 | 14.28{ 12.99| -0.55 18.24 | 12.88 16.80
PIPE |- 3.85 | -16.10] =2.35 -11.89 . ‘ ~5.09 -9.28
2 0 T0 - TCO - - 3,01 - T et TO TO
PAD : 11.4%2 | -3.84 14,68 , ‘ ) -0.72 +1.70
PIPE - B.91 - b.65] _ . c : :
& 9.1 T0 2.11 - TO - ' - h,74 - - - -
PADS 1 14.65 - 0.58
FORCE - 5.59 , ,
& TOP| - TO - - - - - - - - - -
PAD , 9.75 ‘ _ :
] I O L I A P A A . ]
+13.11 - I T :
FAD : , )
FORCE -10.20
% - TO - - - - - - - - - -
FADS : - 1.32

g1t
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-8.9%, are high, as expected, when the membrane category is
approached and low for an almost thick shell. This same
general trend 1is true for the shell and pipe examples. The
thin shell andrpipe NASTRAN accuracy is +8.8% to -14.0%.
There 1s not enough data to determine any trend for the pipe
and pad(s) NASTRAN results. J

The formula results compare favorablyrwith NASTRAN and
the published "experimental, theoretical, and numerlcal"
data. The results for individual comparisons to NASTRAN
and "exact" are shown in Table 6.1 by categories. The
thin éhell abprdximate percent difference results are as
follows: force, +4.8%; pipe, +14.4%; pipe and_ﬁad, +13.7%;
pipe and pads, +11.7%; force and top pad, +9,7%; force
and bottom pad, 13%; and force and pads, -10%. |

One application.of this formﬁla is to an ASME Codé
"hillside" (elliptical hole) penetration. The amplificaﬁion
factor by the code for this penetration is 1 + 2 sinz(the
angle the axls of the plpe makes with the normal to the
shell wall). Two experimental results were'obtainedﬁ15’38)
This amplification factor was multiplied times the (circular)
peak 3SCF from the formula to obtain the;following comparlsons:

1. "Exact" SCPF = 1.8H0(15) vs formula SCF = 1.826

(-0.8% difference) for o, = 4,782, R = 19.0,
T=1.0, t = 0,593, Pop = 7.438, top = 11.625
v = 0.3, and the angle = 209,
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"Exact SCF = 2.897(382 vs formula SCF = 2.897
(-9.9% difference) for Py = 11.94, R = 69.185,

T =1.995, v = 0.3, and the angle = 45°,
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CHAPTER VII

SUMMARY

The effect on stfesses in a cylindrical shell with a
circular penetratlon subject to internal pressure has been
investigated. A general purpose finite element (NASTRAN)
computer program was utlilized to supPlement thé limited
data for reinforced penetrations. A mesh generation
computer program was develcped to "automatically" punch
input cards in the format acceptable to NASTRAN. This
program is readily adaptable to solviﬁg a general finite
elément shell problem. The NASTRAN compatibility equations
for a shell/pipe or a shell/pipe/pad{(s) configuration were
succesasfully implemenﬁed. This providesra quick access fo
a detaii 3CF for a réinforced nozzle in a pressure vessel.
The accuracy of the finite element model has been investi-
gated, Moreover, for an immediate,rapproximate solution
to thls complex problem, the formula may be utilized.

The formula 1s (1) more accurate than the published
nonreinforced penetration formulas and, (2) believed to
be the only formula applicable for reinforced penetrafions
in pressurized cylindrical shells. The accuracy of the
formula was determined by comparing to the numerical,
theoretical, and experlimental data. It has been shown that

the shell and pipe configuration Can‘easily_achieve the
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"well designed penetration" (SCF = 3.3) definitilon. A
reinforced penetration (thick pilpe, coded pad, or two pads)
would have a peak SCF of about 2.2 (2/3 of the 3.3 limit).

This formula can be usedktb obtain the peakjstress
concentration factor for relnforced of nohreinforced pene-~
trations 1n pressurized cylindrical shells. Thus, in the
analysis and design of a new pressure vessél, the formula
could save (1) the time to perform a detail analysis;

(2) the time ﬁé censtruct the reinforcing pad(s) which are
not always required; and (3) the extra cost of materials;
fabrication, and weld examination. Also, fatigue

analyses can be'pefformed to obtalin the remaining 1life in
the pen?tration.welds of cylindrical shells., If the
remaining life is small or exhéustéd, thén a ﬁondestructive
examination (NDE, i.e. magnetlec particle, ultrasonile, or
radiographic) and/or repair of these penetrations would

be performed,

This type of verification (analyses and partial field
‘work) of structural ihtegrity of welds 1s invaluable since
it 1s not practical to examine and/or repair every‘weld
in all pressure.vesséls. The economics and feasibility of
a validation program (6000 pressure comporients at Langley
Research Cenfter within the néxt five years) would be
impractical without this formula. There have been six

tunnels (pressure vessels) for which this procedure (formula
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and NDE) has been followed. For example, the world's first

known "cryogenic" tunnel utilizing nitrogen as the working

(4o

medium ) incorporated this formula in obtalning the

expected 1life of this facility.
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254~ CIRYTA2 85T 41 547 568 581
255- CTIRTA2 568 41 568 569 582
256= LTRIAZ _ S69 41 569 570 583
2571~ CTIRIAZ2 570 4] 570. 571 584
_258= LIPIAZ 571 41 571 572 585
253= CIRIp2  ST2 41 572 573 586
260 fIztA2 571 41 673 574 587
2f Y- CIRTA2? 574 41 574 . 575 588-
2h2— . cIRIA2 576 41 576 5711 590

_ 263~ LTRIA2. _SIT 41 S17 578 591
264= LIo1a2 STB 41. .578 .57% 592
265= CTRIAZ 579 41 519 582 593
2hH5= LTEIAZ S840 4_1 580 581 GQA_
26T= CTRIAZ 681 4l 541 ~.582 595,
2hB= CTora? 582 41 582 583 595
 269=- _CTI2Tp2 _GB3 41 582 584 597
210= £Ta142 584 %1 584 585 598
211l= L£Ta1a2._ 585 41 585 586 599
2712- CYoiA2 SHE 41 586 587 £00
273= CIRTA? 58T . &) 58T SHA 601
2T4= CIotA? SR9 41 589 550 603
275~ _LTIpTa2 580 41 590 591 604 :
26— LTIa142 591 41 591 592 535
277= LTeTA? 5927 &1 .59} 593 606
218> CT2TAZ . .593 41 593 594 607
279= CTYRIAZ 594 41 594 535 608
2A0= CTeT1r2 5495 41 545 321 - 409 —— -

2ET



PIPE ﬂWQWMNURIFM SHELL

JUNE . 28, 19TH  NASTRAN...- 24

A213.200 RR= 72,0 TS=2.21%.TP=1,100 TPAD=1,500 PO=13.750

LIPY

SO RTED BULK D ATA —E.L HO

CARD

COUMT P | - r S WU b 4o B 6. wa 7 B s 9. ee—10—

281= CIRIAZ 586 . &l 536 591 610 e

292- LIRIA2 _SQT 4] 597 — 544 611

283= CTela2 598" [ | 598 599 612

284~ CLIRIA2 599 41 599 500 613 : -
> 285= LIR1A2-—600 Al 600 601 614 — :

286= CTe A2 a02 41 502 603 616.. . :

2A7= CYBIAZ2 602 &) 593 604 617, :

288= CTRIAD A0S 41 04 605 618

289 = frYe1a2 A5 4] £35 AQb Ahl8

290= CTRIAZ 606 4l &06 _&07 620

291=~ rTRIA2 607 4.1 60T 608 621

292= CTRIAZ 5608 41 &608.— — 609 622 — .

293 = CtrRrIa2  £09 41 . 609 —.-. 610 e B2 e

294~ CTRILZ 610 41 610 61l .. 524 . _

295 CTRIAZ  £11 &1 611 612 625

2%hk= CrRI1A2 612 . 4] Bl2. .. 613 626 ——

297~ CTRIAZ 613 41 613. 614 [y I S

298~ CTRIAZ2 615 4l . &Hl&6 . _BBE&E ___ 615 .

299= LIRIA2 _B16 41 617 665 616

A00- cCrRia2 617 . 41 518 H46 617

aApl-= LIRIA2 &£18 41 519 645 618

A02= CIRIA2 519 .. 4] 420 §29 619

103 cre*a2 5620 4} 521 628 620

204= CTRIAZ 621 41 622 628 621 -

1785= CIe1a2 622 4l 623 630 —— 622 ' -

304= LTRIAZ 623 41 624 &35. 623 — — .

137~ CTRIA2 524 41 625 634 L24

108~ CIRTAZ 625 41 626 . 549 625 -

339~ Cralag  &£26 41 627 648 626

A10=- CIRIAZ 627 &1 62T 54T 548

311~= CIRTA2 641 41 668 £48 647

312~= CTRIAZ __GA4R 41 HBB 669 H48..

313= CIRIAZ A49 4] 569 650 649

31 4= CIRIAZ 550 41 669 &70 650 - :

315= 6TQ.— - 652 . —— B5] . o e

LTRIA2 65 41 . .

CET
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E pIPE AN BOTH PADS QEIMEORCED HOLE IN CYLIMDRICAL SHELL : e JUNE—-28,— 1974 NASTRAN. -2/—
r g A=13.7200 RR= T2 .0 TS8=2,216 TP=1.100 [EAD:J,&SOQAPAQET‘%-TQO .
4 ‘) LTPT e . —
= _
g S OR YT.ED B U L K DA TA EC.HO
_CLARD — ot - . e
5! COUMT SR WP SEUNIIES- SRS SOV SN S S D DN . BRSO ¥
316-— (TRIAZ 652, 41 . &0 AT 652 —
317= [Iotaz2 6853 . 6l DU ) PR ¥ SN 13 U —
318~ i {TRIAD L54 41 £71 £T12 FLY
3]19= CTetA?2 A8S5 51 &£T2 _ 656 555 .
320= CIRYIA2 556 4l 672 433 656 -
. 321~ _rnTRIA2  ASR 4] 615 476 &58 . ] .
322-= [IRIA2 459 .. 41 _bTh 660 . 659 : !
323 CTRIAZ- 660 4] 614 677 Y P
2124 = LIRTAD [ X8 41 611 s62 561]
32%= rIRIAD H&2 %1 &T1 &78 662
326= CIRIAZ 663 21 _.&T8 bb4 663
321- CYOIAZ 664 4l 6TB___ 679 _____ bb& .
328~ CIRIAZ 665 _41 619 . bb6. ___ 665 _ — N
329~ LTAIAZ  &66 &1 679_..._ 680 666 _____ e
A30-— LIgtaz LAR 4] 681 Hi9 LG8
331- - CTIRTA2 669 41 681 682 669 . -
332= CIRTAZ 670 . 41 682 ATL &TO S
331= LTRIAZ: _ATI . _ &1 682 683 ___ 6T} : : e
334= rIetaz  a12 41 £83__ ___&73 .&T2 . -
—335= rIerpr2 &£313 ] 683 684 673
23h= CTRYAD HT5 . 41 fH 86 BT ATS . l
337= LTIRTAZ? 676 4] 68T BTT 6T6 e . ‘
33g= CTRTAZ 67T 41 . 687 688 677
339- CTRYIAZ HTB. . 4] 688 6719 __.___678 —
340- CIRYAZ BTG 51 688 689 &T9. . ..
341= CTR'AZ2 681 41 B9 482 _._ . 601
342= rTeIA? 582 41 5490 a9l . 682
343~ ITRIAZ 683 0 41 691 694 . 583
44— STEIA2  AB4 43 - 691: 692 584
345= : CIPIA? &86& 4], 694 69% 686 :
346= CIRTA? 487 41 6396 695 687 -
247- CTo*AZ &88. &4l _____ 695 . . &£9%6 &88. - ‘
1468~ - LIR1A2 S5R9 41 | AHB8 A96 689 ,
143 : CIRIBZ 690 ___ 41  _ . 690._.. .. 697 ... 891 __ _ ___
350- LToFs2 691 4} 9L 6ST..__ 698

HET



EIMEQQCED HOLE IN CYLINDRICAL SHELL : —JUNE- 2841974 — NASTRAN.-.2/
=2.216 T0=1.100 TPAN=1.500 P0=13.750 _ -

S DRT.ED B_ 111 K DATA _ELHD

e 1 e 2 e B e e 5 aeBmeTiaa B ae 9 10

CITRIA2 692 4] 592 .- 598 693
(TRIA2 653 4y _....693 598 599 S
[TPIA2 5S4 41 #4948 £93 700
LIRIAZ 695 41 695 694 e TOO .
(IRTAZ — £56.— 41 596 555 701-
(InTAZ 697 41 697 108 698 .
(TP1AZ2 698 %1 £98 794 709
[TRIA2 699 41, 699 709 710.
{rotpaz 700 41 700 699 106
CIRTA2 701 41 701 700 702 =
(TR1A2 1256 5] 254 252 251
362- - LTIPTA2 1258 Sk .. 258...__ 253 252 —
363- CIPIAZ 1260 51 260 ... 254.....253 _ .
e[ CIRIAZ 1263 S1 ... 263 . _ 25 .__ 255 ... .. .
A55= CIPTAL 1269 al 265 257 256 :
66— CTIRIAZ 1267 S1 ____ 267. 258 257 —
167= CTRTAZ 1269 51 269 259 258 —
A6B~.._ __€T0YA2 1271 51 ... 271 260 259 S
36~ LIBTAZ 1273 51 273 261 260 — _
370-= __LI81A2 1615 41 615 666 66T . — .
Atl- LI81r2 16164 41 516 565 £66
377~ CTR1AZ 1618 41 618 £45 646
373- rIRTAZ 1619 41 5619 1Y 645
374~ ((TRlaz__ 1620 41 620 628.. ... 629
375= CTRIAZ 1622 41 622 637 ..__ 629
376= LIPIAZ 1623 4l 623 K35 .__ 636
a77- [TRIL2 1624 41 624 £34 635
318~ [LTRIAZ 1625 4] 625 _h49. &34
3179~ CIPTA2 _162& 41 626 648 649 _
380~ . CYAIA2 1627 %1 617 .B4b .. . _665
381~ LIEIA2 1429 4] 629 643 b4
2= LYBTAD 1830, 4l 636 637 . 630
383~ [LIGT A2 1648 4] 648, 869 549,
384= _ TP TA2 1650 4l 650 670 651

I85- . : LIRTAD 1652 41 652 671 6513




e .PIPF MNDO BOTH PADS GFINEORCED HOLE IN CYLINDRYCAL SHELL . .
- A=13,200 RR= 72,0 TS=2,21%5 TP=1,100 TPAD=1.500. P0=13,750

e JUNE__ 28, 1974 NASTRAN 2/ .

LIPT -
_ . S ORTED B_U_L Kk,__ﬁ#uJ.._T_A____E__C_.H‘_n ——
- . LAPD - e e e
— CQ_U,N»I L 3 l‘r__’J ? A 3 - . i‘__._‘l.u_._.s—._h -v‘.fL—I A—I—_ . -—4.—8—«—..—4 .—:—9 —4—‘-——1—0—-
- 6= LYRTAZ 1654 41__.-,4#654_.__16?2“ 658 e
—387= LIRIAZ 1656 41 656 673 BRI i —
AR B~ LTIPIA? 1657 41 &£75 £5R 657
3p9-~ cTRYAR? 1658 . 41 . 658 __ __ ATH 659 !
_390~ CTIPIAZ 166D 41 669 NN A Y% P
331= CTRTAZ2 1662 41 662 678, 563
392~ CTIRIAZ  1lb64 4] _.bb% &79. 645
393= _  CIRIAZ2_ l6h6 &) 666 . 680 667
394~ CTRIAZ 15869 4] 669 LEZ 6310
395~ CIpTA2 1671 41 - 8671 683 6ET2
396~ CTRIpZ 1673 . _41 &T3 604 &4 :
391~ LTRIAZ  16T4_ 41 . 686 475 &T4 - ——
398~ L£TRTA2 1675 __. %1 _6TS5. 68T 476 —
399~ £TRTA2  L6TT__ &Y. 611 L ¥:F:) 678
400~ CIeTA2 1679 41 X4:) - 689 H80
401~ CToIsp 1482 ___4) . &82._ __ _AR9l.____ 6B2
. 402~ CTRIAN2__ 1684 41 .68% 692 GBS _
403~ CTIRTAZ 1683 L8 £9% [.Y:1)) - 685 I —
404~ LTIRIAZ 1687 4L 695____ 688 681
%05~ LTIRIAZ 1691 41 691 £98 a%2
Y, Y-S CTRTA2? 1693 _&1 £93 £99 700 ‘ _
407~ CTotaA2 1695 - &1 695 - 700 701 S
4.)8= LTrYIA2 1698 41 698 __ 139 699 —
409~ CIoTAZ 1699 41 699. 710 T06. i
410 CIPTAZ 1700 41 709 .. 134 792 . : '
_&11=- CTRIAZ 2619 41 pl9._ . &K29___ _ b44 _
412- LI®In2 2623 41 623 _ 638 630
413~ CTRIR2 2625 4l 649 650 634
414~ CYRIA2 2827 41 G4&__ _6C4 6659 : - u
415= CTETA? 2629 41 _ H28; 631 L 629 : :
416- CT2i42 2630 4] 63G. 632 628 B
417~ CIRIAZ 2700 41 199 706 704
4] B~ S LTRIAZ 3311 5 311 325 a24
419= CIDIAZ 3312 15 3l .. _ 326325
420= CTIRTAZ 3313 15 313 327 ize.._!"

9€T



: _REINENRCED HOLE IN CYLINDRICAL SHELL —  JUNE__28+ 1976 NASTRAN__2/
Aw13.200 ARe T2.0 T8=2.215 TP=1 L100 TPAD=Y,500 P0s13.750 : s - ] I

ST 39vd TYNIDINQ

xIrTval 8008 80"

1tTPY

. SN ATED . BULK DATA ECHO
_CaRD A S ; - - SR

COUNT - 1 4a 2 aa 3 ea A ma S ve b sed . _an . . 9 me 10
421 = CIRIA2 3314 T5_.. 314 . .3228 327 : .
422= LIRTA2 3315 5 315 ..329. 328 — _
423= CTRIAZ 3316 15, 114 330 129 _ - a
424 = i CTeIaz 3317 ,._._15 317 331~ 330 : i :
425= CTRTAZ 3318 - 318 . 332 331
426= CIRIA2 3319 75 319 333 332
452 T= CIRIAZ2 3320 75 azH 2314 233
428~- CIRIA2 3321 75. 321 335 =334
429~ LYRIAZ 3372 75 322 334 335
430~ LT FLIA2_332L_“_H64 24 338 ._337
431- LTRIAZ 3325 . 44 325 339 338
432= CTRIA2 3326 44 _ 320 340 . 33%
433= _ LTeTA2 3327 44 327 341 . 340

5635 CTOTAD? 3328 ..4% 328 342 341
435= CTIATA? 3329 bh 129 143 342
43~ CYPTA2 3330 44 330 __ 344 343
437=_ " LYEtAZ. 3331 &k, 331 345 LY
438~ CTRIAZ 3332 &4h 332 -34b__ 345 . .

___439- CIeTA2__ 3333 44 333 347 . 346 :

o bL40= . CTRTAP 3334 __. 44 334 A48 _ 34T ..

457~ CYPYAZ 23135 bk 335 349 348 .

_447- CT21A2. 3337 44 331 .51 350 i

_443- CI2IA2 3338 44 33m __352 351
hih= CIRIAZ 3339 &4 . 339 353 352
445 LTRIA2 3340 44 340 - 354 353 -
44k = CIRIAZ  334) 44 341 355._ 354 ___

447 [TATAZ 3342 hé 342 356 355 .

44 8= CT21h2 3343 . &4 343 357 356 0

449= LXoT142 3344 b4 344 as58_ .- 35T

$53= CTeIA2 3345 LY _245 359 358 i

451~ CIRIAZ 33486 4% 346 360 359 . \ ; i ‘.
452 LTIRIAZ_ 3347 54 347 - 360 ;360 L

453= CIDTA? 33458, YA _ 348 362 361 :

&£54=_ __CTRIAZ _3235) 44 T3S, 364 163 . e o

456= CIR1AZ 3351 464 . - 351 365, 364 e

_Lét




e AB13..200 RR=_ T2.0 TS= Z.Z.lﬁ_lLl.._J_ﬂn__'l'_Pj.Di.l‘ﬁDD_Rhﬂ 13.T750

w&mmwmw&mumumm CAL SHEL] - ..'“NE_.---Zﬂq——l&fl!n_—_-ﬂAST:RAN;—Zf——

ST §OYd TYNIOTAQ

tTIPY

$ ORI E.D B_1L LK DAY A __ECHD

CARD [ -

ﬂ__.___.________ ______ £n. UN__‘ﬁ__rq_ﬁ,_l.ﬂﬁﬁ-—-._w_.?___nL-_,__ak_u L _aa 5 aa I a1 - "8 s QD eas 10
456~ CTRTIA? 3352 [ 352 AG66_. 365 .
457= CTRIAZ 3383 __ ‘44 . 353 . 367 — - 366 -

. - 455— CTRYA? 3354 44 354 158 157

— 459= o _TPIAZ2 3355 44 355 369 ._ 268
450=__ - CTRIAZ 3356 .. 44 356 370 -369 -
461~ CTRIA2 3357 _. 4% 3157 a7ty 370
462~ . - CIRIAZ 3358 ab _ 153 37z a7
483 = CTRIAZ 3359 44 5% 373 372.
Hf G- rYatpz 3360 44 360 ATé Ala
455 = CRTRIAZ 334l ... &4 asl 375.__._ 374
466~ CTRIAZ 3363 44 363 an Ale
4467= CIRIAZ 3364 _ . _4& 364 3718 a1z
468~ CTR1AZ 3365 44 365 379 ars
469= CTRIAZ  336é 44 366 _ 380 .a719
&TO= CYRtaz 3767 44 61 g1 340
471= ZIRYAZ2 3368 44 358 382 381
472= CTOTA2 3369 44 169 383 382
473- T nYRIA2 3370 44 370 384.__..__ 383
4 T4 CTeta2 3371 44 371 385 384 _
475 = CIPIA2 3372 44 - 372 3846 ags
GTHh= LTIeTA2 3313 44 1713 381 .. 384
4771= LTRTAZ 3137% - 44 L '-17_1. . 388 . 387
478= : roga2 3411 - 43 - 41l . 425 424
479= LTIRTAZ 3412 43 - 412 _H26 425 _
£80=__ LInla2 23413 43 413 421 426
481~ CIPIAZ2 3414 43 414 428 427 : ;
G32= — L IRIAR 3415 43 415 429 428 .
483~ ) LIBTA2 . 3416 43 4l6_ 430 429
484 = _ CIRIAZ " 3%&)T-. _ 4% . 412 3L . 430 . .
485— CTRIAZ 34]8 43 418 . 432 . 43)__ : -
486~ . CIGTAZ2 3419 . 43 419 433 432 :
6871= CIRIAZ2 3420 - 43 420 - 434 433
%488~ LToTRZ 3471 -1 ; 421 445 y 434 . .
439= - CTQTA2 -3422 L 43 422 436 R x L S e —
490~ LIeTa2 3424 43 424 - 438 437




PIPE_AND BOTH PADS REINEOPCED MOLE IN.CYLINDRICAL _SHELL . e JUNE 2841974 NASTRAN-.2/

 A=173.200 SR T2.0 TSe2.215 TP=1.100 TPAQ=]1.500-P0= 13.750 -
LTPT VA
I _ . SARTED AL K. _DATA_ECHO
— _ L ARD LY I .
. __.___...____-AQDUN_T____W._.A.#_.__I_A- - PO, B . 4 _a .‘..;7.5.“” -a Y T et T ea B s e 8 e 10
— LSRR __CTRIAZ 3425 __ &3 425 ____ 4H3%9  A33__._ e - — .
492= _CTIRIA2 3426 43 426 -— 440 WA e —
H93= LIPTAD 427 . _ 43 421 441 440 :
494 = CICIAY 342B._ &3 428 - hy2 441 . . R e
495 = LETRIAZ 3429 63 . 629 . LN S ¥ SN
496= _LIPIAZ 3430 43 630 Ghdy ____ haI .
: 49T . _LTIPLA2. 3431 43 431 445 L% S— C .
— B9 8= LCTRIA2. 3432 .. 43 432 G446 _ . 445 . . .
499- . Crp1a2 3433 43 433 447 446 .
S3q= CYRIAZ 3434 43 .al4 448 45T
501~ _LIPIAZ2 3435 . 43 435 449 2 DO )
502~ _CTRIAZ 3437 &3 . 4T 451 450 . ..
503= _LTATA2 3438 43 438 ____ 452 . 4S5l .
504 =~ _LTRIA2 3439 43 519 453 452 .-
505 CTelLA2 3440 42 440 454 453 .
506= CTOIA2 3641 .. 43 441, 458 .. 454 -
507~ - CTRTA2 3442 . 43 . 442 . 456 . 455 —
Q8= _CTela2 3443 43 %43 457 486 .
5219= . _LCIBIAZ 3444 43 444 458 457 —
510~ CIRIAZ. 3445 43 44% 459 458
511~ _CTRIAD 444 43 Lih 460 459
512~ CTOtA2 3447 43 44T Y% | 460
513~ _frriA2 3448 43 448 462 . 46Y.
14~ _LCTRTAZ2 3450 _ 43 450 454 463
515=_.- CT2182 345] 43 451 . 4465 b
516= CToInZ 3452 &3 452. AL4bb . _WBS._ .
517- £I8TA2 3453 41 453 4467 466
818- _LCTeIA2 3454 43 454 468 .. 467
91Q9= CT21A2 . 3455 43 455 469 . 468 :
520~ CTIRIAZ 3456 43 456, . 470 __ 469 : i -
521= LToYA2 3457 43 451 471 470 : :
522 _CToI1A2 3458 43 458 572 4Ty
523- FTo A2 3459 43 459 4713 472 g
524 - CTRIAZ 3460 . 43 . 460 __ 476 AT :
525= CYSTAZ 348 . 43 _ 4Bl . 475 474 S

6T
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PIPE AND BOTH PADS RETNFORCED WOLE TN CYL INDRICAL SHELL JUNE .28, 1974  NASTRAN._ 2/

A=13,700 RRe  T72.0 T5x2.715 TP=1,100 TPAD=1.500_P0=13.750
LYPT - \ y e
SORITED __ 8 UL X 0DATA EC HDO
CarRD - _— e
COUNT _l_‘-l,.-_«.mn.,__z_..u-__._.l_'.;-. S na Lt - H__ . L_J...._A_. . P qQ — 'l 0O
526~ CIGTA2 3463 43 463 4T3 46 .
527= CTRYA2 3464 . 43 664 K78 . 417 _ :
528~ CTRTA2  34H/5 473 4K 479 4T8_
-529= CIEBtA2 3466 43 466 4380._____ 479 . L S
510= LT2TA2_ 3467 43 461, 481 480 . .
531~ LTRT1A2 3448 43 468 482 481
532- . LTIRIAZ. 3469 43 69 483 482.
533= L£T2TA2 3470 43 _ 470 484 483
534 CTOTA2? 3471 43 471 405 484
535= CTRIA2 3472~ 43 412 486 485
534= CTRIA2. 3473 43 473 487 486 :
537~ CIP1L2 3474 43 474 488 . 48T e
538- CT2TA2 3511 _ 4L __ 512 525 524
539- LT2ta2_ 3512 41 512 526 525
540 rTet1s2 3513 41 513 . 827 525
S41= CIPTA2 3514 41 514 528 . __.527.
542 LTR A2 . 3515 41 . 515 529 528 R
543~ £IeTA2 3516 AL 516__ .. 530 . 529 . ...l
54 4= LYRIA2 3517 ____4) - 517 3y __.__. %30 . . _
545~ LI=Ia2 3518 41 5148 532 531 ..
Shtw LIBIpa2 23519 41 519 3 532
_ 547~ CIRIA2 352D 41 520 L 534 533 ’
548~ CTRIAZ 31521 41 521. 5235 534
_549= LIeia2 3522 41 522 536 538
550= LIRIAZ 3824 4l 524 538 ... _ 537. - i .
551= CIEIAZ2_ 3528 41 __525. 539 ... 538. S—
552= CIRIA? 3524 4l 576 540 539
553~ CTRIAZ__ 3527 . &) . S5ZT .. 541 540 - . .
554~ CTRIAZ 3528 41 528 ... 542 541 . . -
855= LT3Ya2 3529 4) 529 ._ 543 542 .
556~ CYoTa2 12530 L3 530 G4 543
557= LT2TA2 3531 41 531 545 544
558~ LIGTAZ 3532 41 532 546 545 }
559~ CYRIAZ 3633 4. . 833 . 547 .___ 7 R S o .-
548 ... 547 e : S

860 LIpIA2 3534 4L .. 524

OR1



pIpE AMmBCL‘LH_EADSJ-E-I-NF_DRCE-D-‘—EULEA—LN—C!LINDR—ICAL;-SHELL— — - JUNE---ZB1--—1-971+-———-NASTRAN-——ZJ
A=13.200 RR=__72.0 TS=2.215. T0=1.100 TPAOX1.500PO=13.750 : . . .

LIRT ' —

. S.0.R.T £ DB U LK AT A EC.HD
CARD . Y U R . .

L COUNT — 1 - 3 ) .5 F - S —---7—---**0-0-_—4-—-3— [P - E— N o B
-~ B61= CTRTAZ 3535 41— 535 .. 549 548 I —_ -
562 _CTRIA2 3537 . 41- 537 551 . 550 . U
SH3~ LIR*AZ 1538 41 i 538 552 sS51 -
564= _CTRTAZ 3539 . 4l _.539.__ 5§53 .552 . —— s — -
565= CTRIA2._ 3540 41 540 564 ..583 .
Seh= CTIRIA2 3541 41 Sl . 555, 554 . : e
567~ TR1Aa2. 3542 41 842 . - 556 .—.555
S4B CTRIAZ. A543 41 . . 543 55T —..956,
RAEG= _(TPIAD_ 3544 41 544 558 551 .
570= _ CTRIA2. 3545 . 4l 545_ _ . 559._.__..558B._
_ £71= CTRIAZ 3546 . 41_ . S4b 560. 559
572-_ [ TeIA2_ 3547 . 4L..__ . 547 . S6l... 560
13- FTQYA2_ 3548 4} 548 562 ._.561 .
514 (TRIAZ 35%0 41 _550 564 563
515~ (IPtA2 3551 41 551 565 564
516~ . rTRIA2_ 3552 4l 552 ... S6s _ 565 - ..
s77-= CTO1A2_ 3653 41 . 553 567 .. 566 . . -
578= o TRTAZ 3554 . 41 . 554 568 56T -
579= __TBYA2 3555 41 . 555 . 569 558 _—
580= CIRIAZ 13556 41 ___556 870 569 _
£31— _ITT AR 38hs7 4] 557 5711 ST0
582= CTaTpa?2 3558 41 558 .. _...8712. . STl
533= LTe 142 31559 41 559 573 572
5R4— cToiaz  3i56% 41 560 574 ___ S5T3
585= LT2TAZ 3561 .. 41~ 561 575 B Y £
586= ___LTPIA2 3563 41 863 _571.____ 576
S8 7= cIetaZ  35&4 4) 864 578 _ 577
SAR= CTotA2 . 3565 41 565 519, 578 __ e
589~ - CIRTAZ 35966 41 566 580 579
_ S 590= £IeI1L2 3567 41 567 581 580
cr : : _59L=_. _CIEBrA2 _356B. _ 41 568 _582 581
N ’ i .___592= CTEIp2 3569 _ 41 __ . .5&9..__..583_ . __582 . -
CEEW _LYeia2  3IFI0 41 570 584 583
§94-_._ . L7142 3571 .41 ..._.571 .. 5B5.___ . 584 —
595= £T21A2_ 3522 .4l - 872, . .5B6 . .0BS.— .o —
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PIPE AND_BROTH PADS B EINENRCED HOLE IN CYLINORICAL_ SHELL

JUNE .. 284.-1974..NASTRAN— 24

E 213,200 BR= 72.0 TS=2.21% TP=1.100 TPAR=1.500.P0=13.750 S
Q I1TPT e —— R e —
B e T s ARTED. AULK__DATA_ECHESO . .
_raRD. . Oy SO
e e CDUNT e AL _—_.lri“..__ —‘LA—l-.‘ p—— 3-—--—-- - ,,_‘_b__ ._‘_—4—5——‘.. 6—- — -—-I_-.. - B_‘.,,.,“,L ,,‘__9..___..,.“.1.0_,
SOhe . CiRIAZ_ 3573 4l ST3_ .. SBT__ .5BE o o e e oo
597-= Cvn1AZ 3574 4L . 5Th._ . SBB . SBT o e
508-— f"‘:j-'LI,A_?_35TA 4] STA_ 590 589
599= CInraA2 _ 3577 %l 877 .._.59L.. . 550 ._._. -
_ T L00- . CfmiAz 3578 4l STB ... 592._.. . 591 o _
621= CTRTIAZ_ 3579 41 ST9 . S93. 592 . _
£02= CTRIAZ2_3SB0 41 580 . 594 .. 593
— £03= CTRIAZ 3581 4} 581__...6.595“44_.__..59 4.
£0%=  CIRIAZ 3582 41 582 596 595
605- CTRIAZ? 3583 6l _583_____59T.___ 596
516= CTRTA2 3584 41 584 598 597
607~ _CTRTA2 _ 3588 _ 41 .__ SB5 599 . R98 o e -
638 (Toigo 3586 41 _ . S86____ 600___ 599 ]
609~ _cTeia2  358T____ 41 587 601 __ 600
610= CI2TA? 3589 41 589 403 602
61l= “CTRIAZ 3590 41 590 ___ 604 ___ 603 N
_ 612= CTRTAZ 3591 4l 591605 ____ 6D4 .
. _hl3= CTPTA2 3592__ 4l ______592 606 605 - .
blb= £TRIAZ 3593 41 593 607 606 _
£15- [ToTA2 3594 41 5G4 608 ____ 60T
Hlh = CIR1IAE2 IRGS 41 595 £09 - 5608 .
617- CTeTAZ 3596 41 596 610 609 _ .
618~ CTRia2 3597 41 597 611, 610
619= cTP1AZ_ 3598 41 598 612 611 L
_ 620- FIFTAZ 3F99__ 4l 599 __ 613 .. 612 —
_621- (TR1A2 3600 4l_ 600 . 614 613
622~ (T91A2 3602 4] 502 616 615
623= (Telep 3603 41 603 . 6lT 616
bH24-— CIRTAZ 3404 41 604 618 617
625- CTRIA2 3605 41 605___._ 619 518
526= (18182 3606 41 606 620. 519.
&21= (Tota2 3607 41 _ 607 621 620 _
£2B= (TeTa2 3608 41 h08.__ 622 621
629- TOTR A2 L 3609 41 . 609.__ 623 622
610-= ¢T0 A2 361D 41 610 . 624 __ 623 . .

chiT



plPE AND RAOTH PADS REINEAQRCED EOLE IN_CYLINDRICAL SHELL -

(=]

8,

3w

A=13.200 RR= T2.0 1c€=2.215 TP=1.100 TPAD=1.500 £0=132.750 —— [
LIPT _ - —
— < n.R T ED__BUILX__DATA .ECHDO
_.canD_ : e e _—
— COUNT R TP JP: SRR B PO b _ee T —ea B e T _ee 10
- — 63l= CIRIAZ 361l 41 _ . _&ll. 625 P 2 S R ———
632= CYRIAZ 3612 &L 612 62b B2 e —
£33~ CTRTAZ 3AA13 41 613 - - 821 626 _
b= FRRCE A 703 43,0 _.385T 1.4 .0 ) 1a0}
A35= FNRCE & 705 CHQL L TMN42. 8 aD a0 10—
. 636— EORCE 6. . T0T 4O _FT142.8 W0 s 1.0 -
£37- ENRLE 6 11 &0 . 55G28.5 .0 B § BN P i o
638= FMCE__ & . TI5H .- 40 .. 34714.3 0 ___ Y s T B
£39= ENRtE 4 719 40 _34714.3 .0 .0 1.0
G YA S ENRCE & 123 40 34T 4.3 .0 ) 1.0
[ a4l= T EPRCE b T2 A0 35789.5..0 W0 1.0
@_ L42= __ENRCE.__&._ T3l 40 __1B432.4..0 . a0 — 1.0
43~ — gnArEl 6. . 223 ... 2280.80 227 223 . ——
NS ENRCEl & 224 4561.59.228 . .. 228 i e~
b5 EIRCEY & 225 4561.59 229 225
bhb= FNRCEY 6. . 226 1 2280.B0 230 . .. 226_ I .
o hAT= . GRDSET #0 e e e 40 N
hab= G2In 223 e 17%.800..00000_ . 13.7500 . - - —
. 649+ 52ID 224 e 124.800 3.15792 11.9078 _. .
65)= cein 225 124,800 5.47523_6.8750. .
651 = Galn 236 124,800 _6.22548..0000.
652 - GRID 227 118.29)_.00000.__ 13,7500
653- _ GRID. 228 118,200 3.33444, 11.9078. .
£5 4= Grln 229 118.2233. 5.78197. 6.8752
655~  pRID. 230 . 118,200 6.68024 L0000 .
. 5£56= _GERID 231 111,690 033090 13,7530 . o I
6557 = _GRID 232 111.600.3.53168.11.9078
&58- _ Grin 233 111.600 6412519 .6.8750 .
£59- GRID 234 111.600_7.07728 .0000
660 GCRI1D 235 105.000_ 00000 _ 13.7500_
a6l= __[RIN 234 105.000. 3.75420.11.9078_.. e
6H2= GRID 237 _105.000 6.51181_6.8750 . :
hAT= celn 238 135.000.7.52463..3329 .
_ bob= . tein_ 239 _9e.,400 .. .00000_ 13,7500
fh5H5= . GRIN 240 S

e 9B.&0) _4.07640 11.9078 . — @

EntT




REINECRCED HOLE IN CYLIMDRICAL SHELYL . ——

—eeee_P1eE A
. A=13.20) RR= 12,0 TS=2.215 TP=1.100 TPAD=1.500.P0=13.750

CJUNE 2B,_1974 . NASTRAN .2/

S DRI EO _B UL K.

TCOUNT el e 2 e Beae b e I

P -

DaT_a_ ECHO_. -

__bbhA= GRlD 241 98,400__5.95067T. 5.8750-.
a67= . GRID . 242 . 98.400.-.B.03256 ..Q000 . .. -
YA 5 GeIn 243% 93,642 00000. —13.7500.
669= GrRiD 244 93,642 4.21035.11.9078
A£710= GRID 245 . 83.642...7.30575.6.8750.
6TLl- GRID 246 93,642 B.t4364 D000 ..
b572= GRID 247 _ BB.B83_. 000080 . 13.7500
673~ GRIN 248 . BA.BB3 _4.43619 11.9078
AT4= Geln 249 8R.AB3.__7.69918 6.8750..
675= GpIn . .250 88.883 . 8.B9%26 L0000 .
61h= feln 281 . 844125 000D 13.75%0
671~ neln 252 . 844125 4.68767 11.9078
618~ GRID 293 84,125 £.13756 6,875 . .
bH79= GRIND 254 84.125...9.40709 0000 -
ABI= 6eln 255 79,364 __»007200..13.7500
581~ GRID 256_ L 79.366_.2.56999.13.2815 .
82— GRID ___ 257  719.3b66._4.96941 11.9078
683= __ _  GRID 258 79.366 . 7.036567 9.7227
6A4 GR1In 259 19.366 _ B.62906 6.B750.
_A35= _L‘.M_u__ﬁza.om__.__wh?q.3&6_.9.63345..3.5533. .
68h= " GRIN 761 719.366...9.97670._.0000
T G48T- 6RI1D 262 74,608 _..00000__ 13,7500
_hE8= GRIND 263 74,608 _1.3T7842 13,6324 __
693~ GRID 264 74.608 _ 2.T3403.13,2815
£90- GRID 245 T4.608_ 4.04429 12,7033
691~ GRID 266 74.608 . 5.29723 11.9078 .
$92 = Geln 247 T4, 608 Ha4a175_10.9086
6932 . belp_ 268 .  75.608  T.48796 9.7227
694- GPiD 26% T 4,608 8,40752 843705 ...
695 - GEIN 210 T4,608__ 9.18404 6.8750. _
6£9346- GRID 271 74.608 __9.80343 5.2619
697~ __ GRIQ____Zj2 14.60B__10.254313.5588.
£98= Gelo 213 74,608, 10.528271,7941..
e B9 . Goin 274  T4.608 .. 10.62017.0000 .
________ . To0- c2 o 311 T0.142 02700 12,2200




g1 HOVA TVNIDIO.

PYIFPE AND ANTH PADS REINFORCED HMOLE 1IN LY INDRICAL SHELL

_JUNE__ 28, 1974 _ NASTRAN 2/

. A=13.200% RR= 72,0 TS=P. 218 TP=1.100 TPAR=1.500 PO=13,.750.

LIPpY

1

S ORI ED_AULK DATA _ECHID S—

1.

—_-B . Y. 10

CARD . _— - -
e ~COUNT . - 1o veo? eeoid e B a5 en b
701~ GEID 312 70,142 .1.40752.13.0871
7102= LGRID 313 I0.4142—-2.79181-12.7502 —— —
703~ geln  11& 10,142 49.12984..12.1952
_T04~ . GRIO. 318 T0.142 5.39921.11.4315
JFO5= “AR10.. 36— . T0.142-6.57838 10.4723
_T06&= GeID 317 70,142 . 7-64702 9.3328
131= GRID 318 70.142 _8.58639 B.0356
T08= Gelp__ 318, 704142 -5.37971 6.6000
109= neln 324 70.l42 11.012565.0514 .
710=- . GRID.___ 321 T0a162 __10.4T73263.4164
7l1= . GR1OD 322 _T0.142_.10.752201.7229
T12= _ GEIN _ 323 . . _T0.142 10.84711.0000
713= _Geln 24 . IP.142 L0000 13.7500
Tl4= _GRID 325 0142 -1.46619 13,6324
715- geln 324 70.142 . 2.,90823 13.2815
Ti6= .Gel1n 327. T0.142._4.30223 12.7033
TiT- _GPID 328. . T0.142 _5.62489 11.9078
i 716~ LGRID 329 o T0.162. 6485377 10.9085
719~ _Gein 330 . TR.142 . T.96768 9.72217
12)- seln 331 . 7).142 .8.94703 8.370%
721~ cein 332 70.142 _ 9.7T429.6.3750.
122= GRIN 333 C 70.142. .10.434325.2619
723- GRIn ___ 33% 704142 _-.10.914893.5587
124 Gel1D 335 73,142 ...11.206931.7947. .
725= GeIn. . 336 73.142 ...11.304%0.0000
126- GeIN 337 70.142_.. 00000 14.8500
127- GRID 338 70.142 _1.58352 14.7230
728= _GEID 339 - T70.147 3.14111 14.3440 ..
1249-= GRIND 340 T0.142 _4.64714 13.7196
730= Geip 341 70:i142._6.07651 12.860%
731- GEIn 342 70.142.._7.47503 11.7813
132- GRID 343 70.142__ B.60975 10.5005
733~ GRIN 344 70.142 _9.66941. 9.2401
134 GR1n 345 10,142 - 10.56487T.4250
735= GEID 346 70.142...11.279605.6828




g@
%%
@ F _PIPE AND ROIH_EA.QS._&ELNF_fLaLEﬂ_HDLE_.I.N_CYL.INDhICAL__SHELL_..-k“_—._-.-n;__ JUNE_-..EB,—IQJkA-uNASJRAN-—Zl
@ ____Azl}_-ZUD RR=___T72.0 TS=2.le*JJ’j_IAJ_QD_'[P_Aﬂs_l‘SQD_ED_:_u,.I_S.O e e e+ ——— ——
bﬁ - e ————— e ¢
=R - - I N
Q )
%t‘i_ — — SpPRTIED._BULK_DATA_ ECHQ i —
' LCARD. N e e R _
- ﬁ__ CDUM ___n._,_i__ . 3 PP S 5 ea. . b _ _aa T e B ae 9 aas 10
T36= _GRID 341 o T0.142 _11.800153.843%4.. . .. . -
13T~ __GRID 348 e 704142 ~12,11565T71.92383.. —— e
738~ Galn 3149 T0.142 12.22272.0000 .
39— Geln 350 710.142 . 00000 17.003. — 0 e -
740 GRIN sy 700142 - 1.81285 16B5AB - e e
I141= GRid 352 T0.142__ 3.59645 16,4207 . i
T42= GRID 353, 70,142 ._5,32178 15.7059-.. . .
T43= __GRID 154 T0.142 - 8.96035 14.722%. - -
T4 celn 155 7J.142 8.484%313.4870.
745~ ___CrID 356 70.142 _S.B6794 12.0208.. . -
146~ ___GrID___ .35 7 70.142 11.7859310, 3489, i _
141 crln .359 . T0.162. _12.116148.5000 _.
748 eI i 359  T0.142. 12.939136.5056 —
148~ rR1IOD 3&0Q C70.142 . 13.538944.3999. . —
750~ GPIn 361 10.142..13.903722.2189.
751= GPIiD 362 70.142 - 14.02613.0000 . —
152= Gein  363. 70.142 _.00000 20.5000_. —
753-= LRID 364 T0L 142 . 2.18625 20.3246_. e
154~ GRID 365 _7C.142.__%.33B819 19,8015 .
159= GRIN_ 366, o TY.182 . &.42165 18,9395 ~ —
156= GRLD ET% _10.142 . B.40282.11.75135
151= nRID 368 70.142__10.2485616.2637 .
158- BRID 369 L T70.142  _11.926TBl4.495T7
59— GRIN 370 10.142 . 13.6070812.4796.
760- neiDn 371 T0.142 . l4.6614810.2500 .
I61- GRIN 31z TO142__15.665227.8450
- 162=~ naln 3713 70.142__16.357805.3057
163~ (=] 1714 TO.182. 16.843752.6751
164~ RELIN 115 70._142_-16-99349.0003 I
ToH5~ GRID 316 70,1!:?__,,00000.- 23.0000
166~ GRin 3717 T0.142__2.45302 22.8032__
J6T~ GRID 3ATB T0L142 480845 _22.2163 ..
TAB= aR1N azo T0o142  T.20R71_21.24%2—.
— . TE9- . GRrIN _380 704142 __9.43640 19.91R86 e
1. GRID 381

70.142._11.5145218.2471 .

ant



PIPE AND BRITH PADS REINE DoCED HOLE IN_CYLINDRICAL.-SHELL e

Az13.200 RR= _72.0 T§=2.215 TP=1,100 TPAD=1.500 PI=13.750 —_ : —

_L1pt]

S OV TVNIDRIG:

RIrmvad yoos ao

JUNE 2841974 NASTRAN—2/ -

‘_ SDRTIED B ULX DATA ECHDQO
fAGRh e _ o - _ ~
B, COUNT ———d 2 2 o we b ne—Bae b epr T raa-—Bew ——Dree— 1D
i gy & 1 Gerln 382 e A0 162 13.4068516.2634— - — i
. _FT2= _GRID 383 L 70.142 . 15.0786514.0015 - —— s —
773~ GEID I84 70142 16.4575511,.,5000—
A Th= _GrlD 385 T0.142..-17.634578.8017 . - —
T15= GRIN 386 70.142 - 1R.465405.9528- —— — —
S 476= GRID__ . 381 _ _T0.142 .18.971613.0020. .
i & & 6R1D 388 T3e142-.-19.14165.0000. ‘
178= _GcoIn 411 73.858 . 00000 13.2000 - I -
175= GEIO 412 73.858__1.33672.13.0871
780= galn___ 413 73.858 . _2.65126 12.7502 -
751= GRID 414 73.858..3.92176 12.1952__.
782= GRrIn_ . 415. _ 73.B%8 _.5.12686 1l.4315___.
_T183= GRlIn 416 73.853 . 5.24611 10,4723 . .
T Eh= GRID 417 732,858 . T.26021 9,3338.
TRE - LEID 418 13.858 B.15144 8.035%46
186— GEID . 419 . T73.B%8 _ 8.90393 6.6000 . .
7A7= Ge1D 420 73.858 . 9.50408 5.0514 — .
T88~ _GEIN 421 o 73.858 .9.94091 3.4166 ; — .
_ 789= GEID__ 422 73.858 .10.206311.7229 _
190~ _GRID 423 73.8568_.10.29533,.,0000 ..
791 GEID 424 73,858 _.00000 ..13.7500
792-= GELD 425 T3.858__1.39242 13,6324 .
793- Gein. 4264 . T3.858__2.761B2 13.2815_
194= GRID 427 73.858 __4.08544 12.7033___
195- GEID 428 73.8%58..5.34109..11.9078__
156= crin 429 72.658. _6.50746 10.9086 . ——
- 197~ GEID 430 13.858__T.556446 9.7227.
798= SEI0. 43] 73.858. 8,49354 B.3704. .
799= GEID 432 .13.858.-9.27813 6.B750
£800= GEID 433 73.858__5.90399 5.2619
AQ1~ GEIn 434 73.858__13.359593,5587..
BOZ~ GrlD 415 73.858 _10.636431.7947
AN3= Gelin. 436 73.858 __10.72929.0000
- B(4= GRID. 437 L 73.858 _.00000 14,8500
905~

GEID 438

73.858...1.50384.14.72330.—

LT



90 9004 A6

PIPE_AND_BOTW PANS REINEARCED HOLE IN _CYLINDR1CAL

SHELL— e - JUNE 28, _1974 NASTRAN—2.

£ EOVA TNIDTEO

_ = T 72.0 T%=22.216 1P=1.100 TPAD=1,50) PI=134750 — ————mm ——r - T R
LIPT - . S e i}
! e s.0.® T.E.D BU_L.K._0ATA
[ o .1..1 3 N - B i .
_COUNT e a | T 3 e A neetb et oG s b s Tae
AQA= . GeID 439, o T3.B58._ 2.5B8296 14.3460— .-
307=  emlD 440 ... T3,.B58. 4.541229 13,7196 -
BOA= celn 441 . 713.558.. S.76977 _12.8L05
BO9= _ GRIN 4432 T 73.858. 7.03059 1178130 e e
__832= GEID 443 74,858 .P.17360 10.5005 i e - _ .
all=-__ . GRILD 444 73,858 _ 9.17867 9.040% o .
_ B812=- . GEIn _44% 73.858 . 19,22TT6T.425) . —o -
Bl3-__ _ ... _GRIN 446 e T3.858 . 10.705305.6828 ———-
Als= G2IN 447 73,858 11.19844%.B434
Bi5= ___GRID 448: 13.85R__11.498501.9383
_8l6= _ GRID. . 449 ...73.853 _.11.59909.0000 .—
ay=_ . . GRID 450. 7T3.858 _ .COO00 1T7.0000—
818~ SEIN 451 73.858..1.72163 16.8546 .- - ,
B19= Geln 452 73.858 ..3.41531 16,4207
A20- GRIOD 453 73.858 5.05335.15.705%
Al 6rin 454 73,858 .. 6.6)861 14.7224- .
__B22- GEID 45§ 731.858 B8.05481 13.4870. —
B23= _ f(aelID 456 73.B%58_..9.36694 12.0238 —
AZ5- _ _GRID 457 .73.658. 10.5217210.344% — -
A25~= GRID 458 73.B58__11.49810B.5009 _ .
__ /246~ fe-2 8 M 459 T3.B58__12.211806.50%6
H2T- GRin . 460 _ 793.8S8__12.845904.3993.
B2R- noliD 461 73.858_.13,191322.2189
aza- GRID 462 __73.858B__13.30722.0000
8173= £etin 463 73.853. . .00000 20.5000 —
831= GRIN 4864 _73.858 ._2.,07523 20.3246
f32= oRIn 4565 73.B58 __£.11957.19.8915.—
R33- Geip 4hé .._713.B58._6,09735.18.9395
834~ Geln 461 73.858__T.97733._17.7535 — —
835~ GRID . 468 _ 73.858__.9.T2786 1642637
836~ G21D _449 73.858.__.11.3186614.495T
83T= SelI1n 470 _.,73.853,,“12.‘!‘210212.&796_
g13- G210 471 73.8%8_..13.9086810.2500
e B9 GRID_ATZ. . T73.858 _14.85B%27.845) o — —
— - 560~ L aeln A . 73.558  15.551445.30%7 e e




TYNIDTEQ

— A

HIFIVAE B00d 40
o @Evd

Y ___P1PE_AND BOYH PADS PEINECRCED HOLE-IN
=13.20

LCYLINDRILCIL SHELL- — - —
Q_RR=  TJ2.07 $22.215_T1P=1.100 TRADR=1.500

 JUNE. _ 2851974 NASTRAN—--24
_©0=13,750 - - -

. ATPT.

CARD.

T T BUNT e A e 2 e

= SNORITED B ULX_.-DAT A.

U R— A L

EC H.O..

B rn—b

DR T RURIPR SRS ¥ [

— B4l=— - GEID— - &Z4_- 734858 - 15.973122.6757 - - oom -
B42= T eeID. . 418 . 73.85B.-16411468.0000 . — o ——r e e T
63 GRID 4 Th 13.858_ 00000 . 23.0000
Bh4= GRID 417 13,858 .2.32956 22.8032_.— —- R S
845=_ . GRID ...—478 - e 13.8584.62299 22.2163 oo —

Bo4h= _.Geid 479  13.85B8._5.84430 21.2492
g4l= gelpn.. 4380 _713.855. B.95770 19.9186 - — - ———
B4B= __GRIOD__ 481 o ._73.85R .1(0.9279618.2471.-— - N
—B49- GRIN 402 -~ 43.858_..12.7208016.2634
BS0= _GRIN 483 _73.858 .-14.3025114.0015..—— .
—m 851~ _ _ _ GRID_ . — 484 - . T3.B5B - 15.56457711.5000 -
a52- _GRID 485 _73.85B . 16.720638.8017 _: _—
 AS3= Gelp 4B6 _ 73.858 - 17.505595.9528
BS54~ __Gzin 48T 73,858 _17.983653,0020 ——— - — ——
AR5, GRID 488 73.858._1B.14421.0000
P TS T M-S § P ——— DY} 202003 13,2900 o
- BS5T= o G2ID.__. . 512 o T72,000.-1.37121 13.0871 - o -
T esg= . GRID_ 813 ... 12,000 2.71072 127592 .. e e i
— a59-___ ____GRID_ 514 _12.000.._4.02311.12.1952 -
R60= nalp 518 72.000. 5.25951. 11,4315 ——
BAHl= celn 514 12,000 6.40793_.10.46723 ~
N se2-_ . GEID . S1T . .. .72.000 . 7.44B59 9.3338 . . o —— e
A63-_ .. GRID.__..518. . ... .-T2.,000 8.36324 B8.0%56 . . — . — —
Bb4=_ T epln. . 810 . . 72,000 . 9.13%60 6.6000 . o oo oo e T
B3B8~ GRID 520 C72.007 975166 5,0516 e .
___.BGt~ ____ .. GRID 521 C72.000. 10.200113.4164 e -
3471-, GEll 522 72.00). _Yde4T25B1.7229 - - -
as8= nein 523 . 72.000 . 10.56398.0000 —0
869= GRID 524 72.000._..00000 ..13.7522
330~ feln 525 _ 72.000__1.428356 13.6324. —_
871- [cE:8 ) 526 12,000 _2.82313.13.2815 .
B2 GEID 527 2,000 . 4.1910% 12.7033— .
813= GRID 528 _32.000 . 5.47931 11.9078-—- -
e 374~ SEIN 529 72,090 6,67612 10.90uék
875 — . 5RIN ... 530 - e e — 12,000 7.76082 9.72217 I B




PIPE _AND RNTH PANS REINFORCED MOLF IN CYL INDRICAL SHELA o JUNE__ 28, 1974 NASTRAN 2y

A=13.200 RA= T72.0 TS=2.715 TP=1.100 ToAN=1.S00 PO=13.750
LIRY : : i — -
— ] ’ S QR TEO._BA UL X _DATA_ ECHD
CARD : ’ . - S e
CQUNT Py 1 am 2 aa__ 3 aa . A . aw 5. [P . PRSI SUN I - S PR SISO ) 3
— 816~ Gein 531 T2.000. 8.71437.8.3708%4 — 0 e ——
g71= Geln 532 _72.000.-9.519712_56.8750 —
A7R= GPIN 533 72.000__10.162215.,2619
879- _fiel1n %34 : 72,000 ...10.629953.5587.
882= ____GRID 535 72.000..10.914181.7947 ——.. —
BRl1- ) Gein 536 : 72.000..11.00953.0000 . .
832~ _GRID 531 T2.000 . .00300 14,8500
_8a3= _Gulp_ 538 72,000 ._.1.54265 14.7230
A84 = i G20 539 : . 72.000 _3.05992.14.3440
g885= GRID 540 12.000.._%4.52699 13.7196
a86- _Geln 541 . 12.000_ 5.91916.12.08605
a487= LBRID 542 i} 72.000 T.2i294 11.7813 _ R _
AgAR- _GRID 543 72.000 8.35599% 1U.5005 _ J—
Bi8- Ge1n S44 T2.003 _G.41762 9.2401
LA $2id 54%5 12.000__.10.289277.4250
891 = GRIND 545 72.000._10.9849D5.4828
B92-= GRIN 547 72.000__11.491453.8434 _—
gg3- " GRID 548 72.000 _.11.799391.9382
394~ ——_GRI1D 949 72.000. .11.902568.,0000 — e
395= GRID 550 72.000__,00000 17.0000 o : -
896 — GPIN 5] : 72.000. _ 1.76606 16.85%46
A97- GRID 852 72.000__3.50354 16.4207 :
R9H=— G=1D 552 72.003._5.13409 15.7059 . : £
899 = _GE:LD____S5§___._._.,72..OOD_._.6.7799L14.?224 .
901 = GBIN 55% T2.00)_ B.26407 12,4870
901= _GRID 586 _12.000 ._S.61089 12.0208
902= GR1D 557 : 12.000 _10.7964110.3489
903~ GRID 558 *72.000._11.758978.5000
904~ GeIDh 59 12.000_..12.599T726.5056
9315= : 6eln 5460 12.000. 13.183244.3999
906 GRIN 561 712.000.._13.538062.2189.
Q01= GRINn.. 562 - 70.000..13,65713.0000 .
=YL aeln 563 72.000__.0000Q0_..20.5000
q9.19= GRID 564 72.000..2.12982 20.3246.

g10= GRID 565 12.000...4.22605 19.8015 __

061



DYPE ANP AOTH PADS BEINEQSCED HOLE IN CYLINDRIC/L-SHELL —

A=13.200 fp= 72,0 T$=2.21% YPsl

100 _TPAD=1.500.00=13.750

L JUNE. 28, 1974 —_NASTRAN -2/

tIPT - —_—
- S 0ORT E£D Bop. L K DLAT_A _ELHQO S
CARD . ; . ‘ .
COUNT a1 aa 2 es B e nae— S ee— b [P, SR : NENUADASY - MU s
911= _srln 566 S 72,000 _6.25529.18.9395 . :
_.912= _Gelp 567. 72.000 — 8418451177535 —— — _—
9] 3=~ GRIN 564 12.30)9.93139-156,2627
Q14— Geln 549 12.000_11.6167114.495T—— o
915= e GRID 570_ 72.000 --13.0549712.4795
916= _Geln 571 J2.000 ... 14.2750510.2500
917~ GRID 512 _72.000-...15.251087.845D
918= GRin 573 . T72.000_..15.963255.3057
q919-— GRIN s14 72.000  1A.396722.6157
920~ GRID 515 72.000._16.54225.0000
921~ _GRrID . 57& 72.000_..00000 23.0000
922= _rpip.  sfr_ T ——=— 12.00) 2.3B973 22.8332.
923=- Geln 578 72.000 . 4.T4254 22.21563
Q24= GRID 579 72,000 _ T22176 21.2492
925~ GRLD 580 72.000 .9.19079-.12.9186
926 gofip ...5481 _72.000..11.2135218.2471
- $27T= _.GeID_ 582 72.000 _13.0547316.2634% -
928= Gzlo 5B3. . T72.000..14.6807414.0015 - — _ —
929~ __GEID 5B4. — 712.000 .16.0602111.5000
930= GBI 505 12.000.-.17.165248.8017
gil=- GRID 584 72.00) 17.972465.,9528 .
932=_ _nRin 587 72.000-.18.464183.0020
933= GEID S88 12.000_ 18.62933.0200 —
934~ GRID 589 ___72.000__.00000 25.0000_— ]
935= Geln 590 _T72.003 - 2.59763 24.7861 !
93n4 Gern 591. 72.000...5.15601 24.14381 J—
937I= GRID 592 72.000__7.63585 23.0970Q
Q3A= GRID Q3. _ . :.72.000 .9.99786 21.6506. .. . —
939= GELD 5G4, -72.000 _12.2030019.8338 -
94D~ GELD 595 12.000._14.2127B17.6776
Q4= Getd _596 72.000...15.990051%.2190.
G42- Geln 591 T2.009._17.4998712.4999
941 selin 594 72.000_1R.710829.54670
Qb= GEID 559 72.003...19.596336.,4704
i 945= celin _600 _ 3 _

L 72.000.. 20.136133.2631 N

PR S ———




-

g

\gﬁL§¥€F§E§

PTPE ANC BNTH PADS REINFDRCED HOLE_IN CYLINDRI CAL.SHELL - . _ JUNE — 2By 1974 NASTRAN 2,
A=13,200 RR=  72.0.75=2,215 TP=1,100 TPAD=1.500 PO= 13.750 . . e

LIPTY

SORTED. . BULK. _DATA _ECHD

CARD L I e - _—
— CDLINT e . 1 -, -..VAZ._.._. P— 3‘__-1- - ”u’i- ——. - 5_ .__.-,4‘_.5_. e rv_gLT___-.c..n A,,R - - 9 - - “10__
A= __GRID 601 72.000 _20.31751.0000..- o . i
Q47.= ___GRlD £02 72.000_ 00000 . 270000 - — v — : I
Q4B= GRIN k| 72.000 2.8)560-26.7690 — -

- 9489= GRID 604 72.000__.5.56975. 26.0800 — — i —
950=_____ . G&ln ~&05 ' o ..72.00) .. B.25081 24.9447 : i
951~ GRINn 606 72.000__102.80069523.3827 — — -
352~ : GeID 60T i 72.000__.13.1961821.420% —
953~ zeln &08. 12,000, 15.3767919.0918 _

L LY GETD A09 : 72.000. 17.3079916.4365

355= Geln 610 72.000__18.,9510313.4999

954 = GeIn 611 72.000 ...20.2706510.3324
95 7= GE1D 612 e 72.000...21.236756.9882 __

958~ GoID 613 T2.000 . 21.826183.5241

959= GRID 414 72.000.. 22.22431.0000

LAV LGEID Al% 772.000__.00000 " .2%9.7000

961= GeIn 6l6 : 72.000...3.08642 2%.4459

962 Geip 51T 712.000__6.1287& 28,6880

ge3= | G¥lD_ elE 72,000 . 9.08255 27,4392 _ _
GE4— Ga1D 619 712.000__11.9027125..7209 -
965 _GRID 620 __72.000_.14.5434823.5626 -
96 6= Gein 621 72.003 _16.9586921.0019

98T~ GRID 622 . 72.000_-19.1024818..0802

948~ G2IN 623 ) 12.000. 20.9305514.8499

GAQ- GRID 6524 72.000_.22.4018811.3656

Q70= Geln 625 : - 12.000..23.480997.6858

971= teln 626 72,000 _.24.140223.8765

972~ GRID 621 72.000_24.3619B.0000-.

573= : Goin “ 628 . TZ.OOD_.,I.B.3824023.lﬂooﬁ

QT 4= G210 H2% C T72.000__15.7563426,4000

975— GRID 6332 72.003__ 21.0084519.80Q00

q76~- G210 431 72.000 __18.3824026.4000_

qll= crin &32 72.000._21.0084523.1023

97f8= GEIN 533 72.000_..21.0084526.4000

979~ Gein 636 72.000...23.634519.9000 .

—_— 980= GRtn - 635 . ... T72.000._ 23.56345113.2002 R

25T



=t

pIpPE AND GOTH PADS REINEORLC

A=13.200 Re= _T72.0 I5=2.21% TIP=

ED_HDLE—!NJLYLINDR 1CAL. SHELL
1,100 TRPAD=1.500 PO= 13.150 D ——

it

JUNE. . 28,1974 —NASTRANA—ZI

LIPT: - -
R — S Q. R.T.ED. ABUL.K_D_A_TA_EC_HD
w i CARD —— e — e
R ﬁ_-—-—'##p- - CCUNT——-—-—-——_-——.—-—A—L—JJ-———ﬁ—Z—— aa——-«3———o- ~--——‘|' - 5—_-07—6 - .. —r*z e e 3A o-v—u——gm——o.——vlo—
i _981= __GR1D 63— — . —T2.000.-.23. -5345116.5000.- e ——————————
. 9R2= e GRID . K37 . 72.000. 23.6345119. 8000._ .H._._.,,___.A__Wu__m,__..w___.w._
QR 3~ cRID A38 12,003 __23.6 3145123.1030._ .
__9B&4= rplo 39 . .- 12.000. 23.6345126.4000. . ———1 -
_9B5= —_GRID 540 _—,JZ.OUO-_23_.6345120.7000 ¢ —
__SRAH= __(eln 641 _72.000. 21.0084529.7000. —. .
__987=- Galn 642 72.000...1B.3824029.7000 . -
_ghg= . GRID 643 _72.0031. .15.7563429. 7000 . —m ————
§89 = GEIN £44 72.00013.1302829.7000—
_990= ___BEID 545 72.300.-13.50642329.7000--
991= HRID § .Y - 72.000 . 7.81817 29.7000 ——-
_.592= HRIN &aT. 712.000 26.26357.0200 e
993~ 3RID_ BH4AB_ ——. 12.000 26.260573,3000 ————-
994 GRID 649 . 712.000. 26. 260576.6000 ..
UG5 - GeIN 550 12.000_ _26.260579.9000_
995~ GRID A£51 T24 009...26.26051713. 2000. . — ——
997= B3R1N 652 J2.000. 26.2605716. 5000 - —-A——- :
998 = t__ 5RID £33 72.000.. .26.2605719.8000 . L
_999- SRlD_,mbEﬂn____,,___ﬁ-—_?Z.OOJ 26.2605723.1300-
1000= SRIOD . 655 . 72.000 ...26.2605726. 4000 ——
1001= Goll B56. 47,2.:003+_.26.2605729.7000_.
1002= 6210 65T 72.000_...26.2605733.0000 —
1003~ GA1D 658 72,000 _ 23.6345133.0030 - e
1004 - Geln _659 72.000..-21.0084533. 6000 -
1005 GrI10O . 660 12.000..18.3824033. 00020 -
1336= GRTD N.1-3 ,72.000..‘,15.7563433 [a] ¥] 0]+ J—
1007 = GRln 662 ?2.00L13.1302833.0000-,
1338~ GRIN . 663 72.000._10.5042333, 0004Q. -
1009~ GelDn _664 72.000 .T7.87817 33.0000.
1213= GalD &A% 12,003 _5.25211-33. 00ad - .
1011= Gein bhb  72.000__2.62606 33. Qo000 !
1012= GEID &6 72.000.—.003Q0.. 33.,0090-
1013= LRI 568 __12.000.-31.51268. 0ooo - .
lolﬁzfa__ﬁ_sala_#.beM L T2.000 - 31.512686. &000 e -
1015~ GRIG 470 12 000._31 5126313 2000

€aT




) ___PIpPE AND BOTH_PADS RE
o A=13,200 RRs T2.0 TS5=2.215

INECRCED HOLE_IN CYLINDRICAL SHELL o
_To=1.100 TPAD=1.500 P0=13.750

o JUNE__ 284~ 1974 NASTRAN .2

S nRTED..BULX_ DATA ECHO
caan e e e
_”*fcu&zﬂ#_ﬂ__,_,ﬁ__g__J;m__zwg-.__m3,,.._U,ﬁbu..“‘ms,_...mwa ool me B ee Y ae- 10
_ 1016= —GRID. __6T1. . 72.007..31.5126819.B000 . 1. -
1017-= “aeID.. 672 72.000 _31.5126B26.4000 - — —.—
1018=- Gatn 573 72.000__31.5126833.00%3
1019= _Gel1n &T4 .72.000 . 31.5126839.6000 . . .
1020= _GPID 875 . 12.000 . 26.2605T739.£0G0 - .
1221= _felD. 6516 S 72.000._.21.0084539. 6000 -
1022- _GrID . &IT . 72.000 _15.7563439,6000
1023= _GRID 6Th 272,000 _17.5042329,.6000 —
1024 Goln 5679 32.000__5.25211_.39. 6000
1825= Geln AR 72.000.._.33200 39.80730
1026= _Geip__ _A8L .. 72.000 ..42.01690.0000
1027-_ . e@ln._ 682 . . 12.000 L 42.0169013,2090 Ll
1026= ____  Gelo._ . 682 _ .. 72.000. 42.0169026.4000
1029~- _Gelp.__ 684 12.000. . 42.016903%9.4000 .
1033= naln A8S _T12.D00__42.0169052.8000
_1D3l= GelD &8& 72.000. 31.5126852.8000
. 1032-= Gein 587 72.300 . 21.20B4552,8000
1033- _GRIOD. 688 75,000 . 10.5042352.8000 _ —
- 11%4= ______GOIOD 689 ... 12,000 ..03300 S2.8000 _ -
_1035= Galn 590 : 12.000_.63,02536,0000 -
1036- GRin 691 12,300 563,1253626.4000
1031= arln A92 72.000 .. 63.0253652.8000
1038= GRIN_ __ §93 - 72,000 .63,0253675.2000 -
_103g- GEIN £94 72.000 . 42.0169079, 2000 .
1040= ARID 695 12.000...21.0084579.2000 . _ !
_1341= _nelp 596 L12.000 . 00300 79,2000 -
1042~ GelDn AT 712.000_571.08113.0000
1343« LGN _e98 *72.003 57.0911352.8000 N,
10&4= GELIO &£99 72.000 _.57.0911389.6000 .
1045= cein 702 72.00)__42.3169089.6000 _
10646~ GeID 101 72.000 _.00000 . 89.6000
1047 GEID 702 72.000 . .00000 - 103.0352
1.4 % Gcoin 703 12.000 00000 - .150.0000 .
1043~ GRID 704 _72.000 - 17.05230100.0000.
D53 .. LGRID. . F05 [

72.000 . 17.05230150.0000

wST



2%

K 2
\‘wF
2
%

YAG 4 DIDE AND BOTH.PADS REINEORCED HOLE IN_CYUINDRICAL- SHELL
= A=13.200 RRe 72.0 T$22.215 TPel.100 TPADx1.500.20=13.750— —

— - JUNE —-28+-1974— NASTRAN—. 2/

LYPY e JR—

- SORTED __RUNLK__D A_T A, _E.CHDD .
_CARD B} et e e e e e e
__CDUNL——_A__I__OF_Z—;M——S—W—-Q—---na 5 -..—-mb-— - — 7-—-04 —--48__49_--w.94~ua.m..ln—

1051~ GRID 106 _ ~12.000 - 34.10460100,0000
1052= _GRID. FOT e T12.000.- 34.10460150.0000 — . - -
1051= GRID 708 12.000...51.15690.0000
1154- _GRID 109 -~ 12.000.-51.15690%0,0000.. .. -
1055= GRID. 710 -712.000 -51.15690100.00080. R
1J356= GRID 11 72.000..51.15690150.0000 e
1081= GRIN T12 72.000._. 58.83040.0000 :
1058~ _GRID 713 ~12.000 . %8.8304050,0002
1059= GRIN Tla 12.000 __ 58.83040100.0000
l 1060= GRIN 715 72.000._.58.83040150.0000
1061- RIN Tl4 72.000 _ 66.50390.0000
- 1062= GRID 117 T2.000..66.5039050,0000_ .
1263= celn 718 - 72,000 .66.50390100.,0000._
1064 = __GrIND 119 _12.000.. 66.50390150.0000 _—
1)65 = GRIND 120 72300 _24.17740,0000
1066= GEID . 721 72.000 _Ta4.1774050.0000.- -
136T=_ L GRIO 722 12.30)__T4.17740100.0000
1068= GRID 723 72.000__F4.17740150.0000.
1069= GEID 724 72.003...B1.85090.2000
1070= Geln 125 72.000_.81.8502050.0000
1071 = celn 124 72.000£1.85090100.,0000 ,
1072= . Geln 127 _12.000_. B1.85090150.0000
_1073-= Goln 128 12,000 __9C.00000.0000
1374= __GRIN 129 12.000.-.90.00008050.0000
1)75= GEID 730 T72.000_.30.000600100.0000
1176= GRID 731 — 12.000..90.22000150,0000 ___ . —
1077= MAT] 47 29.044 . ST e
_1274= »Pr 33 242 & . 1.0 L8528 . B ... =lal
1.7G= MDC 30 2645 & 1.0 _526.... ..b =] «
1080= Mer a0 265 6. laQooo. 52T .. 6. =1.0
1081 per 30 266 A 1.0..__.528... _& =1.0
10A2- upL 30 267 & 1.0 829 . _&____ =1.0
1383 wpr 30 268 & 1.0 530, . b ~1al
1034= FPL 30 269 & 1.0 531 b _.=YuO o
_1385= Moc 39 272 A 1.0 %532___ ._& ~1.0

GoT



3

pIPE AND BOTH PADS REINFARCED HOLE IN CYLINDRICAL SHELL

. JUNE.. 28, 1974 .. NASTRAN -2/

P AS11,.200 RR=__72.Q T5=2.215 Tk=1.100 TeAD=1.500 P0=13.750

v LIPT _
% . —
3> e C ORI ED .BULK DATA ECHD —
CARD e e -
ﬁ . CDUNT . N T T S - SN . S i SURPUNIIIN : SR - SO ¥ . I
. 1084= MPL 0 . 21y & el 833 6~ Lled
10487= -Mpg 230 ) 3 SN W Y ) IS 534 oo oo =L g e —
1094= wpe 30 2713 & 1.0 535 5 -1.0
el 1339~ MPL - _ 31 263 5__ 1.0 525 .. 5 -—1.0 -
1090= _mpc il 266 8 ~1.0 526 .— 5 . — 1.0
1091= Mor 31 265 5 1.0 527 . . S_._._...—.=l.0 -
1092~ MpL 31 .. 266___ .. 5. 1.0 528.___ 5 =1.0.
1093 _Mpr 1 267 § 1.0__. 829§ =l.0
14 = MPr 31 26H8 L1 1.0 530N 5 =1.0
1095= MpC 3} 269 5 1.0 531 5__ . =1.0
1096= pmpc_ 31 210 5 1.0 532 S5 ~1.0
..1097= _mef 31 .21 5. 1.0 .533 5 __ . __.=1.0
1098 = MPC 31 212 S 1.0 _ .53 &5 ... _-1.0
1499= _wMPL 31 273, 5. la0. ... 5235 ____ 8 -1.0
1133- MPr 32 261 1 1.0 525 1 =1.0
110k= Mpr 32 264 L 1.0 526_. - 1 -1.
1102= ., MPL 32 265 1 1.0 s2r—. 1 ~1.9
1103~ hpr 32 2661 1.0 §28___ 1 ~ ~-l.0
1104~ _mof 32 26T 1 1.0 529____ L. -1.2
1105= __MPEC 32 268 1. 1.0 530 ... 1 -1.0
110&6= MO 12 269 1 1.0 531 1 =1.0
1107= MPL EY) 270 1 1.0 532 1 T -1.0
1108~ MPC 32 271 1 1.0 833 ___ .1 =1.0
11)9= MPL 32 272 1 1.0 534 1 __.=1l.0
1110= MPL 32 273 1 1.0 535 1 =1.0
i1ll= Mpr 34 263 2 _ 1.0 525 2 ——=1.0 +IR1
1112~= +.121 525 Y =2.6017. .
1113~ MPL LA 264 .2 1.0 526 2 =10 +JR2
1114~ +]22 526 ] =2.6027 . L
1115=- Mo 35 265 2 1.0 521 2 -1 .0 +JR3
1116- *IR3 527 6. 7. 6077
1117- Mpr 34 _ 285 2_ 1.0 528 2 =1.0 +104
1118= +1%4 528 & -2, 6027
1ite- . vpC L 14 _ 267 2 1.0, _.. 529 . 2 . =tel . #}RE__
1123= +455 529 s e - .

=2 6077

94T



é_J_LEE_MDJUIH)MSJETNFﬂRLE&_kDLE IN.CYLINDRICAL SHELL o . JUNE——- 28, 19746 — NASTRAN- -2+ -

As13.20) RR=__12.0 TSe2.215 TPal.100 TPAD=1.500 PO=13.750 — - ——— - = mr e
LTPT . - — e - . .
5..0. RA,T,E. N....B.U.LK.__D.-A.T A _..E c BO e
R o CARD. - e e+ e e e e
CRUNT_ - . I 2 e 3 e ,v_.l.,__.. 5 ea— b e — 1_. e B aa 9 ue—10
112l= MPL 34 2680 2 140._...530.. 2 — -~ ~le0 e HJRE ..
1122~ - +JR6 530 b =2 BOTT e e ms s e
1123~ . _HPL 314 269 2 1.0 531 2 ~1le0 euu_
1124= e 4dP T 53l b =2 8077 —_ I —— . —
—1125= e MEC 34 270— — 2 1.0 — 532A ___2 ﬁ.wam—-lao.-ﬂ_ e +JRBW
1l126= +iR8 5372 & .—2.6077 SO [
_1121= S MPL 14 271 2 1o oo 533 2 e -1 o ﬂ____m.+JR9_
1128 ARG saa__ b . -2. BOTT . o e U,
1129- M 34 212 pd 1 534 ? -L-O.. IU——— N | . ¢
1130~ +/R10 834 _ . A —2 6077.. - e
1131- MPL 34 213 2. Y 535__. __2 . =la0— __M__M*JRH--
1132=__ . #JRY1I__ .. 535 . & .. .. -2.5077 —— —_— e
1133=_ __ __ MPC__ 35 263... .3 . . _...1.0 -525 s =1e0 . ¥JRAZ.
1134-  #GR12 §25._ .5 . . _. 2.8607T e —
1135= MpL 35 264 3 1.0 526 3 =1.0 £1n13
V136~ +4RY3 . 526 5 _ . .2.6077 . I - R
1137- _ MpRC as 265 3. 1.0 .. 527 a -1.0 : N § -3 I A
1138=-._ . #dPls& 527 S, .. 2.6077 e
1139- Mop 35 . 266 ... 3___.___ 1.0 6283 . ml.0 #+JjR15
1140= +IR1S 528 5 28071 e et
_1161-= MpC 315 28T k| 1.0 539 3 =} 0 *JR].G-
1142- +IR1A 529 5 L 246077 . - N,
1143= _MpC a5 268 3 .. 1.0, 530 3 ~1.0 +J217..
—1l4b= —tir1l7 520 5 2.60717T ... S
1145= MpC 35 - 269 W .0 - 531_ﬁJ -1l.0 ; +#JR18.
114b6= 4R 18 ) 531 5__._ - 2.8077 VU o
1147- Mi 35 270 3 1.0 ... 832 3 _=1.0 »JR19_
1148~ +IR19- 532 5 e 2.607T7 . - o
1149~ ; Mpe 38 2713 1.0 533 ﬁ_,,s S P ¢ F _+JR20.
_1150= +.1P.20 533 5 2,607 . - R e
1151= ML 35 272 a 1.0 4_53L___1 =1} +m21“
1152= +IR21 §34 5 - 2.6b1T . - ’ ot
1153= Mpr 35 213 3 1.0 535 a. ~1.0 imzz_
1154- 1922 535 5 2 B0TT e e e e
1155= upr a7 262 1 1.9 528 el e e la D




0L ARNTH PADS REmMJLuuMMCALJHELL

JUNE . 2841976 NASTRAN - 2/

. P1PE AN
A=13.230 RR= 72.0 7¢=7.215 TP=1.100 TPAN=1.500 P0=]13,750

LIPT

AL % S ORTED _.BULK. _ DATA_ _ECHD
N A cARD - [ O .
> COUNT. o 2 1 e 2 o ea A _ee b a5 ae b A P WO - S |
1156~ -] ol a7 262 4. . 1.0, .52 3 —  ~l.0 — +JR23
_ 1157~ #4223 524 G 26077 -
1159~ _MPLC 3T 262 5 1.0 524% S =10 ‘
N — 1159= __MEC 3t 274 1 . 1.0. 536 1 . -1.0
1160= MPLC a7 274 2 o leB.e 538 — 2 —— =160 — +IR24.
_11al- +JR24 53k A =2, 6017 . — . :
1162 = MPLC a7 214 [ 10— _[3s F.) =10
1183- MPC. &0 312 1 1.0 812 1 =1.0 N
11864~ MPpLC &0 31113 -1 1.0 513 1 =1.0
_1165= __MPC - 60 314 1 1.0 516 1 =1.0
Al166- MPC - 60 315 1 1.0.__ . 515 1 ~-1.0
_ 1167~ MPC 60 316 1 1.0 516 '} . _~l.0
1168~ ___¥PC &0 317 .1 _1.0___.517 .1 e _=1.D
1169 _FPC &0 318 1. 1.0 . .518__ .1 =1.0
1170~ Mo &0 319 i 1.0 513 1 =1.0
1171~ MPC 460 20 1. 1.0 520___ 1 1.0
1172= __¥PL &0 321 1 1.0 §21 1 ~l.0
‘ 1173~ ¥PL 60 3221 1.0__ szz2 .1 __ .. ~1.0.
1174= kEC ) 317 1 1.0 57T?.e— 1. .=1,0
1115= KPL 60 al8 1 1.0. 578 1 — -1.0
11ThH— wpr Al 379 1 1.0 s7T9 1 =1al
1177 Mpr &0 38 1 1.0 589, 1 -1.0
1178= poL, Xi] 381 1 _ 1.0 5Bl 1 ~1.0
12179-= MpC &0 332 1 1.0 582 1 =1.0
1180~ MPL &l 3183 21 1.0 583 1 -1.0 s
lL1a= __MPLC 60 384 1 1.0 584, 1 -1.0
1i87= MPL £Q kYL 1 1.8 a8% 1 =1.0
1183~ MPL &0 386 1 1.0 586. i -1.0 .
1184~ MPL &0 387 1 1.0 587 1 _=1.0.
1186~ MPL 60 412 1 1.0 512 1 =1.0.
1185~ MPL 60 4113 } 1.0 513 1 =1a.0
1187~- _MPL &0 414 1 1.0 514 1 —=1.0
1188~ npr 60 415 1 1.0 515 1 =1 .0
1189= MPL a8 416 1 1.0 516 1 om0
1150~ __MPC &0 417 1 1.0 517 1 =1.0
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= =2 215 TP=1.100 TPAD=]1,500PR0=13.750 .
LTET -
S S.ORTED B UL K DATA EL_H.O
_CARD . I e e e
C-DUNT PR | - —2——— - .3 —g-o‘«—-——en—--.rf——-“s——-c PN _ SV T R | -—;———9——-1-0 .—-——‘—1~°-
~1191-= Mnc &0 418 1 1.0 —518 1 - ~1.0 —
1192= MRC &0 419 I N 1.0 519 ol e =10
— 1193= MPC 50 420 ] 1.0 520 1. . =l.0
L 1194= (T . &0 421 1 l1o0oo-521. ok —— =140
1195= MG 60 422 1 -— 1.0 -522 -l ——-=1.0
1196= _MpC 40 411 Y 1.0 577 1. =1.0
1191= Mpc 40 478, 1 ~1.0 578 1 . ~1.0
_1l198= MRL 40 419 1. 1.0 579. .1 — __=1.0.
11399= ML A0 480 H 1.0 580 1 » 10
__1204= MpL 50 481 1. 1.0 581 1 ~1.0
1291= ML 60 482 ——-1 1.0 582. -1 -1.0
- 1202= MRC _ &0 483, 1 1.0 583 . ..1 — —-...-1.0
_1203= MpL 60 4B4 .} .. 1.0 . 584 ...l - ~1l.0 -
_1204= _MPL —60 4B85: 1 1.0 585 1. - =1.0 :
12058~ M L0 LA 6. 1 “lAn 584 1 =-1.0
120 6= MRE 60 487 1 1.0 587..— ! e -1.0
12071= ML &1 312 ... 5 .. 1.0 512 6% . =1,0
1233 Mg &l 313 .5 .. 1.0 5135 e =10
1209~ __Mog 61 114 5. 1.0 514 . 5 -1.0
1214~ M2 &1 315 5 1.2 515 5. ~l.0
121 = M2 Al 316 5 1.0 514 5 =1.0
1212- wor &l 317§ 1.0 517 5 _ -1.9
1213- _M3C Al 318 5 _ 1.0 518 5 ~1.0
1214- Mor 61 319 5 1.0 519 5 __~1.0
1215= M &1 320 5. 1.0 .—520. 5 .=1a.0.
1216= MPL £1 321 5 —1.0 521 5 =1.0
12172- __mpce A1 122 5 1.0 522 5 =1.0
1218= ~__wpr 81 377 5 l.0 . BTT .5 . . =1la0 . ..
1219= _MPC 61 3748 5 l.0_ 578 5 ~1.0—.
1220- __MPC 61 379 5 1.0 _579 5 ~1 a0
1221 ___mpe &1 380 5 1.Q 580 5 -1.0. :
.1222= Mpr 61 _381 5 1.0 5815 ~1.0 -
1223=- MPL &l - _AR2 5 1.0 582 5 =1.1 )
_1224= MeL 61 ag3 5 1.0 583 5 =1.0..
. L~ 1225= _MBL b1 AUPR s 5 ——
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_____E_LEEWAND_EQIH_J’_AD.S_E EINFORCED HOLE IN CYLINDRICAL SHELY JUNE__. 28,1974 NASTRAN__ 2/
A=1%.200 RR=__T2,0 T5=2.215_TP=1,.100 TPAD=1,.%00 P(3=13.2150
LIPT _ I e
e ¢ QR.T. €D ..B UL K . DAT A ECHOI_
a0 — ——— e e
COUNT el a2 e 3 ve. o ae S an B _ee T e B.ooes 9 10_
12246= __MEC &1 385 5. 1.0 _SB5.__ .5 . =la0..— LS
1227~ __MEC &l 386 ... .S 1.0 . ...5B6 . 6 o =1.0
1228~ _MEL 51 387 5 1.0~ 5BT 5. ~1.0
1229~ MEC A1 412_ 5 1.0 /125 . =1.0..
1230= Mo 61 413 5 1.0 ..813 . 5. . -l.0._ e
1231=- MEC 61 414 5 1.0. 514 5. =1.0 -
1232~ _MnC 61 415 5. 1.0 515._ 5 — -1.0
~1233 S .| U 5 RN ) I EN——— S_____,,__l «0 516 9 =1.0
1234~ _MPC 41 417 5 1.0 517 5 -1.0
1235= Mg 61 41B__ _ S 1.0 518 .. 5 _ __  ~1.0_
1236 MPL 61 419 .5 " - .51% 5 S |
1237~ MPr 6l 420_.___ 5 * _.__1.0..._.520 5 -1.0
1238= MR &1 421, 5 _ __.._1.0. 521 5. -143
1239= M bl 422 5 1.0 522 5 ~-1.0
1240= MEL 61 471 5 1.0 517 5 =1.0
N 1241~ MPE 61 478 L] 1.0 578 5. =1.0
1242 .__MpC 61 473 5_ 1.0 579 ... 5 -=1.0
1243= MPT 61 4570 5. 1.0, 580 5 _=1.0.
1244~ __MPLC &1 _481. 5 1.0 581 5 =1.0
1245= MiC 61 482 5 1.0 582 . S =1.2
1246 - MpL &1 483 5 1.0 583 5 =1.0
1247~ M 61 486 S 1.3 5854 5 1.0
1248= __MpC 61 489 5 1.0 585 _______ 5 1.0
1249~ ML 61 486 L 1.0 586 S ~=1.2.
1250~ MPL a1 487 5 1.0 58T 5 . =la0
1251= _Mpr 62 a1z b 1.0 .. _ 512 & =1.0.
1252— Mg 62 113 & 1.0 613 I =1.0
1253~ MI2e _£/2 314 b.: 1a0__ _Sl&._ & 1.0 .
1254= M2 a2 1158 & 1.0 515 'y =1.0.
1255~ Mor _&2 316 6 1.0 516 b -1.0
1256~ MirC 62 117 & 1.0 517 & _ ~1.0
12571~ MC &2 318 & 10 514 & ~ml.0
1258- ML 62 319 & 1.2 519 A =1.2
1259- M2 62 320 & 1.0 520 6 . =10 .
1260~ M2 &2 321 b 1.0 B e =140
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PIPE AND BOTH. .PANS REINETACED HOLE IN CYLINDRICAL SHELL

e —JUNE .2B,s.1974 . NASTRAN__2/

A=13.200 SRz T2.0 TS=2.215 TP=1,100 TPAD=1.500 PO=13.150 . R
LIeT e e — e e e e e e e
: — .S ORT.ED .ALLK...DATA..ECHD e e -
CARD . S ST RS ——
__f___..__.—___.__,CUUNT - 1 2———4- 3 - -ff—vl't i ——-5—‘-——0—“»— e 6-—- - -wA«-’— = ——9 —— o —— ‘.9 -——-c.n--»_l 0
e A2B1=. _ MPC . 82 L322 b 1.0 -522-- B . el @D e e e
1262= MeC 62 371 6 e c1aD o BTT s B cml ) e
12,63 Mpr a2 W b 1.0 . ®318 & =1.0..-
126%= MpL A2 3719 _..6. 1.0 ST9 ... b .. B T ¢ PO U VU
12£5= MBL 52 - 380 bl 0. 580 &, — . _~1.0 -
1266~ . Mer 62 38l .6 1.0 58t B_ . __.=1.0 _.
1267-~ MpL 62 aBg2. b P 582
1268~ MPC B2 . 383 ___ 6. .l.0.__ . 583 __ . .
1269= Mpr 62 A8 4 b 1.0 584
1270= MBL 62 3PS b 1.0 .5BS. -
_1271= MPL- 62 . b ). 7 - W— . 1.0 586. ..~ & ~l.0-
1272= MPLC b2_ o A87. . & 1.0__.._5BT . b -l.D .. —
1273= NPT H2 —&%l2 b6 1.0 . 512 B =10 .
1274= Mo 62 413 5 1.0 513 & _~1.0
12765= MPr 82 414 A 1.0 514 & -1.0
12T6x MPLC C 62 415 6. 1.0 515 . 6 —..—1.0
1271= e MRL 62 416 B 1.0.2_ 516 - & —=le0
1278= MpC _hZ2_.. 417 6 1.0 517 & ~1.0 _ e
1279= MPC.__ 462 41B b 1.0 518 & S I ¢ :
1230 MPC £2 4179 & 1.0 519 6 ~1.0
1281 Mer £2 420 b 1.0 520 & =1.0
1282= Mpr 62 421 . & 1.0 521 & =140
1283= Mer 62 422 & 1.0 522 & __=1.0
1.2B4=~ Mo &2 4717 & 1.0 517 b =10
1285~ MEC 62 478 o) 1.D 578 & =1.0
1286~ MPC b2 479 B 1.0 579 6. =1.0
1287— MpPC 2 480 & 1.0 580 & —=1.0
1288= MPC Y. 481 b_ 1.0 58l1.__ . & =1.0._-
1289~ MPL A2 4R2 & 1.2 582 & =1.0
1290~ - MPL 62 483 21 1.0 543 5 —1a.0
1291~ MPL h2 484 h 1.0 S58B4 . __=1.0
1292= MpC 562 4B5 “h 1.0 585 [ -1.0
1293= Mpr 582 — 4RA & 1.0 586 & =-1.0 :
12%4= MEL ~62 487 & 1.0 587 — 6 ._._=~1.0
1295= L MPC b4 312 2- 1.0 512- 2 ——=1a0 : 22
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CJUNE_ 28, 1974 . NASTRAN__2/¢

£=13,.200 Re=__ T2.0 TS=2.21% Tp=1.100 TPAD=1.500 PO=13.750° _
¢ 1 IpT I, I
_— c QR TED__BULK DATA_ ECHD o
. CARD — SV P — S -
e ._A.CEUN,TA.‘_____ — .,,__J_—IJ__L_—Z* l-‘.___ﬁAa_—. o, ———— ‘.#—4—‘— —rv—i——l p——-b_J.g. -—rl—. .--—u——B—w—“—-————g—A—“-‘—-ﬁ—ln—
1296= Y] 512 b 1aBSTT e B -
128971= _MoC . B4 . 3132 e 140_...-513 2 e AR3 .
J29R- 433 ' 213 . & 1.8577
1299~ MPC 64 e 2 1.0 514 2 o ~1.0 . *RA&.
.130a= £24 14— 6. - 1.8577 o — =
1301~ _MPC b4 315 2 la0__.. .51 2 . . ~1la.0Q RS
1312~ +R5 515. 6 —1a8ST7T . ,
1303- MPC A& . 316 2 1.0 - 516 - 2. =la0 _#RH
1304— +RA 516 A _1.85117
1308- MPLr b 417 2 1.0 ... 51% 2 =1.0_ +R7
1306- +RT 817 & . 1.BS17 .. _ . —

— 1307— . MpC b4 318 2 t.0__ . 518 2 =140 +RA
13208- +R 8 518 . B ll.BSTT -
1309= MR _ &% 319 2. 1.0 ._._. 519 2 =1.0 +R9
1310- +0 g 519 & __1.8511
1311- MRC Y 7). 2 1.0 . .520._ 2. .=l o #R10__

- 1312- +P10 520 S 1.8577 S o
1313~ _¥PC h4 321 2 1.0.,. - 52— 2 o .=la0. _#R11.
1314= 211 521 b _1.B517 . . —
131185= MR f4 322 2 1.0 522 2 —=1lald #R12
131 6= 1812 522 FY 1. 8577
1317- MPL bh 3717 2 1.0 ... 5717 2 =1.0 AR 24

__131a- +824 571 ) _1.851T____ . e
1319- _MPr 1Y 318 2. ‘1.0 .. _ 278 2 =10 _ _¥R25__
1323~ +029 578 [ 1.8577. . ' —_
1321~ MPL 64 379 2 L Y « %79 d ~1..0 +RZ6__
1322~ +B24 519 6 1.8517 —
1323- _MPLC f& ‘38D 2- 1.0 580 2 =1.0__ 227
1324= «p27 580 A 1.8571
1325= MPL _ab el 2 1.0 581 2 =1.0 428 -
1326~ «R28 581 & 1.8577_ . .
_ 1327~ _MPC 6% 3g2.. 2 1.0 .. 582 2 =1.0 +R29.
1378= +p 249 RRZ . A 1.85117 .

- 1329=. Her b4 383 __ 2 _..—..1.0. 583 . . 2 . =1.0 +R30.—

1330= £ 30 533 6 —_ 1.8577. _ . 1 e —— e
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DIPE AND BANTH PADS PEINFORCED HOLE TN CYLIMDRICAL. SHEL JUNE 28, 1974 . NASTRAN__2/
A313,200 RR= 72.0 T5=2.215 TP=1.100 YPAD=1.500 PO=13.750 - — —

S S ORI ED._B.ULK DA T A__ECHO

R ST PO WU ST SEPUU SO DU - RIS V-

7 -

1366= +217 _519 & =1 BSTT . - _ .
1367= MPC B4 H80_ . 2 _.la.D —.580 2 1.0 +138
1368 +R18 580 b =1.8517
1369= MBI b4 481 . 2 1.0 .5 2 . ~le0__ +R3IO__
131)= £838 } S8l A =14 85T T —
1371= MPC B4 482 2 1.0.__... 582 2 -1.0 +R40__
13772-_ - 4240 582 3 =1.B5771
1373= Met b _&B3. 2. . 1.0 __ 583 ... 2 =10 +R&41—
1374 #2241 583 A =1. 8677 : -
. 1275- MBI fb 484 2 1.0 .. .584& _2 =1e0. _ +R42
1376= P42 584 & _.=1.8577... — .
1377= MDY bé 485 . _ 2. 1.0 . .. 585 2 ~-1.0 L3 1%
L1378~ +0p3 585 . & . -1.8%77 —_ R, [
1379- . MPf b 486. 2 lad .- 586 2 ~1.0 i +R&44
1380~ e Y- 1YY SH3A 5 =-1.85TT
1381-— MPC b4 487 - S Y T 887 2 =1.0 +R 45 .
1382~ +R¢5 : 587 & ~1.857T —
1383= M 124 P Y- | 312 3 1.0 512 3 =1..0 +R 46
__1384= +R4 6 512 5 ~1..8577 . e
1345~ Mpr 65 113 3 1.0 — 513 3 =1a0 +R4T
1 3RE~ +0457 ..5113 - -1. 85817 . :
1387~ _Mpi 65 1l4 k! 1.0 . _51% 3 =31.0 4048
1388~ +238 814 5 -1.8577
1389= _MpC £5 315 3 l.0 __._ 518 3. +1.0 +R4T
1390~ +£ 49 _ 515 5 —~1.B81T .._ .
1391 = Mp T A5 3216 3 1.0 _. 516 3 __ __.=l.0_ . #R50.
1392~ +0 30 516 5 ~1,.8577
1393 - por - 65 317 i N 1.0 .. 517 3 =1.0 +R51 ..
1394~ #8051 817 5._ ~1.8577
1395~ _MpT 65 318 3 _1.,0___._...518 3 ~1.0Q +R92
1396 +P52 518 5 -1.8577
1397~ Mer A% _ 339 3 __ 1.0 519 3 =1.0 +RE3_
1398- +05% : 519 5 ~1.8577 _
1399- MPT 6% - 320 3 1.9 . 520_ 3 . ~1.0 *R54 _
- 1500~ +05% 520 5 -

_.~1.8577. —_
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PIPE AND ANTH DANS REINEARCED HOLE IN _CYLINDRICAL_ _SHELL —_

JUNE .. 2B.-1 974 — NASTRAN -2/

]

\=13,200 R®=

72.0 152,215 TP=1.100 TPAN=1.500 PO~13.750

1eY

SORTEN._BULK . DATA L C HO

CARD e —
C_QUN_T_ » 1 ¥ 1 ‘zri_...___3_ -!!_‘__‘l. —t .,,5 o 1_,___6,4__..‘4__. _?_.fJ.-l - __8___-_-__.H9__..;.._1 D,_
— 1436= +RH1 516, 5 1.8877 . [P ——

1437= MPC 45 417 3 1.0 517 3. .. =140 e RO 2
1438 +862 811 - _ & 1.8577 - :
1439= MPC 65 _  4ld. 3 . t.0.._.. 518 .3_ ——eemla . RO3
1440= +REA : 518 5 e 1 BT T e e
1441~ MPL &5 419 3 . 1.0 .. 519 . T =1.0 tR6AH
1442 = +P 54 : 519 5 1. B577T.-. . : ——
1443= MEBC 65 423 3. 1.0.. . 520 3 -l o . #RB5 .
1644~ +045 520 5 1.8577 :

_1465= MPr 65 421 3 1.0 . .521 3 ~1.0 AREE
1446~ +206 21 5 . l.Bs8TT . . — —
1447~ _MpC _&65 422 . 3 1.0 . $22 . _ 3. o . =leD._ . #RET
1448~ +Re7T 522 5 18577 o
1449~ MeC A5 4717 3 1.0 ...511 3 =1.0 +RT72
1450~ +279 517 5 1.8577 —
1451~ MPL 6% 478 _3 1.0 578 3 =1l.0 +R80.
1452= +RED _578 L .. 1.BST17_. - R
1453= MPl 55 419 __3 .0 ... 571% 3 =1.0 4381
1454~ _+EEHY ‘8719 __ 5. 1.B577... - e
145%= MpC. A9 480 3 1la0 .. —SB0__ .. 3. =1.0 +RBZ2__
1456~ +QA12 580 5 18577 :
1457~ MPC, 65 4R1 a 1.0 ... 58] 3 =1.0 +RB3
1458~ +R43 S8l 5 (Y. BSTT . _ - .
1459~ MP(. hS 4R2 k. S l1.0.. ... 582 N =-1.0 +REB&
la60- +R[G 582__ .. 5 _ - 1. 8577 ___ — » e e
1461~ Mpr AS 483 3 1.0_.. .583 3 ~1l.0 +R85 _
1462 - A0 15 583 5 1.8571.. :
1463= MEC &5 484 k) 1.0 584 a rla0 +R8A
lhpt= tP A6 5d4. 5__ L 1.8577T. . ... . e e —mm
1465= Mol 65 485 3 1.0 .. 585 3 ~1a0 +RET
1ab66— +P 87 585 5 1.8877_

N 4p7- mer 65 486 3 1.0 SB6. 3 =1.0 +RB2 .
laf 8= 4RAR 586 L 1.85T7T
1469= ML 65 4871 3 1.0...._..587 3 =10 +RAB9._
1470~ +R39 S5BT _ 5 1.8577. _ —_
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o P1PE AND. BOTH PADS SEINFORCED FOLE IN CYLINDRICAL-SHELL—————- e JUNE-— 2841974 NASTRAN 2/
& T A=13.200 RR=. 72.0 IS=2.215 Ip=1.100 TPADx1.500 PO=13.750 : a -
o , . —

= ) : i B

¥ ﬁ B - i . S ORTED BUUKXK _DAYA ECHD
: . P CARD — — ;
COUNT_ -1 e. 2 3 e ban 5 e b rar T wa B 9 ee—10-
B - L 1471= HMPL 66 311 1 S Y, SR 5 § PRI, WS P B
1472= MPC &6 311 . 3. 1l.0 . 511~ 3 —=1.0 +R 90—
14713~ +R90. 51l L1 1. 88717 > _
14T4= MPC Abh_ 311 5 1.0 sit .. 5. . .=l.fk
1475= MPL b6 223 — . 1——1.0— -523- 11— =10 —
1416= MEC b6 323 2 : 1.0 .. %523 2 —1 .0 ARG
1477= +RG4 : 523 & 1.8577 : - :
1478= MPC Y 323 6 140523 -6 -1.0
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