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ABSTRACT

The SHAFT code incorporates equations to compute stresses in a shaft liner when the rock through
which a shaft passes is subject to known three-dimensional states of stress or strain. The deformation
modes considered are hoop deformation, axial deformation, and shear on a plane normal to the shaft
axis. Interaction between the liner and the soil and rock is considered, and it is assumed that the
liner is in place before loading is applied. This code is intended to be used interactively but creates
a permanent record complete with necessary quality assurance information. The code has been
carefully verified for the case of generalized plane strain, in which an arbitrary axial strain can be
defined. It may also be used for plane stress analysis. Output is given in the form of stresses at
selected sample points in the liner and the rock and a simple graphical representation of the dis-
tribution of stress through the liner.
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1.0 INTRODUCTION

This report documents the computer code, SHAFT, which calculates the stresses and
displacements that may occur in and around a lined circular shaft as a consequence of stress changes
in the surrounding rock (medium) after construction and installation of the liner. The documentation
comprises a complete development of the equations upon which the code is based, a description of
the computer code, a user’s guide, and verification that the equations and computer code provide
a correct solution to the posed problem. This document is intended to conform to standards defined
by the Yucca Mountain Site Characterization Project (YMP) Software Quality Assurance Plan.

The SHAFT code is intended to assist design engineers in calculating the stresses and
displacements in the liners of the shafts in a potential repository for radioactive waste. A design
methodology, which incorporates the equations that form the basis of the SHAFT code, was
developed as a part of the U. S. Department of Energy’s (DOE) program for development of a
repository in salt, and is documented in the Salt Repository Program Shaft Design Guide (Fluor
Technology, Inc. et al., 1987). The equations and the code are also applicable to the YMP design
methodology, as documented in the YMP "Preliminary Shaft Liner Design Criteria and Method-
ology Guide" (Richardson, 1990).

The SHAFT code is quite general and allows several options. In view of this generality,
it is anticipated that the code will be used for purposes other than documented specifically herein.
Potential users are strongly advised to study carefully Chapter 2 of this report before performing
any analysis. In particular, they should be aware that it is implicit that any liner is installed before
there is any change in the free-field stress state in the medium, but after the medium has adjusted
locally to the creation of the cavity within which a lineris tobe placed. This assumption is appropriate
when calculating induced stresses and displacements caused by loads applied externally to the
medium (e.g., by seismic or thermal loads). Care should be exercised if the code is to be used to

evaluate stresses and deformations that may occur in a liner installed in a shaft or tunnel as the
openiag is advanced.
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2.0 MATHEMATICAL MODELS AND NUMERICAL METHODS

The SHAFT code can be used to investigate the state of stress around a lined cylindrical
shaft when the surrounding medium is subjected to specified stresses or strains and both the liner
and the medium are assumed to be linearly elastic. Unlined shafts can be treated by choosing any
arbitrary liner thickness, assigning identical properties to the liner and the medium, and selecting
the option in which the liner is bonded to the medium. At the heart of the code are two interaction
calculations: one dealing with deformation of the cross section of the shaft and axial displacements
{hoop deformation), and the other with shear stresses on planes normal to the axis of the shaft (shear
deformation). Emphasis is placed on calculation and presentation of the liner stresses because these
stresses are important to design. However, stresses and displacements can be calculated for any
point within the liner or medium.

2.1 Nomenclature

The following nomenclature is used in the derivation of the analytical solutions upon which
thc SHAFT code is based. Dimensions, coordinates, and displacements are defined as follows:

external radius of liner, or radius of shaft if unlined;

internal radius of liner, or shaft if unlined;

Cartesian coordinates in-plane of cross section;

axial coordinate (out-of-plane direction);

cylindrical coordinates in-plane of cross section, relative to the x axis;
cylindrical coordinates in-plane of cross section, relative to the direction of the
principal applied stress;

radial and tangential components of displacement;

axial component of displacement;

alr;

ria (1/m); and

Ria.

o

1| T R TR |

The normal conventions for identifying the components of the stress and strain tensors are used

throughout (Jaeger and Cook, 1969, Chapter 2). Stresses, strains, and elastic parameters are defined
as follows:

0. 0,, T, = in-plane stresses in Cartesian coordinate frame;
O,, O3, & = in-plane principal stresses and direction (o = 0 - 1);
o, = axial out-of-plane stress;
C,, 0, T, = in-pLlane stresses in cylindrical coordinate frame;
€, €, Y, = in-plane strains in Cartesian coordinate frame;
€, = out-of-plane strain;
€,, €, Y, = in-plane strains in cylindrical coordinate frame;
Ta 1, = out-of-plane shear stresses in Cartesian coordinate frame;
T,,» T, = out-of-plane shear stresses in cylindrical coordinate frame;
Yu Y. = out-of-plane shear strains in Cartesian coordinate frame;
Y,.» Y. = out-of-plane shear strains in cylindrical coordinate frame;
E = elastic modulus;
v = Poisson’s ratio;
G = shear modulus;
P = mean stress, (0, + 0;)/2; and
S = deviator stress, (0, - G,)/2.
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The following use of superscripts is applied to stresses, strains, displacements, and elastic properties:

none = quantity applies for the medium,;
’ = quantity applied to the liner;
A = undisturbed free-field value of stress or strain;
~ = effective properties used on elastic parameters for plane strain analysis; and
* =

the case where the liner is not bonded to the rock mass.

The dimensions and coordinates are illustrated in Figure 2-1. The reference axis for the
r, t polar coordinate frame is oriented at an angle, o, relative to the x axis in the Cartesian frame.
The angle o also defines the direction of the free-field major principal stress from the shaft with
respect to the x axis, which is the reference axis for the r, 6 polar coordinate frame.

The components of the stress in the Cartesian and cylindrical coordinate frames are
illustrated in Figure 2-2. The sign convention used is that compressive stresses are considered to

be positive. To be consistent, positive displacements are defined to be in the negative direction of
the coordinate system.

2.2 Structure anJ Numerical Procedures

The SHAFT code comprises three distinct parts. First, the geometry and material properties
are defined. Second, loading associated with both uniform and nonuniform hoop deformation of
the opening is considered. Third, loading associated with shear on a horizontal plane perpendicular
to the shaft axis is considered. Each of these parts is discussed briefly below.

2.2.1 Geometric and Material Properties

The geometric properties are

R = radius of shaft without liner and
h = thickness of liner.

From this information, the internal radius (a) of the liner is calculated (R - h).

The material properties are

E = elastic modulus of medium,
v = Poisson’s ratio of medium,
E’ = elastic modulus of liner, and
v’ = Poisson’s ratio of liner.

Both the medium and liner are assumed to be linearly elastic. On that basis, the following
material properties of the medium are derived:

G shear modulus E2(1+v)and
A Lame’s constant = vE/(1+V)(1-2v).
G’ and A’ are the corresponding properties for the liner.

In addition, the user must select either plane stress or plane strain conditions and decide
whether the liner is bonded to the medium. Finally, sample points at which stresses and dis-

placements are to be calculated are entered unless the user has selected automatic sample point
generation.
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START

'

ENTER: NAME OF USER
OUTPUT FILE NAME
SHAFT AND LINER GEOMETRY
MATERIAL PROPERTIES

\

SELECT PLANE STRESS OR PLANE
STRAIN (STRAIN = TRUE)

l

SELECT BONDED OR UNBONDED

l

SELECT MANUAL OR AUTOMATIC
(AUTO = TRUE) SAMPLING

l

IF AUTO IS FALSE, ENTER SAMPLE POINT

v

(E)——* NEXT ACTION?

v

HOOP DEFORMATION  SHEAR DEFORMATION ~ STOP

®

Figure 2-1. Coordinate Frames for Shaft Liner Analysis
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ENTER REMOTE STRESS CHANGES

OR STRAIN CHANGES

ENTER OUT-OF-PLANE STRAIN

iF (STRAIN IS TRUE)

COMPUTE PRINCIPAL STRESSES

FALSE SLIP

TRUE

?
CALL COEFFTO
DEVELOP COEFFICIENTS
FOR THE BONDED CASE

CALL COEFFSTO
DEVELOP COEFFICIENTS
FOR THE UNBONDED CASE

|
AUTO
?

TRUE

FALSE

LINER

CALL LINER
TO COMPUTE STRESSES
AND DISPLACEMENTS

|

POINT IN LINER
OR MEDIUM ?

4O

MEDIUM

CALL MEDIUM
TO COMPUTE STRESSES
AND DISPLACEMENTS

|

l
OUTPUT DATA FOR
SAMPLE POINTS

COMPUTE STRESS ALONG
RADII PARALLEL TO THE
PRINCIPAL STRESS DIRECTION
(CALL LINER) IN
THE LINER ONLY

OUTPUT GRAPHIC PRESENTATION
OF VARIATION OF STRESS
THROUGH LINER (CALL PLOTS)

®

Figure 2-2. Cartesian and Cylindrical Components of the Stress Tensor
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2.2.2 Uniform and Nonuniform Hoop Deformation Calculations

Input to the hoop deformation calculation can be as the change in either the stresses or
strains in the free-field. If the stress input option is selected, then the user must supply the following
information: 6, (direct stress in x direction), 6, (direct stressiny girection), and %n (xy shear stressA).
If the strain input option is selected, then the user must supply €, (direct strain in x direction), &,
(direct strain in y direction), and :y,, (xy shear §train), where Y, is the engineering shear strain, a

value that is two times the tensor shear strain €, The stresses corresponding to the input strains
are calculated as

0,=(QG +A) g, +LE, +AE, (2-1)
6,=LAE +(2G +A)E,+Ag, , and (2-2)
1,=GY, . (2-3)

Here, €, is the out-of-plane strain. It is defined if plane strain conditions are selected. For the plane
stress case, it is calculated from

———(,+€,) . (2-4)

Next, the major and minor principal stresses and their directions are calculated. These stresses and
directions are input to the interaction analysis of the liner and medium and also define the direction
for automatically generated sample lines.

After the state of stress away from the shaft is defined, the hoop deformation calculations
are performed using equations derived later in this section to compute stresses and displacements
at sample points inside the liner and the medium. Output may be given for user-selected points
defined in a cylindrical coordinate system, in which the origin is defined relative to the x axis. Also,
output is generated automatically for the liner along sample lines parallel to the major and minor
principal stress directions. Those directions were selected because the stresses have their maximum
and minimum values along those lines.

Although explicit forms of the interaction equations are provided in a later section, they
are not used in the SHAFT code. Instead, a Gaussian elimination procedure is used to compute
coefficients from the equations given. This approach allows alternative interface conditions or
multiple-layer liners to be treated without additional algebraic manipulation.

2.2.3  Qut-of-Plane Shear Calculations

The equations derived later in this section are used to calculate the deformation and shear
stresses perpendicular to the axis of the shaft that are induced by shear stresses in directions outside
the plane of the cross section of the shaft. These stresses are referred to as "out-of-plane” shear

stresses. Input for these calculations comprises either the applied shear stresses, T, and %,,, or the

applied shear strains, Y, and :yy,. These are stresses on planes perpendicular to the z axis in the
direction of the x and y axes. The reference axis for output is the x axis, which does not necessarily

coincide with the direction of the major principal stress determined as part of the hoop deformation
calculation.



J\W‘J u

Again, output may be given for user-defined sample points and is always generated
automatically. In this case, however, sample points through the liner are along radial lines parallel
to the x and y axes.

2.3 Flowcharts

Figures 2-3 through 2-5 are a series of flowcharts thatindicate the logic of the main program
of the SHAFT code. The main program calls the following subroutines:

COEFF -- evaluates coefficients for hoop deformation equations when the liner is
bonded to the medium;

COEFFS -- evaluates coefficients for the hoop deformation equations when the liner
slips relative to the medium,;

LINER -- calculates stresses and displacements in the liner using coefficients derived
in COEFF or COEFFS;

LINSYS -- an equation solver that uses Gaussian elimination;

SHLIN -- calculates shear stresses and axial displacements in the liner caused by
stresses in the cross section of the shaft;

SHMED -- calculates shear stresses and axial displacements in the medium caused by
stresses in the cross section of the shaft; and

PLOT -- anoutput routine that provides a summary of the state of stress through the
cross section of the liner, including a simple graphical display of the stress
variation from inside to outside the liner.

Each of these subroutines is mathematically simple, consisting in most part of a direct transcription
of the equations contained in this report and documented by comments in the computer code.

2.4 Component Models

The SHAFT code is based on solutions for the boundary value problem of a lined cylindrical
cavity subjected to known stresses at a considerable distance from the cavity. The code is specifically
intended for use when the shaft is long, and it may be assumed that displacements in the plane of
the cross section of the shaft do not vary in the axial direction and that the axial strain has « constant
value. (This condition corresponds to a generalization of the condition commonly referred to as
plane strain, for which the axial strain is assumed to be zero.) To allow for consideration of an
applied stress or strain field with principal axes that do not coincide with the shaft axis, a separate
calculation of the effects of out-of-plane shear has been added. Inaddition totreating this generalized
plane strain case, the SHAFT code can also analyze plane stress conditions.

The remainder of this section comprises a derivation of the equations incorporated in the
SHAFT code. For convenience, the case of a lined cylindrical hole subjected to stresses in the plane
of its cross section is treated first, and the case of an unlined shaft is treated as a special case.
Because the first case is primarily concerried with changes in the circular shape of the shaft as it is
subjected to loading, it is referred to as one of "hoop" deformation. The case of a cylindrical shaft
subjected to out-of-plane shear stresses in the far-field is dealt with independently. This second
case is concerned only with shear stresses because this type of loading does not cause any radial
displacement. It is, therefore, referred to as the "out-of-plane" shear case. This separation is



ENTER REMOTE
SHEAR STRESSES

v

CALCULATION COEFFICIENTS
FOR |NTERACT|ION ANALYSIS

AUTO TRUE

FALSE

POINT IN MEDIUM
ORLINER

LINER | MEDIUM
| I
CALL SHLIN CALL SHMED
TO COMPUTE STRESSES TO COMPUTE STRESSES

AND DISPLACEMENTS AND DISPL|ACEMENTS
L

]
OUT>UT DATA FOR
SAMPLE POINTS

®

COMPUTE STRESSES
ALONG RADII PARALLEL
TO X AND Y AXES
(CALL SHLIN) FOR THE LINER

WRITE STRESS IN LINER
IN TABULAR FORM

|

OUTPUT GRAPHIC PRESENTATION
OF VARIATION OF STRESS
THROUGH LINER (CALL PLOTS)

®

Figure 2-3. Flowchart of Section 1 of SHAFT Code
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X y

T

X

T
zy \ /
T
T yX
— Xy
Gx Tyz fo]

a) Cartesian Components

b) Cylindrical Components

Figure 2-5. Flowchart of Section 3 of SHAFT Code—Shear Deformation Calculations
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reflected in the SHAFT code. However, the fact that both solutions are based on the assumptions
of linear elasticity allows them to be superimposed to obtain the general solution to the problem of
a lined cylindrical shaft in a medium subjected to any prescribed state of stress in the free-field.

2.4.1 Hoop Deformation Submodel

This section evaluates solutions related to the deformation of a lined or unlined cylindrical
shaft subjected to a known change in the free-field stress. First, the assumptions necessary for the
closed-form solutions are described. Second, the solutions are derived. The solutions are finally
restated in a form that is consistent with that used in the SHAFT code.

Assumptions -- The key assumption for deriving the analytical solutions to the problems
considered here is that the behavior of the liner and surrounding medium is linear elastic. This
assumption allows classical solutions from the theory of elasticity to be used to investigate medium
and liner response. It is also the basis for the superposition of several solutions that are derived
here.

One of two alternative assumptions is made regarding the condition at the interface between
the liner and the surrounding medium. One alternative assumes that there is complete bonding
between the lining and the medium, while the other assumes the interface cannot sustain any shear
stress. For both these conditions, which represent extreme limits of the shear strength of the interface,
it is assumed that the liner and medium remain in contact, even if the normal stress at the interface
is tensile.

Finally, the solutions depend on the assumption that the applied loads may be treated as
static or pseudostatic. If the code is used to investigate the effect of transient loading, including
seismic loading, then it is important to verify that the assumption of pseudostatic behavior is
applicable. Typically, pseudostatic behavior of underground excavations is assumed to be adequate
to model seismic behavior, provided that the dominant wavelengths of ground motion are long

relative to the dimensions of the excavation in the direction of the wave propagation (St. John and
Zahrah, 1987).

Analytical Solutions -- This section documents the solution for both lined and unlined
cylindrical shafts. The analytical solution for hoop deformations for the lined shaft is treated in
parts. First, the solution for an unlined shaft is stated. Second, the solution of a lined shaft is derived
after the applied loads in the applied stress field are divided into two parts: (1) isotropic components
and (2) deviator components. The division of the two components is illustrated in Figure 2-6. The
solution for the lined shaft was originally derived by St. John et al. (1983) and was subsequently
modified to account for the effect of out-of-plane or axial strain.

An Unlin haf

The stresses around acircular shaftin an infinite elastic medium are defined by the following
well-known Kirsch solution (Jaeger and Cook, 1979, p. 250):

o, =P(1-m*)+SU-4m*+3m*)ycos2t , (2-5)
o,=P(1+m?-5S(1+3m*cos2r , and (2-6)
T, =-S(1+2m*-3m*)sin2r . (2-7)
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The nomenclature is defined in Section 2.1, where P and § are the mean and deviator stresses
that are applied away from the shaft, m is the ratio of the shaft radius to the radial distance, and ¢ is
the angle relative to the direction of the major principal stress away from the shaft.

When no constraint is applied to out-of-plane deformation (plane stress conditions), the
displacements corresponding to the applied stress field defined by P and S are given by

u =-g-([(1 V) + (1L +V)m2 P + (1+V) + [4 - (1 +V)m®) m*)S cos2r) and (2-8)

v= -%{(1 +V)+[3-Vv)-(1+V)(1-mDIm?}§ sin2r . (2-9)

Equations 2-8 and 2-9 apply to the case where the out-of-plane displacement is constrained
(i.e., plane strain condition), provided that the following substitutions are made:

E/(1 =v*) for E and
v/(1 =) forv.

To make it clear when these substitutions are to be made, the designations E and v are used from
here on. (Equations 2-26 and 2-27 provide verification of this substitution.)

Equation 2-9, which defines circumferential displacement, also applies to the case in which
there is an axial strain, €,, along the shaft, provided the appropriate substitution is made for E and
v (Jaeger and Cook, 1979, p. 252). For the radial displacements, an additional term equal to -ve,r
must be added to the right-hand side of Equation 2-8. Hence, the final form of the equation that
defines the radial displacement resulting from applied stress P and $ under conditions of prescribed
axial strain is

u =%([(1 W+ +V)m? P +{(1+V)+[4- (1 +V)m Im?) § cos2t)-rve, .  (2-10)

The equivalent plane strain values have been used for the elastic parameters E and v, but the
additional term involves the unmodified value of the Poisson’s ratio, v.

The equations above include terms that are invariant with the cylindrical coordinate, ¢, and
others terms that are functions of that coordinate. In fact, there are two distinct portions of these
equations, one concerned with the isotropic component of the stress field and another concerned
with the deviator component. For the case of the lined shaft, this separation is made at the outset,

and solutions for the isotropic and deviator components illustrated by Figure 2-6 are obtained
independently.

A Lined Shaft

Isotropic Component

The isotropic component of the applied stress field is illustrated in Figure 2-6(b). The
solution to the problem of a lined shaft subjected to this loading has circular symmetry, and the
following sets of equations (Beskin, 1944) define the stresses in the medium by



o,==+P , o,=-é5+P , and 1t,=0 |, (2-11)
r r
and in the liner by
o’,=é;+P' , o’,:-é;+P' , and 1,=0 . (2-12)
r r

In these equations, the coefficients A and A’ are determined for a particular set of boundary conditions

of concern. For the medium, the applied isotropic stress in the far-field as r — oo is equal to P.
Substitution of this condition in Equation 2-11 gives

g =

r

>

+P o,=—i2+f’ , and 1,=0 . (2-13)
r

For the liner, the radial stress vanishes at the interior, where r = a. Substitution of this condition
gives

’ AI

o, =2a-m) | o=am , and ¥,=0 | (2-14)
r r

where M is r/a.

Continuity of the radial stress, o’,, at the interface between the liner and the medium (i.e.,
at r = R) requires that

A A

P-F(l-ﬂpﬁ:o , (2-15)

where T is R/a.
The displacements in the medium are given by
u=rg and v=0 |, (2-16)
and in the liner by
u'=re, and v'=0 . (2-17)

The hoop strains, €, and €', can be derived directly from the stresses using the stress-strain

relationships based on Hooke’s law for linearly elastic materials (Jaeger and Cook, 1979, p. 112).
Specifically, for the medium

1
e,=E|o,—v(o,+cz)] (2-18)

and a corresponding equation that defines the liner hoop strain, €’,.
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For plane stress conditions, when ©, = 0, substituting Equation 2-13 gives for the medium

r{ A A
=-E[;5(1+v)-P(l-v)] (2-19)
and for the liner
’ r A’ 2 2 ’
u =-E—,—2—[(1+v)+M (1-v9H] . (2-20)
r

The radial displacement must be continuous at the interface between the liner and medium
(i.e., at r = R), which gives the condition

114 Pa-w] =LA v+ T3 v i
E[R2(1+v) Bl v)]_E,Rz[(1+v)+T(1 vl (2-21)

Equations 2-15 and 2-21 are simultaneous equations in the unknown coefficients A and A’. Their
solutions are

SBRY(1-V)(1-TH+E[(1+V) +TX(1-V))}
T V)TV -+ V) (L-TY)

and (2-22)

_ -2PR?
[ +V)+TH(1-V)]-(1+ V) (1-T?)

A’ (2-23)

For the case in which the out-of-plane strain has a prescribed value, €,, the solution is
similar, but ©, is no longer zero. From the equations of elasticity,

g, = ;1:- [o,-v(o,+0)] , (2-24)
hence,
o,=v(o,+0)+Eg, . (2-25)
Substitution in Equation 2-18 yields
€ = (1-v) [o, Y c,] - VE, (2-26)
E (1-v)

or, using the nomenclature defined earlier (Section 2.1),

1 ~
€ = 5 (0,-v0o,)-VE, . (2-27)
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For the medium, the radial displacements are defined as

A - o -
u=-~r_—|:—2(1+v)-P(l-V)]-rvs, , (2-28)
Elr
and for the liner as
’ r A’ =~ 2 =~ ’
u =-?72—[(1+v)+M (1-v)]-rve, . (2-29)

Using the requirement for continuity of the radial displacement at the interface between the liner
and the medium (i.e., at r = R),

’

é.—[% 1+v)-PQ -(r)] +VE, ﬂ%’%i[(l +V)+T2(1-VY] + Ve, (2-30)

where it is assumed that the medium and liner undergo the same axial strain, €,.

‘The unknown coefficieuts in this case are obtained by solving the simultaneous
Equations 2-15 and 2-30. The solution for the unknown coefficient A is

BRY(1-V)(1-TH+E[(1 +V) +T%(1-V)]} - BR%,
A= - _ _ , 2-31)
F+V)+T(1-V)]-(1+V)(1-TY

where

B=EN-vA-TH . (2-32)

The solution for the unknown coefficient A’ is

e -2PR*-B'R%,
ZIA+V)+T2A-V)] -1+ V) (1-T?)

where

B'=E(V-v) . (2-34)

Equations 2-31 and 2-33 are identical to the plane stress case (Equations 2-22 and 2-33), with the
exception of the substitution of the effective elastic properties and the addition of the terms involving
B and B’. Thus, plane stress can be treated as a special case, where B and B’ are zero and the
unmodified values of the elastic parameters are used. Pure plane strain is another special case,
where €, = 0.



A Lined Shaft
Deviator Component

The following general solution corresponds to the symmetry of the problem of a lined shaft
subjected to a deviator stress in the far-field (Beskin, 1944):

C 2D
o, —-(H +—+-——)cos2t , (2-35)
rt r
c, = (H+—~+2F )cm?.t , (2-36)
C D
[H ;—4-;5 )sinZt , (2-37)
[ 2D 2vFr?
u=—[%_-H(1+v)+§C;;(1+v)+—r—2—- Vg:r]cosih , and (2-38)
[ C D 3+v
V=-2— [{(1+V)+F(1+V)-—5(1°V)+( )Fr?':]sinZt , (2-39)
3r r

where F, H, C, and D are constants that must be determined for a given set of problem boundary
conditions. This load case is illustrated in Figure 2-6(c) and comprises the application of a remote
deviator stress, §. This boundary condition implies that H = -§ and F = 0 for Equations 2-35 and
2-36. The medium stresses and displacements resulting from the applied shear stress can be
expressed in terms of two unknown coefficients, C and D. The solution is as follows:

. C 2D
o,=|S-—-—5 |cos2t (2-40)
rtort
T )
o, =|- +7 cos2t (2-41)
. C D
T, = -S - ;; ;—l sin2t (2-42)
C 2D
u= S‘(l +v)+-— (1 +\V) 4= | cos2t , and (2-43)
L 3r? re
r 2 \ (-' I) .
v=- | -S4 v)+ - S EN) - (V) Isin2r (2-44)
9 3t re '

The same general solution given by Equations 2-35 through 2-39 applies for the liner. In
this case, the radial and shear stresses, 6”, and 1, vanish at the interior surface. Using the appropriate

r

notation to indicate liner conditions, these two boundary conditions give

o
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H =-—- and 2-45
a* a* (2-45)
’ DI
pro2C 300 016
a a

The linerequations can be written in terms of unknown coefficients C*and D to obtain the following
solutions:

0',‘—‘["”(/‘4 -D+ ——(M -1)]cos2t (2-47)
Fc )
o, = —-—(1 M*+4aM°® )+ (3M -M )]cosZt , (2-48)
v, = ——C—’(zM -M*- 1)+ (3M -2M*- 1)] sin2t (2-49)
r
u'——é—{ ¢ 2 ’M“]} cos2t , and (2-50)
’ r C’ 4
v =—E—{ [(6+2v)M -BM-1) (1 + V)]

+l‘)—2’[(3+V')M4—(1 -V)-(2+2VIM*} sin2t . (2-51)
.

The coefficients C,D,C’, and D’ are determined from the general equations for the medium

and the liner through consxderanon of the radial and shear stresses and the displacements at the
interface of the liner and the medium.

The requirements for continuity of the radial stress at the interface are considered first.
Given the appropriate substitution in Equations 2-40 and 2-47, the following is obtained:

C 2D C’ 2D’
EZ —[%—2— —(T—1)+

~T*-1)=8 . (2-52)

This equation is valid for both bonded and unbonded conditions because the assumption has been
made that no gap exists between the liner and the surrounding medium.

In the case where the liner is bonded to the medium, the shear stress in the liner and medium
are the same at the interface. From Equations 2-42 and 2-49, which describe the in-plane shear
stress in the medium and liner, respectively,

R£+§+£(2T T -1)+D @BT-21*-1)=-§ . (2-53)
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If there is slip and no shear stress is transmitted at the interface, then

C D
'R—;Jrk—;=- , (2-54)
and
C, 6 4 ! 2
F(ZT -T -1)+F(3T“-2r -D=0 . (2-55)

Because the assumption has been made that the liner remains in contact with the medium,
the radial displacement must be continuous at the interface. From Equations 2-43 and 2-50, which
describe the radial displacement of the medium and the liner,

7 +R2((;D+ VS+ E’(lEfv)R“M VT -GBT*+1)(1 + V)]
E 6D

+ .' VT -(1+V)T?-1}=-3§ . 2-56
E’'(1+V)R? R? [ ( ) ] (2-56)

Like Equation 2-52, this equation is valid for both bonded and unbonded conditions.

From Equations 2-44 and 2-51, if there is complete bonding and continuity of tangential
displacement, then

C 3D(1-v) E C'. ., , o
T Ly Fa el O DU +V)- (64237

3E D, 2 ’ ’ ’ 4 J
= RT1+V)+(1-V)-B3+V)T] = . -
E’(1+v)R2[ (I+V)+(1-Vv)-B+V)T]=3§ (2-57)
Equations 2-52, 2-53, 2-56, and 2-57 are solved simultaneously to obtain the coefficients C, D,
C’,and D’ for the bonded case. If there is no bond, then there is no restriction on the shear

displacements and Equations 2-52, 2-54, 2-55, and 2-56 define the coefficients. Reordering the
appropriate equations in 2 convenient form for solving the bonded case resuits in the following.

12 -1 2AT2-1) c N
R4
1o QT-T-13 @T*-21%-1) D -8
R | T
1 6 E 6E 2 c’ -3
T 5 +v)[4v'7"-(3'1‘+1)(1+v’)] m[v'r-(lw')r -1] L
1 3(1-v) E 3E ) D’ 38
) LIPS [T - (1 +v) - (6+2v0T*) E—,(m—)m (1+vY+(1-v)-(B+vOTY FE

(2-58)



The following must be solved for the unbonded case.

R‘
1 1 0 0 b ¢
E—z =
0 0 (2T6-T‘~1) (3'1"_27'1_1) E: 0
Rl
1 : —E v 6E 2 2 -3
a+v Faag T -GT DV Fiy VT ATt o

(2-59)

Equations 2-58 and 2-59 can be solved very simply using either Gaussian elimination or
algebraic manipulation. For the bonded case

4

C’=12§ [(1+v)T“-(2F3+F4+1+v)]5A— , (2-60)
. R?

D’ =4S {-2(1+V)T°+[F1+F2+2(1+V)]}z- , (2-61)

C =-3SR*-(4T®-3T*-1)C’-6T*(T*-1)D'R* , (2-62)

D=2§R2+2T“(T2-1)%+(3T“-4T2+l)D’ , (2-63)

where

E ? 6 ’ 4

F,=-E[4v T -(1+Vv)(1+3TY] , (2-64)
E , 6 ’ 4

Fo =512+ V)T +(1+V)@ET*-1)] , (2-65)

_ E ? 4 ’ 2

Fs—k—,[v T -(1+V)T*-1] , (2-66)
E ’ 4 ’ 2 ’

F4=E[-(v +3)T°+2(1+V)T°+(1-V)] , and (2-67)
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For the unbonded case

where

=[(v+1)(v-3)IT* +4[(5 - V)F, + (2 - V)F,
-+ D) (v-TE
+[(V-5)F, +2(v - 2)F, + 6(v - 3)F, + 3(v - 3)F,
+6(v+1)(v-3T*
22[(v-3)(F, + F,) +2(v + 1) (v - 3)]T?
+ [(Fy(Fy- 1 +V)-2F,(F,+ 1 +V) + F,(1 +v) - 2F,

+(v+1)(v-3)]

R4
’ 4 2
C’=12§(3T*-2T -1)-15; ,

2
D'=-12§(2T6-T"-1)R— ,

A*
C=-3SR*+(T*-1)C’"+2(T*- 1)D’R?* ,

D =28 R*-(T*- 1)%-2(T2- DD’R*

A* = [(v-5)IT®+4[(5- V) +3F,]T®
+3[2(v-5)-F,-2F,)T*
+2[2(5-v) +F,]T?

+[(v-5)+F,-6F;] ,

and the parameters F, and F, are defined above.

(2-68)

(2-69)

(2-70)

(2-71)

(2-72)

(2-73)

This discussion completes the solution for a lined shaft subjected to a deviator stress in the
far-field. The solutionis valid for both plane stress condition and for plane strain conditions provided
the appropriate values of the elastic properties are used. The effect of axial strain was considered

in connection with the isotropic component and need not be considered again here.

Summary of Equations -- The complete solution of the stresses and displacements for
the liner and medium for hoop deformation is provided above. This summary restates those
equations needed to compute the liner stresses that are important to design.

2-20



The case considered is one of a lined shaft subjected to stresses imposed after the liner has
beeninstalled. The imposed state of stress is defined in terms of its Cartesian components designated
as

c,,0,,T,,%,,andt,.

Stresses are induced in the plane of a horizontal cross section of the shaft by G,, 6y, and %,y, and
1., and 1,, induce shear stresses on a horizontal plane through the shaft.

The solution for the stresses induced in the cross section of the liner is provided by
Equations 2-14, 2-33, 2-47 through 2-49, 2-58, and 2-59. However, this solution is given in terms
of the values of the mean and deviator stresses away from the shaft, which are defined from the
applied remote principal stresses, 0, and 6,. The necessary transformation equations needed to
obtain those principal stresses from prescribed direct and shear stresses are

N 1 - - N - -

G,=5(5,+6,)+ [©, +(5,- 6,41 and (2-74)
~ 1 ~ ~ ~o N ~ 2 1/2

G, = 5 (o, +0)-I1, +(0,-0,)74] . (2-75)

The directions of these principal stresses are orthogonal to each other, and the direction of o, is
given by

21
o= ! tan™’ (-——iyx-— ) . (2-76)
2 C.-0,

As indicated in Figure 2-7, o is measured counterclockwise to the x axis.

If the applied free-field mean and deviator stresses are defined by

P =(6,+0,)/2 and § = (5,-6,)/2 , (2-77)
the liner stresses are
A’ C’ 2D’
0',=7(1_M2)+[7(M4-])+7(M2-1)]cos2(9—a) , (2-78)
.
A, Cl 2DI
o’lz-—g(l+M2)+[7(1—M“+4M"’)+—rz—(3M4-M2)} cos2(@-o) , and  (2-79)
r
’ C’ 6 4 D’ 4 2 .
Tn:{;;(zM -M -1)+-;7(3M -2M -1)]“”2(9-0() , (2-80)

where 6 is measured counterclockwise from the direction of the major in-plane principal stress and
(6 - a) =1, the angle used previously. In these equations,

(%]
i

[\ %]
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2PR*-B'R%,
A'=5 _ - - ) (2-81)
[ +V)+TX(1-V)]-(1+W) (1 -T?

where
B’ =EWNV-Vv) . (2-82)

The values of C and D depend on the condition of the liner and medium interface. For the
case of bonding between the liner and medium,

4
C’'= lng R [(1+WT*-QF,+F,+1+V)] and (2-83)
2
D’ = 4s - R (20 +WTC+ [F+F,+2(1+V)]) (2-84)
where
A=(V+1)(V-3)T +4[(5-V)F,+ Q-VF,-(v+ 1) (v-3)IT®
+ [(V-5)F, +2(V - 2)F, + 6(V - 3)F, + 3(V - 3)F, + 6(v + 1) (v - )T
S2[(V-3)(Fy + Fy) +2(V+ 1) (v-3)]T?
+[Fy(Fy-14V)-2F,(Fy+ 14+ V) + F,(1+V)-2F, + (v+ 1)(v-3)] , (2-85)
and
F, =—§—;[4\7’T°- (1+V)(1+3T%] (2-86)
E
Fy=5l- 23+ +(1+V)@BT-1] (2-87)
E 2
F3=E-{ .0 +Vv)T*-11 , and (2-88)
F, =§[-(\7’+3)7"‘+2(1 +V)T?+(1-V)] . (2-89)
For the case of no bonding between the liner and medium,
1 4
C’'= ZZ R (3r*-27°-1) and (2-90)



Qré-T1'-1) (2-91)

where
A* = [(V - 5)T® + 4[(5 - V) + 3F,|T*
+3[2(v-5)-F, - 2F,|T*
+2[2(5-V)+F,IT*+[(v-5)+ F, - 6F,] , (2-92)

and the parameters, F, and F,, are given by Equations 2-86 and 2-88§, respectively.

In all these equations, T = R/a, the ratio of the external and internal radii of the liner. The
superscript ~ has been used to denote where effective elastic properties are used for the plane strain
case, i.e.,

~ v
= 2-93
; and V= (2-93)

E=

1-v

For plane stress conditions, the equations are identical except that the unmodified value
of the elastic properties E and v are used, and B’ = 0 in Equation 2-81. For plane stress, ¢, = 0; for
plane strain, Equation 2-25 applies for the axial stress.

2.4.2  Qut-of-Plane Shear Submodel

This section evaluates the effect of changes in the shear stress on planes perpendicular to
the axis of the shaft (Figure 2-2). These out-of-plane stresses are the T, and the T,, stresses in the
Cartesian framework or 1,, and g, in the cylindrical framework. Away from the shaft, these stresses

have the values T, and %y,. Primary concern is given to the corresponding shear stresses, T,, and 1,
that are induced on sections normal to the axis of the shaft. However, the solutions for the out-
of-plane displacements are also given.

Assumptions -- Key to the derivation of the analytical solutions considered here is the
assumption that the behavior of the liner and the surrounding medium is linear elastic. The in- plane
strains are assumed to be independent of the axial coordinate. This assumption is consistent with
the notion of a long shaft with prescribed stresses at infinity. As before, the solutions depend on
the assumption that the applied loads are static or may be treated as pseudostatic. If cases involving
transient loading are considered, then the assumption should be verified that pseudostatic behavior
is applicable.

Analytical Solutions -- The general solution to this problem is provided by Jaeger and
Cook (1979, p. 253). With the out-of-plane displacement of w, the shear stresses are

Trz':G‘er:Ga-! and TBZZG’YBZ G_a__\_N__

ar PEr (2-:94)
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where v,, and v, are shear strains.
The general solution to the problem is
w=({Ir+JirycosO+ (Kr +L/r)sin® (2-95)

where /,J, K, and L are unknown coefficients to be determined from boundary conditions, and terms
describing a linear increase in w along the length of the shaft have been ignored.

It follows from Equations 2-94 and 2-95 that
1,=G{ -J/r’)cos®@+G(K -Lir’)sin® , (2-96)
and
T, = -G +J/r})sin®+G (K +L/r’*)cos® . (2-97)

The coefficients of these general equations are obtained using the boundary conditions for
the cases of unlined and lined shafts. In the latter case, the two alternatives of complete bonding
and no bonding between the liner and medium are considered.

An Unlin haf

In this case, 7,, = 0 at the free surface, and r = R = a, hence, J =Ia* and L = Ka®. The
complete solution is

w=Ir(1+m*cos®+Kr(l +m®)sin® , (2-98)
1,,=GI(1-m%)cos® +GK(1-m?)sin® (2-99)
T, =-GI(1 +m*)sin® + GK(1 +m%)cos® , and (2-100)

m=alr
If the x axis is taken as the reference axis for the cylindrical coordinate scheme for the shaft, then

1,17, as r—>e and 6=0°

~

1,71, as r—o and 06=90°

Using these conditions, the solution for the unlined shaft becomes

~ ~

Tl 2 T,.r 2 .
w=—(1+m)cos8+—(1+m")sin® , (2-101)
G G
1,=1,(1-m*cos®+71,(1-m?)sin® , and (2-102)
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To =T, (1 +m?)sin@+7,, (1 + m*)cosh . (2-103)

A Lin haf

The general solution, given by Equations 2-95 through 2-97, is applicable to both the
medium and the liner. Restating these equations, for the liner and distinguishing between the
medium and liner by using the superscript ’,

w'={"r +J'/rycos®@+(K’r +L’/r)sin® , (2-104)
v, =G'(I"-J'Ir*)cos@+G’(K’-L'Ir*)sin® , and (2-105)
Vo, =-G'(I"+J'Ir*)sin@+ G’ (K’ +L’/r*)cosO . (2-106)

The shear stresses vanish at the internal surface of the liner, which requires that J” =1I’a® and
L’ =K’a*“. The solution becomes

w’=I'r(1 +m?*cos0 +K’r(1 +m?)sin® (2-107)
v _ =GT'(1-m*)cos®+G’K’(1-m?)sin@ , and (2-108)
T, =-G'I'(1 +m*)sin@ + G’K’(1 +m*)cos® . (2-109)

For the region outside the shaft, the same boundary conditions apply in the free-field as for the
unlined case; i.e.,

T, —1T, as r—o and 06=0°
1,—T, as r—o and 6=90°
Hence, from the solution given earlier,
An
G

I= d K=-2%
an G

and the general solution for the medium becomes

1, T,
w=r[—G—+%Jcose+r[Ey+%}sin6 , (2-110)
. J T, L),
Tn=G[E-;§]COSG+G(Ey-;jSIn9 , and (2-111)
Te, =-C —Aﬁ+i sin@+ G i+£ cos© (2-112)
& G r? G r? '
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Specifically, terms that include m represent the effect of the shaft, and the remainder represent the
deformation caused by free-field stresses. Hence, the displacement induced as a result of the
excavation of a circular shaft in a medium with initial stresses P and § is given by

u, =={(1 +VM*P +[4-(1+v)m*Im*S cos2t} , and (2-125)

I

v, -_---’E-{[(s-v)-(l +V)(A -mAm?} § sin2e (2-126)

where the subscript e denotes that these stresses are induced by excavation of the shaft. As before,
the appropriate substitution for material properties is made for the case of plane strain.

The case of an initially stressed material that relaxes into an unstressed liner is described
below. Following the development for the external loading case, the initial stress field is decomposed

into the isotropic part (P) and the deviator part (§). The displacement caused by the isotropic part
is defined as

rA

b =g+ (2-127)

where A is an unknown coefficient that is derived for the conditions for continuity of radial stress,
o,, and radial displacements, u,, at the interface between the medium and the liner. This equation
differs from Equation 2-19 for the external loading case ")y the absence of the contribution of the

term P. The other equations (Equations 2-13, 2-14, and 2-20) remain unchanged. The unknown
coefficient A is

PRI+ V) +T2(1-V)

A =3 (2-128)
A +V)+T*(1-V)]-(1+v)(1-T?
and the corresponding coefficient for the liner is
, R*(1+Vv)P
Al =% ( ) (2-129)
A+V)+T(1-V)-1+v)(1-TH
The displacements of the medium for the relaxation of the deviator stress are given by
r| C, 2D,
u, =E_3r4(1 +V)+—;2— cos2t , and (2-130)
r C. D, .
v¢=E_3r4(l+v)~;7(l—v) sin2t . (2-131)

These equations replace Equations 2-43 and 2-44. The other equations for the medium and liner
remain unaltered (Equations 2-40 through 2-42 and 2-47 through 2-51).
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Substitution of these equations in the condition for a bonded liner yields the following set
of simultaneous equations.

12 -1 AT 1) C. §
Rd
b Qre-1'-1) @r'-21-1) o, | |
R* |~
1 6 6E - ] c’, 0
T E(H BT - OT+ D+ V)] E(nv)'” (1 +vIT- 1] £
1 31-v) 2 b, 0
Ao E(1+ )[(31‘ 11 +v)-(6+2v)T°) E(l+ By 2 a+v)+0-v)- @+vOT -
(2-132)
For the case of an unbonded liner, the boundary conditions at the interface yield the following.
12 T*-1 2T 1) c, $
I'g
11 0 0 D, -8
I_e—z =
0 0 @r*-T'-1) GT*-21%-1) c. 0
Rl
1 6 E 2 D’, 0
Y] By VT -0+ D+ E(1+V)[v’l" enrtn ||

(2-133)

With the exception of the right-hand sides, these equations are identical to the equations for the
external loading case (Equations 2-58 and 2-59). Solution of these equations yields the unknown
coefficients C,, D,,C’,,and D’,

Implementation in the SHAFT code of the equations described above necessitates very
few changes. Specifically, revisions must be used for the equations for the displacements in the
medium (Equations 2-127, 2-130, and 2-131), the expressions for the coefficients A, and A,
(Equations 2-4 and 2-5), and the right-hand sides of the simultaneous equations for coefficients
C,,D,,C’,,and D’, (Equations 2-132 and 2-133).

The equations derived above are based on the assumption that the lining can be installed
before any elastic recovery of the surrounding medium has occurred, i.e., the processes of excavation
and liner installation are simultaneous. This situation is unrealistic, and analysis based on this
premise results in an overestimation of liner deformation and stresses. In practice, the extent of
deformation of the medium that occurs before liner installation must be estimated, measured in the
field, or computed using a three-dimensional stress analysis model. Hence, calculations using the
equations given in this section are of limited practical value and are not included as an option in
the version of the code documented by this report.

2.5  Performance

The limitations of the performance of the SHAFT code derive directly from the assumption
inherent in the model. Specifically, both medium and liner are treated as linearly elastic materials
and simple bonded or unbonded conditions are assumed at the interface between the two. Moreover,
only the case of statically applied external loads, expressed as either stresses or strains, can be

considered. It may be necessary to validate the use of static analysis when considering transient
loads that arise from seismic loading.
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The code is currently configured to automatically generate stresses and displacements at
10 data points along 2 radial lines in the liner. In addition, thc user may specify sample points
defined on a cylindrical grid with as many as 100 radial distances and 100 angular locations relative
to the orientation of the reference (xx) horizontal stress, thus generating as many as 10,000 sample
points. The manually defined sample points may be either in the liner or in the medium.

Because the code is based on an exact analytical solution to the problem, no numerical
approximations are involved. However, coefficients are calculated using a Gaussian elimination
routine. No significant errors result from the use of the solution method, and no special conditions
exist which might cause poor performance.



3.0 USER’5 MANUAL

The SHAFT code is intended to be run interactively on an IBM PC or compatible
microcomputer. Because the code prompts the user for all information, formal data preparation is
not necessary and no training in the use of the code is required. The primary function of this section
is, therefore, to describe aspects of the use of the code that may not be completely self-evident to
a first-time user who lacks background knowledge of the computer coding or the theoretical basis
of the code.

3.1 Function and Invocation of Qptions

The code offers the user several options in both the method of data entry and the analyses
performed. These options are listed below.

3.1.1 Selection of Hoop Deformation or Pure Shear Analysis

The user is asked whether he desires to perform hoop deformation calculations, shear
analysis, or to terminate. The response is H for the hoop deformation, S for shear analysis, and T
to terminate. The hoop and out-of-plane shear calculations are entirely independent of each other;
only the geometry and material properties are the same in the two cases.

3.1.2 Selection of Input for Stresses or Strains

The user is asked whether he desires to enter the applied loads as strains. If the response
is no (N), then stresses are requested.

3.1.3 Selection of Plane Stress or Plane Strain

The user is asked whether a plane stress analysis is to be performed. If the response is no
(N), then a plane strain analysis is performed and the user is prompted for values of the axial strain.
Entry of a value of zero for the axial strain corresponds to conventional plane strain conditions.

3.1.4 Selection of Bonded or Unbonded Conditions at the Interface of the
Liner and Medium

The user is asked whether the liner is bonded to the medium. If the response is yes (Y),
then no relative shear displacement is allowed between the liner and the medium (i.e., the liner is
bonded to the surrounding material). If the response is no (N), then the liner is allowed to slide
freely against the medium and no shear stress develops at the interface. The liner and medium are
not allowed to separate in tension even if slip is permitted.

3.1.5 Selection of Automatic or Manual Sampling

The user is asked whether he wishes to enter the sample points manually. If the response
is yes (Y), then the user is prompted for the coordinates of sample points. Coordinates are generated
on a cylindrical grid system defined by radial distances from the center of the shaft and circum-
ferential angles measured relative to the x axis. Sample points may be in the medium or the liner.
To examine conditions in the medium, the user selects a radial distance greater than the outer radius
of the liner. Regardless of the response to the above question, samples are generated automatically
along two radial lines in the liner. For hoop calculations, those radial lines are in the direction of
the principal stresses. For the shear calculations, those lines are in the direction of the x and y axes.
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3.2 Input and Qutput

All input to the SHAFT code in response to clearly stated questions. The user need only
respond either with yes (Y/y) or no (N/n) (both upper and lower cases are recognized) if the question
requires a decision or with a number if numerical input is required. In all cases, a single character
or a number is entered, followed by the enter or return command.

Additional information regarding input is given below.

The user is prompted for a name or identification, which can be any string of up to 40
characters.

The user is prompted for a filename for saving output. That name must comprise a string
of up to 10 legal characters. An output file of that name is automatically created and can be printed
after completion of the analysis by entering, for example, the instruction PRINT LAYER3.OUT,
where LAYER3.0UT is a legal filename.

If the userelects to generate samples manually, then he is prompted first forradial distances
and subsequently for circumferential angles. Inbothcases, the list of values is terminated by entering
any negative number. Inthe interest of clarity, it is recommended that values for the radial distances
be input in ascending order. (Any sample points with radial distances less than or equal to the radius
of the unlined hole are assumed automatically to be in the liner.) Circumferential angles should be
input sequentially from the x axis (parallel to the xx stress), moving counterclockwise.

Noassumptions regarding the units in which information is input are implicit in the SHAFT
code. The user is responsible for ensuring that the units for dimensions, stresses, and strains are
consistent. For the purposes of this document, the sign convention adopted is that compressive
stresses are positive and displacements are positive in the negative coordinate direction. However,
no sign convention is implicit within the code.

Output is provided both on the screen and in the data file described above. A complete
record of analysis is maintained in the output data file. The output file also contains the name of
the user, informiation on the code, and the time and date of the analysis. This lastitem of inforniation
is needed to provide an adequate record for quality assurance purposes. The screen output is
abbreviated and includes a simple graphical display of the distribution of stress and displacements
through the lirer. For each variable analyzed, whether out-of-plane shear stresses or direct stresses
resulting from hoop deformation, the distribution of the variable is displayed for two radial lines
extending from the interior to the exterior of the liner. The two radial lines, designated 1 and 2, are
oriented to correspond to the principal directions for the applied stress field, in the case of hoop
deformation analysis, and in the x and y coordinate directions, in the case of out-of-plane shear
analysis. The locations of the sample points and numerical values are tabulated next to the graphs;

the purpose of the graphic display is merely to aid in identifying the location of maximum and
minimum values.

33 Sample Analyses

Three sample problems taken from "Preliminary Shaft Liner Design Criteria and Meth-
odology Guide," (Richardson, 1990) are described below: (1) the case of static loads causing hoop
deformation and axial stress, (2) the case of seismic loading for vertically propagating compressional
and horizontally propagating shear waves, and (3) a more general seismic load combination. Details
of how the three various loads are combined are discussed by Richardson (1990).
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3.3.1 Example 1—Static Loads

Static loads in the repository shaft design can be given as a combination of the ground load
and the thermal lcad. For example use:

O'i = 1.08 MPa,
o, = 2.02 MPa,
t, = 0.5MPa, and

g = -150x10%.
The parameters representing the medium are assumed to be

E = 15,200 MPa and
v =0.22.

The parameters used to represent the concrete shaft liner, which is assumed to be bonded to the
medium, are

E’ = 28,000 MPa,
v = 0.15,
innerradius = 1.83 m, and
outradius = 2.13 m.

Output for the analysis is provided in Figure 3-1. Because the program prompts the user
for input data, no input file 1s created. All input parameters are contained in the output files. The
output is illustrated systematically in the upper part of Figure 3-2, which is a polar plot of hoop
stresses. The maximum value of the hoop stress is 9.2 MPa. This value is compressive and occurs
at the inner face of the liner.

3.3.2 Example 2—Seismic Load Combination

This seismic load combination comprises a vertically propagating compressional wave (P)
and a horizontally propagating shear wave with particle motion parallel to the ground surface (SH)
(refer to Figure 3-2). For shaft lining design, these loads are treated as static loads and, hence, the
SHAFT code can be used to evaluate the stresses in the liner. As an example, assume that the
nonzero strains associated with those waves are

44.0%x 10 and
109.0x 107°.

£,
Yo

The shaft liner and medium parameters are the same as the first example except for the use of a
dynamic modulus in the TS unit (23,50 MPa).

Output for the analysis is provided in Figure 3-3 and is illustrated schematically in the
lower portion of Figure 3-2. The ma<imum m:gnitude of the hoop stress is approximately 5.3 MPa
and occurs at the interior face.
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Analytical solutions four a lined circular hole

Code: SHAFT. Version 3.02, upgraded for SANDIA/NNWSI Jan 20, 1989
J.F.T. Agapito and Associates
Grand Junction (303) 242 4220

Example 1, Static load case 4

Analysis completed vy :jra

The QA version of this code is : SHAFT 3.02

Plane strain analysis

Bonding between shaft wall and liner is assumed

Geometry and Properties of Shaft and Liner

Radius of unlined hole....... = 2.1300
Lining thickness........ e .3000
Elastic modulus of medium.... = .1520E+05
Poissons ratio of medium..... = .2200E+00
Elastic modulus of liner..... = .2800E+05
Poissons ratio of liner...... - .1500E+00

HOOP AND AXIAL DEFORMATION CALCULATION

The input in-plane stresses are :

X = .10BOE+01

S5Y = .2020E+01

SXY = .5000E+00
The axial strain (ES2) is : ~.1500E-03
The principal stresses are :

SIGl = .2236E+01

SIG3 = .B63BE+00

The major stress is inclined at 66.6 degrees relative to the X axis

The Interaction Calculation for the liner
predicts the stresses listed belcw.

Note that the reference angle is the
first principal stress direction

Hoop Stresses in the Liner

Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Maximum
.1016E+01} .9202E+01
1.83 .1016E+01 .9202E+01 'l 2 !
1.86 L.1173E+01 .B864E+D1] 1 2 !
1.90 .1315E+01 .8550E+401 DY 2 ¢
1.93 .1445E+01 .8258E+01 vl 2 ¢
1.96 .1562E+01 .7985E+01 (D 2 !
2.00 .1670E+01 .7731E+01 LI | 2 !
2.03 .1768E+01 . 7493E+01 o 2 !
2.06 .1858E+01 .7270E+01 tl 2 ¢
2.10 .1941E+01 .7060E+01 ! 1 2 !
2.13 .2018E+01 .6862E+01 ! 1 2 !
Radial Stresses in the Liner
Radius At 0.(Pt 1) At 90. (Pt 2) Minimum Maximum
.0000E+00 .9782E+00
1.83 .0000E+00 .0000E+0Q I3 !
1.8¢6 .2218E-01 -1530E+00 I3 2 !
1.90 .5086E-01 .3020E+00 vl 2 1
1.93 .8497E-01 .4308E+00 H 1 2 !
1.96 .1236E+00 .5468E+00 ¢ 1 2 !
2.00 .1659E+00 .651SE+00 ! 1 2 !
2.03 L2112E+00 .7459E+00 ! 1 2 H
2.06 .2389E+00 .B8313E+00 ! 1 2 !
2.10 .3085E+00 .9084E+00 ! 1 2 H
2.13 .3596E+00 .9782E+00 ! 1 2!

Figure 3-1.

SHAFT Code Output: Example 1—Static Loads
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Axial Stresses in the Liner

Radius At 0.(Pt 1) At 90. (Pt 2) Minimum Maximum
~.4048E+01 -.2820E+01
1.83 ~.4048E401 -.2820E+01 1 2 !
1.86 ~.4021E+01 -.2847E+01 1Y 2 !
1.90 -.3995E+01 ~.2872E+01 b 2 !
1.93 -.3971E+01 -.2897E+01 1 2 !
1.96 -.3947E+01 ~.2920E+01 [ 2 !
2.00 ~-.3925E+01 -.2943E+01 [N Y 2 !
2.03 ~.3903E+01 -.2964E+01 ! 1 2 !
2.06 -.3882E+01 -.2985E+01 : 1 2 f
2.10 -.3863E+01 -.3005E+01 ! 1 2 !
2.13 ~.3843E+01 -.3024E+01 ! 1 2 !
Radial Displacements in the Liner
Radius At 0.(Pt 1) At 90. (Pt 2) Minimum Maximum
.6330E-04 .6745E-03
1.83 .6630E-03 .6614E~04 t2 1 !
1.86 .6695E-03 .6513E-04 12 1
1.90 .6701E-03 .6436E-04 12 1 !
1.93 .6706E-03 .6382E-04 12 1!
1.96 .6712E-03 .6347E-04 12 1!
2.00 .6718E-03 .6330E-04 12 1!
2.03 .6724E-03 .6330E-04 i2 1!
2.06 .6730E-03 .6346E-04 12 Tt
2.10 .6737E-03 .6375E-04 12 1
2.13 .6745E-03 .6417E-04 12 1!
Hoop Displacements in the Liner
Radius At 0. (Pt 1) At 90.(Pt 2) Minimum [iaximum
-.4740E-08 .0000E+00
1.83 .0000E+00 -.4740E~08 12 1!
1.86 .0000E+00 ~.4644E-08 12 1!
1.90 .0000E+00 -.4554E-08 t2 1
1.93 .0000E+00 -.4470E-08 t 2 1 !
1.96 .0000E+00 -.4390E-08 2 1 !
2.00 .0000E+00 -.4315E-08 ro2 10!
2.03 .0000E+00 -.4244E-08 ! 2 1 !
2.06 .0000E+00 -.4177E-08 ! 2 1 !
2.10 .0000E+00 -.4113E-08 ! 2 1 !
2.13 .D0COE+00 -.4052E-08 ! 2 10!
Time: 15:48:20
Date: 1/26/89

Figure 3-1. SHAFT Code Output: Example 1—Static Loads (Concluded)
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Figure 3-2.  Tangential Stresses on the Interior Face of the Shaft Liner in the Example
Problem
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Analytical solutions for a lined circular hole
Code: SHAFT. Version 3.02, upgraded for SANDIA/NNWSI Jan 20, 1989
J.F.T. Agapitou and Associates
Grand Junction (303) 242 4220
Example 2, Seismic load case 1
Analysis completed by :jra
The QA version of this code is . SHAFT 3.02
Plane strain analysis
Bonding between shaft wall and liner is assumed

Geometry and Properties of Shaft and Liner

Radius of unlined hole....... = 2.1300
Lining thickness............. = .3000
Elastic modulus of medium.... = .2350E+405
Poissons ratio of medium..... - .2200E+00
Elastic modulus of liner..... = .2800E+05
Poissons ratio of liner...... - .1500E+00

HOOP AND AXIAL DEFORMATION CALCULATION

The input in-plane strains are

esx = .0000E+00
esy = .0000E+00
esxy ~ .1090E~03
The calculated in-plane stresses are :
SX = .3330E+00
SY = .3330E+00
SXY = .1050E+01
The axial strain (ESZ) is : .4400E-04
The principal stresscs are
SIGl = .1383E+01
SIG3 = -.7168E+00

The major stress is inclined at 45.0 degrees relative to the X axis

The Interaction Calculation for the liner
predicts the stresses listed below.

Note that the reference angle is the
first principal stress direction

Hoop Stresses in the Liner

Radius At 0.(Pt 1) At 90. (Pt 2) Minimum Maximum
-.4015E+401 .5330E+401
1.83 -.4015E+01 .5330E+01 1 2 !
1.86 -.3771E+01 .S5063E+01 i1 2 !
1.90 -.3549E+01 .4818E+0] 1l 2 !
1.93 ~.3344E+01 .4593E+01 [ 2 !
1.96 -.3157E+01 L4385E+01 Pl 2 ¢
2.00 -.2984E+01} .4194E+01 ! 1 2 !
2.03 -.2825E+0) .4017E+01 ! 1 2 !
2.06 ~.2678E+01 .3853E+01 ! 1 2 !
2.10 ~.2543E+01 .3701E+01 H b 2 !
2.13 -.2417E+401 .3560E+01 ! 1 2 ¢
Radial Stresses in the Liner
Radius At 0.(Pt 1) At 90. (Pt 2) Minimum Maximum
-.2801E+00 .4523E400

1.83 .0000E+00 .0000E+00 ¢ +
1.86 ~-.6668BE~01 .8999E-01 ! 1 2 !
1.90 -.1216E+400 .1670E400 H 1 2
1.93 ~-.1661E+00 L2325E+400 ¢ 1 2 !
1.96 -.2017E+00 .2880E+00 ! 1 2 !
2.00 -.2295E+00 .3347E+00 [ 2 f
2.03 -.2504E+00 .373€E+00 L 2 !
2.06 -.2653E+00 .4056E+00 1 2 !
2.10 ~-.2750E+00 4316E+00 11 2 !
2.13 -.2801E+00 .4523E+00 1 z !

Figure 3-3.

SHAFT Code Output: Example 2—Seismic Load Combination
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Axial Stresses in the Liner

Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Maximum
.6298E+00 L2031E+01
1.83 .6298E+00 L2031E+01 'l 2 !
1.86 .6563E+0C .2005E+01 [ 2 !
1.90 .6815E+00 .1980E+01 tl 2 !
1.93 .7054E+00 .1956E+01 11 2 !
1.96 .7282E+00 .1933E+01 t1 2 1
2.00 .7499E+00 L.1211E401 ol 2 !
2.03 .7707E+00 .1891E+401 1 2 !
2.06 .7905E+00 .1871E+01 ! 1 2 !
2.10 .B094E+00 .1852E+01 ! 1 2 i
2.13 .B275E+00 .1834E+01 H 1 2 !
Radial Displacements in the Liner
Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Maximum
~.2887E-03 .3433E-03
1.83 .3415E~03 ~.2816E-03 12 1 !
1.86 .3420E-03 -.2829E-03 12 1t
1.90 .3424E-03 -.2839E-03 12 1t
1.93 .3428E-03 -.2849E-03 12 1
1.96 .3430E-03 -.2857E-03 t2 1!
2.00 .3432E-03 -.2865E~03 12 1!
2.03 .3432E-03 -.2871E-03 2 1
2.06 +3433E-03 -.2877E-03 12 1
2.10 .3433E-03 ~-.2882E-03 t2 1!
2.13 .3433E-03 -.2887E-03 t2 1!
Hoop Displacements in the Liner
Radius At 0.(Pt 1) At 90. (Pt 2) Minimum Maximum
-.5137E-08 .0000E+0Q0
1.83 .0000E+00 -.5137E-08 12 1!
1.86 .0000E+00 ~.5043E-08 t2 1!
1.90 .0000E+00 -.4955E-08 t2 1!
1.93 .0000E+00 -.4874E-08 t 2 1t
1.96 .0000E+00 -.4798E-08 t 2 1!
2.00 .0000E+00 ~-.4728E-08 o2 1!
2.03 .0000E+00 -.4662E-08 vo2 1t
2.06 .0000E+00 -.4601E-08 ! 2 1!
2.10 .0000E+00 -.4544E-08 ! 2 1!
2.13 .0000E+00 ~.4491E-08 ¢ 2 1!
Time: 15:54:30
Date: 1/26/89

Figure 3-3. SHAFT Code Output: Example 2—Seismic Load Combination (Concluded)
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3.3.3 [Example 3—General Seismic L.oad Combination

This seismic load combination is composed of compressional waves (P), shear waves with
horizontal particle motion (SH), and shear waves (SV) with orthogonal particle motion at a 30°
angle of incidence to the shaft axis. Asan example, the complete free-field equivalent static-strain
tensor nvight be

g = 80x107,
g, = 0,

g, = 94x107,
Yo = 29x107,

Y. = 20x107° and
Y. = 108x107°

The shaft liner and medium parameters are the same as for Example 2. f
In this case, both the hoop and out-of-plane shear submodels in SHAFT are used. Output
from the analyses for these two submodels is provided in Figure 3-4.

34 Software and Computer System Requirements

The SHAFT code is intended to run interactively on an IBM PC or compatible micro-
computer. The code is implemented in Version 4.1 of Microsoft FORTRAN, which conforms to
American National Standard programming language FORTRAN 77 as described in the American
National Standards Institute (ANSI) X3.9—1978. The recommended system configuration for use
of this code is 512K Random Access Memory (RAM), 1 disk drive, 8087/80287 math coprocessor
(optional), printer, and DOS 3.0 (or more recent) Operating System.
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Analytical solutions for a lined circular hole

Code: SHAFT. Version 3.02, upgraded for SANDIA/NNWSI Jan 20, 1989
J.F.T. Agapito and Associates
Grand Junction (303) 242 4220

Fxample 3, Combined seismic load case 2

Analysis completed by :jra

The QA version of this code is : SHAFT 3.02

Plane strain analysis

Bonding between shaft wall and liner is assumed

Geometry and Properties of Shaft and Liner

Radius of unlined hole....... 2.1300

Lining thickness......... - .3000
Elastic modulus of medium.... = .2350E+05
Poissons ratio of medium..... = .2200E+00
Elastic modulus of liner..... = .2800E+05
Poissons ratio of liner...... - .1500E+00

HOOP AND AXIAL DEFORMATION CALCULATION

The input in-plane strains are :

esx « .8000E-04
esy = .0000E+00
esxy = .2900E-04
The calculated in-plane stresses are :
SX = .2858E+01
SY = L1317E401
SXY = «2793E+00
The axial strain (ES2) is : .9400E-04
The principal stresses are :
51Gl = .2907E+01
SIG) = <126BE+01

The major stress is inclined at 10.0 degrees relative to the X axis

The Interaction Calculation for the liner
predicts the stresses listed below.

Note that the reference angle is the
first principal stress direction

Hoop Stresses in the Liner

Radius At 0.(Pt 1) At 90. (Pt 2) Minimum Maximum
.8241E+00 .8119E+01
1.83 .8241E+00 .8119E+01} 'l 2!
1.86 .9439E+00 .7841E+01 DY 2 H
1.90 .1051E+01 .7S83E+01 11 2 !
1.93 .114BE+01 .7344E+01 t1 2 !
1.96 .1234E+401 .7122E+401 il 2 !
2.00 .1312E+01 .6916E+01 L) 2 !
2.03 .1382E+01 .6724E+01 ol 2 !
2.06 . 1445E+401 .6544E+01 vl 2 H
2.10 .1502E+01 .6376E+0D1 ¢ 1 2 !
2.13 .1553E+01 .6219E+01 vl 2 !
Radial Stresses in the Liner
Radius At 0.(Pt 1) At 90. (Pt 2) Minimum Maximum
.0000E+0D .B713E+00
1.83 .0000E+00 .0000E+00 154 !
1.86 .1812E-01 .1404E+00 'l 2 !
1.90 .4179E-01 .267DE+00 1l 2 !
1.93 .700G8E-01 .3813E+00 ol 2 ¢
1.96 1022E400 .4B4SE+00 ¢ 1 2 !
2.00 .1375E+00 .5779E400 ! 1 2 !
2.03 .1753E+00 .6624E+00 ! 1 2 !
2.06 .2152E+00 .7390E+400 ! 1 2 !
2.10 L2568BE+00 .B0OB4E+00 ! 1 2 !
2,13 .2996E+00 .8713E+0Q0 ! 1 2 !

Figure 3-4.
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Axial Stresses in the Liner
Radius At 0. (Pt 1) At 90.(PcL 2) Minimum Maximum
.2756E+401 .3850E+01
1.83 .2756E+01 .3850E+01 t1 2!
1.86 L2776E+01 .3829E+01 11 2 !
1.90 L2796E401 .3810E+01 (DY 2 '
1.93 .2815E+01 .3791E+401 [ 2 !
1.96 .2832E+401 .3773R+01 [ | 2 !
2.00 L2849E+01 .3756E+01 (B 2 !
2.03 .2866E+01 .3740E+01 LI 2 !
2.06 .ZBB1lE+01 .3724E40) ! 1 2 !
2.10 .2896E+0] .3710E401 ! 1 2 !
2.13 .2910E+01 .3696E+01 H 1 2 {
Radial Displacements in the Liner
Radius At 0.(Pt 1) At 90. (Pt 2) Minimum Maximum
.4600E-05 .5031E-03
1.83 .5031E-03 .1665E-04 t2 1!
1.86 .5025E-03 .1463E-04 12 1 !
1.90 .5018E-03 .1281E-04 12 1!
1.93 .5012E~-03 .1119E-04 12 1 §
1.96 .5006E-03 .9737E-05 12 1!
2.00 .5000E~-03 .8444E-05 12 1 ¢
2,023 .4994E~03 . 7297E-~05 12 1!
2.06 .4989E-03 .6281E-05 12 1!
2.1¢C .4984E-03 .S385E-05 12 1 !
2,13 .4979E~03 .4600E-05 12 1 !
Hoop Displacements in the Liner
Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Maximum
-.4010E-08 .0000E+00
1.83 .0000E+00 ~-.4010E~08 12 1t
1.86 .0000E+00 -.3937E-08 (2 1!
1.90 .0000E+00 ~.3869E~08 L2 1
1.93 .0000E+00 -.3805E-08 b2 1
1.96 .0000E+00 -.3746E-08 12 1t
2.00 .0000E+00 ~-.3691E-08 ro2 1t
2,03 .0000E+00 -.3640E-08 t2 1
2.06 .0000E+00 ~-.3592E-08 H 2 1!
2.10 .0000E+00 ~.3548E-08 ! 2 1t
2.13 .0000E+00 -.3506E-08 ! 2 1!
OUT~OF-PLANE SHEAR CALCULATION
The input shear strains are
eszx = .1080E-03
eszy = .2000E-04
The input shear stresses are
SZX = .1040E+01
S5ZY = .1926E+00
RZ-Shear Stresses across the Liner
Radius At 0.(Pt 1) At 90. (Pt 2) Minimum Maximum
.0000E+GCO .3328E+400
1.83 .0000E+00 .0000E+00 i+ !
1.86 .4506E~01 .8345E-02 2 1 !
1.90 .8777E-01 .1625E-01 t 2 1 !
1.93 .1283E+00 .2376E~01 to2 1 ]
1.96 .1668E+00 .308RE-01 P2 1 !
2.00 .2033E400 .3765E-01 ! 2 1 !
2.03 L2381E+00 .4409E-01 ¢ 2 1 !
2.06 .2712E+00 .5022E-01 l 2 1 !
2.10 .3027E+00 .S606E-01 ! 2 1 !
2.13 .3328E+00 .6163E-01 ! 2 1
T2-Shear Stresses across the Liner
Radius At 0.(Pt 1) At 90. (Pt 2) Minimum Maximum
~-.2542E+401 .4707E400
1.83 .4707E+00 ~.2542E+01 12 1 !
1.86 .4623E+00 ~.2497E+01 12 1 !
1.90 .4544E+00 ~.2454E+01 12 1!
1.93 .4469E+00 -.2413E+01 t 2 10
1.96 .4398E+00 ~.2375E+01 t2 1 !
2,00 .4330E+00 -.2338E+01 t2 1
2.03 .4266E+00 -.2304E+01 2 1 !
2,06 .4205E400 -.2271E+01 to2 1 !
2.10 .4146E+00 =-.2239E+01 to2 10!
2.13 .4091E+00 ~.2209E+01 ! 2 1
Axial Nisplacement of the Liner
Radius At 0.(Pt 1) At 90. (Pt 2) Minimum Maximum
L7076E-04 .386SE-03
1.83 .3821E~03 .7076E~-04 12 1 !
1.86 .3821E-~03 .7077E-04 12 1
1.90 .3823E-03 .T080E-04 ‘2 1 !
1.93 .38B26E~03 .7086E-04 12 1!
1.9¢ .3830E~03 .7093E-04 12 1
2.00 .3835E~03 .7103E~04 12 1 f
2.03 .3841E~03 .7114E-04 12 1!
2.06 .3848E~03 <T127E-04 12 1
2.10 .3856E~03 .7141E-04 ‘2 1 !
2,13 .3865E~03 .7157E-04 12 1!
Time: 15:59: 6
Date: 1/26/89

Figure 3-4. SHAFT Code Output: Example 3—Seismic Load Combination (Concluded)



4.0 CODE VERIFICATION

The verification problems described in this section are used to demonstrate that the SHAFT
code correctly performs the analysis for which it was intended. Such assurance is provided by
demonstrating that all boundary conditions are satisfied, that the solution is consistent with the
simpler case of an unlined shaft, that the code is consistent with the equations, and that the results
of the analysis are consistent with those obtained using a finite-element code.

Table 4-1 lists the set of conditions for the geometric and material properties assumed for
the verification process. The values and choices of units are arbitrary. The assumed conditions do
not represent a specific case; thus, the findings of the analyses are considered generalizations,
particularly because linear material behavior is assumed. Outputs for all verification analyses are
listed in Appendix A.

Table 4-1

GEOMETRY AND MATERIAL PROPERTIES ASSUMED FOR
THE VERIFICATION PROCESS

e =71

Property Assumed Value
Radius of unlined shaft 25 m
Thickness of liner 0.25m
Elastic modulus of medium 10,000 MPa
Poisson’s ratio of medium 0.2
Elastic modulus of liner 30,000 MPa
Poisson’s ratio of liner 0.15

4.1 Consistency with Boundary Conditions—Hoop Deformation

The hoop deformation analysis was performed for the following applied stresses and strains:

XX stress (0,) = 10 MPa,

yy stress (3,) = 5 MPa,

Xy stress (G,) = 2.5 MPa, and
axial strain (g,) = 0.0.

These correspond to a plane strain condition. The corresponding principal stresses and
the direction of the principal stress were calculated correctly by SHAFT using Equations 2-74
through 2-76. The results of the calculations are

0[ = 1 ].O MPa,
o, = 4.0 MPa, and
o = 22.5°,

where o is the direction of o, relative to the xx stress direction.

For both cases discussed below, plane strain conditions were assumed. Two cases are
considered: (1) the case of bonding between liner and medium and (2) the case of no shear resistance
at the interface.
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4.1.1 Bonding of the Liner and Medium

The stresses and displacements listed in Table 4-2 were ccmputed for sample points along
three radial lines, including lines parallel to the principal stress directions. The third sample point
lies just inside the medium. The following boundary conditions are illustrated by the data in
Table 4-2.

. Radial stress (o,) and in-plane shear stress (1,,) vanish at liner interior.

. Hoop (o,) and radial stresses approach the applied stresses at a large distance from
the shaft.

. Radial stresses are continuous at the interface.

. Radial displacements (u) are continuous at the interface.

. Shear stresses are continuous at the interface.

. Tangential displacements (v) are continuous at the interface.

These boundary conditions are consistent with the boundary conditions expected for this
case.

4.1.2 Unbonded Interface of the Liner and Medium

The stresses and displacements listed in Table 4-3 were computed for the sample points
along three radial lines, including lines parallel to the principal stress directions. The third point
lies just inside the medium. The following conditions are illustrated by the data in Table 4-3.

. Radial stresses (0,) and shear stress (1,,) vanish at the liner interior.

. Radial stresses are continuous at the interface.

. Shear and radial stresses approach the applied stresses at a large distance from
the shaft.

. There are no shear stresses at the interface of the liner and medium.

These boundary conditions are consistent with the boundary conditions expected for this case.

4.2 Consistency with Boundary Conditions—Shear Deformations

The shear deformation analysis was performed for the following applied strain: remote xz
shear strain (y,,)—0.001. Again, the bonded and unbonded cases were considered.

4.2.1 Bonding of the Liner and Medium

The stresses and displacements listed in Table 4-4 were computed for sample points along
three radial lines, including lines parallel to the x and y axes. The third sample point lies just inside
the medium. The following conditions are illustrated by the data in Table 4-4.
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Table 4-2

RESULTS OF HOOP DEFORMATION ANALYSIS
OF A SHAFT WITH A BONDED LINER

Stresses Displacements
(MPa) (m)
Radial L*
Distance M o, o, T o, u M
(m)
t - 0 oC
2.25 L 0.0 6.08 0.0 0.91 0.0054 0.0
2.50 L 1.50 13.00 0.0 2.17 0.0054 0.0
2.505 M 1.52 4.70 0.0 1.24 0.0054 0.0
100.00 M 11.03 3.97 0.0 3.00 0.0965 0.0
r=45°
2.25 L 0.0 35.69 0.0 5.35 0.0026 0.0025
2.50 L 3.39 32.30 -4.56 5.35 0.0026 (.0022
2.505 M 3.41 11.59 -4.57 3.00 0.0026 0.0022
100.00 M 7.50 7.50 -3.54 3.00 0.0540 0.0425
1=90°
2.25 L 0.0 65.31 0.0 9.80 -0.00019 0.0
2.50 L 5.28 51.62 0.0 8.54 -0.00025 0.0
2.505 M 5.28 18.48 0.0 4.76 -0.00025 0.0
100.00 M 397 11.04 0.0 3.00 0.01155 0.0

* Liner is denoted by "L."

* Medium is denoted by "M."
¢ tis the angle relative to the direction of the major principal stress.
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Table 4-3

RESULTS OF HOOP DEFORMATION ANALYSIS

OF A SHAFT WITH AN UNBONDED LINER

Stresses Displacements
(MPa) (m)
Radial L*
Distance M* o, o, T, o, u v
(m)
t=0°°
2.25 L 0.0 28.47 0.0 4.27 0.0060 0.0
2.50 L 3.43 38.80 0.0 6.34 0.0060 0.0
2.505 M 343 -2.48 0.0 0.19 0.0060 0.0
100.00 M 11.02 397 0.0 3.00 0.0965 0.0
t=45°
2.25 L 0.0 35.70 0.0 5.35 0.0026 -0.0020
2.50 L 3.39 32.30 0.0 5.35 0.0026 -0.0014
2.505 M 341 11.59 -0.06 3.00 0.0026 -0.0034
100.00 M 7.50 7.50 -3.50 3.00 0.0540 -0.0425
1=90°
2.25 L 0.0 42.92 0.0 6.44 -0.00076 0.0
2.50 L 3.36 25.80 0.0 4.37 -0.00080 0.0
2.505 M 3.39 25.61 0.0 5.80 -0.00080 0.0
100.00 M 3.97 11.04 0.0 3.00 0.01152 0.0

: Liner is denoted by "L."
Medium is denoted by "M."

c

tis the angle relative to vhe direction of the major principal stress.
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RESULTS OF OUT-OF-PLANE SHEAR ANALYSIS

Table 4-4

OF A SHAFT WITH A BONDED LINER

Stresses Displacemernts
(MPa) (m)
Radial L*
Distance M® T, T, w
(m)
I 0=0°"
2.25 L 0.0 0.0 0.0037
2.50 L 2.06 0.0 0.0038
2.505 M 2.07 0.0 0.0038
100.00 M 4.16 0.0 0.100
0=45°
2.25 L 0.0 -15.34 0.0026
2.50 L 1.46 -13.88 0.0027
2.505 M 1.46 -4.43 0.0027
100.00 M 2.95 -2.95 0.707
0=90°
2.25 L 0.0 -21.70 0.0
2.50 L 0.0 -19.63 0.0
2.505 M 0.0 -6.26 0.0
100.00 M 0.0 -4.17 0.0
* Liner is denoied by "1.."
* Medium is denoted by "M."
° O is the angle relative to the direction of the x axis.
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. Shear stresses are continued at the interface.

. Shear stresses approach the applied stress (i.e., the product of the shear modulus
and the applied strain) at points away from the shaft (i.e., 4.167 MPa).

These boundary conditions are consistent with the boundary conditions expected for this case.

4.2.2 Unbonded Interface of the Liner and Medium

The stresses and displacements listed in Table 4-5 were computed for sample points along
three radial lines, including lines parallel to the x and y axes. The third sample point lies just inside
the medium. The following conditions are illustrated by the data in Table 4-5.

. No loads are transferred to the liner.
. Shear stresses vanish at the interior of the liner.
. Shear stresses approach the product of the shear modulus and the applied strain

at points away from the shaft (i.e., 4.167 MPa).
. Shear stresses are continuous at the interface.

These boundary conditions are consistent with the boundary conditions expected for this case.

4.3 Consistency with Solution for an Unlined Shaft

The case considered here is one of a shaft with a radius of 2.25 m in an isotropic medium
whose properties are defined earlier (Table 4-1). This case could be treated by adding a liner of no
thickness to the interior of the shaft. However, the code is exercised more fully if the problem is
treated as one of a lined shaft with the medium and liner ascribed the same properties and the bonded
case is selected for the interface of the liner and medium. The liner thickness is immaterial to the
analysis, but a value of 0.25 m was selected.

The remote stresses and strains for the case of hoop deformation are

XX Stress ((:5,) = 10.0 MPa,

yy stress (0,) = 5.0 MPa,

Xy stress (T,) = 2.5 MPa, and
axial strain (g,) = 0.001.

The results of the analyses are listed in Table 4-6 and are consistent with the closed-form
solution given by Equations 2-5 through 2-7, 2-9, and 2-10. Also, the results confirm that the correct
continuity is achieved at the interface that lies at a radial distance of 2.5 m from the center of the
shaft.

The remote strain for the pure shear case was given as
xz strain (Y,) = 0.001.

The results of the analysis are listed in Table 4-7 and are consistent with the closed-form
solution given by Equations 2-101 through 2-103. The results also confirm that the correct continuity
is achieved at the interface that lies at a radial distance of 2.5 m from the center of the shaft.
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Table 4-5

RESULTS OF OUT-OF-PLANE SHEAR ANALYSIS
OF A SHAFT WITH AN UNBONDED LINER

Stresses Displacements
(MPa) (m)
Radial L*
Distance M T, T, w
(m)
&
0=0°°
2.25 L 0.0 0.0 0.00
2.50 L 0.0 0.0 0.00
2.505 M 0.02 0.0 0.0050
100.00 M 4.16 0.0 0.1001
0=45°
2.25 L 0.0 0.0 0.0
2.50 L 0.0 0.0 0.0
2.505 M 0.01 -5.88 0.0035
100.00 M 294 -2.95 0.0708
6=90°
2.25 L 0.0 0.0 0.0
2.50 L 0.0 0.0 0.0
2.505 M 0.0 -8.32 0.0
100.00 M 0.0 -4.17 0.0
* Liner is denoted by "L."
® Medium is denoted by "M."
¢ O is the angle relative to the direction of the x axis.




Table 4-6
RESULTS OF ANALYSIS OF HOOP DEFORMATION OF AN UNLINED SHAFT

Stresses Displacements
(MPa) (m)
Radial
Distance o, o, T, c, u Y
(m)
6=0°*
2.25 0.00 5.00 0.0 11.00 0.0049 0.0022
2.50 0.75 6.15 1.63 11.38 0.0049 0.0020
2.505 0.76 6.16 1.65 11.38 0.0049 0.0020
5.00 6.76 6.21 3.21 12.59 0.0050 0.0020
10.00 9.13 5.36 2.73 12.90 0.0073 0.0032
100.00 10.0 5.00 2.50 13.00 0.0641 0.0300
6=90°
2.25 0.00 25.00 0.00 15.00 0.0006 -0.0022
2.50 2.10 21.00 -1.63 14.62 0.0005 -0.0020
2.505 2.14 20.93 -1.65 14.61 0.0005 -0.0020
5.00 5.20 11.83 -3.21 13.40 0.0002 -0.0019
10.00 5.11 10.40 -2.73 13.10 0.0004 -0.0032
100.00 5.00 10.00 -2.50 13.00 0.0040 -0.0300

* 0 is the angle relative to the direction of the x axis.
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Table 4-7
RESULTS OF ANALYSIS OF SHEAR DEFORMATION OF AN UNLINED SHAFT

Stresses Displacements
Radial (MPa) (m)
l Distance
f (m) T, Tos w
0=0°*
2.25 0.0 0.0 0.0045
2.50 0.79 0.0 0.0045
2.505 0.81 0.0 0.0045
5.00 3.32 0.0 0.0060
10.00 3.96 0.0 0.0105
100.00 4.17 0.0 0.1001
0=90"°
2.25 0.0 -8.33 0.0
2.50 0.0 -1.54 0.0
2.505 0.0 -1.53 0.0
5.00 0.0 -5.01 0.0
10.00 0.0 -4.38 0.0
100.00 0.0 -4.17 0.0
* O is the angle relative to the direction of the x axis. .

4.4 nsistency with Equaticr

Chapter 2 of this report derives the equations used in the SHAFT code and also provides
an explicit solution for the coefficients required for the hoop deformation analysis. To provide an
independent check on the SHAFT code, the verification problems presented in Section 4.1.1 are
repeated using the SHAFT code and manual substitution inio the explicit form of the equations. To
simplify the manual calculations, only the stress at the interior face of the liner is considered.

To repeat, the problem analyzed is a shaft with an excavated radius of 2.5 m and a liner
thatis 0.25 m thick. The elastic moduli of the rock and liner are 10,000 and 30,000 MPa, respectively,
and the corresponding Poisson’s ratios are 0.2 and 0.15. The imposed free-field principal stresses
are 11 and 4 MPa.



For the sake of convenience, the problem is solved ir two parts. First, the isotropic
component (P) of the imposed stress field is considered. From Equation 2-14, the stresses at the
interior of the liner caused by this component of the stress field are

o, = 0,
o4’

oy = -—, and
a

T, = 0.

Upon substitution of the material and geometric parameters in Equation 2-34 and the assumption
of zero axial strain, a value for the coefficient A" of -90.3563 is obtained. Hence, the computed
hoop stress caused by the isotropic component of 7.5 MPa is 35.70 MPa. An identical value is
obtained using the SHAFT code, whether or not bonding at the interface of the medium and liner
is assumed. Thus, the isotropic component of the solution is confirmed.

The stresses caused by the deviator component ($) of the imposed stress field are given
by Equations 2-47 through 2-49. For the stresses at the interior of the liner, these simplify to

G, = 0,

4C’ 4D’
o, = (7 +j:;)00$2t,and
T, = 0.

Substitution of material parameters in Equations 2-60, 2-61,2-69, and 2-70results in values
of 646.57 and -90.61 for C” and D’ in the bonded case and 507.44 and -91.19 in the unbonded case.
Substitution of those coefficients in the above equations yields stresses listed in Table 4-8 for a
pure shear stress of 3.5 MPa. For both the bonded and unbonded cases, the results cbtained from
the equations are in agreement with results obtained using the SHAFT code. Thus, the deviator
component of the solution is confirmed.

4.5 Consistency with Finite-Element Analysis

To provide completely independent checks on the results of the SHAFT code, three
finite-element analyses of a lined shaft were performed. The assumed values of the parameters for
each of these analyses are listed in Table 4-9.

4.5.1 nsistency with the VI T Finite-Elemen

The VISCOT finite-element code is one of the performance assessment codes that has
been developed and documented by the Office of Nuclear Waste Isolation (INTERA, 1983). For
the analyses reported here, Version 4.4 of the microcomputer version of that code was used.

The finite-element model used 380 eight-node quadrilateral elements to represent one-
quarter of the lined shaft and the surrounding medium. The liner was represented by a total of 60
elements made up of 3 concentric rings of 20 elements each. The outer ring of these elements was
connected directly to the adjacent elements of the medium, which implies that a condition of
complete bonding between the liner and medium was simulated. The outer boundaries of the
finite-element model were parallel to the two planes of symmetry through the shaft at 15 m from
the shaft centerline. Direct stresses of 7.53 and 2.83 MPa were applied at those outer boundaries.
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Table 4-7
RESULTS OF ANALYSIS OF SHEAR DEFORMATION OF AN UNLINED SHAFT

Stresses Displacements
Radial (MPa) (m)
Distance
) (m) T, To, w
If 0=0°"*
2.25 0.0 0.0 0.0045
2.50 0.79 0.0 0.0045
2.505 0.81 0.0 0.0045
5.00 3.32 0.0 - 0.0060
l 10.00 3.96 0.0 0.0105
100.00 4.17 0.0 0.1001
0=90"°
2.25 0.0 -8.33 0.0
2.50 0.0 -7.54 0.0
2.505 0.0 -7.53 0.0
5.00 0.0 -5.01 0.0
' 10.00 0.0 -4.38 0.0
100.00 0.0 -4.17 0.0
* O is the angle relative to the direction of the x axis. _

4.4 Consistency with E tion

Chapter 2 of this report derives the equations used in the SHAFT code and also provides
an explicit solution for the coefficients required for the hoop deformation analysis. To provide an
independent check on the SHAFT code, the verification problems presented in Section 4.1.1 are
repeated using the SHAFT code and manual substitution into the explicit form of the equations. To
simplify the manual calculations, only the stress at the interior face of the liner is considered.

To repeat, the problem analyzed is a shaft with an excavated radius of 2.5 m and a liner
thatis 0.25 mthick. The elastic moduli of the rock and liner are 10,000 and 30,000 MPa, respectively,

and the corresponding Poisson’s ratios are (.2 and 0.15. The imposed free-field principal stresses
are 11 and 4 MPa.



For the sake of convenience, the problem is solved in two parts. First, the isotropic
component (P) of the imposed stress field is considered. From Equation 2-14, the stresses at the
interior of the liner caused by this component of the stress field are

o, = 0,
"

oy = -—,and
a

T, = 0.

Upon substitution of the material and geometric parameters in Equation 2-34 and the assumption
of zero axial strain, a value for the coefficient A" of -90.3563 is obtained. Hence, the computed
hoop stress caused by the isotropic component of 7.5 MPa is 35.70 MPa. An identical value is
obtained using the SHAFT code, whether or not bonding at the interface of the medium and liner
is assumed. Thus, the isotropic component of the solution is confirmed.

The stresses caused by the deviator component (S) of the imposed stress field are given
by Equations 2-47 through 2-49. For the stresses at the interior of the liner, these simplify to

0", = 0’

ac’ 4D’
o, = (:,— +—a;)c052t,and
n = O

Substitution of material parameters in Equations 2-60, 2-61,2-69, and 2-70 results in values
of 646.57 and -90.61 for C” and D" in the bonded case and 507.44 and -91.19 in the unbonded case.
Substitution of those coefficients in the above equations yields stresses listed in Table 4-8 for a
pure shear stress of 3.5 MPa. For both the bonded and unbonded cases, the results obtained from
the equations are in agreement with results obtained using the SHAFT code. Thus, the deviator
component of the solution is confirmed.

4.5 Consistency with Finite-Element Analysis

To provide completely independent checks on the results of the SHAFT code, three
finite-element analyses of a lined shaft were performed. The assumed values of the parameters for
each of these analyses are listed in Table 4-9.

4.5.1 nsistency with the VI T Finite-Elemen

The VISCOT finite-element code is one of the performance assessment codes that has
been developed and documented by the Office of Nuclear Waste Isolation (INTERA, 1983). For
the analyses reported here, Version 4.4 of the microcomputer version of that code was used.

The finite-element model used 380 eight-node quadrilateral elements to represent one-
quarter of the lined shaft and the surrounding medium. The liner was represented by a total of 60
elements made up of 3 concentric rings of 20 elements each. The outer ring of these elements was
connected directly to the adjacent elements of the medium, which implies that a condition of
complete bonding between the liner and medium was simulated. The outer boundaries of the
finite-element model were parallel to the two planes of symmetry through the shaft at 15 m from
the shaft centerline. Direct stresses of 7.53 and 2.83 MPa were applied at those outer boundaries.



Table 4-8

COMPARISON OF MANUAL AND SHAFT CALCULATIONS OF HOOP
DEFORMATION RESULTING FROM PURE SHEAR

—

PI

Hoop Stress Hoop Stress
Bonded Case Unbonded Case
(MPa) (MPa)
Angle Manual SHAFT Manual SHAFT
0.0
22.5
45.0
67.5
90.0




Table 4-9

PARAMETERS USED TO PERFORM A COMPARISON BETWEEN THE RESULTS
OBTAINED FROM THE SHAFT CODE AND THE VISCOT CODE

Parameter Assigned Value
Excavated radius of shaft 213 m
Liner thickness 03 m
Rock mass modulus 15,200 MPa
Rock mass Poisson’s ratio 0.22
Liner modulus 28,000 MPa
Liner Poisson’s ratio 0.15
Imposed maximum stress (G,,) 7.53 MPa
Imposed minimum stress (C,,) 2.83 MPa
Axial strain 0

The results of the VISCOT and SHAFT analyses are listed in Tables 4-10 and 4-11, with
the output files reproduced in Appendix B. Displacements are along radial lines parallel to the
applied stress and are given in Table 4-10. Stresses are given for the Gauss integration points of
the elements adjacent to those two lines in Table 4-11. Examination of the displacements of the
liner reveals that the finite-element prediction of the closure parallel to the direction of maximum
applied stress is slightly higher than the SHAFT code prediction. This difference is attributed to
the fact that, for the finite-element model, there is a "following" load at a relatively close distance
(15 m) from the shaft centerline, and the SHAFT code simulates an infinite region in which applied
stress is defined in the far field. This difference is evident when the boundary displacements for
the finite-element model are compared with displacements that would occur in an unbounded body.
Despite the differences between the absolute displacements computed using the two models, the
predicted changes in liner thickness are in good agreement (exact to four figures).

Examination of the computed stresses in the liner reveals that the finite-element modcl
predicts a slightly higher range of stresses, which is consistent with the displacements discussed
above. Overall, the two solutions appear at be in substantial agreement, and the differences are
attributable to the different "remote” boundary conditions of the two models.
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Table 4-10

RESULTS OF ANALYSIS OF DISPLACEMENTS IN A LINED SHAFT USING THE
SHAFT CODE AND THE VISCOT FINITE-ELEMENT CODE

Sample Point Radial Displacements
(x 107 m)
Radial g SHAFT VISCOT
Distance
(m)
1.83 0° 2.067 2.128
2.13 0° 2.064 2.125
15.00 0° 6.507 6.673
1.83 %0° 0.003 -0.037
2.13 90° -0.026 -0.066
15.00 90° 0.626 0.549

* O is the angle relative to direction of the x axis.
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Table 4-11

RESULTS OF ANALYSIS OF STRESSES IN A LINED SHAFT USING THE

SHAFT CODE AND THE VISCOT FINITE-ELEMENT CODE

Sample Point SHAFT VISCOT

|| Radial Hoop Radial Hoop Radial

Distance o* Stress Stress Stress Stress
(m) (MPa) {MPa) (MPa) (MPa) “

1.851 0.95° 2.549 0.030 2.08 0.03 |
1.909 0.95° 3434 0.163 3.02 0.149

| 1.951 0.95° 3.991 0.295 3.61 0.276
2.009 0.95° 4.664 0514 4.33 0.485
2.051 0.95° 5.092 0.693 4.79 0.664
2.109 0.95° 5.614 0.961 5.34 0.931
1.851 89.05° 29.48 0.335 30.6 0.38
1.909 89.05° 27.65 1.115 284 1.25
1.951 89.05° 26.46 1.652 27.1 1.76
2.009 89.05° 2497 2.244 25.6 2.33
2.051 89.05° 24.00 2.609 24.6 2.69
2.109 89.05° 22.78 3.041 233 3.12

* 0 is the angle relative to direction of the x axis.
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4.5.2 Comparison with the JAC Finite-Element Code

The JAC code, developed by Sandia National Laboratories (Biffle, 1984), is one of the
codes undergoing benchmark testing for use in repository design for the YMP. An important
difference between the JAC code and the VISCOT code is that the JAC code allows the introduction
of slip lines or interfaces. Itis therefore possible to simulate the slip option available in the SHAFT
code.

The physical problem analyzed is defined in Table 4-9; both complete bonding and slip
conditions were considered. The JAC mesh has the same overall dimensions and boundary con-
ditions as those of the VISCOT analysis, but had six concentric rings of four node elements to
represent the lining. In the fully bonded case no slip was allowed to the contact between the liner
and the medium, while in the slip case the relative shear displacement of the liner and medium was
unconstrained. The total number of nodes and elements in the finite-element mesh were 357 and
304 for the fully bonded and slip conditions, respectively.

The JAC and SHAFT results are listed in Tables 4-12 and 4-13 for the fully bonded and
slip conditions, respectively. Appendix B lists the output for these two runs. The hoop stresses are
also shown in Figure 4-1, which illustrates the hoop stress along two lines, one 2.81° off the x axis,
the other 87.19° off the x axis. These radial lines correspond to lines through the centroid of the
four-node JAC elements and differ slightly from the sample lines used for the VISCOT analyses.

The good correspondence between the JAC and SHAFT runs is evident (Figure 4-1 and
Tables 4-12 and 4-13), despite the use of a relatively coarse finite-element mesh. The bonded
analyses are within 3% on the 87.19° radial line and within 14% on the 2.81° radial line. The
correspondence is 2 little poorer for the unbonded (slip allowed) case, with differences as high as
9%. The difference tor the unbonded case is most likely attributable to the physical approximation
of the interface between the liner and the medium as a series of straight line segments rather than
acircle. The results of the JAC analysis are also influenced by the numerical tolerances selected.



Table 4-12

RESULTS OF ANALYSIS OF A LINED SHAFT USING THE SHAFT CODE AND THE
JAC CODE—STRESSES WHEN THE LINER IS BONDED TO THE MEDIUM

JAC* SHAFT®
Radial Hoop Radial Hoop Radial
Distance 6° Stress Stress Stress Stress
(m) (MPa) (MPa) (MPa) (MPa)
1.855 2810 231 0.16 2.67 0.04
1.905 2.81° -3.03 -0.28 3.43 0.15
1.955 2.81° -3.72 -0.55 4.09 0.31
2.005 2.81° -4.18 -0.59 4.66 0.50
2.055 2.81° -4.76 -0.85 5.17 0.71
2.105 2.81° -5.20 -1.20 5.62 0.95
1.855 87.19° -29.52 -0.49 29.29 0.39
1.905 87.19° -28.00 -1.10 27.71 1.10
1.955 87.19° -26.66 -1.56 26.30 1.69
2.005 87.19° -25.52 -2.16 25.02 2.20
2.055 87.19° -24.37 -2.33 23.87 2.64
2.105 87.19° -23.40 -3.02 22.82 3.01
* JAC compressive stress is denoted by "-."
* SHAFT compressive stress is denoted by "+."
¢ Oisthe angle relative to the direction of the x axis.
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Table 4-13

RESULTS OF ANALYSIS OF A LINED SHAFT USING THE SHAFT CODE
AND 7 dE JAC CODE—STRESSES WHEN SLIP IS ALLOWED BETWEEN
THE LINER AND MEDIUM

JAC* SHAFT® "
Radial Hoop Radial Hoop Radial
Distance 0° Stress Stress Stress Stress
(m) (MPa) (MPa) (MPa) (MPa)
1.855 2.81° -13.56 -0.28 +12.43 +0.16
1.905 2.81° -14.17 -0.77 +13.50 +0.51
1.955 2.81° -14.90 -1.02 +14.52 +0.87
2.005 2.81° -15.77 -1.73 +15.50 +1.23
2.055 2.81° -16.59 -2.08 +16.44 +1.61
2.105 2.81° -17.45 -2.83 +17.35 +1.97
I
1.855 87.19° -18.00 -0.00 19.53 0.27
1.905 87.19° -16.82 -0.53 17.64 0.74
1.955 87.19° -15.40 -0.49 15.87 1.13
2.005 87.19° -14.11 -1.45 14.19 147 |
2.055 87.19° -13.00 -1.46 12.60 1.74
2.105 87.19° -12.00 -1.92 11.09 1.98
* JAC compressive stress id denoted by "-."
® SHAFT compressive stress is denoted by "+."
¢ Bis the angle relative to the direction of the x axis.
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Figure 4-1.  Comparison of JAC and SHAFT Results of Hoop Stress with Slip Allowed

Between the Liner and Medium and with Bonding Between the Liner and
Medium
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Analytical solutions for a lined circular hole

Code: SHAFT. Version 3.02, upgraded for SANDIA/NNWSI Jan 20, 1989
J.F.T. Agapito and Associates
Grand Junction (303) 242 4220

Hoop deformation analysis for sec. 5.1 (bonded)

Analysis completed by :jra

The QA version of this code is : SHAFT 3.02

Plane strain analysis

Bonding between shaft wall and liner is assumed

Geometry and Properties of Shaft and Liner

Radius of unlined hole....... = 2.5000
Lining thickness....... ceeaae = .2500
Elastic modulus of medium.... = .1000E+05
Polssons ratio of medium..... = .2000E+00
Elastic modulus of liner..... = .3000E+05
Poissons ratio of liner...... = .1500E+00

HOOP AND AXIAL DEFORMATION CALCULATION

The input in-plane stresses are

SX = .1000E+02

SY = .5000E+01

SXY = .2500E+01
The axial strain (ESZ) is : .0000E+00
The principal stresses are

SIGl = .1104E+02

SIG3 = .3964E+01

The major stress is inclined at 22.5 degrees relative to the X axis

The Interaction Calculation Predicts

Angle from XX stress direction = 22.5
Radius RR~Stress TT~-Stress RT-Stress Z2-Stress Radial Displ. Hoop Displ.
2.250 .0000E+Q0 .6082E+01 .0000E+00 .9124E+00 .5428E-02 .7629E-08

2.500 .1498E+01 .1299E+02 .1397E-04 .2174E+01 .5419E-02 .6711E-08
2.505 .1522E+01 .4705E+01 .1400E-04 .1245E+01 .5419E-02 .6706E-08
100.000 .1103E+02 .3967E+01 .1084E-04 .2999E+01 .9651E-01 .1300E-06
Angle from XX stress direction = 67.5
Radius RR-Stress TT~Stress RT-Stress Z2Z-Stress Radial Displ. Hoop Displ.

2.250 .0000E+00 .3569E+02 .0000E+00 .5354E+01 .2617E-02 -.2491E-02
2.500 .3391E+401 .3230E+02 ~-.4560E+01 .5354E+01 .2583E-02 -.2191E-02
2.505 .3407E+01 .1159E+02 -.4570E+01 .3000E+01 .2583E~02 ~.2190E-02
100.000 .7497E+01 .7503E+01 ~-.3538E+01 .3000E+01 .5403E~-01 ~-.4245E-01
Angle from XX stress direction = 112.5

Radius RR-Stress TT-Stress RT-Stress ZZ-Stress Radial Displ. Hoop Displ.
2.250 .0000E+00 .6531E+02 .0000E+00 .9796E+01 ~-.1944E-03 -.4967E-07
2.500 .5284E+01 .5162E+02 -~-.9093E-04 .8535E+01 ~.2539E-03 -.4369E-07
2.505 .5292E+01 .1848E+02 -.9112E-04 .4755E+01 -.2536E-03 =-.4366E-07

100.000 .3967E+01 .1104E+02 -.7055E-04 .3001E+01 .1155E-01 ~-.8464E-06

The Interaction Calculation for the liner
predicts the stresses listed below.

Note that the reference angle is the
first principal stress direction



Hoop Stresses in the Liner

At 90. (Pt 2)

.6531E+02
.6349E+02
.6176E+02
.6011E+02
.5854E+02
.5703E+02
.5559E+02
.5421E+02
.5289E+02
.5162%+02

At 90. (Pt 2)

.0000E+00
.T766E+00
.1497E+01
.2165E+01
.2786E+01
.3362E+01
.3897E+01
.4394E+01
.4855E+01
.5284E+01

At 90. (Pt 2;

.9796E+01
.9640E+01
.9489E+01
.9341E+01
.9198E+01
.9059E+01
.8923E+01
.8790E+01
.8661E+01
.B535E+01

At 90. (Pt 2)

-.1944E~-03
-.2044E-03
-.2133E-03
-.2214E-03
-.2286E~03
-.2351E-03
-.2408E-03
-.2458E-03
-.2502E-03
-.2539E-03

At 90. (Pt 2)

-.4195E-07
-.4131E-07
-.4070E-07
-.4010E-07
-.3953E-07
-.3897E~07
~-.3843E-07
-.3790E-07
-.3740E-07
-.3690E-07

Radius At 0. (Pt 1)
2.25 .6082E+01
2.28 .7033E+01
2.31 .7929E+01
2.33 .8775E+01
2.36 .9574E+01
2.39 .1033E+02
2.42 .1105E+02
2.44 .1173E+02
2.47 .1238E+02
2.50 .1299E+02

Radial Stresses in the Liner

Radius At 0.(Pt 1)
2.25 .0000E+00
2.28 .8870E-01
2.31 .2026E+00
2.33 .3388E+00
2.36 .4947E+00
2.39 .6682E+00
2.42 .8570E+00
2.44 .1059E+01
2.47 .1273E+401
2.50 .1498E+01

Axial Stresses in the Liner

Radius At 0. (Pt 1)
2.25 .9124E+00
2.28 .1068E+01
2.31 .1220E+01
2.33 .1367E+01
2.36 .1510E+01
2.39 .1650E+01
2.42 .1786E-01
2.44 .1918E+01
2.47 .2047E+01
2.50 .2174E+01

Radial Displacements in the Liner

Radius at 0.(Pt 1)
2.25 .5428E-02
2.28 .5427E-02
2.31 .5426E-02
2.33 .5425E-02
2.36 .5424E-02
2.39 .5423E-02
2.42 .5422E-02
2.44 .8421E-02
2.47 .5420E~-02
2.50 .5419E-02

Hoop Displacements in the Liner

Radius At 0.(Pt 1)
2.25 .0000E+00
2.28 .0000E+00
2.31 .0000E+00
2.33 .0000E+00
2.36 .0000E+00
2.39 .0000E+00
2.42 .0000E+00
2.44 .0000E+00
2.47 .C000E+00
2.50 .C000E+0Q0

Time: 16:56:32
Date: 1/26/89
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Analytical solutions for a lined circular hole

Code: SHAFT. Version 3.02, upgraded for SANDTA/NNWSI Jan 20, 1988
J.F.T. Agapito and Associates
Grand Junction (303) 242 4220

Hoop deformation analysis for section 5.1 ( unbonded )

Analysis completed by :jra

The QA version of this code is : SHAFT 3.02

Plane strain analysis

Slip allowed between liner and shaft wall

Geometry and Properties of Shaft and Liner

Radius of unlined hole....... = 2.5000
Lining thickness............. = .2500
Elastic modulus of medium.... = .1000E+05
Poissons ratio of medium..... = .2000E+00
Elastic modulus of liner..... = .3000E+05
Poissons ratio of liner...... = .1500E+00

HOOP AND AXIAL DEFORMATION CALCULATION

The input in-plane stresses are

SX = .1000E+02

SY = .5000E+01

SXY = .2500E+01
The axial strain (ESZ) is : .0000E+00
The principal stresses are

SIGl = .1104E+02

SIG3 = .396A4E+01

The major stress is inclined at 22.5 degrees relative to the X axis

The Interaction Calculation Predicts

Angle from XX stress direction = 22.5
Radius RR~Stress TT-3tress RT-Stress ZZ-Stress Radial Displ. Hoop Displ.
2.250 .0000E+C0 .2847E+02 .0600E+0C L4271E+01 .5998E~02 .5988E-08
2.300 .3427E+01 .3880E+02 ~.5509E-12 .6335E-01 .5963L-C2 .436€6E-0C8
2.5C5 .3415E+01 -.2429E+01 .1718E-06 .1972E+00C .5965E~02 .1034E-07
10C0.C0C .1102E+02 .3967E+01 .1084E~-04 .2998E+01 .9654E~01 .1300E-08
Angle from XX stress direction = €7.5
Paglus RR~-Stress TT-Stress RT~5tress ZZ~-Stress Radial Displ. Hoop Displ
2.253 .COC0E+CC .357CE+02 COOCE+QC .5354E+01 L28172-02  -.1955E-02
2,303 .3391E+01 .3230E+02 1739E-C5 .5354E+01 .2583E~02 -.1428E-CzZ
2.308 .3407E401 .1159E+C2 ~.560%E-01 .300CE+01 .2583E~02 -.3377E-02
igt.cee L7497E+01 L7503E+01  ~.334CE+QL L3C0C0E-01 LEG03E-01 - 42468-01
: from XX stress direction = 7.5
Us RR-5tress TT-Stress RT-Str ZZ-5tress Radial Displ. toop Displ.
L2580 GCCOE+CO 42928402 08¢s ¢ .6438E+01 ~.7642E-03 -.3893%E-07
L5000 3355E+01 L258B0E+02 358 C 43748400 -.7877E-03 -.2843E-07
L5038 I399E+02 L25€1E+D ~.122 5 .58038+01 ~.7992E-03 -, €734E-07
LZ00 3971E+01 L1104E+02 ~.705 4 .30028+C1 L1152E-01  -.8466E-C6
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Hoop Stresses in the Liner

Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Max imum
.2580E+02 .4292E+02
2.25 .2847E+02 .4292E+02 ! 1 2
2.28 .2972E+02 .4080E+02 ! 1 2
2.31 .3094E+02 .3875E+02 t 1 2
2.313 .3213E+402 .3676E+02 ! 1 2
2.36 .3329E+02 . 34821402 ! 102
2.39 . 34438102 L3293E+02 ! 21
2.42 . 3555402 .3109E+02 ! 2 1
2.44 .3665E+02 L2929 +02 ! 2 1
2.47 .3773E+02 L2153E402 r2 1
2.50 .3880E+02 .2580E+02 12 1
Radial Stresses in the Liner
Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Maximum
.0000E+00 .3427E+01
2.25 .0000E+00 .0”00E+00 '+
2.28 .3569E+00 .5084E+00 ! 12
2.31 .7232E+00 .9763E+00 ! 12
2.33 .1097E+01 .1407E+01 ! 12
2.36 .1477E+01 .1803E+01 ! 12
2.39 .1862E+01 .2168E+01 ! 12
2.42 .2251E401 .2503E+01 ! 12
2.44 .2642E+01 .2811E+01 ! 12
2.47 .3034E+01 .3095E+01 ! 12
2.50 .3427E+01 .3355E+01 ! 21
Axial Stresses in the Liner
Radius at 0. (Pt 1) At 90. (Pt 2) Minimum Maximum
.4271E+01 .6438E+01
2.25 .4271E+01 .6438E+01 1 2
2.28 .4512E+01 .6197E+01 ! 1 2
2.31 .4750E+01 .5959E+01 ! 1 2
2.33 .4984E+01 .5724E+401 ! 1 2
2.36 .5216E+01 .5493E+01 ! 1 2
2.39 .5444E+01 .5264E+01 ! 21
2.42 .5670E+01 .5038E+01 ! 2 1
2.44 .5894E+01 .4815E+01 ! 2 1
2.47 .6115E+01 .4593E+01 ! 2 1
2.50 .6335E+01 .4374E+01 v 2 1
Radial Displacements in the Liner
Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Max imum
-.7977E-03 .5998E-02
2.25 .5998E-02 -.7642E-03 12 1
2.28 .5993E-02 -.7706E-03 12 1
2.31 .5989E-02 -.7763E-03 12 1
2.33 .5985E-02 -.7813E-03 12 1
2.36 .5981E-02 -.7855E-03 12 1
2.39 .5977E-02 -.7891E-03 12 1
2.42 .S973E-02 -.7921E-03 12 1
2.44 .5970E-02 -.7925E-03 12 1
2.47 .5966E~02 -.7964E-03 12 1
2.50 .5963E-~02 -.7977E-03 12 1
Hoop Displacements in the Liner
Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Maximum
-.3293E-07 .0000E+CO
2.25 .000CE+QOC ~.3293E-07 12 1
2.28 .D000E+00 ~.3193E-07 12 1
2.31 .0000E+00C -.3094E~07 v 2 1
2.33 .0000E+0Q0 -.2995E-07 v2 1
2.26 .CO00E+00 -.2896E-07 ! 2 1
2.39 .000CE+00C -.2797E-C7 ! 2 1
2.42 .0000E+CQC -.2699E-07 ! 2 1
2.44 .0CO0E+00 -.2600E-07 ! 2 1
2.47 .0000E+00 -.2501E-07 ! 2 1
2.50 .00C0E+0Q0 -.2401E-07 ! 2 1
Time: 17: 0:48
Date: 1/26/89
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Analytical solutions for a lined circular hole

Code: SHAFT. Version

Grand J
Shear deformation anal
Analysis completed by

The QA version of thi
Plane strain analysis
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AA
AA
AA

A

A
AA
AA

TTTTTTTTTTTTTT
TTTTTTTTTTTTTT

FFFFFFFFFFF

FEFFFFFFEFFF

FF TT
FF TT
FEFFFF TT
FFFFFF TT
FF TT
FE TT
FF TT

3.02, upgraded for SANDIA/NNWSI Jan 20, 1
J.F.T. Agapito and Associates
unction (303) 242 4220

ysis for sec. 5.

tjra

2 ( bonded )

s code is : SHAFT 3.02

Bonding between shaft wall and liner is assumed

Geometry and Properties of Shaft and Liner

Radius of unlined hol
Lining thickness.....
Elastic modulus of me

Poissons ratio of medium..... =

Elastic modulus of 1li

Poissons ratio of liner...... =

OUT-OF-PLANE SHEAR CALCULATION

The input shear strai
eszx = .1000E-0
eszy = .0000E+0

The input shear stres
SZX = .4167E+01
S22y = .0000E+00

Angle from XX-stress
Radius RZ-Stress
2.250 .0000E+00
2.500 .2061E+01
2.505 .2070E+01
100.000 .4165E+01
Angle from XX-stress
Radius RZ-Stress
2.250 .0000E+00
2.500 .1457E+01
2.505 .1463E+01
100.000 .2945E+01
Angle from XX-stress
Radius RZ-Stress
2.250 .00C0E+0Q0
2.500 .1730E-04
2.505 .1737E-04

100.000 .3496E~-04

R2-Shear Stresses acr
Radius At 0. (Pt 1
2.25 .0000E+00
2.28 .2630E+00
2.31 .5165E+00
2.33 .7610E+00
2.36 .9970E+00
2.39 .1225E+01
2.42 .1445E+01

€iiiunnnn. = 2.5000
........ = .2500
dium.... = .1000E+05
.2000E+00
ner..... = .3000E+05
.1500E+00
ns are :
2
0
ses are
direction = .0
TZ-Stress Axial Displ.
.0000E+00 .3743E-02
.U000E+00 .3763E-02
.0000E+00 .3766E-02
.0000E+00 .1000E+00
direction = 45.0
TZ-Stress Axial Displ.
-.1534E+02 .2646E-02
-.1388E+02 .2661E-02
~.4429E+01 .2663E-02
-.2947E+01 .7073E-01
direction = 90.0
TZ-Stress Axial Displ.
-.2170E+02 .3142E-07
-.1963E+02 .3159E-07
-.6264E+01 .3161E-07
-.4168E+01 .8397E-06
oss the Liner
) At 90. (Pt 2) Minimum
.0000E+00
.0000E+00 14
.2207E-05 2 1
.4335E-05 12 1
.6388E-05 12
.8369E-05 12
.1028E-04 12
.1213E-04 12

A-6

989

Maximum

.2061E+01

o

*
*
*
*
*
*
*
*
*
*
*
*



2.44 .1657E+01 .1391E-04 12 1

2.47 .1863E+01 .1563E-04 12 1
2.50 .2061E+01 .1730E-04 12 1
TZ-Shear Stresses across the Liner
Radius At O. (Pt 1) At 90. (Pt 2) Minimum Maximum
-.2170E+02 .0000E+00
2.25 .0000E+00 -.2170E+402 12 1
2.28 .0000E+00 -.2143E+02 12 1
2.31 .0000E+00 ~.2118E+402 12 1
2.33 .0000E+00 -.2093E+02 2 1
2.36 .0000E+00 -.2070E+02 2 1
2.39 .0000E+00 -.2047E402 vt 2 1
2.42 .0000E+00 ~.2025E+02 vt 2 1
2.44 .0C00E+00 -.2004E+02 2 1
2.47 .0000E+00 -.1983E+02 r2 1
2.50 .0000E+00 -.1963E+02 t 2 1
Axial Displacement of the Liner
Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Maximum
.3142E-07 .3763E-02
2.25 .3743E-02 .3142E-07 12 1
2.28 .3743E-02 .3142E-07 12 1
2.31 .3744E-02 .3142E-07 12 1
2.33 .3745E~-02 .3144E-07 12 1
2.36 .3747E-02 .3145E-07 12 1
2.39 .3749E-02 .3147E-07 12 1
2.42 .3752E-02 .3150E~07 12 1
2.44 .3755E-02 .3152E-07 12 1
2.47 .3759E-02 .3155E-07 12 1
2.50 .3763E-02 .3159E-07 12 1
Time: 17: 5:10
Date: 1/26/89

A-7
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Analytical solutions for a lined circular hole

Code:

Shear deformation analysis for sec.

SHAFT.

Version 3.02,

J.F.T. Agapito and Asscciates

Grand Junction

(303) 242 4220

5.2 ( unbonded )

Analysis completed by :jra

The QA version of this code is
Plane strain analysis

SHAFT 3.02

Slip allowed between liner and shaft wall

Geometry and Properties of Shaft and Liner

Radius of unlined hole....... = 2.5000
Lining thickness............. = .2500
Elastic modulus of medium.... = .1000E+05
Poissons ratio of medium..... = .2000E+00
Elastic modulus of liner..... = .3000E+05
Poissons ratio of liner...... = .1500E+00
OUT-OF-PLANE SHEAR CALCULATION
The input shear strains are
eszx = .1000E~-02
eszy = .0000E+00
The input shear stresses are
SZX = .4167E+01
SZY = .0000E+00
Angle from XX-stress direction = .0
Radius RZ-Stress TZ-Stress Axial Displ.
2.250 .0000E+00 .0000E+00 .0000E+00
2.500 .0000E+0Q0 .0000E+00 .0000E+00
2.505 .1662E-01 .0000E+00Q .5000E-02
100.000 .4164E+01 .0000E+00 .1001E+00
Angle from XX-stress direction = 45.0
Radius RZ-Stress TZ-Stress Axial Displ.
2.250 .0000E+00 .0000E+00 .0000E+00
2.500 .0000E+00 .0000E+0Q .0000E+0Q
2.505 .1175E-01 -.58B1E+01 .3536E-02
100.000 .2944E+01 -~.2948E+01 .7076E-01
Angle from XX-stress direction = 390.0
Radius RZ-Stress TZ-Stress Axial Displ.
2.250 .0000E+00 .0000E+00 .0000E+00
2.500 .0000E+00 .0000E+00 .00C0E+00
2.505 .1395E-06 ~-.8317E+01 .4197E-07
100.000 .3495E-04 -.4169E+01 .8399E-06
RZ~Shear Stresses across the Liner
Radius At 0. (Pt 1) At 90. (Pt 2) Minimum
.0000E+00
2.25 .0000E+0Q0 .0000E+00 !
2.28 .0000E+00 .0CO0E+00 !
2.31 .0000E+00 .00G0E+0D !
2.33 .0000E+00 .0000E+00 !
7.36 .0000E+00 .0000E+00 !
2.39 .0000E+00 .0000E+00 !
2.42 .0000E+00 .0000E+00 !

A-§

A
AA
AA

b o e s
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FFFFFFFFFFF

FFFFFFFFFFF

FF TT
FF TT
FFEFFF TT
FFFFFF TT
FFE TT
FE 7
FF TT

upgraded for SANDIA/NNWSI Jan 20,

1989

Maximum
.0000E+00
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.0000E+00
.0000E+00
.0000E+00

r Stresses across the Liner

At 90. (Pt 2)

L0000E+00
L0000 00
.0000E4 00
.0000E+00
.000C0E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

At 90. (Pt 2)

.C000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

2.44 .0000E+00
2.47 .0000E+00
2.50 .0000E+00

TZ-Shea

Radius At 0. (Pt 1)
2.25 .0000KY00
2.28 L.0000E00
2.31 .0000E+00
2.33 .0000E+00
2.36 .00C0E+00
2.39 .0000E+0Q
2.42 .00C0E+00
2.44 .0000E+00
2.47 .0000E+0Q0
2.50 .0000E+00

Axial Displacement of the Liner

Radius At 0. (Pt 1)
2.25 .0000E+00
2.28 .0000E+00
2.31 .0000E+00
2.33 .0000E+00
2.36 .0000E+00
2.39 .0000E+00
2.42 .0000E+00
2.44 .0000E+00
2.471 .0000E+00
2.50 .0000E+00

Time: 17: 9:45

Date: 1/26/89

Minimum
.0000E400

Minimum

.0000E+0Q

A-9
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Maximum
.0000E+00

Maximum
.0000E+00
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Analytical solutions for a lined circular hole

Code:

Unlined shaft analysis for sec. 5.3

Analysis completed by :

SHAFT.

Version 3.02,

J.F.T. Agapito and Assoclates

Grand Junction

jra

The QA version of this code is :

Plane strain analysis

Bcnding between shaft wall

(303) 242 4220

SHAFT 3.02

Ceometry and Properties of Shaft and Liner

Radius of unlined hole
ickness.....
Elastic modulus of medium....
Poissons ratio of medium.....
Elastic modulus of liner.....
Poissons ratio of liner

Lining th

#

[ ]

(]

2.5000
.2500
.1000E+05
.2000E+00
.1000E+05
.2000E+00

HOOP AND AXIAL DEFORMATION CALCULATION

The input in-plane stresses are

SX =

SY =

SXY =
The axial

-1000E+02
.5000E+01

.2500E+01
(ESZ)

strain

is

The principal stresses are :
.1104E+02
.3964E+01

The major stress is inclined at

SIGl =
SIG3 =

1000E-02

upgraded for SANDIA/NNWSI Jan 20,

( hoop deformation )

and liner is assumed

FREPFE
FEFERE
33
v
FF

1989

22.5 degrees relative to the X axis

The Interaction Calculation Predicts

Angle from XX stress direction =

Radius
2.250
2.500
2.505
5.000

10.000
100.000

Angle fro

Radius
2.250
2.500
2.505
5.000

10.000
100.000

RR-Stress
.0000E+00
. 7457E+00
. T€31E+00
.6764E+01
.9133E+01
.9991E+01

m XX stress

RR-Stress
.0000E+00
.2104E+01
.2135E+01
.5199E+01
.5107E+01
.5001E+01

TT-Stress
.5000E+01
.6154E+01
.6169E+01
.6211E+01
.5360E+01
.5004E+01

direction =

TT-Stress
.2500E+02
.2100E+02
.2093E+02
.11838+02
.1040E+02
.1000E+02

.0
RT-Stress
.0000E+00
.1629E+01
.1652E+01
.3205E+01
.2734E+01
.2503E+01
90.0
RT-Stress
.0000E+00
-.1629E+01
-.1652E+01
-.3205E+01
-.2734E401
~-.2503E+01

The Interaction Calculation for the liner
predicts the stresses listed below.

Note that the reference angle is the
first principal stress direction

Z2-5tress
.1100E+02
.1138E+02
.1139E+02
.1260E+02
.1290E+02
.1300E+02

27-Stress
.1500E+02
.1462E+02
.1461E+02
.1340E+02
.1310E+02
.1300E+02

A-10

Radial Displ.

.4950E-02
.4874E~-02
.4873E-02
.5022E-02
.7334E-02
.6409E-01

Radial Displ.

.6300E-03
.4706E-03
.4681E-03
.2008E-03
.3774E-03
.3997E-02

T
T
1

TT
T
T
T

4

=Rl

ARARLRA AR R A A RA RN AT RR AT AANANENA T RANT R AR KR E R AR RN AN RRNAN AR NN AN KT A NNRR R ARR R R AR AR RN R XNk

Hoop Displ.
.2160E-02
.1971E-02
.1968E~02
.1926E-02
.3190E-02
.3002E-01

Hoop Displ.
.2160E-02
.1971E-02
.1968E-02
.1926£-02
.3190£-02
.3002E-01

(EASSEE AR EEEE R AR R S N R e R R N N R R R RN NER RSN NN R
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Hoop Stresses in the L

Radius At 0. (Pt 1)

J.2h LB5798400
2728 L1184E:0)
EARR DY . 14878401
7.43 17688401
2.36 L.20298401
2039 L2271F+ 01
.42 L2496F+01
2.44 L2 705E+01
2.47 .2900E401
2.5C . 3080E4+01
Radial Stresses
Radius At 0.(Pt 1)
2.25 .0000E+00
2.28 .1663F~01
2.31 L4447E-01
Z.33 .B229E~01
2.36 .1290E+00
2.39 .1836E+00
2.42 L2452E4 00
2.44 .3130E+0C
2.4 .3863F400
.50 .4644E+00

Axla!l Stresses in the
Radius Pr Q. (PL 1)
2.25 .1017E+02
2.28 .1024E+02
2.31 L1031E+02
2.33 .1037E+02
2.36 .1043E+02
2.39 .1049E+02
2.42 .1055E+02
2.44 .1060E+02
2.47 .1066E+02
2.50 L1071E+C2

iner
At 90. (Pt 2)

.2914E+02
.2845E+02
.2780E+02
.2718E402
.2659E+402
.2604F+02
.2551E+02
.2500E+02
L2452E+02
.2407E402

in the Liner

At 90. (Pt 2)

.0000E+00
.3470E+00
.6697E+00
.9700E+00
.1250E+01
.1510E+01
.1752E+401
.1978E+01
.2189E+01
.2386E+01

Liner
At 90, (Pt 2)

.1583E+02
.1576E+02
.1569E+02
.1563E+02
.1557E+402
.1551E+02
.1545E+02
.1540E+02
.1534E+02
.1529E+02

fal Displacements in the Liner

AL C.(Pe 1)

.5845E-02
.5838E-02
.5832E-02
.5826E-02
.5819E-0

.5813E-02
.5806E-02
.5739E-02
.5793E~C2
.57186E-02

Hicop Displacements in
radius At C. (Pt 1)

bE® Nl RieRe N
3O OO

L20008
17:26:2¢
1/26/89

At 90. (Pt 2)

-.2647E-03
.2890E-C3
-.3119E-03
-.3336E-03
-.3541E-03
~-.3735E-C3
-.3919E-03
-.4093E-03
-.4258E-03
-.4415E-C3

the Liner
At 90. (Pt 2)

-.5144E-07
-.5082E-07
-.5024E-07
-.4969E-07
~.4916E-C7
-.4867E-07
-.4820E-07
~-.4776E-Q07
-.47347-07
-.4694E- 07

Minimum
.8579E+00

1
1
1
1

e el

!
!
!
!
!
1
1
!
!
!

b

Minimum
.0000E+00

2

—a
.

Y

—
ey
N

Minimum
.1017E402

Minimum
-.5144E-07
12
12
12
12

NN

Y
1
¥
1
t
1

NN

A-11

Maximum
.2914K+ "2
2

Maximum
.2386E+01

Max imum
.1583E+02
2

2
2

NN N

NN

Maximum
.5845E-02
1

b e b e S

Maximum
.0000E+00

O
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Analytical soluticrs
Version
JJFELT.
Grand

SHAET.

3.02,
Junction (303)
Inlined shaft analysis for sec.

hAralysis completed by :ira

5.3

for a lined circular

upgraded for
Agapito and Associates
242 4220

AA

AAAA
AA A
AA

AAAAALAARAA

A
AA

ANAARANANAAA

AA
AR
AA

hole

{ shear deformation

The QA version of this code 1s : SHAFT 3.02
Piane strain analysis
petween shaft wall and siner {s assumed

Geomenry and Properties of

2lus of medium,... =
ratio of medium.....

rodulius of liner..... =
ravio of linmer...... =

CUT-0F-PLANE SHEAR CALCULATION

r strair
15C0E-C2
00CCE+CC

r stresses are
167£+01

J0C0E+CO

;
:s TZ-Stress
25C .0CGCE+00
550 « 0 .OCCOESD
505 .8051E+00 .0000E+QO
oCo .3323E+01 .000CE+00
309 .3956E+01 .00C0CE+00
.000 .4165E+01 .0000E+D0
from XX-stress direction
7 TZ-5tress
o ~.8333:,01
i = 7542840
] -. 71528401
¢ -.5010E01
B RSN
- AT EGE G

Srresses anross

Sorn ) A G,

L e

Shafrt and

Liner

2.5000
.25C0
1000E+05
20002+00

.10CCE+0S

2G00E+CO

J

Axial Displ.

4500802
L4525E-02
L4526E-02
L6013E-02

1651E-01
.1001E+00
30.0

AA
AN
AA

SANDIA/NNWSI

A-12

Jan 20,

)
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I T I .wil\

TZ-Shear Stresses across the Liner

Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Maximum
-.8333E+01 .0000E+00
2.25 .0000E+00 -.8333E+01 12 1
2.28 .Q000E+Q0 -.8232E+01 12 1
2.31 .0000E+00Q -.8135E+01 12 1
2.33 .0000E+QD -.8041E+01 vz 1
2.3¢ .0000E+00 -.7950E+01 2 1
2.39 .00C0E+QO -.7663E+01 v2 1
2.42 .0000CE+00 -.7778E+01 v 2 1
2.44 .0000E+00 -.7697E+01 ! 2 1
2.47 .00CO0E+00 -.7618E+01 v2 1
2.50 .0C00E+0Q0 -.7542E+01 r2 1
Axial Displacement of the Liner
Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Maximum
.3777-07 .4523E-02
2.25 .4500E-02 .3777E-07 12 1
2.28 .4500E-02 .3778E-07 12 1
2.31 .4501E-02 .3778E-07 12 1
2.33 .4503E-02 .3780E-07 '2 1
2.3¢6 .4505E-02 .3782E-07 12 1
2.39 .4508E-02 .3784E-07 12 1
2.42 .4511E-02 .3787E-07 12 1
2.44 .4515E-02 .3790E-07 12 1
2.47 .4520E-02 .3794E-07 12 1
2.50 .4525E-02 .3798E-07 '2 1
Time: 17:21:43
Date: 1/26/89
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Analytical solutions for a lined circular hole

Code:

SHAFT.

Version 3.02,

upgraded for SANDIA/NNWSI Jan 20,

J.F.T. Agapito and Associates

Grand Junction (303

Hoop deformation analysis for sec.

Analysis cumpleted by :ijra
The QA version of this code is :
Plane strain analysis

Bonding between shaft wall and liner is assumed

Geometry and Properties of Shaft and Liner

Radius of unlinea hole.......
Lining thickness.......... e
Elastic modulus of medium....
Poissons ratio cf medium.....

1

[T

Elastic mocdulus of liner..... =
Poissons ratio of liner...... =

HOOP AND AXIAL DEFORMATION CALCULATION

The input in-plane stresses are :

SX = ~.3500E+01
SY = .3500E+01
SXY = .0000E+00
The axial strain (ESZ) is : .

The Interaction Calculation Predicts

Angle from XX stress

direction =

Radius RR~Stress TT-Stress
2.250 .0000E+00 .2932E+02
Angle from XX stress direction =
Radius RR-Stress TT-Stress
2.250 .0000E+00 .2073E+02
Angle from XX stress direction =
Radius RR-Stress TT-Stress
2.250 .0000E+00 .2461E-03
Angle from XX stress direction =
Radius RR~Stress TT-Stress
2.250 .0000E+00 -.2073E+02
Angle from XX stress directicn =
Radius RR-Stress TT-Stress
2.250 .0000E+00 -.2932E+02

The Interaction Calculaticn for the liner
predicts the stresses listed below.
Note that the reference angle is the

first

Heop Stresses

rincipal stress direction

Radius

[SENEN]

W N R

oy

¥

A

in the Lirer
t 0.(Pt 1) At 90. (P
2932E+02 -.2932E+
2728z.22 -.27Q5F+
2665E+02 -.26€65E~

FFFFFFFFFFF
FFFFFFFFFEFF
FF

FF

FFFFFF
FEFFFF

FF

FF

FF
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Hoop Displ.
.0000E+00

Hoop Displ.
.1744E-02

Hoop Displ.
.2466E-02

Hoop Displ.
.1744E-02

Hoop Displ.
.4153E-07

[

'

) 242 4220
5.4 (pure shear, bonded)
SHAFT 3.02
2.5000
.2500
.1000E+05
.2000E+00
.3000E+05
.1500E+00
0000E+00
.0
RT-Stress 22-Stress Radial Displ.
.C000E+CQO .4397E+01 -.2783E-02
22.5
RT-Stress 2Z-Stress Radial Displ.
.0000E+00 .3109E+01 -.1968E-02
45.0
RT-Stress 22-Stress Radial Displ.
.0000E+0Q0 .3691E-04 -.2336E-07
67.5
RT-Stress 22-Scress Radial Displ.
.0000E+00 -.3109E+01 .1968E-02
90.0
RT-Stress 22-~Stress Radial Displ.
.0000E+00 =-.4397E+01 .2783E-02
£ 2) Minimum Maximum
-.2932E+02 .29328402
G2 12 1
no 2 1
02 12 !
A-14
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-.2541E+02
~.2423E+02
-.2311E+402
-.2205E+02
-.2103E+02
-.2005E+02
-.1912E+02

At 90. (Pt 2)

.0000E+00
-.3405E+00
-.6407E+00
-.9041E+00
-.1134E+01
-.1333E+01
~-.1505E+01
-.1650E+01
-.1773E+01
-.1874E+01

At 90. (Pt 2)

-.4397E+01
-.4243E+01
-.4093E+01
-.3947E+01
-.3805E+01
-.3667E+01
-.3533E+01
-.3402E+01
-.3274E+01
-.3149E+01

At 90. (Pt 2)

.2783E-02
.2787E-02
.2791E-02
.2795E-02
.2798E-02
.2801E-02
.2803E~-02
.2805E~-02
.2807E~-02
.2808E-02

At 90. (Pt 2)

.4153E~-07
.4090E~-07
.4029E-07
.3970E-07
.3913E-07
.3858E~07
.3804E-07
.3752E-07
.3702E-07
.3653E-07

2.33 .2541E+02
2.36 .2423E+402
2.39 L.2311E+02
2.42 .2205E+02
2.44 .2103E+02
2.47 .2005E+02
2.50 .1612E+02
Radial Stresses in the Liner
Radius At 0. (Pt 1)
2.25 .0000E+00
2.28 .3405E+00
2.31 .6407E+00
2.33 .9041E+00
2.36 .1134E+01
2.39 .1333E+01
2.42 .1505E+01
2.44 .1650E+01
2.47 .1773E+01
2.50 .1874E+G1
Axial Stresses in the Liner
Radius At O0.(Pt 1)
2.25 .4397E+01
2.28 .4243E+01
2.31 .4093E+01
2.33 .3947E+01
2.36 .3805E+01
2.39 .3667E+01
2.42 .3533E+01
2.44 .3402E+01
2.47 .3274E+01
2.50 .3149E+01
Radial Displacemerts in the Liner
Radius At 0. (Pt 1)
2.75 -.2783E-02
2.28 -.2787E-02
2.31 -.2791E-02
2.33 -.2795E-02
2.36 -.2798E-02
2.39 -.2801E-02
2.42 -.2803E-02
2.44 -.2805E-02
2.47 -.0807E-02
2.50 -.2%0RE-02
Hoop Displacements in the Liner
Radius At 0.(Pt 1)
2.25 .0000E+00
2.28 .0000E+00
2.31 .CO000E+00
2.33 .0000E+00
2.36 .0000E+00
2.39 .0000E+00
2.42 .0000E+0C
2.44 .CC00E+CO
2.47 .00C0E+00
2.50 .CCQOE+CO0
Time: 12: 2:12
Date: 1/36/89

NN

Minimum
-.1874E+01

N

Minimum
~-.4397E+01
2

2

2
2
2

1
1
1
1
!
t 2
t
1
!
t
Minimum

~.2808E-02

Minimum
.0000E+00

2 b b e 1 e e e 1

e

-

Maximum
.1874E+01

Maximum
.4397E+01
1
1

1
1
1
1
1
1
1
1

Max imum
.2808E-02

[LSESECENEVE SR SR

Maximum
.4153E~-07
2
2
2
2
2

2

2

2
2
2
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Analytical solutions for a lined circular hole

Code: SHAFT.

Version 3.02,

J.F.T. Agapito and Associates
Grand Junction (303

Hoop deformation analysis for sec.

Analysis completed by

tjra

The QA version of this conde is

Plane strain analysis

) 242 4220

5.4 (pure

SHAFT 3.02

Slip allowed between liner and shaft wall

Geometry and Properties of Shaft and Liner

Radius of unlined hole....... =

Lining thickness.....

Elastic modulus of medium.... =
Poissons ratio of medium..... =
Elastic modulus of liner..... =
Poissons ratio of liner...... =

2.5000
.2500
.100CE+05
.2000E+00
.3000E+05
.1500E+00

HOOP AND AXIAL DEFORMATION CALCULATION

The input in-plane stresses are

5X = -.3500E+01
SY = .3500E+01
SXY = .0000E+00

The axial strain (ES2) is : .

0000E+00

The Interaction Calculation Predicts

Angle from XX stress

Radius RR-Stress
2.250 .0000E+00
Angle from XX stress
Radius RR-Stress
2.250 .0000E+00
Angle from XX stress
Radius RR-Stress
2.250 .0000E+0Q0

Angle from XX stress
Radius RR-Stress
2.250 .0000E+00
gre from XX stress
Radius RR-Stress
2.250 .000CE+0Q

AT

Tre Interaction
predicts the st
Note that the r

r
e

direction =
TT~Stress
.7149E+01
direction =
TT-Stress
.5055E+01
direction =
TT~Stress
.6001E~04
direction =
TT~Stress
-.5055E+01
direction =
TT-Stress
-.7149E+01

Calculation for t

esses listed below.
ference angle is the
frst principal stress direction

.0
RT~Stress
.0000E+00
22.5
RT-Stress
.0000E+00
45.0
RT~Stress
.0000E+00
67.5
RT-Stress
.0000E+00
30.0
RT~Stress

.0000F+00

he liner

FFFFFFFFFFF
FFFFFFFFFFF
FF

FF

FFFFFF
FFFFFE

FE

FF

upgraded for SANDIA/NNWSI Jan 20, 1989

shear, unbonded)

Z2Z2-Stress
.1072E+01

22-Stress
. 7583E+00

2%2-Stress
.9002E-05

22~Stress
-.7583E+00

Zi-Stress
-.1072E+01

A-16

Radial Displ.

-.3347E~02

Radial Displ.

-.2367E~02

Radial Displ.

-.2810E~07

Radial Displ.

.2367E~02

Radial Displ.

.3347E~02

TTTTTTTTTTTTTT
TTTTTTTTTTTTTT

TT
TT
TT
T
T
TT
T

Hoop Displ.

.0000E+00

Hoop Displ.

.1369E~02

Hoop Displ.

.1936E~-02

Hoop Disy
.1369-02

Hoop Dispi.

.3260E-07

spl.

*
*
*
*
*
*
*
&
*
x
*
*



-.2290E+01
-.7543E+00
.7448E+00
.2210E+01
.3646E+01
.5053E+01
.6435E+01

At 90. (Pt 2)

.0000E+00
~.7502E-01
~.1253E+00
~.1533E+00
-.1613E+00
~.1512E+00
~.1249E+00
~.8398E-01
~.3002E-01

.3565E-01

At 90. (Pt 2)

~.1072E+01
~.8338E+00
~.5985E+00
~.3665E+00
~.1373E+00
.8904E~-01
.3128E+00
.5342E+00
.7534E+00
.9705E+00

At 90. (Pt 2)

.3347E-02
.3348E-02
.3349E~02
.3349E-02
.3349E-02
.3349E-02
.3349E-02
.3348E-02
.3347E-02
.3346E-02

At 90. (Pt 2)

.3260E-07
.3161E-07
.3063E-07
.2965E-07
.2867E-07
.2769E-07
.2672E-07
.2574E-07
.2475E~07
.2377E-07

2.33 .2290E+01
2.36 .7543E+00
2.39 -.T448E+00
2.42 -.2210E+01
2.44 -.3646E+01
2.47 -.5053E+01
2.50 -.6435F+01
Radial Stresses in the Liner
Radius At 0. (Pt 1)
2.25 .0000E+400
2.28 .1502E-01
2.31 .1253E+00
2.33 .1533E+00
2.36 .1613E+00
2.39 .1512E+00
2.42 .1249E+00
2.44 .8398E~-01
2.47 .3002E-01
2.50 -.3565E-01
Axial Stresses in the Liner
Radius At 0. (Pt 1)
2.25 .1072E+01
2.28 .8338E+00
2.31 .5985E+00
2.33 .3665E+00
2.36 .1373E+00
2.39 -.8904E-01
2.42 -.3128E+00
2.44 -.5342E+00
2.47 -.7534E+00
2.50 -.9705E+00
Radial Displacements in the Liner
Radius At 0. (Pt 1)
2.25 -.3347E-02
2.28 -.3348E-02
2.31 -.3349%E-02
2.33 ~.3349E-02
2.36 ~.3349E-02
2.39 -.3349E-02
2.42 -.3349E-02
2.44 -.3348E-02
2.47 -.3347E-02
2.50 -.3346E-02
Hoop Displacements in the Liner
Radius At 0. (Pt 1)
2.25 .0000E+0Q0
2.28 .0000E+00
2.31 .0000E+00
2.33 .0000E+0CO
2.36 .0000E+00
2.39 .0000E+0Q0
2.42 .0000E+00
2.44 .0000E+00
2.47 .0000E+00
2.50 .0000E+00
Time: 12: 5:26
Date: 1/30/89

Minimum
-.1613E+00

2

NN

1
!
1
1
!
1
t
!
'
'

Minimum
-.1072E+01

Minimuam
-.3349E-02

tl

'l

'l

'l

1

'l

11

'l

'l

'l

Minimum
.0000E+00
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Maximum
.1613E+00

1

N

Maximum
.1072E+01
1

1

Maximum
.3349E-02

NN NN

NMNVNONN

Maximum
.3260E-07
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Analytical solutions for a lined circular hole

Code: SHAFT. Version 3.02, upgraded for SANDIA/NNWSI Jan 20, 1989
J.F.T. Agapito and Associates
Grand Junction (303) 242 4220

Hoop deformation analysis for sec. 5.4 (isotropic, bonded)

Analysis completed by :jra -

The QA version of this code is : SHAFT 3.02

Plane strain analysis

Bonding between shaft wall and liner is assumed

Geometry and Properties of Shaft and Liner

Radius of unlined hole....... = 2.5000
Lining thickness.......c.c0uu. = .2500
Elastic modulus of medium.... = .1000E+0S
Poissons ratio of medium..... = .2000E+00
Elastic modulus of liner..... = .3000E+05
Poissons ratio of liner...... = .15C0E+00

HOOP AND AXIAL DEFORMATION CALCULATION

The input in-plane stresses are

SX = .7500E+01

SY = .7500E+01

SXY = .0000E+0Q0 '
The axial strain (ESZ) is : .0000E+00

The Interaction Calculation for the liner
predicts the stresses listed below.

Note that the reference angle is the
first principal stress direction

Hoop Stresses in the Liner

Radius At 0.(Pt 1) At 90. (Pt 2) Minimum Maximum
.3230E+02 .3570E+402
2.25 .3570E+02 .3570E+02 ! + !
2.28 .3526E+02 .3526E+02 ! + !
2.31 .348SE+02 .3485E+02 ! + !
2.33 .3444E+02 .3444E+02 ! + !
2.36 .3405E+02 .3405E+02 ! + !
2.39 .3368E+02 .3368E+02 ! + !
2.42 .3332E+02 .3332E+02 ! + !
2.44 .3297E+02 .3297E+02 ! + !
2.47 .3263E+02 .3263E+02 v+ t
2.50 .3230E+02 . 1230E+02 '+ !
Radial Stresses in the Liner
Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Maximum
.0000E+00 .3391E+01
2.25 .0000E+00 .0000E+00 14 !
2.28 .4327E400 .4327E+00 ! + !
2.31 .8498E+00 .8498E+00 ! + !
2.33 .1252E+01 .1252E+01 ! + !
2.36 .1640E+01 .1640E+01 ! + !
2.39 .2015E+01 .2015E+01 ! 4 !
2.42 .2377E+01 .2377E+01 ! [ !

A-18



.2726E+01
.3064E+01
.3391E+01

At 90. (Pt 2)

.5354E+01
.5354E+01
.5354E+01
.5354E+01
.5354E+01
.5354E+01
.5354E+01
.5354E+01
.5354E+01
.5354E+01

At 90. (Pt 2)

.2617E~02
.2611E-02
.2606E-02
.2602E-02
.2598E-02
.2594E-02
.2591E-02
.2588E-02
.2585E-02
.2583E-02

At 90. (Pt 2)

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

2.44 .2726E+01
2.47 .3064E+01
2.50 .3391E+01
Axial Stresses in the Liner
Radius At 0. (Pt 1)
2.25 .5354E+01
2.28 .5354E+01
2.31 .5354E+01
2.33 .5354E+01
2.36 .5354E+01
2.39 .5354E+01
2.42 .5354E+01
2.44 .5354E+01
2.47 .5354E+01
2.50 .5354E+01
Radial Displacements in the Liner
Radius At 0. (Pt 1)
2.25 .2617E-02
2.28 .2611E-02
2.31 .2606E-02
2.33 .2602E~02
2.36 .2598E~02
2.39 .2594E-~02
2.42 .2591E-02
2.44 .2588E~02
2.47 .2585E~02
2.50 .2583E~02
Hoop Displacements in the Liner
Radius At 0. (Pt 1)
2.25 .0000E+00
2.28 .0000E+00
2.31 .0000E+00
2.33 .0000E+00
2.36 .0000E+00
Z.39 .0000E+00
2.42 .0000E+00
2.44 .0000E+00
2.47 .0000E+00
2.50 .0C00E+00
Time: 12:13:34
Date: 1/30/89

Minimum
.5354E+01

1

1
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!
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14

!

4

!

Minimum
.2583E-02

1

1

!

1
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! +

! +

! +

1o+

1+

Minimum
.0000E+00
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Maximum
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Maximum
.2617E-02
+
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Maximum
.0000E+00
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COMPARISON WITH FINITE-ELEMENT CODES
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Analytical solutions for a lined circular hole

Code: SHAFT. Version 3.02, upgraded for SANDIA/NNWSI Jan 20, 1989
J.F.T. Agapito and Associates
Grand Junction (303) 242 4220

Analysis for comparison to VISCOT F.E. code, sec. 5.5.1

Analysis completed by :jra

The QA version of this code is : SHAFT 3.02

Plane strain analysis

Bonding between shaft wall and liner is assumed

Geometry and Properties of Shaft and Liner

Radius of unlined hole....... = 2.1300
Lining thickness............. = .3000
Elastic modulus of medium.... = .1520E+05
Poissons ratio of medium..... = .2200E+00
Elastic modulus of liner..... = .2800E+05
Poissons ratio of liner...... = .1500E+00

HOOP AND AXIAL DEFORMATION CALCULATION

The input in-plane stresses are :

SX = .1530E+01
sY = .2830E+01
SXY = .0000E+00
The axial strain (ESZ) is : .0000E+00

The Interaction Calculation Predicts

Angle from XX stress direction = .0

Radius RR-Stress TT-Stress RT-Stress ZZ2-3tress Radial Displ. Hoop Displ.
15.000 .7351E+01 .2891E+01 .0000E+00 .2253E+401 .6507E~-02 .0000E+00

Angle from XX stress direction = 90.0

Radius RR-Stress TT-Stress RT-Stress 22-Stress Radial Displ. Hoop Displ.
15.000 .2886E+01 .7593E+01 ~-.4056E-04 .2303E+01 .6265E-03 -.4833E-07

The Interaction Calculation for the liner
predicts the stresses listed below.

Note that the reference angle is the
first principal stress direction



Hoop Stresses in the Liner

Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Maximum
.2183E+01 .3021E+402
1.83 .2183E+01 .3021E+02 11 2
1.86 .2743E+01 .2908E+02 11 2
1.90 .3251E+01 .2803E+02 ta 2
1.93 .3714E+01 .2705E+02 tl 2
1.96 .4137E+401 .2613E+02 to1 2
2.00 .4524E+01 .2528E+02 t o1 2
2.03 .4878E+01 .2448E+02 t 1 2
2.06 .5204E+01 .2374E+02 ! 1 2
2.10 .5504E+01 .2303E+02 ! 1 2
2.13 .5782E+01 .2237E+402 ! 1 2
Radial Stresses in the Liner
Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Maximum
.0000E+00 .3180E+01
1.83 .0000E+00 .0000E+00 '+
1.86 .5292E-01 .5214E+00 'l 2
1.90 .1293E+00 . 9893E+00 1 2
1.93 .2254E+00 .1410E+01 ol 2
1.96 .3380E+00 .1787E+01 ! 1 2
2.00 .4642E+00 .2127E+01 ! 1 2
2.03 .6015E+00 .2433E+01 ! 1 2
2.06 .7481E+00 .2708E+01 ! 1 2
2.10 .9019E+00 .2956E+01 ! 1 2
2.13 .1062E+01 .3180E+01 ! 1 2
Axial Stresses in the Liner
Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Maximum
.3274E+00 .4532E+01
1.83 .3274E+00 .4532E+01 'l 2
1.86 .4193E+00 .4440E+01 1 2
1.90 .5071E+00 .4352E+01 t1 2
1.93 .5910E+00 .4268E+01 11 2
1.96 .6713E+00 .4188E+01 to1 2
2.00 .7482E+00 .4111E+01 [ | 2
2.03 .8219E+00 .4037E+01 ! 1 2
2.06 .8928E+00 .3967E+01 ! 1 2
2.10 .9609E+00 .3898E+01 ! 1 2
2.13 .1027E+401 .3833E+01 ! 1 2
Radial Displacements in the Liner
Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Maximum
-.2606E~-04 .2067E-02
1.83 .2067E~02 .2546E-05 12 1
1.86 .2067E-02 ~.3232E-05 12 1
1.90 .2066E~02 -.8210E-05 12 1
1.93 .2066E~02 -.1240E-04 12 1
1.96 .2065E~02 -.1606E-04 12 1
2.00 .2065E~02 ~.1906E~-04 12 1
2.03 .2064E~02 -.2151E-04 12 1
2.06 .2064E~02 -.2346E-04 12 1
2.10 .2064E~02 -.2497E-04 12 1
2.13 .2064E-02 -.2606E-04 12 1
Hoop Displacements in the Liner
Radius At 0.(Pt 1) At 90. (Pt 2) Minimum Maximum
-.1623E-07 .0000E+00
1.83 .0000E+00 -.1623E-07 12 1
1.80 .0000E+00 -.1590E-07 12 1
1.90 .CO000E+00 -.1560E-07 ' 2 1
1.93 .0000E+00Q -.1531E-07 12 1
1.96 .00C0E+00 -.1504E-07 t2 1
2.00 .0000E+00 ~.1478E-07 t2 1
2.03 .00CDE+00 -.1453E-07 ! 2 1
2.06 .0000E+00 -.1430E-07 ! 2 1
2.10 .CO00E+D0 -.1408E-07 ! 2 1
2.13 .0000E+00 ~.1388E~07 ! 2 1

Time: 14:41:55
Date: 1/27/89
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Analytical solutions for a lined circular hole

Code: SHAFT.

Analysis for comparison with VISCOT F. E. code,

Analysis completed by

Version 3.02,

J.F.T. Agapito and Associates

Grand Junction

(303

1jra

The QA version of this code is :

Plane strain analysis

) 242 4220

SHAFT 3.02

Bonding between shaft wall and liner is assumed

Geometry and Properties of Shaft and Liner

Radius of unlined hole....... =

Lining thickness.

Elastic modulus of medium.... =
Poissons ratio of medium..... =
Elastic modulus of liner..... =
Poissons ratio of liner...... =

2.1300
.3000
.1520E+05
.2200E+00
.2800E+05
.1500E+00

HOOP AND AXIAL DEFORMATION CALCULATION

The input in-plane stresses are

SX = .
SY = .
SXY =

The axial st

7530E+01
2830FE+ 71

.000C..- .0
(L52)

rain

is

0000E+00

The Interaction Calculation Predicts

Angle from XX stress direction =

Radius RR-Stress
1.851 .3046E-01
1.909 .1631E+00
1.951 .2950E+00
2.009 .5143E+00
2.051 .6934E+00
2.109 .9610E+00

Angle from XX stress

Radius RR-Stress
1.851 .3350E+00
1.909 .1150E+01
1.951 .1652E+01
2.009 .2244E+01
2.051 .2609E+01
2.108 .3041E+01

The Interaction Calculation for the

TT-Stress
.2549E+01
.3434E+01
.3991E+01
.4664E+01
.5092E+01
.5614E+01

direction =

TT-Stress
.2948E+02
.2765E+02
.2646E+02
.2497E+02
.2400E+02
.22718E+02

.9
RT-Stress
-.1028E-01
-.3501E-01
-.4999E-01
-.6731E-01
-.7776E-01
~-.8975E-01
89.1
RT~Stress
-.1028E-01
-.3503E-01
-.5002E-01
~.6734E-01
-.7780E-01
~.897%E-01

liner

predicts the stresses listed below.
Note that the reference angle is the

first principal

stress

direction

22-Stress
.3869E+00
.5396E+00
.6429E+00
.1767E+00
.8678E+00
.9863E+00

2Z-5tress
.4472E+01
.4320E+01
.4216E+01
.4083E+01
.3992E+01
.3873E+401

oe)

AA

sec.

AA
AA

5.

5.

upgraded for SANDIA/NNWSI Jan 20,

1

FFFFFFFFFFF
FFFFFFFFFFF
FF

FF

FFFFFF
FEFFEE

FE

F'F

FF

1989

Radial Displ.
.2066E-02
.2065E~-02
.2065E-02
.2064E-02
.2064E-02
.2063E-02

Radial Displ.
-.6223E-06
-.9293E-05
-.1423E-04
-.1945E-04
-.2222E-04
-.2484E-04

TTTTTTTTTTTTTT
TTTTTTTTTTTTTT

TT

Hoop Displ.
.3155E-04
.3049E-04
.2980E-04
.2891E-04
.2833E-04
.2758E~04

Hoop Displ.
.3156E-04
.3051E~04
.2981E-04
.2893E~04
.2834E~04
.2759E~04

*
x
*
*
*
*
*
*
*
*
*



Hoop Stresses in the Liner

nt 90. (Pt 2)

.3021E+02
.2908E+402
.2803E+02
.2705E+02
L2613F402
L2H20EA00
V24481402
.2374E+02
.2303E+02
.2237E+402

At 90. (Pt 2)

.0000E+00
.5214E+00
. 9893E+00
.1410E+01
.1787E+01
.2127E+01
.2433E+01
.2708E+01
.2956E+01

Radius At O0.(Pt 1)
1.83 .2183E+01
1.86 .2743E+01
1.90 .3251E+01
1.93 .3714E+01
1.9¢ LAT137E 00
2.00 LA52484+01
2.03 .48781t01
2.06 .5204F+01
2.10 .5504E+01
2.12 .5782E+01

Radial Stresses in the Liner

Radius At 0. (Pt 1)
1.83 .0000E+00
1.86 .5292E-01
1.90 .1293E+00
1.93 .2254E+00
1.96 .3380E+00
2.00 .4647E+00
2.03 .6015E+00
2.06 . 7481E+00
2.10 .9019E+00
2.13 .1062E+01

.3180E+01

Axial Stresses in the Liner

Radius

NN R NS N 12 s b0 b 1
(o]
o

At 0. (Pt 1)

.3274E+00
.4193E+00
.5071E+00
.5910E+00
.6713E+00
. 7482E+00
.8219E+00
.8928E+00
.9609E+00
.1027E+01

At 90. (Pt 2)

.4532E+01
.4440E+01
.4352E+01
.4268E+01
.4188E+01
.4111E+01
.4037E+01
.3967E+01
.3898E+01
.3833E+01

Radial Displacements in the Liner

Radius

.83
.86
.90
.93
.96
.00
.03
.06
.10
.13

NN NN e

At 0. (Pt 1)

.2067E-02
.2067E-02
.2066E-02
.2066E-02
.2065E-02
.2065E-02
.2064E-02
.2064E-02
.2064E-02
.2064E-02

At 90. (Pt 2)

.2546E-05
-.3232E-05
-.8210E-05
-.1246E-04
-.1606E-04
-.1906E-04
-.2151E-04
-.2346E-04
-.2497E-04
-.2606E~-04

Hoop Displacements in the Liner

Radius

—

.83
.86
.90
.93
.96
.00
.03
.06
.10
.13
Time:

Date:

NN NN NS = B2 e e

At 0. (Pt 1)

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+0QO
.0000E+00
.0000E+00
.0000E+00

16:45:34
1/27/89

At 90. (Pt 2)

-.1623E-07
-.1590E-07
-.1560E-07
-.1531E-07
-.1504E-07
~-.1478E-07
-.1453E-07
-.1430E-07
-.1408E-07
-.1388E-07

Minimum
.2183E+01

Minimum
.0000E+00
+
1 2
1 2
1
1

1
1
!
1
1
! 1
!
1
1
1

Minimum
.3274E+00

'l
'l

1
1
1
1

1
1

1
1

Minimum
~-.2606E-04

12

12

12

12

12

12

12

12

12

12

Minimum
~.1623E-07
12
12
12
2
2
2
2
2
2

!
1
1
i
!
!
!

2

B-5

2

Maximum
.3021E+02
2
2
2
2
2
2
i
2
2

Maximum
.3180E+01

Maximum
.4532E+01

Maximum
.2067E-02
1

e e e e = e

Maximum
.0000E+00

e R e b b D RS R
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Analytical solutions for a lined circular hole

Code:

SHAFT.

Version 3.02,

J.F.T. Agapito and Associates
Grand Junction (303) 242 4220

Analysis for comparison with JAC F.E. code, s

Analysis completed by

tjra

The QA version of this code is

Plane strain analysis

SHAFT 3.02

FFFFFFFFFEF
FFFFFFFFFFF
P

FF

FFFFEFE
FFFFEFF

FF

PR

FE

upgraded for SANDIA/NNWSI Jan 20, 1989

ec. 5.5.2 (bonded)

Bonding between shaft wall and liner is assumed

Geometry and Properties of Shaft

Radius of unlined hole.......
Lining thickness
Elastic modulus of medium....
Poissons ratio of medium.....
Elastic modulus

of liner.....

#

f

wono

Poissons ratio of liner...... =

and Liner

2.1300
.3000
.1520E+05
.2200E+00
.2800E+05
.1500E+00

HOOP AND AXIAL DEFORMATION CALCULATION

The i
SX
SY
sX
The a

nput

Y =
xial

in~plane stresses are

st

7530E+01
2830E+01

.0000E+00

rain (ESZ) is : .

0000OE+0Q0

The Interaction Calculation Predicts

Angle from XX stress direction =

Radius RR-Stress TT~Stress
1.855 .3819E-01 L.2672E+01
1.905 .1539E+00 .3430E+01
1.955 .3118E+00 .4089E+01
2.005 .5016E+00 .4664E+01
2.055 .T7153E+00 .5170E+01
2.105 .9463E+00 .5617E+01

Angle from XX stress direction =

Radius RR-Stress TT-Stress
1.855 .3955E+00 .2929E+02
1.905 .1096E+01 .2772E+02
1.955 .1693E+01 .2630E+02
2.005 .2202E+01 .2503E+402
2.055 .2637E+01 .2387E+02
2.105 .3009E+01 .2282E+402

2.8
RT-Stress
-.3589E-01
-.9883E-01
-.1515E+00
-.1956E+00
-.2324E+00
~.2629E+00
87.2
RT-Stress
-.3590E-01
-.9885E-01
-.1516E+00
-.1957E+00
-.2324E+400
~-.2629E+00

The Interaction Calculation for the liner
predicts the stresses listed below.

Note that the reference angle is the
first principal stress direction

2Z-Stress
.4065E+00
.5376E+00
.6601E+00
.7749E+CO
.8828E+00
.9845E+00

Z2%2-Stress
.4153E+01
.4322E+01
.4199E+01
.4084£+01
.3977E+01
.3875E+01

B-6

Radial Displ.
.2062E-02
.2061E-02
.2060E-02
.2060E-02
.2059E~-02
.2059E-02

Radial Displ.
.3108E-0E
-.4349E-05
-.1022E-04
~-.1471E-04
-.1800E-04
-.2025E-04

TTTTTTTTTTTTTT
TTTTTTTTTTTTTT

TT
T
TT
T
TT
TT
TT

AXA T A AARRAR AR A AR A AR TR AR T A RN AR R AR R AN KA AN RARN R ARRARN KRN RA AR RN RAN KRR ANRR Ak Ak ok k xhkkohokowk

Hoop Displ.
.9295E-04
.9027E-04
.8782E-04
.8558E~-04
.8351E-04
.8160E-04

Hoop Displ.
.9297E-04
.9028E-04
LBT784E-D4
.85591-04
.8352E-04
.8161F-04

*
*
*
*
*
A
*
*
x
*
*
*



Hoop Stresses in the Liwer

Radius

.83
.R6

MO RO PO A RS e b s b
<
s

At 0. (Pt 1)

.2183E+01
.2743E+01
L3251F+ 01
.3714E+01
L4137E401
.4524E+01
.4878E+01
.2204E+01
.5504E+01
.5782E+01

At 90. (Pt 2)

.3021E+02
.2908E+02
.2803E+02
L.2705E+02
L.2613E+02
.2528E+02
L2449E+02
.2374E+02
.2303E+02
.2237E+02

Radial S-.resses in the Liner

At 90. (Pt 2)

.0000E+00
.5214E+00
.9893E+00
.1410E+01
.1787E+01
.2127E+01
.2433E+01
.2708E+01
.2956E+401
.3180E+01

At 90. (Pt 2)

.4537E+01
.4440E+01
.4352E+01
.4268E+01
.4188E+01
.4111E+01
.4037E+01
.3967E+01
.3898E+01
.3833E+01

At 90. (Pt 2)

.2546E-05
~.3232E-05
~-.8210E-05
-.1246E-04
-.1606E-04
-.1906E-04
-.2151E-04
-.2346E-04
-.2497E-04
-.2606E-04

At 90. (Pt 2)

-.1623E-07
-.1590E-07
-.1560E-07
-.1531E~-07
-.1504E-07
-.1478E-07
-.1453E-07
-.1430E-07
-.1408E-07
~.1388E-07

Radius At 0.(Pt 1)
1.83 .0000E+00
1.86 .5292E-01
1.90 .1293E+00
1.93 .2254E+00
1.96 .3380E+00
2.00 .4642E+00
2.03 .6015E+C0
2.06 .7481E+00
2.10 .9019E+00
2.13 .1062E+01

Axial Stresses in the Liner

Radius At 0. (Pt 1)
1.83 .3274E+00
1.86 .4193E+00
1.90 .5071E+00
1.93 .5910E+00
1.96 .6713E+00
2.00 . 7482E+00
2.03 .8219E+00
2.06 .8928E+00
2.10 .9609E+00
2.13 .1027E+01

Radial Displacements in the Liner

Radius At 0. (Pt 1)
1.83 .2067E-02
1.86 L2067E-02
1.90 .2066E~02
1.93 .2066F-02
1.96 .2065E-02
2.00 .2065E-02
2.03 .2064E-02
2.06 .2064E-02
2.10 .2064E-02
2.13 .2064E-02

Hoop LCisplacements in the Liner

Radius At 0, (Pt 1)
1.83 .0000E+CQO
1.86 .0000CE+0C
1.90 .0000E+00
1.93 .C00CE+00
1.96 .0000E+00
2.00 .0000E+Q0
2.03 .C000E+00
2.06 .0000E+00
2.10 .0000E+00
2.13 .0000E+00

Time: 15: 5:17
Date: 1/27/89

Minimum
.2183E+0]

1
'1

—

Minim
.000L 400

'+

1 2

tl 2

1
]
;
! 1
!
!
!

Minimum
.3274E+00
1
1
11
vl
vl
vl
! 1
! 1
! 1
! 1

Minimum
-.2606E-04

12

12

12

12

12

12

12

12

12

12

Minimum
-.1623E-07
2

2

1
1
'
1
!
v2
!
!
t
1

Maximum
.3021E+02
2

Maximum
.3180E+01

Maximum
.4532E+01
2
2
2
2

NN

Maximum
.2067E-02
1

e e

Maximum
.0000E+00

b b b o s
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Analytical solutions for a lined circular hole

FFFFFFFFFFF
FFFFFFEFFFF

FF
FF

FFFFFF
FFFFFF

FF
FF
FF

Code: SHAFT. Version 3.02, upgraded for SANDIA/NNWSI Jan 20, 1989

J.F.T. Agapito and Ass
Grand Junction (303) 2

Analysis for comparison with JAC F.E.
Analysis completed by :jra

The QA version of this code is : SHA
Plane strain analysis

Slip allowed between liner and shaft
Geometry and Properties of Shaft and
Radius of unlined hole....... =

Lining thickness............. =

Elastic modulus of medium.... = .1
Poissons ratio of medium..... = .2
Elastic modulus of liner..... = .2
Poissons ratio of liner...... = .1

HOOP AND AXIAL DEFORMATION CALCULATI

ociates
42 4220

code, s

FT 3.02

wall
Liner

2.1300
.3000
520E+05
200E+00
800E+0S5
500E+00

ON

The input in-plane stresses are

SX = .7530E+01
SY = .2830E+01
SXY = .0000E+00
The axial strain (ESZ) is : .000

The Interaction Calculation Predicts

Angle from XX stress direction =
Radius RR-Stress TT-Stress RT~
1.855 .1652E+00 .1243E+02 -.
1.905 .5109E+00 .1350E+02 -.
1.955 .8707E+00 .1452E+02 -.
2.005 .1238E+01 .1550E+G2 -.
2.055 .1609E+01 .1644E+02 -~
2.105 .1979E+01 .1735E+02 -.
Angle from XX stress direction = 8
Radius RR-Stress TT-Stress RT~
1.855 .2685E+00 L.1953E+402 -,
1.905 . 7394E+00 .1764E+02 -.
1.955 .1134E401 .1587E+02 -.
2.005 .1466E+01 .1419E+02 -
2.055 .1744E+01 .1260E+02 ~-.
2.105 .1876E+01 .1109E+02 -.

Tne Interaction Calculation for the

predicts the stresses listed below.

Note that the reference angle is the
first principal stress direction

OE+00

2.8
Stress
1038E-01
2411E-01
2965E-01
2820E-01

.2073E-01

8063E-02
7.2
Stress
1038E-~01
2412E-01
29€6E-01

.2820E-01

2073E-01
8065~-02

liner

ec5.5.2 (unbonded)

2Z2-Stress
.1889E+01
.2102E+01
.2309E+01
.2511E+0G1
.27C7E+01
.2900E+01

ZZ-Stress
.2970E+01
L2757F+01
.2550E+0C1
.2349E+01
.2152E+01
.19€60E+01

B-8

Radial Displ.

Radial Displ.

.2272E-02
.2269E-02
.2266E-02
.2263E-02
.2260E-02
.2258E-02

.2073E-03
.2121E-03
.2156E-03
.2180E-03
.2193E-03
.2197E-03

TTTTTTTTTTTTTT
TTTTTTTTTTTTTT
TT
TT
TT
TT
TT
TT
TT

Hoop Displ.
.7229E-04
.6773E~04
.6322E-04
.5871E-04
.5419E-04
.4964E-04

Hoop Displ.
.7230E-04
.6774E~04
.6323E-04
.5872E~04
.5420E-04
.4965E-04

*
*
*
*
*
*
*
K
*
*
*
L3



N

Hoop Stresses in the Liner

Radius At 0.(Pt 1) At 90. (Pt 2) Minimum Maximum
.1034E+02 .2055E+02
1.83 .1184E+02 .2055E+02 ! 1 2
1.86 .1260E+02 .1923E+02 ! 1 2
1.90 .1332E+02 .1796E+02 ! 1 2
1.93 .1401E+02 .1675E+02 ! 1 2
1.96 .1469E102 .1558E+02 ! 12
2.00 L1534F402 .1446F402 ! 2 1
2.03 .1598E+02 .1338E+02 ! 2 1
2.06 .1660E+02 .1234E+02 ! 2 1
2.10 .1722E+02 .1132E+02 12 1
2.13 .1782E+402 .1034E+02 12 1
Radial Stresses in the Liner
Radius At 0.{Pt 1) At 90. (Pt 2) Minimum Maximum
.0000E+00 .2164E+01
1.83 .0000E+00 .0000E+0Q0 T
1.86 .2212E+00 .3531E+00 'l 2
1.90 .4516E+00 .6671E+00 ! 12
1.93 .6888E+00 .9462E+00 ! 1 2
1.96 .9309E+00 .1194E+01 ! 1 2
2.00 .1176E+01 .1415E+01 ! 1 2
2.03 .1423E+01 .1611E+01 ! 12
2.06 .1671E+01 .1786E+01 ! 12
2.10 .1918E+01 .1940E+01 ! 12
2.13 .2164E+01 .2078E+01 ! 21
Axial Stresses in the Liner
Radius At 0.(Pt 1) At 90. (Pt 2) Minimum Maximum
.1776E+01 .3083E+01
1.83 .1776E+01 .3083E+01 1 2
1.86 .1923E+01 .2937E+01 ! 1 2
1.90 .2065E+01 .2794E+01 ! 1 2
1.93 .2205E+01 .2654E+01 ! 1 2
1.96 .2343E+01 .2517E+01 ! 1 2
2.00 .2478E+01 .2382E+01 ! 21
2.03 .2610E+01 .2249E+01 ! 2 1
2.06 .2741E+01 .2118E+01 ! 2 1
2.10 .2870E+01 .198%E+01 ! 2 1
2.13 .2997E+01 .1862E+01 v 2 1
Radial Displacements in the Liner
Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Maximum
~.2257E-~03 .2280E~02
1.83 .2280E-02 -.2103E-03 12 1
1.86 .2278E-02 ~.2142£-03 12 1
1.90 .2275E-02 -.2174E-03 12 1
1.93 .2273E-02 -.2200E-03 12 1
1.96 .2271E-02 -.2221E-03 12 1
2.00 .2269E-02 ~-.2236E-03 12 1
2.03 .2268E-02 ~.2247E-03 12 1
2.06 .2266E-02 -.2254E-03 t2 1
2.10 .2265E-02 -.2257E-03 12 1
2.13 .2263E-02 -.2255E-03 12 1
Hoop Displacements in the Liner
Radius At 0. (Pt 1) At 90. (Pt 2) Minimum Maximum
~-.1283E-07 .0000E+00
1.83 .0000E+00Q -.1283E-07 12 1
1.86 .0000E+00 -.1230E-07 12 1
1.90 .0000E+00 -.1178E-07 r2 1
1.93 .0000E+00 -.1126E-07 ! 2 1
1.%6 .0000E+00 -.1074E-07 ! 2 1
2.00 .0000E+00 ~-.1023E-07 ! 2 1
2.03 .0000E+00 -.9708E-08 ! 2 1
2.C6 .0000E+00 -.9189E-08 ! 2 1
2.10 .0000E+0D -.8667E-08 ! 2 1
2.13 .0000E+00 -.8141E-08 ! 2 1
Time: 15:10: 6
Date: 1/27/89

B-9
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AND AXISYMMETRIC

CIN = AGAPITO 4.4
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W
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*
*
*
*
x
*

Shaft Verification

Total no. of Nodal Points

Total no. of Elements

Total no. of Fixed Nodes

Type of Analysis Specified
1 - rlane Stress )

( 2 - Plane Strain )

{ 3 - Axisymmetry )

No. of Nodes / Element

No. of Different Materials

No. of Gauss Points in X and Y Dirs./Element

No. of Degrees of Freedom/Element

Type of Time Stepping Algorithm

Stiffness Matrix is Updated at:

(1 - 1st Time Step of 1lst Load Inc. )

- Each Time Step of Each Load Inc. )

- 1st Time Step of Each Load Inc. )

- 1lst Time Step of 1lst Load Inc. and
2nd Time Step of Each Load Inc. )

of Increments in Which Total Load Applied

of Stress Components

- Plane Stress )

- Plane Strain )

- Axisymmetry )

tting Tape File Flag

- Plot File not Created )

- Plot File Created on File Unit 15

mal Loading Flag

- No Thermal Loading

- Steady Thermal Loading )

- Transient Thermal Loading )

al Stress Flag

No Initial Stress )

- Initial Stress Generated )

- Initial Stress Read From File )

nal Stress Written to File )

itial Stress Generated and Finzl

ss Written to Specified File)

ial Stress Read and Final

es5s Written to Same File )
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A TRANSIENT THERMOVISCOELASTIC AND
THERMOVISCOPLASTIC FINITE ELEMENT CODE
FOR MODELING VISCOUS MECHANICAL
BEHAVIOR OF A ROCK MASS

PROBLEM GEOMETRY IS TWO DIMENSIONAL

Originally Developed by Owen $ Hinton
Swansea University U.K.

Converted by Agbabian Associates
Distributed by J.F.T. Agapito and Associates
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Hoop Stresses in the Line

r
At 90. (Pt 2)

,2055E+02
,1923E+02
.1796E+402

1675E+02
L1558E402
14468402
L1338E402
.1234E+02
L.1132E+02
.1034E+02

At 90. (Pt 2)

.0000E+00
.3531E+00
.6671E+00
.9462E+00
.1194E+01
.1415E+01
.1611E+01
.1786E+01
.1940E+01
.2078E+01

at 90.(Pt 2)

.3083E+01
.2937E+01
.2794E+01
.2654E+01
.2517E+01
.2382E+01
.2249E+01
.2118E+01
.1989E+01
.1862E+01

At 90. (Pt 2)

-.2103E-03
-.2142E-03
-.2174E-03
-.2200E-03
-.2221E-03
-.2236E-03
-.2247E-03
-.2254E-03
-.2257E-03
-.2255E-03

At 90. (Pt 2)

~-.1283E-07
-.1230E-07
-.1178E-07
-.1126E-07
-.1074E-07
-.1023E-07
-.9708E-08
-.9189E-08
-.8667E-08
-.8141E-08

Radius At 0.(Pt 1)
1.83 .1184E+02
1.86 .1260E+02
1.90 L1332E+02
1.93 .1401E402
1.96 14698402
2.00 L1534R402
2.03 .15981E+02
2.06 .1660E+02
2.10 L1722E+02
2.13 .1782E+02

Radial Stresses in the Liner

Radius At 0.(Pt 1)
1.83 .0000E+00
1.86 .2212E+00
1.90 .4516E+00
1.93 .6888E+00
1.96 .9309E+00
2.00 .1176E+01
2.03 .1423E+01
2.06 .1671E+01
2.10 .1918E+01
2.13 .2164E+01

axial Stresses in the Liner

Radius At 0. (Pt 1)
1.83 .1776E+01
1.86 .1923E+01
1.90 .2065E+01
1.93 .2205E+01
1.96 .2343E+401
2.00 .2478E+01
2.03 .2610E+01
2.06 .2741E+01
2.10 .2870E+01
2.13 .2997E+01

Radial Displacements in the Liner

Radius At 0. (Pt 1)
1.83 .2280E-02
1.86 .22718E-02
1.90 .2275E-02
1.93 .2273E-02
1.96 .2271E-02
2.00 .2269E-02
2.03 .2268E-02
2.06 .2266E-02
2.10 .2265E-02
2.13 .2263E-02

Hoop Displacements in the Liner

Radius At 0. (Pt 1)
1.83 .0000E+00
1.86 .0000E+00
1.90 .0000E+00
1.93 .0000E+00
1.96 .0000E+00
2.00 .0000E+00
2.03 .0000E+00
2.C¢ .0000E+00
2.10 .0000E+00
2.13 .0000E+00

Time: 15:10: 6
Date: 1/27/89

Minimum
.1034E+02
1
1

2
2

1
1
!
1
1
1
1
1
1
1

Minimum
.0000E+00
'+
12
12
1

1
1
1
1
1
1
1
1
1
1

Minimum
.1776E+01

Minimum
-.2257E-03

12

12

12

12

12

12

12

12

12

12

Minimum
-.1283E-07
2
2
2
2
2

t
1
1
1
1
! 2
1
t
t
'
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Maximum
.2055E+02
2

2

Maximum

.2164E+0

1

Maximum

.3083E+0

2

Maximu
.2280E-0

1
2

m
2
1
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Maximum

.0000E+0
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* Kk Kk k VI S C (o] T t*tﬁl
A TRANSIENT THERMOVISCOELASTIC AND
THERMOVISCOPLASTIC FINITE ELEMENT CODE
FOR MODELING VISCOUS MECHANICAL
BEHAVIOR OF A ROCK MASS

PROBLEM GEOMETRY IS TWO DIMENSIONAL
AND AXISYMMETRIC

222 RSS2 222X RRS RS RS2 RRs Rl R Rttt RRES]

Originally Developed by Owen $ Hinton
Swansea University U.K.

Converted by Agbabian Associates
Distributed by J.F.T. Agapito and Associates

HAKKEKEE K AR KKK KA AT AN K AR AN AKA AR XA A A Ak X korkw

CIN = AGAPITO 4.4

Shaft Verification

AEKEX KK KKK T AKKRKAKRK K KA R AKEAEKRAN KR K KKK KK R A rA ko kKKK K ndok ok ks ok bk bk ok

Total no. of Nodal Points = 1219
Total no. of Elements = 380
Total no. of Fixed Nodes = 78
Type of Analysis Specified = 2
(1 - Plane Stress )
( 2 - Plane Strain )
{ 3 - Axisymmetry )
No. of Nodes / Element = 8
No. of Different Materials = 2
No. of Gauss Points in X and Y Dirs./Element = 2
No. of Degrees of Freedom/Element = 16
Type of Time Stepping Algorithm = 1
Stiffness Matrix is Updated at:
(1 - 1lst Time Step of 1lst Load Inc. )
(2 - Each Time Step of Each Load Inc. )
(3 - 1st Time Step of Each Load Inc. )
( 4 - 1st Time Step of 1lst Load Inc. and

2nd Time Step of Each Load Inc. )
No. of Increments in Which Total Load Applied = 1
No. of Stress Components = 3
( 3 - Plane Stress )
( 3 - Plane Strain )
( 4 - Axisymmetry )
Plotting Tape File Flag = 0
{ 0 - Plot File not Created )
(1 - Plot File Created on File Unit 15
Thermal Loading Flag = 0
{ 0 - No Thermal Loading )
(1 - Steady Thermal Loading )
(2 - Transient Thermal Loading )
Initial Stress Flag = 0
( 0 - No Initial Stress )
{ 2 - Initial Stress Generated )
(2 - Initial Stress Read From File )
(3 - Final Stress Written to File )
(-1 - Initial Stress Generated and Final

Stress Written to Specified File)
(-2 - = ial Stress Read and Final

ess Written to Same File )
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Initial Temperature =

(0 - No Initial Temperature )
{1 - Initial Temperature Generated
{ 2 - Initial Temperature Read From File )

Restart Tapes =
{ 0 - Restart Tapes not Saved )

{ 1 - Restart Tapes Saved )
Gauss Point Coordinates and Initial State =
( 0 - Not Printed )
(1 - Printed )
Element Property Node Numbers
1 1 1 3 15 23 22 21 14
2 1 3 4 5 16 25 24 23 15
3 1 5 6 7 17 27 26 25 16
4 1 7 8 9 18 29 28 27 17
5 1 9 10 11 19 31 30 29 18
6 1 11 12 13 20 33 32 31 19
7 1 21 22 23 35 43 42 41 34
8 1 23 24 25 36 45 44 43 35
9 1 25 26 27 37 47 46 45 36
10 1 27 28 29 38 49 48 47 37
11 1 29 30 31 39 51 50 49 38
12 1 31 32 33 40 53 52 51 39
13 1 41 42 43 55 63 62 61 54
14 1 43 44 45 56 65 64 63 55
15 1 45 46 47 57 67 66 65 56
16 1 47 48 49 58 69 68 67 57
17 1 49 50 51 59 71 70 69 58
18 1 51 52 53 60 73 72 71 59
19 1 61 62 63 15 83 82 81 74
20 1 63 64 65 76 85 84 83 75
21 1 65 66 67 77 o7 86 85 76
22 1 67 68 69 78 89 88 87 17
23 1 69 70 71 79 91 90 89 78
24 1 71 72 73 80 93 92 91 79
25 1 81 82 83 95 103 102 101 94
26 1 83 84 85 96 105 104 103 95
27 1 85 86 87 97 107 106 105 96
28 1 87 88 89 98 109 108 107 97
29 1 89 90 91 99 111 110 109 98
30 1 91 92 93 100 113 112 111 99
31 1 101 102 103 115 123 122 121 114
32 1 103 104 105 11e 125 124 123 115
33 1 105 106 107 117 127 126 125 116
34 1 107 108 109 118 129 128 127 117
35 1 109 1i0 111 119 131 130 129 118
36 1 111 112 113 120 133 132 131 119
37 1 121 122 123 135 143 142 141 134
38 1 123 124 125 136 145 144 143 135
39 1 125 126 127 137 147 146 145 136
40 1 127 128 129 138 149 148 147 137
41 1 129 130 131 139 151 150 149 138
42 1 131 132 133 140 153 152 151 139
43 1 141 142 143 155 163 162 161 154
44 1 143 144 145 156 165 164 163 155
45 1 145 146 147 157 167 166 165 156
46 1 147 148 149 158 169 168 167 157
47 1 149 150 151 159 171 170 169 158
48 1 151 152 153 160 173 172 171 159
49 1 161 162 163 175 183 182 181 174
50 1 163 164 165 176 185 184 183 175
51 1 165 166 167 177 187 186 185 176
52 1 167 1€8 169 178 189 188 187 177
53 1 169 170 171 179 191 190 189 178
54 1 171 172 173 180 193 192 191 179
55 1 181 182 183 195 203 202 201 194
56 1 183 184 185 196 205 204 203 195
57 1 185 186 187 197 207 206 205 196
58 1 187 188 189 198 209 208 207 197
59 1 189 190 191 199 211 210 209 198
60 1 191 192 193 200 213 212 211 199
61 1 201 202 203 215 223 222 221 214
62 1 203 204 205 216 225 224 223 215
€3 1 205 206 207 217 227 226 225 216
64 1 207 208 209 218 229 228 227 217
65 1 209 210 211 219 231 230 229 218
[ 1 211 212 213 220 233 232 231 219
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67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
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100
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105
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107
108
109
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221
223
225
227
229
231
241
243
245
247
249
251
261
263
265
267
262
271
281
283
285
287
289
291
301
303
305
307
309
311
321
323
325
327
329
331
341
343
345
347
349
351
361
363
365
367
369
371
381
383
385
387
389
391
213
183
173
153
133
113
93
73
53
33
425
427
429
431
433
435
437
439
441
443
457
459
461
463
465

222
224
226
228
230
232
242
244
246
248
250
252
262
264
266
268
2170
272
282
284
286
288
290
292
302
304
306
308
310
312
322
324
326
328
330
332
342
344
346
348
350
352
362
364
366
368
370
372
382
384
386
388
390
392
200
180
160
140
120
100

80

60

n

426
428
430
432
434
436
438
440
442
444
458
460
462
464
466

223
225
227
229
231
233
243
245
247
249
251
253
263
265
267
269
271
273
283
285
287
289
291
293
303
305
307
309
311
313
323
325
327
329
331
333
343
345
347
349
351
353
363
365
367
369
371
373
383
385
387
389
391
393
193
173
153
133
113

93

73

53

33

427
429
431
433
435
437
439
441
443
445
459
461
463
465

467

235
236
2317
238
239
240
255
256
257
258
259
260
275
276
2117
278
279
280
295
296
297
288
299
300
315
316
317
318
319
320
335
336
337
338
339
340
355
356
357
358
359
360
375
376
377
378
379
380
395
396
397
398
399
400
415
416
417
418
419
420
421
422
423
424
447
448
449
450
451

452
453
454
455
456
479
480
481

482
483

243
245
247
249
251
253
263
265
267
269
271
273
283
285
287
289
291
293
303
305
307
309
311
313
323
325
327
329
331
333
343
345
347
349
351
353
363
365
367
369
371
373
383
385
387
389
391
393
403
405
407
409
411
413
427
429
431
433
435
437
439
441
443
445
459
461
463
465
467
469
471
473
475
4177
491
493
495
437
499

242
244
246
248
250
252
262
264
266
268
270
272
282
284
286
288
290
292
302
304
306
308
310
312
322
324
326
328
330
332
342
344
346
348
350
352
362
364
366
368
370
372
382
384
386
388
390
392
402
404
406
408
410
412
426
428
430
432
434
436
438
440
442
444
458
460
462
464
466
468
470
472
474
476
490
492
494
496
498
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241
243
245
247
249
251
261
263
265
267
269
271

281
283
285
287
289
291
301
303
305
307
309
311
321
323
325
327
329
331
341
343
345
347
349
351
361
363
365
367
369
371
381
383
385
387
389
391
401
403
405
407
409
411
425
427
429
431
433
435
437
439
441
443
457
459
461
463
465
467
469
47

4173
475
489
491

493
495
497

234

235

236

237

238

239

254

255

256
257

258

259
274

275
276
211
278
279
294

295
296
297
298
299
314
315
316
317
318
319
334
335
336
337
338
339
354
355
356
357
358
359
374
375
376
377
378
379
394
395
396
397
398
399
414
415
416
417
418
419
420
421
422
423
446
447
448
449
450
451

452
453
454
455
478
4779
480
481

482
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146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190

195
196

198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
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467
469
471
473
475
489
491
493
495
497
499
501
503
505
507
521
523
525
527
529
531
533
535
537
539
553
555
557
559
561
563
565
567
569
571
585
587
589
591
593
595
597
599
601
603
617
619
621
623
625
627
629
€31
633
635
649
651
653
655
657
659
661
663
665
667
681
683
685
687
689
691
693
695
697
699
413
393
373
353

468
470
472
474
476
490
492
494
496
498
500
502
504
506
508
522
524
526
528
530
532
534
536
538
540
554
556
558
560
562
564
566
568
570
572
586
588
590
592
594
596
598
600
602
604
618
620
622
624
626
628
630
632
634
636
650
652
654
656
658
660
662
664
666
668
682
684

686
688
690
692

694

696
698

700

400

380

360

340

469
471

473
475
471

491

493
495

497
499
501

503
505
507
509
523
525
527
529
531
533
535
537
539
541
555
557
559
561
563
565
567
569
571
573
587
589
591
593
595
597
599
601
603
605
619
621
623
625
627
629
631
633
635
637
651
653
655
657
659
661
663
665
667
669
683
685
687
689
691

693
695
6597
629
701

393

373

353

333

484
485
486
487
488
511
512
513
514
515
516
517
518
519
520
543
544
545
546
547
548
549
550
551
552
575
576
577
578
579
580
581
582
583
584
607
608
609
610
611
612
613
614
615
616
639
640
641
642
643
644
645
646
647
648
671
672
673
674
675
676
677
678
679
680
703
704
705
706
707
708
709
710
711
712
735
136
737
738

501
503
505
507
509
523
525
5217
529
531
533
535
537
539
541
555
557
559
561
563
565
567
569
571
573
587
589
591
593
595
597
599
601
603
605
619
621
623
625
627
629
531
633
635
637
651
653
655
657
659
661
663
665
667
669
683
685
687
689
691
693
695
697
699
701
715
717
719
721
723
725
727
729
731
733
746
748
750
752

500
502
504
506
508
522
524
526
528
530
532
534
536
538
540
554
556
558
560
562
564
566
568
570
572
586
588
590
592
594
596
598
600
602
604
618
620
622
624
626
628
630
632
634
636
650
652
654
656
658
660
662
664
666
668
682
684
686
688
690
692
694
696
698
700
714
716
718
720
722
724
726
728
730
732
745
747
749
752
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499
501
503
505
507
521
523
525
521
529
531
533
535
537
539
553
555
557
559
561
563
565
567
569
571
585
587
589
591
593
595
597
599
601
603
617
619
621
623
625
627
629
631
633
635
649
651
653
655
657
659
661
663
665
667
681
683
685
687
689
691
693
695
697
699
713
715
717
719
721
723
125
727
729
731

744
746
748
150

483
484
485
486
487
510
511
512
5113
514
515
516
517
518
519
542
543
544
545
546
547
548
549
550
551
574
575
576
571
578
579
580
581
582
583
606
607
608
609
610
611
612
613
614
615
638
639
640
641
642
643
644
645
646
647
670
671
672
673
674
675
676
677
678
679
702
703
704
705
706
707
708
709
710
711
734
735
736
737
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225
226
227
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239
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248
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252
.53
254
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260
261
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264
265
266
267
268
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271
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21
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333
313
293
2173
253
233
744
746
748
750
752
754
756
758
760
762
774
776
778
780
782
784
786
788
790
792
804
806
808
810
812
814
816
818
820
822
834
836
838
840
842
844
846
848
850
852
864
866
868
870
872
874
876
878
880
882
894
896
898
900
902
904
906
908
910
912
924
926
€28
930
932
934
936
938
940
942
954
956
958

320
300
280
260
240
220
745
747
749
751
753
755
7517
759
761
763
775
7717
779
781
783
785
787
789
791
793
805
807
809
811
813
815
817
819
821
823
B35
837
839
841
843
845
847
849
851
853
865
867
869
871
873
875
877
879
881
883
895
897
899
901
903
905
9c?
909
911
913
925
927
929
931
933
935
937
939
941
943
955
957
959

313
293
2173
253
233
213
746
748
750
752
754
756
758
760
762
425
776
778
780
782
784
786
788
790
792
457
806
808
810
812
814
816
818
820
822
489
836
838
840
842
844
846
848
850
852
521
866
868
870
872
874
876
878
880
882
553
896
898
900
902
904
906
908
910
912
585
926
928
930
932
934
936
938
940
342
6171
956
958
960

739
740
741
742
743
414
765
766
767
768
769
770
771
772
773
446
795
796
797
798
799
800
801
802
803
478
825
826
827
328
829
830
831
832
833
510
855
856
857
858
859
860
861
862
863
542
885
886
887
888
889
€90
891
892
893
574
915
916
917
918
919
920
921
922
923
606
945
946
947
948
949
950
951
952
953
638
975
976
977

754
756
758
760
762
425
7176
778
780
782
784
786
788
790
792
457
806
808
810
812
814
816
818
820
822
489
836
838
840
842
844
846
848
850
852
521
866
868
870
872
874
876
878
880
882
553
896
898
%00
902
904
906
908
910
912
585
926
928
930
932
934
936
938
940
942
€17
956
958
960
962
964
966
968
970
972
649
986
988
990

753
755
757
759
761
763
775
777
779
781
783
785
787
789
791
793
805
807
809
811
813
815
817
819
821
823
835
837
839
841
843
845
847
849
851
853
865
867
869
871
873
875
871
879
881
883
895
897
899
901
903
905
907
909
911
913
925
927
929
931
933
935
937
939
241
943
955
957
959
961
963
965
967
969
971
973
385
987
989
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752
754
756
758
760
762
774
776
7178
780
782
784
786
788
790
792
804
806
808
810
812
814
816
818
820
822
834
836
838
840
842
844
846
848
850
852
864
866
868
870
872
874
876
878
880
882
894
896
898
900
902
904
906
908
910
912
924
926
928
930
932
934
936
938
940
942
954
956
958
960
962
964
966
368
970
972
984
986
988

738
739
740
741
742
743
764
765
766
767
768
769
770
771
172
773
794
795
796
797
798
799
800
801
802
803
824
825
826
827
828
823
830
831
832
833
854
855
856
857
858
859
860
861
862
863
884
885
886
887
888
889
890
891
892
893
914
915
916
917
918
919
920
921
922
923
944
945
946
947
948
949
950
951
952
953
974
9375
976
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304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
342
342
343
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X-Coord.

.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.61343E400
.41676E+00
.29090E+00
.15000E+01
.12259E+01
.10066E+01
.83116E+00
.69081E+00
.57854E+00
.48871E+00
.18374E+01
.12432E+01
.86291E+00
.30000E+01
.24479E+01
.20062E+01
.16529E+01
.13702E+01
.11440E+01
.96311E+00
.30574E+01
.20601E+01
.14219E+01
.45000E+01
.36660E+01
.29988E+01
.24651E+01
.20381E+01
.16965E+01
.14232E+01
.42736E+01
.28676E+01
.19678E+01
.60000E+01
.48803E+01
.39845E+01
.32678E+01
.26945E+01
.22359E+01
.186%0E+01
.54859E+01
.36657E+01
.25007E+01
.75000E+01
.60906E+01
.49631E+01
.40611E+01
.33395E+01
.27623E+01
.23004E+01
.66944E401
.44542E+01
.30205E+01
. 90000E+01
.72971E+01
.59348E+01
.48.,5CE+01
.39731E+01
.32756E+01
.27176E+01
.78989E+01
.52333E+01
.352738+401

.10500E+02

.84997E+01
.68995E+01

.5€193E+01

.45952E+01

L3TTS59E+01
.31204E+01
.90996E+01

Y-Coord.

.15000E+02
.12560E+02
.10609E+02
.90476E+01
.77986E+01
.67994E+01
.60000E+01
.12558E+02
.90425E+01
.67923E+01
.15000E+02
.12554E+02
.10597E+02
.90318E+01
.77795E+01
.67776E+01
.59761E+01
.12547E+02
.80156E+01
.67552E+01
.15000E+02
.12538E+02
.10569E+02
.89937E+01
.77334E+01
.67251E+01
.59185E+01
.12527E+02
.89663E+01
.66874E+01
.15000E+02
.12514E+02
.10525E+02
.89333E+01
.76603E+01
.66419E+01
.58272E+01
.12498E+02
.88947E+01
.65888E+01
.15000E+02
.12480E+02
.10464E+02
.88506E+01
.75602E+01
.65279E+01
.57021E+01
.12459E+02
.88009E+01
.64594E+01
.15000E+02
.12437E+02
.10386E+02
.87455E+01
.74331E+01
.63832E+01
.55433E+01
.12412E+02
.B6847E+01
.62993E+01
.15000E+02
.123E5E+02
.10292E+02
.86182E+01
.72790E+01
.62077E+01
.53507E+01
.12355E+02
.85461E+01
.61085E+01
.15000E+02
.12323E+02
.10182E+02
.84685F+01
.70980E+01
.60015E+01
.51244E+01
. 12289E402

138
140
142
144
146
148
150
152
154
156

X~-Coord.

.00000E+00
.00000E+00
.0Q000E+00
.00000E+00
.00000E+00
.00000E+00
.75000F+00
.50417E+00
.34684E+00
.24615E+00
.13629E+01
.11162E+01
.91888E+00
.76099E+00
.63467E+00
.53363E+00
.22500E+01
.15073E+01
.10319E+01
.72770E+00
.27239E+01
.22270E+01
.18295E+01
.15115E+01
.12571E+01
.10536E+01
.37500E+01
.25034E+01
.17056E+01
.11949E+01
.40830E+01
.33324E+01
.27320E+01
.22516E+01
.18673E+01
.15598E+01
.52500E+01
.34925E+01
.23677E401
.16479E+01
.54401E+01
.44324E+01
.36262E+01
.29812E+01
.24652E+01
.20524E+01
.67500E+01
.44747E+01
.30185E+01
.20865E+01
.67953E+01
.55269E+01
.45121E+01
.37003E+01
.30509E+01
.25313E+401
.82500E+01
.54498E+01
.36577E+01
.25108E+01
.81486E+01
.66160E+01
.53899E+01
.44090E+01
.36243E+01
.29966E+01
. 97500E+4 01
.64180E+401
.42856E+01
.29208E+01
. 94999E+01
. 76996E+01
.62594E+01
.51072E+01
.41855E+01
.34481E+01
.11250E+02

737328+ 01

Y~-Coord.

.13780E+02
.11585E+02
.98283E+01
.84231E+01
. T72990E+01
.63997E+01
.15000E+02
.10605E402
. 17924F+01
.59923E+01
L13777E402
.11576E+02
.98145E+01
.84057E+01
.72786E+01
.63769E+01
.15000E+02
.10585E+02
.77598E+01
.59515E+01
.13769E+02
.11554E+02
.97814E+01
.83636E+01
.72293E+01
.63218E+01
.15000E+02
.1054%E+02
.77002E+01
.58771FE+01
.13757E+02
.11519E+02
.97289F+01
.82968E+01
.71511E+01
.62345E+01
.15000E+02
.10496E+02
.76136E+01
.57689E+01
.13740E+02
.11472E+02
.96571E+01
.82054E+01
.T0441E+01
.611S0E+01
.15000E+02
.10427E402
.75001E+01
.56269E+01
.13718E+02
.11411E+02
.95658E+01
.80893E+01
.69082E+01
.59632E+01
.15000E+02
.10341E+02
.73595E+01
.54512E+01
.13692E+02
.11338FE+02
.94551E+01
.79486E+01
.67434E+01
.57792E+01
.15000E+02
.10239E+02
.71919E+01
.52418E+01
.13662E+02
.11252E+02
.93251E+01
.77832E401
.65497E+01
.59630E+01
.15000E+02
.10120E+02




.60029E+01
.40211E+01
.12000E+02
.96984E+01
.78572E+01
.63842E+01
.52058E401
LA426318E+01
.35089E+01
.10296E+02
.67631E+01
.45018E+01
.13500E+02
.10893E+02
.88079E+01
.71396E+01
58050E+01
.47373E+01
38831E+01
.11489E+02
.75138E+01
.49695E+01
.15000E+02
.12084E+02
.97517E+01
.78856E+01
.63927E+01
.51984E+01
.42430E+01
.12130E+02
.79867E+01
.53515E+01
.15000E+02
12173E+02
99115E+01
.81022E+01
.66548E+01
54969E+01
.45705E+01
.12214E+02
82021E+01
.56346E+01
.15000E+02
.12253E+02
.10055E+02
.82965E+01
.68899E+01
.57646E+01
.48643E+01
.12289E+02
.83853E+01
.58869E+01
.15000E+02
.12323E+02
.10182E+02
.84685E+01
.70980E+01
.60015E+01
.51244E+01
.12355E+02
.85461E+01
.61085E+01
.15000E+02
.12385E+02
.10292E+02
.86182E+01
.72790E+0C1
.62077E+01
.53507E+C1
L12412E+02
.86847E+01
.62993E+01
.15000E+02
.12437E+02
.10386E+02
.87455E+01
L74331E+01
.63832E+401
.55433E+01

.83853E+01
.58869E+Q1
.15000E+02

12253E+02

.10055E+02
.82965E+01
.68899F+01
.576460+01
.4864310+0°
.12214E-02
.82021E+01
.56346E+01
.15000E+402
.12173E+02
.99115E+01
.81022E+01
.66548E+01
.54969E+01
.45705E+01
.12130E+02
.79967E+01

53515E+01
15000E+02

.12084E+02
.97517E+01
.78856E+01
.63927E+01
.51984E+01
.42430E+01
.11489E+02
.75138E+01

49695E+01

.13500E+02

10893E+02

.88079E+01
.71396E+01

58050E+01

.47373E+01
.38831E+01
.10296E+02
.67631E+01
.45018E+01
.12000E+02
.96984E+01
.78572E+01
.63842E+01
.52058E+01
.42631E+01
.35089E+01
.90996E+01
.60029E+01
.40211E+01
.10500E+02
.84997E+01
.68995E+01
.56193E+01
.45952E+01
.37759E+01
.31204E+01
.78989E+01
.52333E+01
.35273E+01
.90000E+01
.72971E+01
.59348E+01
.48450E+01
.39731E+01
.32756E+01
.27176E+01
.66944E+01
.44542E+01
.30205E+01
.7500CE+01
.60906E+01
.49631E+01
.40611E+01
.33395E+01
.27623E+01

.23004E+01

158
160
162
164
166
168
170
172
174
176
178
180
182
184
186
188
190
192
194
196
198
200
202
204
206
208
210
212
214
216
218
220
222
224
226
228
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232
234
236
238
240
242
244
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252
254
256
258
260
262
264
266
268
270
272
274
276
278
280
282
284
286
288
290
292
294
296
298
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302
304
306
308
310
312
314

.49019E+01
.33164E+01
.10849E+02
.87778E+01
.71207E+01
.57950E+01
.47344E401
.38860E101
L12750F+02
.83334E+401
.55068E+01
.36978E+01
.12197E+02
.98506E+01
.79738E+01
.64723E+01
.52711E+01
.43102E+01
.14250E+02
.92807E+01
.61003E+01
.40648E+01
.13542E+02

10918E+02

.88186E+01
.71392E+01
.57956E+01
.47207E+01
.15000E+02
.98336E+01
.65271E+01
.44110E+01
.13587E+02
.11042E+02
.90068E+01
.73785E+01
.60758E+01
.50337E+01

15000E+02
99852E+01

.67757E+01

47216E+01

.13626E+02
.11154E+02
.91757E+01
.75932E+01
.63272E+01
.53144E+01
.15000E+02
.10120E+02
.69973E+01
.49986E+01
.13662E+02
.11252E+02
.93251E+01
.77832E+01
.65497E+01
.55630E+01
.15000E+02
.10239E+02
.71919E+01
.52418E+01
.13692E+02
.11338E+02
.94551E+01
.79486E+01
.67434E+01
.57792E+01
.15000E+02
.10341E+0Q2
.73595E+401
.54512E+01
.13718E+02
.11411E+02
.95658E+01
.80893E+01
.69082E+01
.59632E+0]

.15000E+02

.69973E+01
.49986E+01
.13626E+02
.11154E+02
.91757E+401
.75932E+01
.63272E+01
.53144E+01
.15000E+02
.99852E401
.67757E+01
.47216E+401
.13587E+02
.11042E+02
.90068E+401
.73785E+01
.60758E+01

50337E+01

.150008+02
.98336E+01
.65271E+01
.44110E+01
.13542E+02
.10918E+02

88186E+01
71392E+01
57956E+01
47207E+01

.14250E+02
.92807E+01
.61003E+01
.40648E+01
.12197E+02

98506E+01

.79738E+01
.64723E+01
.52711E+01
.43102E+01
.12750E+02
.83334E+01
.55068E+01
.36978E+01
.10849E+02

87778E+01

.71207E+01
.57950E+01
.47344E+01

38860E+01

.11250E+02
.73792E+01
.49019E+01
.33164E+01
.94999E+01
.76996E+01
.62594E+01
.51072E+01
.41855E+01
.34481E+01

97500E+01

.64180E+01
.42856E+01
.29208E+01
.81486E+01
.66160E+01
.53899E+01
.44090E+01
.36243E+01
.29966E+01
.82500E+01
.54488E+01
.36577E+01
.25108E+01
.67953E+01
.55269E+01
.45121E+01
.37003E+01
.30509E+01
.25313E+401
.67500E+01
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361
363
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369
371
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375
377
379
381
383
385
387
389
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393
395
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399
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411
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423
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.12459E+02
.88009E+01
.64594E+01
.15000E+02
.12480E+02
.10464E+02
.88506E+01
.75602E+01
.65279E+01
.57021E+01
.12498E+02
.88947E+01
.65888E+01
.15000E+02
.12514E+02
.10525E+02
.89333E+01
.76603E+01
.66419E+01
58272E+01
.12527E+02
.89663E+01
.66874E+01
.15000E+02
.12538E+02
.10569E+02
.89937E+01
. 77334E+01
.67251E+01
.59185E+01
.12547E+02
.90156E+31
.67552E+01
.15000E+02
.12554E+02
.10597E+02
.90318E+01
. 77795E+01
.67776E+01
.59761E+01
.12558E+02
.90425E+01
.67923E+01
.15000E+02
.12560E+02
.10609E+02
.90476E+01
.77986E+01
.67994E+01
.6000CE+CL
.36492E+02
.29323E+01
.21617E+01
.13374E+01
.45923E+00
.37318E+01
.34152E+01
.30860E+01
.27443E+CL
.23899E+01
.20230E+0L
.16436E+01
.12515E+01
.84692E+00C
.42375E+GC
.0C0CCE+QC
.321€3E-C1
.25844E~CL
.19C51E+0L
.11786E+01
.40469E+00
.32973E+01L
.30175E-01
.272652-01
.24245E+0L
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2
5
2
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Vo
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.54859E+01
36657E+01
25007E+01
60000E+01
488C3E+01
39845E+01
32678E+01
26945E+01
22359E+01
.18690E+01
.42736E+01
.28676E+01
.19678E+01
.45000E+01
.36660E+01
.29988E+01
.24651E+01
.20381E+01
.16965E+01
.14232E+01
.30574E+01
.20601E+01
.14219E+01
.30000E+01
T4479E+01
162E+01
.16529E+01
.13702E+01
.11440E+01
.96311E+00
.18374E+01
.12432E+01
.86291E+00
.15000E+01
.12259E+01
.10066E+01
.83116E+00
.69081E+00
.£7854E+00
.48871E+00
.61343E+00
.41676E+00
.29090E+00
.00N00E+Q0
.0000CE+00
.00C000E~+0Q
.GO0COE+QD
.C000CE+QQ
.00000E+0Q0
.00000E+0Q0
.42952E+01
.48157E+01
.52094E+01
.54762E+01
.56162E+01
.37318E+01
.40199E+01
.42783E+01
.45071E+01
.47061E+01
.48755E+01
.50152E~01
.51252E+01
.52056E+C1
.525625+01
.52772E+01
.37859E+01
L42447E4CL
.43317E-01
.482€39E+01
.493C03E+02
.32973E+C1
.35519E+01
.378022+C1
.23823E+01
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316
318
320
322
324
326
328
330
332
334
336
338
340
342
344
346
348
350
352
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.27153E+01
.26891E+01
.26477E+01
.25908E+01
.25186E+01
.24311E+01
.23283E+401
.22100E+01

.20765E401
.26102E+01
.25749E+01

.27265E+01
.30175E+01
.00000E+00
.70619E+00
.13705E+01
.19931E+01
.2573BE+01
.00000E+00
.33702E+00
.66421E+Q0
.98158E+00
.12891E+401
.15868E+01
.18747E+01
.21528E+01
.24210E+01
.26794E401
.00000E+00
.62853E+00
.12199E+01
.17741E+01
.22911E+01
.00000E+00
.30081E+00
.59286E+00
.87615E+00
.11507E+01
.14165E+01
.16735E+01
.19218E+01
.21613E+01
.23920E+01
.00000E+00
.56253E+00
.10919E+01
.15880E+01
.20509E+01
.00000E+00
.27003E+00
.53220E+00
.78654E+00
.10330E+01
.12717E+01
.15025E+01
.17254E+01
.19405E+01
.21478E+01
.00000E+00
.50643E+00
.98302E+00
.14298E+01
.18467E+01
.00000E+00
.24386E+00
.48065E+00
.71037E+00
.93301E+00
.11486E+01
.13571E+01
.15585E+01
.17529z+01
.19402E+01
.00000E+00
.45874E+00
.89051E+00
.12953E+01
.16731E+01
.00000E+00
.22162E+00
.43683E+00
. 64562E+00
.84800E+00
.10440E+01
.12335E+01
.14166E+01
.15934E+01
.17637E+01
.00000E+00
.41820E+00



bor pe

Ly aaa

947

.25351E+01
.24116E+01
.22293E+01
.19882E+01
.24912E+01
.24743E+01

24434E+01

.23984E+01
.23394E+01
.22663E+01
.21792E+01
.20780E+01
.19628E+01
.18336E+01
.23864E+01
.23270E+01
.22136E+01
.20463E+01
.18249E+01
.22945E+01
.22789E+01
.22504E+01
.22080E+01
.21547E+01
.2C874E+01
.20071E+01
.19139E+01
.18078E+01
.16888E+01
.22050E+01

21501E+01

.20453E+01

18907E+01

.16862E+01
.21273E+01

21129E+01

.20865E+01
.20481E+01
.19977E+0?
.19353E+01
.18609E+01
.17745+01
.16761E+01
.15657E+01
.13455E+01
.10805E+01
.79611E~0C
.49225£+00
.16895E+00C
.14353E+01
.13132E+01
.11863E+01
.10546E+01
.91818E~0C
.77703E+CO
.63112E+00
.48046E+00C
.32506E+CC
.1€490E+0C
.0C000E-CO
.12809E+01
.20287E+01
. 75794E+00
.46367E+0C
.16086E-0C
.13647E~CL
L12483E-GL
L1I279E-CL
L10C27E+01
.87306E-C0
.73885E+00

.60C012E+CD

tr ey iyt
+
2

ot

~IN N O

.61810E+00
.99950E+400
.13564E+01

.16887E+01

.10209E+00
.30188E+00
.49582E+00
.68390E+00
.86612E+00
.10425E+01
.12130E+01
.13777E+01
.15365E+01
.16894E+01
.19468E+00
.56720E+00
.91724E+0C
.12448E+01
.15499E+01
.93997E-01
.27796E+00
.45654E+00
.62974E+00
.79756E+00
.86000E+0Q0
.11171E+01
.12687E+01
.14150E+01
.15560E+01
.17982E+00
.52393E+00
.84732E+00
.11500E+01
.14320E+01
.87118E-01
.25762E+00
.42315E+00
.58370E+00C
.73928E+00
.88988E+00
.10355E+01
.11761E+01
.13118E+01
.14425E+01
.15843E+01
.17764E+01
.19217E-C1
.2C0202E+01
.20718E+01
.14353E+C2
.15462E+01
.16457E+C1
.17337E-+C1
.18103E+01
.18755E+01
.19293E+C1
.19716E+77

.20025E+01
.2022CE+01
.20300E+C1
.15082E-01
.16910E+C1
.18293E-01
.19230E+31
.19722E+0L

L13€47E+0L

LIATCLECT

.15646E-D01
L16483E401
JLT211E+0L
L17831E+0L
.18342E~C1

L18744E~C2

948
950
952
954
956
958
960
962
964
966
968
370
972
974
976
978
980
982
984
986
988
990
992
994
396
998
1000
1002
1004
1006
1008
1010
1012
1014
1016
1018
1020
1022
1024
1026
1028
1030
1032
1034
1036
1038
2040
1042
1044
1046
1048
1050
1052
1054
1056
1058
1060
10€2
1064
1066
1068
10738
1072
1074
1076
2078
1080
1082
1084
1086
1088
1090

Vhtr sy
A OO OO
©Y O D0 WD WO
SN O SN

e

+

.24807E+01
.23278E+01
.21161E+01
.24944E+01
.24845E+01
.24606E+01
.24226E+01
.23706E+01
.23046E+01
.22245E+01
.21304E+01
.20222E+01
.19000E+01
.23959E401
.23634E+01
.22770E+01
.21367E+01
.19423E+01
.22974E+01
.22883E+401
.22663E+01
.22314E+01
.21835E+01
.21226E+01
.20489E+01
.19621E+01
.18625E+01
.17499E+01
.22137E+01
.21837E+01
.21039E+01
.19742E+01
.17946E+01
.21300E+01
.21216E+01
.21012E+401
.20688E+01
.20244E+01
.19680E+01
.18996E+01
.18192E+01
.17268E+01
.16224E+01
.14707E+01
.12154E+01
.94075E+00
.64661E+GO
.33303E+00
.00000E+00C
.13748E+01
.12503E+01
.11210E-+01
.98698E~+00
.84820E+00
.7C467E+00
.55638E+00
.40335E+00
L.24557E+02
.83045E-01
.14000E+0C1
.11571e+01
.89562E+00
.61562E+00
.31738E+00
.CO0000E+DD
.13072E+01
.11888E-+01
.10659E+31
.93847E+0C
.806522+00
.67005E+C0

A n
07E+(0C

S N
v
+ 4
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YO

NN

Vs

~ W NN
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WO W W ON

SO W NW WL W
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VRV
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.81187E+00
.11810E+401
.15256E+01

.00000E+00
.20272E+400

.39958E+00
.59059E+00
.177574E+00

.95504E+00
.11285E+01
.12961E+01
.14578E+01
.16137E+01
.00000E+00
.38375E+00
.74503E+00
.10838E+01
.14002E+01
.00000E+00
.18665E+00
.36792E+00 -
.54381E+00
.71432E+00
.87945E+00
.10392E+01
.11936E+01
.13426E+01
.14862E+01
.00000E+00
.35446E+00
.68822E+00
.10013E+01
.12936E+01
.00000E+00
.17299E+00
.34101E+00
.50405E+00
.66211E+00
.81520E+00
.96331E+00
.11064r+01
.12446E+01
.13778E+C1
L14707E4(L
.16862E+01
.18550E+01
.197€8E+01
.20518E+01
.20800E+01
.14922E+01
.15974E+01
.16911E+01
.17735E+01
.18444E+01
.19038E+01
.19519E+01
.19885E+01
.20137E+01
.20274E+01
.14000E+01
.16052E+01
.17657E+01
.18817E+01
.19532E+01
.19800E+01
.14187E+01
.15187E401
.16078E+01
.16861E+01
.17535E+01
.18100E+01
.18557E+401
.18905E+0L
.19144E+C1
L19275E+01




1105 .44503E+00
1107 .15277E+00
1109 L12940F401
1111 .11839E+01
1113 .10696E+01
1115 .95089E+00
1117 .82793E+00
1119 .70068E+00
1121 .56913E+400
1123 .43329E+00
1125 .29315E+00
1127 .14872E+00
1129 .00000E+00
1131 .20718E+01
1133 .20202E+01
1135 .19217E+01
1137 .17764E+01
1139 .15843E+01
1141 .20274E+01
1143 .20137E+01
1145 .19885E+01
1147 .19519E+01
1149 .19038E+01
1151 .18444E+01
1153 .17735E+01
1155 .16911E+01
1157 .15974E+01
1159 .14922E+01
1161 .19722E401
1163 .19230E+01
1165 .18293E+01
1167 .16910E+01
1169 .15082E+01
1171 .19275E+01
1173 .19144E+01
1175 .18905E+01
1177 .18557E+01
1179 .18100E+01
1181 .17535E+01
1183 .16861E+01
1185 .16078E+01
1187 .15187E+01
1189 .14187E+01
1191 .18725E+01
1193 .18259E+01
1195 .17369E+01
1197 .1€6056E+01
1199 .14320E+01
1201 .18276E+01
1203 .18152E+01
1205 .17925E+01
1207 .17595E+01
1209 .17162E+01
1211 .16626E+01
1213 .15987E+0C1
1215 .15245E+01
1217 .14400E+01
1219 .13452E+01
Node Restraints (Code:

Node Cocde

1 10

2 10

3 10

4 10

S 10

6 10

7 10

8 10

9 10

1C 10

11 10

12 10

13 10

424 10

445 10

45¢ 10

477 1C

488 10

.18259E+01
.18725E+01
.12940E+01
.13939E+01
.14835E+01
.15629E+01
.16319E+01
.16907E+01
.17391E+01
.17773E+01
.18051E+01
.18227E+01
.18300E+01
.16885E+00
.49225E+00
.79611E+00
.10805E+01
.13455E+01
.83045E-01
.24557E+00
.40335E+00
.55638E+00
.70467E400
.84820E+00
.98698E+00
.11210E+01
.12503E+01
.15748E+01
.16086E+00
.46867E+00
.75794E+00
.10287E+01
.12809E+01
.78972E-01
.23352E+00
.38356E+00
.52907E+00
.67005E+00
.80652E+01
.93847E+00
.10659E+01
.11888E+01
.13072E+01
.15277E+00
.44508E+00
.71977E+00
.97682E+00
.12162E+01
.74899E-01
.22148E+00
.36376E+00
.50175E+00
.63544E+00
.76484E+00
.88995E+00
.10108E+01
.11273E+01
.12395E+01

10- X dir. 1- Y dir.

Fixed Values(X,Y)

.00000 .00co00
.00000 .00000
.00000 .00000
.00000 .00000
. 00000 .00000
.00000 .00000
.02000 .00CC0
.00000 .00000
.C0000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.0oeno .00000
.00000 .00000
.20000 .00C00

1106
1108
1110
1112
1114
1116
1118
1120
1122
1124
1126
1128
1130
1132
1134
1136
1138
1140
1142
1144
1146
1148
1150
1152
1154
1156
1158
1160
1162
1164
1166
1168
1170
1172
1174
1176
1178
1180
1182
1184
1186
1188
1190
1192
1194
1196
1198
1200
1202
1204
1206
1208
121¢C
1212
1214
1216
1218

.30113E+00
.00000E+00
.12395E+01
.11273E401
.10108E+01
.88995E+00
.76484E+00
.63544E+00
.50175E+00
.36376E+00
.22148E+00
.74899E-01
.20800E+01
.20518E+01
.19768E+01
.18550E+01
.16862E+01
.20300E+01
.20220E+01

T Y

20025E+01
19716E+01
19293E+01
18755E+01
18103E+01
17337E+01

.16457E+401
.15462E+01
.19800E+01
.19532E+01
.18817E+01
.17657E+01
.16052E+01

19300E+01

.19223E+01
.19038E+01
.18744E+01
.18342E+01

17831E+01

.17211E+01
.16483E+01
.15646E+01

14701E+01

.18800E+01
.18545E+01
.17867E+01
.16765E+01
.15241E+01
.18300E+01
.18227E+01
.18051E+01
.17773E+01
.17391E+01
.16907E+01
.16319E+01
.15629E+01
.14835E+01
.13939E+01

11~ Both)

.18545E+01
.18800E+01
.13452E+01
.14400E+01
.15245E+01
.15987E+01
.16626E+01
.17162FE+01
.17595E+01
.17925E+01
.18152E+01
.18276E+01
.00000E+00
.33303E+00
.64661E+00
.84075E+00
.12154E+01
.00000E+00
.16490E+00
.32506E+00
.48046E+00
.63112E+00
.77703E+00
.91818E+00
.10546E+01
.11863E+C1
.13132E+01
.00000E+00
.3.708E+00
.61562E+00
.89562E+00
.11571E+01
.00000E+00
.15681E+00
.30911E+00
.45688E+00
.60012E+00
. 13885E+00
.87306E+00
.10027E+01
.11279E+01
.12485E+01
.00000E+00
.30113E+00
.58463E+00
.85049E+00
.1C987E+01
.00000E+00
.14872E+00
.29315E+00
.43329E+00
.56913E+00
.70068E+00
.82793E+00
.95089E+00
.10696E+01
.11839E+01



509
520
541
552
573
584
605
616
637
648
669
680
701
712
733
1044
1065
1076
1097
1108
1129
1200
1190
1170
1160
1140
1130
1014
1004
984
974
954
944
924
914
894
884
864
854
834
824
804
794
774
7¢4
744
734
413
412
411
410
409
408
407
406
405
404
403
402
401

[ e
coo

—
o
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HHHHD—‘!—‘#—-’D—JI—'}—JHP—‘HP—'D—‘P‘HHH!—"—‘HP—JHHH}—‘HH)—'HP—‘HHHHI—‘D—‘

Material Properties

Material Number 1
MOCEL--Elastic
tlastic Modulus
Modulus Coefficient
Poisson Ratio
Mass Density
Thermal Coefficient

Material Number 2
"lastic
Yodulus

ffic
atio
ity

Coefficient

Coefficient b

Ed

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.0CC00
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.0N000
.00000
.00000
.00000
.00000
.00000
.00000
.000C0
.00000
.00000C
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.o0ocooc
.00000
.00000
.00000C
.00000

.1520E+C5
.0000E+00
.2200E+00
.0000E+00
.0000E+00

.28CCE+05
.0000E+00
.1500E+00
.0C00E+00

.CODCE+ 00



Memory Management:

Maximum Frontwidth : 132
Number of Equations in core :2438

Storage Requirements:

Real Storage Required = 124675
Real Storage allowed = 207000
Stiffness Matrix Storage Required = 321316
Stiffness Matrix allowed = 600300
Integer Storage Required = 13724
Integer Storage Specified = 50000
fine mesh
No. of Edges with Distributed Loads = 20
Element Node Normal Force Tang. Force
115 401 .7530E+01 .0000E+00
394 .7530E+01 .0000E+00
381 .7530E+01 .0000E+00
109 381 .7530E+01 .0000E+00
374 .7530E+01 .0000E+00
361 .7530E+01 .0000E+00
103 361 .7530E+01 .0000E+00
354 .1530E+01 .0000E+00
341 .7530E+01 .0000E+00
97 341 .7530E+01 .0000E+00
334 .7530E+01 .0000E+00
321 .7530E+01 .0000E+00
91 321 .7530E+01 .0000E+00
314 .7530E+01 .0000E+00
301 .7530E+01 .0000E+00
85 301 .7530E+01 .0000E+00
294 .7530E+01 .0000E+00
281 .7530E+01 .0000E+00
79 281 .7530E+01 .0000E+00
274 .7530E+01 .0000E+00
261 .7530E+01 .0000E+00
73 261 .7530E+01 .0000E+00
254 .7530E+01 .0000E+00
241 .7530E+01 .0000E+00
67 241 .7530E+01 .0000E+00
234 .7530E+01 .0000E+00
221 .7530E+01 .0000E+00
61 221 .7530E+01 .0000E+00
214 .7530E+01 .0000E+00
201 .7530E+01 .0000E+00
55 201 .2830E+01 .0000E+00
194 .2830E+01 .0000E+00
181 .2830E+01 .NNNOE+00
49 181 .2830E+01 .0000E+00
174 .2830E+01 .0000E+00
16l .2830E+01 .0000E+00
43 161 .2830E+01 .00C0E+00
154 .2830E+01 .0000E+00
141 .2830E+01 .0000E+0Q0
37 141 .2830E+01 .0000E+00
134 .2830E+01 .CO00E+00
121 .2830E+01 .0000E+00
31 121 .2830E+01 .0000E+0Q0
114 .2830E+01 .0000:.+00
101 .2830E+01 .0000E+00
25 101 .2830E+01 .C000E+00
94 .2830E+01 .0000E+00
81 .2830E+01 .0000E+00
19 81 .2830E+01 .0000E+00
74 .2830E+01 .000CE+00
61 .2830E+01 .000CE+00
13 61 .2830E+01 .0000E+00
54 .2830E+01 .0000E+00
41 .2830E+01 .0000E+00
7 41 .2830E+01 .0000E+00
34 .2830E+01 .0000E+00
21 .2830E+01 .0000E+00
1 21 .2830E+01 .0000E+00
14 .2830E+01 .0000E+0Q0
H .2830E+01 .CO00E+0C



Time Stepping Parameter
Time Step Stabllity Factor

Time Step Increment Parameter

Initial Time Step Length

INCREMENT NUMBLR
Load Factor
Convergence Tole

»
*
»

1

rance

Increment Time Interval

Max. No. of Iter

Convergence Code

ations

[ [ A}

[ I

0G0

.00000
.000E+00C
.411E~-04

.10000E+01
.00000E+00
.CO0Q0E+Q0

1

1 = Approaching Steady State

c =
999 =
Norm of Residual Sum

Steady State
Not Approaching Steady State

{ Sum of the Absolute Values of the Strain Increments for a Time )
(Sum of the Strain Increment Absoclute Values at the First Time Step)

IGAMMA =

]

This Indicates That Only Elastic Analysis is Required

Displacements

Node X~-Disp.
1 .000000E+00

733 .00000DE+00
1065 .000000E+00
1129 .000000E N0
1170 -.212703E-02

Y-Disp.

-.549326E-03

.660256E-04
.614542E-04
.371306E-04
.000000E+00

E

XX-Stress YY-Stress
1

lement No.
.745E+01 ~.283E+01
.746E+01 ~.283E+01

-.754E+01 ~-.284E+01
-.755E+01 ~.284E+01
Element No. = 2
-.759E+01 ~.286E+C1
-.759E+C]1 ~.286E+01
-.765E+01 -.288E+01
-.765E+01 -.288E+01
Element No. = 3

moe

E

Crmo

E

[ IS ]

[N

o

.76%E+C1 -.
L769E+01 -,
.774E+0Q01 -.292E+01
.774E+01 ~.292E+01
lement No. = 4
.778E+01 -.294E+01
.778E+01 ~.294E+01
.783E+01 --.298E+01
.784E+01 -.297E+01
lement No. = 5
.788E+01 -.300E+01
.788E+Q01 ~.299E+01
.793E+01 -.303E+01
.794E+01 ~.303E+01
lement No., = 6
.798E+01 ~.306E+01
.799E+01 ~.305E+01
.805E+01 ~.31CE+01
.805E+01 -.309E+01
lement No. = S5
.753E+01 ~,283E+01
.753E+21 -, 283E+01
L7SSE+21 -, 283E+01
CI54E+07 - 284E+01
lement Nc. = 61
.753E+C1 -.283E+01
283E+01
284E+01
L.2B4E+01
.= 115
.325E+01
.326E+01
.314E+401

1 1

29CE+01
289E+01

CI53E+0L -,
. 734E+C1 ~.

L 7154E+01 -

)

w
- m
N O

o

+
i

XY-Stress ZZ-Stress
(¢ gzuss pts. 1-4)
-.141E-02 -.226E+01
-.493E-02 ~.226E+01
-.371E-02 -.229E+01
~.133E-01 ~-.229E+01
(@ gauss pts. 1-4)
-.426E-02 -.230E+01
-.151E-01 -.230E+01
-.487E-02 ~.232E+401
-.176E-01 -.232E+01
(@ gauss pts. 1-4)
~-.330E-02 -.233E+01
-.191E-01 -.233E+01
-.593E-02 ~-.235E+01
-.215E-01 -.235E+01
(B gauss pts. 1-4)
-.648E-02 -.236E+01
-.234E-01 -.236E+01
-.725E-02 -.238E+01
-.263E-01 -.238E+01
{@ gauss pts. 1-4)
-.787E-02 ~.239E+01
-.285E-01 -.239E+01
-.872E-02 ~.241E+"1
-.317E-01 -.241E+0C1
(@ gauss pts. 1-4)
-.937E-02 -.243E+C1
-.340E-01 -.243E+01
-.103E-01 -.245E+01
-.372E-01 ~-.245E+01
(@ gauss pts. 1-4)
.753E-03 -,228E+01
-.571E-03 -.228E+01
.129E-01 -.228E+01
L1IC9E-CL ~.228E+031
(? gauss pts. 1-4)
-.785E-03 -,228E+01
.759E-03 -,228E+01
120E-01 -.228E+01
.1B0E-C1 -.228E+01
(2 gauss pts. 1-4)
it -.Z237E+G1
.3 2 -.237E+01
L 3f L =L 234E+0G
L9628E-02 -, 234E+01
(8 gauss pus. 1-4)

Node

401
1014
1097
1140
1200

Max P.S.

.283E+01
.283E+01
.284E+01
.2B4E+01

.286E+01
.286E+01
.288E+01
.288E+01

.290E+01
.289E+01
L292E+01
.292E+01

294E+01
.294E+01
.298E+01
L297E+01

.300E+01
.299E+01
.303E+01
.303E+01

.306E+01
.305E+02
.31CE+01
.3C09E+01

.283E+01

-.283E+01
-.283E+01

. 284E+0C1

.283E+01
.283E+01
.284E+01
L 2B4E+01

X-Disp.

.667333E-02
.212560E-02
.000000E+00
.212592E-02
.212828E-02

Min P.S.

. 745E+01
.746E+01
.754E+401
.755E+01

.759E+01
.759E+01
.765E+01
.765E+01

.T69E+01
.769E+C1
.774E+01
.774E+01

.778E+01
.1778E+01
.783E+01
.7847+01

.788E+01
.78BE+01
.793E+01
.194E+01

.798E+01
.799E+01
.B805E+01
.805E+01

L153E+01
.753E+C1
.755E+01
L734E-01

.753E+401
.T53E+01
. 154E+01 17
.154E+01 17

Ang.

[sSeoNoNe)] oo NoNe) [eNeNoNe] [oNeNoRe) [eNe

COCO

/

Y-Disp.

.000000E+C?
.000000E+00
.524331E-04
.0C00000E+00C
.C00000E+00

E.P.St'n.

E.Str.

.00E+00
.00E+00
.00E+00
.00E+00

.00E+00
.Q0E+00
.00E+00
.00E+00

.Q0E+00
.00E+00
.00E+00
.00E+00

.COE+QO0
.00E+00
.0CE+CO0
.00E+00

.00E+00
.00E+00
.00E+00
.QO0E+QC

.0QE+00C
.00E+00
.Q0E+ON
.GCCE+00

.0QE+GCOC
.00E+C0C
.COE+CQ
.CRE+LO

.COE+CO
.OCE+00
.00E+00
.00E+00

.49
.49
.50
.50

.50
.50
.51
.51

.51
.51
.51
.51

.52
.52
.52
.52

.52
.52
.52
.52

.53
.53
.53

.53

.50
.50
.50

.50

.50
.50
.5C

.50

(&}

.48
.48
.48
.48

B RG]
U
3OO0

[N & Nw]

D DO O
D

O

E+01
E+01
E+01
E+01

E+01
E+01
E+01
E+01

E+01
E+01
E+01
E+01

E+01
E+01
E+01
E+01

E+01
E+01
E+01
E+01

E+01
E+01
E+01
E+01

E+01
E+01
E+02
E+0L

E+CL

~a
vl
E+C1
E+01

E+

£+01
E+421
E+31
ce0



-.746E+01 -.310E+01
-.746E+01 -.310E+01
-.T740E+01 -.306E+01
-.739E+01 -.306E+01
Element No. = 117

-.735E+01 -.304E+01
-.734E+01 ~-.305E+01
-.727E+01 -.304E+01
-.726E+01 -.304E+01
Element No. = 118

-.720E+01 ~.304E+01
-.719E+01 -.305E+01
-.710E+01 -.305E+01
-.709E+01 -.306E+01
Element No. = 119

~-.702E+01 -.306E+01
~-.701E+01 ~-.307E+01
-.690E+01 ~-.309E+01
-.68EE+01 -.310E+01
Element No. = 120

-.680E+01 ~-.311E+01
-.679E+01 -.312E+01
-.666E+01 -.314E+01
-.665E+01 -.315E+01
Element No. = 130

-.811E+01 -.312E+01
-.820E+01 -.317E+01
-.810E+01 -.313E+01
-.819E+01 -.318E+01
Element No. = 140

-.827E+01 -.321E+401
-.838E+01 -.326E+01
-.B827E+01 -.322E+01
-.838E+01 ~.328E+01
Element No. = 150

-.848E+01 -.330E+01
-.862E+01 -.336E+01
-.847E+01 ~.332E+01
-.861E+01 -.338E+01
Element No. = 160

-.874E+01 ~-.340E+01
~-.8922+01 -.346E+01
-.873E+01 -.342E+01
-.891E+01 -.348E+01
Element No. = 170

-.907E+01 -.350E+01
-.93CE+01 -.355E+01
-.906E+01 -.352%m+01
-.930E+01 -.358E+01
Element Nec. = 180

-.950E+01 ~.358E+01
-.979E+01 ~.362E+01
-.949E+01 ~.361E+01
-.978E+01 -.365E+01
Element No. = 190

-.100E+02 -.364E+01
~.104E+02 ~-.365E+01
~-.100E+02 -.367E+01
~-.104E+02 -.368E+01
Element No. = 200

-.107E+02 -.364E+01
-.111E+402 -.362E+01
-.107E+02 -.367E+01
-.111E+02 -.364E+01
Element No. = 210

-.115E+02 -.358E+01
-.120E+G2 -.350E+01
-.115E+02 -.361E+01
-.120E+02 -.353E+01
Element No. = 220

-.125E+02 ~.343E+01
-.131E+02 -.329E+01
-.125E+02 -.345E+01
-.131E+02 -.332E+01
FElement No. = 221

-.653E+01 -.318E+01
-.635E+01 -.3228+01
-.€5358+01 -.317F+01
-.637E+01 -.3218+01

.433E-01
.119E-01
.537E-01
.146E-01
(@ gauss
.604E-01
.165E~-01
.702E-01
.191E-01
(@ gauss
.778E-01
.212E-01
.891E-01
.242E-01
(@ gauss
.980E-01
.267E-01
.111E+00
.300E-01
(@ gauss
.121E+00
.328E-01
.134E+00
.366E-01
(@ gauss
-.397E-01
-.439E-01
-.109E-01
-.121E-01
(@ gauss
-.469E-01
-.507E-01
-.130E-01
-.140E-01
(@ gauss
-.531E-01
-,555E-01
-.147E-C1
~-.154E-01
(@ gauss
-.565E-01
~-.563E-01
-.157E-01
-.156E-01
(@ gauss
-.547E-01
-.499E-01
-.152E-01
-.140E-01
(@ gauss
.443E-01
.325E-01
.124E-01
-.930E-02
(@ gauss
.207E-01
.709E-03
.609E~-02
-.258E-03
(@ gauss
.207E-01
.547E-01
.508E-02
.140E-01
(@ gauss
.853E-01
.133E+00
.228E-01
.364E-01
(@ gauss
.172E+00
.225E+00
.445E-01
.564E-01
(@ gauss
.398E-01
.456E-01
.147E+00
.168E+00

~-.232E+01
-.232E401
~-.230E+01
-.230E+01
pts. 1-4)
-.229E+01
-.229E+01
-.227E+01
~-.227E+01
pts. 1-4)
-.225E+01
-.225E+01
-.223E+01
-.223E+01
pts. 1-4)
-.222E+01
-.222E+01
~.220E+01
-.220E+01
pts. 1-4)
-.218E+01
-.218E+01
-.216E+01
-.216E+01
pts. 1-4)
-.247E+01
-.250E+01
-.247E+01
-.250E+01
pts. 1-4)
-.253E+01
-.256E+01
-.253E+01
-.256E+01
pts. 1-4)
-.259E+01
-.264E+01
-.259E+01
~-.264E+01
pts. 1-4)
-.267E+01
-.272E+01
-.267E+01
-.273E+01
pts. 1-4)
-.277E+01
-.283E+01
-.277E+401
-.283E+01
pts. 1-4)
-.288E+01
-.295E+01
-.288E+401
-.295E+01
pts. 1-4)
-.301E+01
-.309E+01
-.301E+01
-.309E+401
pts. 1-4)
-.315E+01
-.324E+01
-.316E+01
-.325E+01
pts. 1-4)
-.332E+01
-.341E+01
-.332E+01
-.342E+01
pts. 1-4)
-.349E+01
-.360E+01
-.350E+01
-.361E+01
pts. 1-4)
-.214E+01
-.210E+01
-.214E+01
-.211E+01

.310E+01
.310E+01
.306E+01
.306E+01

.304E+01

-.305E+01
.304E+01
.304E+01

.304E+01
.305E+01
.305E+01
.306E+01

.306E+01
.307E+01
.308E+01
.310E+01

.310E+01
.312E+01
~.313E+01

.

315E+01

.312E+01
~-.317E+01
~.313E+01
.318E+01

.321E+01
.326E+01
~.322E+01
.328E+401

.330E+01
.336E+01
.332E+01
.338E+01

.340E+01
~.346E+01
.342E+01
.348E+01

~-.350E+01
.355E+01
.352E+01
.358E+01

.358E+01
.362E+01
.361E+01
.365L+01

.364E+01
.365E+01
.367E+01
.368E+01

.364E+01
.362E+01
.367E401
.364E+01

.358E+01

.350E+01
.361E+01

.353E+01

.342E+01
.328E+01

.345E+01

.332E+401

.318E+01
.322E+01
.316E+401
.320E+01

.746E+01
.746E+01
.T40E+01
.739E+01

.735E+01
.734E+01
.727E+01
.726E+01

. 720E+01
. 719E+01
. 710E+01
. 709E+01

.702E+01
.701E+01
.690E+01
.688E+01

.681E+01
.679E+01
.667E+01
.665E+01

.811E+01
.820E+01
.B810E+01
.819E+01

.827E+01
.838E+01
.827E+01
.838E+01

.848E+01
.862E+01
.847E+01
.861E+01

.874E+01
.892E+01
.873E+01
.891E+01

.907E+01
. 931E+01
. 906E+01
.930E+01

. 950E+01
.979E+01
. 949E+01
.978E+01

.100E+02
.104E+02
.100E+02
.104E+02

.107E+02
.111E+02
.107E+02
.111E402

.115E+02

-.120E+02

.115E+02
.120E+02

.125E+02
.131E+02
.125E+02
.131E+02

.653E+01
.635E+01
.655E+01
.638E+01

179
179
179
179

179
179
179
179

178
179
178
179

178
179
178
179

178

[y
~J
At}

177

—
~
ooQo o

SO O0o

QOO0 [eNolo N oOoOQoO

-
~J
[oRe RV Rw] [eNoNoNol

179
179
179
179

179
179
179
179

178
178
179
179

179
179
177
17¢

.00E+00
.00E+00
.00E+00
.00E+00

.GCE+Q0
.00E+00
.00E+00
.00E+00

.00E+00
.00E+00
.00E+00
.00E+00

.00E+00
.00E+00
.00E+00
.00E+00

.00E+00
.00E+00
.00E+00
.00E+00

.00E+00
.00E+00
.00E+00Q
.00E+00

.00E+00
.00E+Q0
.00E+00
.00E+00

.00E+00
.00E+00
.00E+00
.00E+00

.0CE+00
.00E+00
.00E+00
.00E+00

.00E+00
.00E+00
.00E+00
.00E+00

.00E+00
.00E+00
.00E+00
.00E+00

.00E+00
.00E+00
.00E+00
.00E+00

.00E+00
.00E+00
.00E+00
.00E+00

.00E+00
.00E+00
.00E+00
.00E+00

.00E+00
.00E+00
.00E+00
.00E+Q0

.00E+00
.GOE+00
.00E+00
.00E+Q0

.48E+01
.48E+01
.48E+01
.4BE+01

.47E+01
.47E+01
.47E+01
.47E+01

.46E+01
L46E+01
.45E+01
.45E+01

.44E+01
.44E+01
.43E+01
.43E+01

.42E+01
.42E+01
.41E+401
.41E+401

.53E+01
.54E+01
.53E+01
.54E+01

.54E+01
.55E+01
.54E+01
.55E+01

.56E+01
.57E+01
.55E+01
.56E+01

.57E+01
.59E+01
.57E+01
.58E+01

.60E+01
.61E+01
.60E+01
.61E+01

.63E+01
.65E+01
.63E+01
.65E+01

.67E+01
. 70E+01
.67E+01
.T0E+01

. 13E+01
.T7E+01
. 73E+01
. 17E+01

.80E+01
.B6E+01
.80E+01
.86E+01

.90E+01
.97E+01
.90E+01
. 96E+01

.40E+01
.38E+01
.A40E+01
.38E401



Element No.

.620E+01
.598E+01
.622E+01
.601E+01

Element No.

E

[ 2 I T T N B o> B

pomo

Pomot

E

.581E+01
L555F4 01
CH83F 01
L 5588401

lement No.

.5345+01
.504E+01
.537E+01
.508E+01

lement No.

.481E+01
.447E+01
.485E+01
.451E+01

lement No.

L421E+01
.384E+01
L426E+01
.389E+01

lement No.

.356E+01
.318E+01
.361E+01
.323E+01

lement No.

.288E+01
.249E+01
.294E+01
.255E+401

lement No.

.220E+01
.181E+01
.226E+01
.187E+01

Element No.

.153E+01

-.1178+01
-.159E+01

L123E+01

a
o
~
~
~
19
~

v

bt (D)

VN0 W N W S S s

= 231

.326E+01
.331E+01
.324E+01
.329E+01

= 241

.335E+01
.340E+01
L333E+01
.338E+01

= 251

.345E+401
.350E+01
.343E+01
.348E+01

= 261

.354E+01
.360E+01
.352E+01
.357E+01

= 271

.363E+01
.367E+01
.360E+01
.364E+01

= 281

.369E+01
.370E+01
.366E+01
.367E+01

= 291

.370E+01
.367E+01
.367E+01
.364E+01

= 301

.363E+01
.356E+01
.361E+01
.353E+01

= 311

.348E+01
.333E+01
.346E+01
.332E+01

= 330

.313E+0°
.271E+01
.312E+01
.269E+01

= 340

.234E+01
.175E+01
.233E+01
-.176E+01

= 350

.125E+01
.4E6E+00
.126E+01

MW M W 0 )~ (0
[N U R
1} w i oy n
+or o+ o+
S OO
Dham eaaaa

M
e+ 4 0 F 4
DOOOFOOOO

B3 gy

PV

oo
I mm W

D O D

RN

(@ gauss
.502E-01
.568E-01
.184E+00
.209E+00
(@ gauss
.621E-01
.697E-01
.228BE+00
.256E+00
(@ gauss
.756E-01
.838E-01
.278E+00
.309E+00
(@ gauss
.901E-01
.988E-01
.332E+00
.363E+00
(@ gauss
.105E+00
.114E+00
.387E+00
.418E+00
(@ gauss
.119E+00
.127E+00
.440E+00
.467E+00
(@ gauss
.132E+00
.137E+00
.485E+00
.506E+00
(@ gauss
.140E+00
.143E+00
.518E+00
.527E+00
(@ gauss
.143E+00
.141E+00
.530E+00
.523E+00
(@ gauss
.941E+00C
.107E+01
.256E+0C
. 292E+00
(@ gauss
.118E+01
.139E+01
.308E+00
.355E+00
(8 gauss
.160E+01
.196E+01
.450E+00
.557E+00
(@ gauss
L177E+00
.158E+00
.654E+00
.382E-CC
(%@ gauss
13BE+00
10E-00
19£+00
17E+00
(R gauss
.881E-01
.489E-01
.329E+00

L1848 +00

F R,

pts. 1-4)
-.208E+01
-.204E+01
-.208E+01
-.205E+01
pts. 1-4)
-.201E+01
-.197E+01
-.202E+01
~-.197E401
pts. 1-4)
-.193E+401
-.188E+01
-.194E+01
-.188E+01
pts. 1-4)
-.184E+01
-.178E+01
-.184E+01
-.178E+01
pts. 1-4)
-.173E+01
-.165E+01
-.173E+01
~-.166E+01
pts. 1-4)
-.160E+01
-.151E+01
-.160E+01
-.152E+01
pts. 1-4)
-.145E+01
-.135E+01
-.145E+01
-.136E+01
pts. 1-4)
-.128E+01
-.118E+01
-.129E+01
~-.119E+01
pts. 1-4}
-.110E+01
-.992E+00
-.111E+01
-.100E+01
pts. 1-4)
-.396E+01
-.408E+01
-.396E+01
~.409E+01
pts. 1-4)
-.417E+01
-.431E+401
-.419E+01
-.433E+01
pts. 1-4)
-.441E+01
-.456E+401
-.445E+01
-.464E+01
pts. 1-4)
-.941E+0C
~-.813%E+00
~-.9354E+00
-.830E+00
prs. 1-4)
-.723E+00
-.583E+00
-.734E+400
-.595E+00
pts. 1-4)
-.475E+00
-.317E+00
-.487E+00
-.327E+00

.325E+01
.331E+401
.323E+01
.328E+01

-.335E+01
.340F 101
3318401
~.336E+01

.344E+01
.350E+01
.339E+01
.342E+01

.3L4E+01
.35%E+01
.344E+01
.345E+01

.361E+01
.361E+01
-.342E+01
-.333E+01

349E+01

.315E+01
.320E+01
.293E+01

.286E+01
L247E+01
.270E+01
.235E+01

-.218E+01
.180E+01
.208E+01
-.172E+01

.152E+01
.117E401
.145E+01
.111E+01

.309E+01
.265E+01
.312E+01
.269E+01

.228E+01
.167E+01
.233E+01
.176E+01

.115E+401
.336E+00
.125E+01
.383E+00

.931E+00
.664E+00
.906E+00
.647E+00

.485E+00
L276E+00
.473E+00
.265E+00

.149E+00
.278E-01
.141E+00

.254E-01

.620E+01

.598E+01

.623E+01

.602E+01

.581E+01

.555E401
.585E1+01

.561E+01]

.535E+01
.505E+01
.541E401

.514E+01

.482E+401
.448E+01
.493E+01
.464E+01

.423E+401
.390E+01
.444E+01
.420E+01

.376F" 01
L3737
.408: -91
.397E+01

.372E401
.369E+01

391E+01

.384E+01

.365E+01

357E+01

-.378E+01
-.368E+01

.349E+01
.334E+01
.360E+01
. 345E+01

.233E+02
.245E+02
.233E+02

246E+02

.255E+02
.271E+02
.256E+02
.271E+02

.283E+02
.300E+02
.284E+02
.306E+02

.534E+01
.479E+01
.545E+01
.489E+01

.433E+01
.361E+01
.442E+01
.370E+01

.302E-01
.208E+01

.310E+C]

L216E+01

108
106

94
93
104
103

177
177
179
179

177
176
179
179

176
176
179
178

92
92
98
97

92
91
97
97

91
96
94

.00E+00
.00E+00
.C0E+C2
.00E+00

.00E+00
.00E+00
.00E+00
.00E+00

.00E+00

00E+00

.00E+00
.00E+00

.00E+00
.00E+00
.00E+00
.00E+00

.00E+00
.00E+00
.00E+00
.00E+00

.00E+00
.00E+00
.00E+00
.00E+00

.00E+00
.00E+00
.00E+CJ
.GUE+00

.00E+00
.00E+00
.00E+00
.00E+00

.0CE+00
.00E+00
.00E+00
.00E+00

.00E+00
.00E+0Q0
.00E+00Q
.00E+Q0

.00E+00
.00E+00
.00E+Q0
.00E+00

.00E+00
.00E+00
.00E+0Q0
.00E+0Q0

.00E+0Q0
.00E+00
.00E+00
.00E+00

.00E+Q0
.00E+00
.00E+00
.00E+00

.00E+0D
.00E+00
.00E+00
.00E-+ 00

L37E+01
.35E+01
.37E+01
.35E+01

.33E+01
L31E+01
L34E401
L32E401

.30E+01
L27E+01
.30E+01
.28E+01

.26E+01
.24E+01
.27E+01
.25E+01

.23E+01
.21E+01
.24E+01
L22E+01

.20E+01
.20E+01
.22E+01
.21E+01

.20E+01
.20E+01
.21E+01
.22E+01

.21F+01
.21E+01
.22E+01
.23E+01

.22E+01
.23E+01
.23E+01
.24F+01

.20E+02
.21E+02
.20E+02
.21E+02

L22E+02
.24E+02
L22E+02
.24E+02

.26E+02
.28E+02
.26E402
.28E+02

L44E+ 01
.41E+01
.45E401
L42E+01

L37E+01
.32E+C1
L38E+01
.33E+01

L2TE+0]
.19E+01
L.2BEQ
L20E+ 01



Node

i =2 R AN O

1
445
477
509
541
573
605
637
669
701
733

1065
1097
1129
1190
1160
1130
1004
974
944
914
884
854
824
794
764
734
412
410
408
406
404
402

—
w

Lapsed seconds after input
Lapsed seconds after solution
Total seconds to completion.
Time of completion
Date of completion

Total seconds to completion
Time of completion.
Date of completion..

X-Reac.
.301826K+01
.553938E+01
.449265F401
.363481E401
.294267E+01
.238503E+01
.204788E+01
.000000E00
.000000E+00
.000000E+00
.0000C00E+00
.000000E+0Q0
.000000E+00
.382627E+01
.340817E+01
.297321E+01
.261051E+01
.230896E+01
.205970E+01
.185428E+01
.168486E+01
.154486E+01
.142530E+01
.000000E+00O
.000000E+0O
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.159431E+01
.175643E+01
.196029E+01
.000000E+00
.000000E+00O
.000000E+00

495.0

Y-Reac.
.O000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+0CQ
.000000F+00
.521506E1+01
.400904E+01
.317185E+01
.254248E+01
.205498E+01
.167020E+01
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.154166E+01
.134426E+01
.117538E+01
.102870E+01
.898495E+00
.780552E+00
.671552E+00
.569211E+00
.472503E+00
.380431E+400
.000000E+00
.000000E+00
.000000E+00
.337858E+00
.264630E+00
.169645E+00

Noc'e X-Reac.
2 .121981E+02
q .991099E+01
6 .803063E+01
8 .650036E+01
10 .526567E+01
12 .427116E+01
424 .000000F+00
4156 L000000E+00
488 .000000E+00
520 .000000E+00
552 .000000E+00
584 .000000E+00
616 .000000E+00
48 .183290E+01
680 .159449E+01
712 .139529E+01
1044 .122831E+01
1076 .109187E+01
1108 .977369E+00
1200 .884541E+00
1170 .806823E+00
1140 .742557E+00
1014 .745767E+00
984 .000000E+00
954 .000000E+00
924 .000000E+00
894 .000000E+00
864 .000000E+00
834 .000000E+00
804 .000000E+00
774 .000000E+00
744 .000000E+00
413 .000000E+00
411 .832573E+00
409 .925875E+00
407 .537529E+00
405 .000000E+00
403 .000000E+00
401 .000000E+0GC
48.0
502.0
525.0
00:36:127@"@
.04/06/88"R"Q
518.0
23:39:41~¢"@
04/06/887Q"¢@

Y~Reac.
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000F+00
1345961101
L227137484101
1786761401
.142512E+01
.114809E+01
.931022E+00
.802095E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.0C0000E+00
.000000E+00
.000000E+00
.7214%6E+00
.6302C5E+00
.551732E+06G
.482423E+00
.421094E+00
.364167E+00
.311655E+00
.261640E+00
.214451E+00
.182826E+00
.000000E+00
.000000E+00
.000000E+00
.152779E+00
.111925E+00
.298833E-01



DATE 00/00/00 TIME J0:00:00 JFT 2.0 01/36/88

R R R R R R R R R R NN PR TR

* JJ A ceeeeececce »
* J A A cc cc .
* 3J AA AN cc .
. JJ AA AA cc .
. JJ AA AA cc .
. JJ AAAAAAAAAAA cc «
* JJ JJ AA AA cc .
. 33 J3 AR AA cc cc *
» JIIIIIIIIIIIII AA AA ceeeeeeecee .
. .
IO T T ey R TR

PROGRAMMED BY

JOHENNY H. BIFFLE

DIVISION 1521
SANDIA NATIONAL LABORATORIES
ALBUQUERQUE, NEW MEXICO 8718S

INPUT DATA CARD IMAGES
jac verification v shaft BONDED 1/30/89 Low tol.

1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

3 9 2 6 1 0 2 1 1 0 3 1000 0 0.
0 0 0 0 0
304 357 102

1.506 1.506 1.649 1.344 1.773 1.174 1.878 .998
1.966 .813 2.034 .621 2.085 .422 2.117 .215
2,130 .000 1.644 1.644 1.785 1.465 1.908 1.278
2.013 1.083 2.099 .882 2.167 . 672 2,217 .456
2.249 .232 2.262 .000 1.824 1.824 1.963 1.622
2.084 1.412 2.188 1.195 2.273 .97 2.340 .739
2.389 .500 2.420 .254 2.433 .000 2.0%97 2.057
2.194 1.826 2.313 1.586 2.415 1,340 2.499 1.086
2.564 .826 2.613 .558 2.643 .282 2.656 .000
2.361 2.361 2.495 2.091 2.611 1.813 2.710 1.528
2.792 1.237 2.856 .938 2.903 .632 2.933 .320
2.946 .000 2.756 2,756 2.885 2.435 2.998 2.108
3.094 1.773 3.173 1.432 3.236 1.084 3.281 .730
3.310 .368 3.322 .000 3.269 3.269 3.393 2.883
3.501 2,491 3.593 2.092 3.669 1.687 3.729 1.275
3.772 .856 3.800 .431 3.812 . 000 3.936 3.936
4.053 3.466 4.155 2.989 4.242 2.506 4.313 2.017
4.370 1,522 4.411 1.021 4.437 .514 4.448 .000
4.804 4.804 4.911 4.223 5.005 3.637 5.085 3.045
5.151 2.447 5.203 1.844 5.241 1.235% 5.265 .620
5.275 .000 5.931 5.931 6.027 5.207 6.110 4.479
6.182 3.745 6.240 3.006 6.286 2.262 6.320 1.513
6.342 .759 6.351 .000 7.397 7.3%7 7.477 6.487
7.547 5.573 7.607 4.655 7.656 3.732 7.695 2,806
7.723 1.875 7.741 .939 7.749 . 000 9.302 9.302
9.363 8.151 9.415 6.996 9.460 5.838 9.497 4.677
9.526 3.512 9.547 2.345 9.560 1.174 9.566 .000
11.780 11.780 11.814 10.313 11.843 8.845 11.869 7.376
11.889 5.904 11.906 4.431 11.9180 2.956 11.925 1.479
11.929 .000 15.000 15.000 15.000 13.125 15.000 11.250
15.000 9.375 15.000 7.500 15.090 5.625 15.000 3.750
15.000 1,875 15.000 .000 1.344 1.649 1.465 1.785
1.622 1.963 1.826 2.194 2.091 2,495 2.435 2.885
2.883 3.393 3.466 4.053 4.223 4.911 5.207 6.027
€.487 7.477 8.151 9.363 10.311 11.814 13.125 15.000
1.174 1.773 1.278 1.908 1.412 2.084 1.586 2.313
1.813 2.611 2,108 2.99e 2.491 3.501 2.989 4.155%
3.637 5.005 4.479 6.110 5.573 7.54? 6.996 9.415
8.845 11.843 11.250 15.000 .998 1.878 1.083 2.013
1.195 2.188 1.340 2.415% 1.528 2.710 1.273 3.094
2.092 3.593 2.506 4.242 3.045 5.085% 3.745 6.182
4.655 7.607 S.8&38 9.460 7.376 11.869 9.37% 15.000

.813 1.966 .882 2.09% .971 2.273 1.086 2.499
1.237 2.792 1.432 3,11 1.687 1.669 2.017 4.313
2.447 5,151 3.006 6.240 3.732 7.656 4.677 9.497
5.904 11.889 7.5%00 15.000 621 2.034 612 2.167

. 139 2.340 L826 2,564 938 2.856 1.084 3.236
1.275 3.729 1.522 4.370 1.844 5.203 2.262 6.28%
2.806 7.695 3.512 9.526 4.421 11.906 5.625 15.000

422 2,085 .456 2.217 500 2.389 .558 2.613

632 2.903 .730 3.281 856 3.772 1.021 4.411
1.238 5.241 1.513 6.320 1.875 7.723 2,345 9.547
2.956 11.918 3.750 15.000 215 2.117 232 2.249

254 2.420 .282 2.643 320 2.933 368 3.310

431 3.800 .514 4.43) 620 5.265 759 6.342

939 7.741 1.174 9.560 1.479 11.925 1.875 15.000

000 2.130 .000 2.262 .000 2.433 .000 2.656

000 2,946 . 000 3.322 .000 3.812 -000 4.448

000 5,275 .00 6.351 L 000 1.749 .000 9.566

000 11.929 . 000 15.000 2.080 000 2.067 .206
2.036 L405 1.987 .598 1.920 L7185 1.834 .966
1.731 1.140 1.610 1.308 1.470 1.4792 2.%3¢0 L0900
2.017 L197 1.987 .389 1.939 .57 1.874 LTs7

B-30)



v ot bt e e b et b e

N

L7190
. 980
.82
.398
.844
L4922
.841
.564
.819
.614
.153
.280
.064
.858
.951
.738
.536
L4593
. 183
.185%
L2058
L2060
.5086
.966
.130
.813
.000

342

[N

o e

——h

.934
.000
L1129
. 398
. 530
201
L339
.002
R

.806

P NN VN WL DLW H W W DWW R WWWLUWWUDWLWWO WO WO WL WWLWWWWWwe W WWolllw e W Wl W Wb wwwww ww

o b bt e e b o

—

.689
. 968
.74
. 930
.78l
.362
.796
.453
792
.522
.18%
312
. 092

881

.974
L7157
.550
. 607
.393
.190
.210
. 000
. 649
. 034
.344
.621

bt NG b et et b b e et

L1058
.188
.902
.000
.101
L362
.507
. 165
L322
.967
.453
.610
.647
.658
.834
.827
.796
.987
.938
.B69
.067
.980
.344
.621
.649
.034

1.570
1.938
1.647
1.918
1.702
1.880
1.735
1.326
1.749
1.414
1.217
1.009
1.119
.90S
.700
L7175
.564
. 364
.402
195
. 000

1.773
2.08%
1.174

.422

[ N e
@
>
S

1.773
2.085

B-31

.434
. 892
.531
.B90
.606
.869
.658
.830
. 689
.290
. 248
.037
147
.928
.119
794
.578
.34
.412
.200
.000
.000
1.878
2.117
.998
.215

b b e b s o et b b

1.434
.952
1.236
.356

.170
.838
.000
.645
1.290
1.531
1.564
1.731
1.746
1.73%
1.920
1.892
1.841
2.036
1.968
1.880
2.080
.998
L2158

2:117




g9 90 99 98

194 193
131 136
353 198
193 199
123 290

\ummuL.n\.u.:uuuuuuwumwuuuu‘Juwuuuwuuuuuuuwuuuwuuumuuuuuwuuuuuwuuuuuuwmuuwuumuuuuwuuuumuuuuuuuuwwuuuuuuuwuwuw

[REREW)



320
321

215
216
217
218
219
220
221
222
223
224
226
2217
228
229
230
231
232
233
234
235
236
237
238
240
241
242
243
244
245
246
247
249
250
251
252
253
254
259
256
258
259
260
261
262
263
264
265
267
268
269
270
271
272
273
274
276
277
278
279
280
281
282
283
28S
286
287
288
289
290
291
292
294
295
296
297
298
127
300
301
302
303
304
141

214

27
278



322 183 197 328
323 324 330 329
324 325 331 330
325 326 332 331
326 127 333 332
327 328 334 333
328 197 211 334
329 330 336 335
330 331 337 336
331 332 338 337
332 333 339 338
333 334 340 339
334 211 225 340
4

NNNNNRNNRNNNNNN

-4 18 27 36 45 54 63
238 237 236 235 234 233} 232 231
338 337 336 335 -6 284 275 266
125 124 123 122 121 120 119 118
224 238 -10 225 211 197 183 169

6 7 8 9 -11 357 356 355
344 345 346 347 348 349
1 1 .00 .00 10.00
LINEAR ELASTIC MATERIAL
.00
15200.00
.22
.00
.00
.00
.00
.0
2 1 .00 .00 16.00
LINEAR ELASTIC MATERIAL
.00
28000.00
.15
.00
.00
.00
.00
.0
3 1 . .00 10.00
LINEAR ELASTIC MATERIAL
.00
15200.00
.22
.00
.00
.00
.00
.0
1 2 SOLUTION
.000 1.000 1.000 1.000
2 2 OUTPUT
.000 1.000 1.000 1.000
3 2 STARTING VECTOR CONTROL
.000 1.000 1.000 1.000
2 CONSTRAINT - COD 2.
0. 0. 1.
] 2 CONSTRAINT ~ CODE
0. 0. 1.
3 2 CONSTRAINT - CODE
0. 0. 1.
7 2 CONSTRAINT - CODE
0. 0. 1
8 2 PRESSURE
0. 1. 1
S 2 PRESSURE -1,
0. 1. 1. 1.
4 4 2.0 000 .000
5 5 1.0 .co0 .000
6 (3 2.0 .000 .000
7 7 1.0 .000 .000
8 8 -1.0 7.530 .000
9 9 -1.0 2.830 .000
10 11 -1.0 1.0e-05 1.0e+10
.3E-04 1E-01

jac verification v shaft BONDED 1/30/89 Low tol

jac verification v shaft BONDED 1/30/89 Low tol.

NUMBER OF ELEMEMTS -=--wo-mcwocaonooonn
NUMBER OF NODES
NUMBER OF BOUNDARY FLAGS -=---cm--e-c-o
CONTROL CARDS
ITEM VALUE CARD FIELD
NUMBER OF MATERIALS =-==-------c-cmacooo
TOTAL NUMBER OF FURCTIONS ~----=-- -
MAXIMUM NUMBER OF FUNCTION POINTS -
NUMBER OF BOUNDARY CARDS ------- -
NUMBER OF SLIDING INTERFACES --~--=~-----
GEOMFTRY TYPE PARAMETER
PRINT OUTPUT FUNCTION NUMBER ---
CLUTION CONTROL FUNCTION NUMBER
NTDE4 PARAMETER =------o-csoomomconocmno
NCDE4 FUNCTION NUMBER ~---o-c-m-- ~mm———
T®IAL DISPLACEMENT FUNCTION NUMBER -

MAXIMUM NUMBER OF ITERATIONS ALLOWED 100
TEMPERATURE PARAMETER ====w-s=w-m=oooee
VISCOSITY PARAMETER =—==----=--== .10000E+0

X GRAVITY OR R ACCELERATION FUNCTION --
Y OR 2 GRAVITY FUNCTION -=~------~me—ao
RESTART READ PARAMETER ----
LOT OUTPUT FUNCTION NUMBER -~=---~---eo
START WRITE FUNCTION NUMBER
F709 DATA FILE PRINT PARAMETER --~-----

304
357
102

OOV OCO—ODLWOAHNOFANOW

R N N N N N O TR I SR

72 81
230 229
257 248

-9 118
155 141
354 353

1- 5
6-10
11-15
16-20
21-2%
26-30
31-35
36-40
11-45
46-50
51-5%%
56-60
61-65
71-80
1-5
6-10
11-15
16-20
21-2%
26-30

90
228
239
140
127
352

99
227
349
154

351

B-34

108
226

168

350

117
225
357
182

34

126
340

196

342

TIME 00:00:00 DATE 00/00/00 JFT

-5
339
126
210

S
343

2.

0

01/30/88



PLANE STRAIN PROBLEM

STORAGE REQUIRED IS 18887 WORDS.
UM MEMORY WHICH 1S AVAILABLE IS
Lrae veryiicaty

MATERIAL PROPERTIES

OMATER!AL NUMBER 1

0 TYPE NO.=- 1

0 DENSITY = .00D0O0OE+00

0 BIRTH TIME = .000070E+00
0 DEATH TIME = .100000E+02

LINEAR ELASTIC MATERIAL

.00CE+DO .000E+00 .D00E+00
L152E+08 .000E+00 .000E+00
.220E+00 .00CE+0Q0 .000E+00
LCOBEDO .000E+00 .000E+00
L000E+00 .000E+00 .000E+00
.CD0E+00 .000E+00 .000E+00
.000CE+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00

ijac verification v xhaft BONDED 1/30/89 Low tol.

MATERIAL PROPERTIES

OMATERIAL NUMBER 2

[ TYPE NO.= 1

¢ DENSITY = .000000E+00

¢ BIRTH TIME = .000000E+00

¢ DEATH TIME = .100G00E+02

LINEAR ELASTIC MATERIAL
.000E+00 .000E+00 .000E+00
.2BOE+05 .CO0E+00 .000E+00
.150E+0C .000E+00 .000E+00
.000E+00 .CO0E+0D .000E+00
L0QCE40C .000E+00 .000E+00
CRE+00 .000E+00 .000E+00

.00CE+00 .000E+00 .000E+00
.GGDE*OC .000E+00 .000E+00

ljac verification v shaft BONDED 1/30/89 Low tol.

MATERIAL PROPERTIES

GMATERIAL NUMBER 3

[+ TYPE NO.= 1

0 DENSITY = .00000CE+00

g BIRTH TIME =~ .Q00000E+00
o DEATH TIME = .100000E+02

LINEAR ELASTIC MATERIAL

.0C0E*0C .000E+00 .000E+00
L1S2E+05 .000E+00 .000E+00
.220E+00 .000E+00 .000E+00
.000E+00 .000E+00 .00CE+00
.000E+00 .0COE+00 .000E+00
.QQCE+0D .000E+00 .000E+00
.0B0E+00 .000E+00 .0C0E+00
.QOCE+00 .000E+00 .000E+00

FUNCTIONS

NAME SOLUTION
DISCRIPTION OF FUNCTION 1 WIICH CONTAINS
NUMBER TIME VALUE
1 .00000E+00 .10000E+01
2 .10000E+01 .10000E+01
NAME OUTPUT
DISCRIPTION OF FUNCTION 2 WHICH CONTAINS
NUMBER TIME VALUE
1 .00000E+00 .10000E+C1
2 .10000E+01 .10000E+C1
NAME TARTING VECTOR CONTRCL
DISCRIPTION OF FUNCTION 3 WHICH CONTAINS
NUMBER TIME VALUE
1 .000C0E+00 .100C0E+01
2 .10000E+01 .10000E+01
NAME CONSTRAINT - CODE Z.
CISCRIPTION CF FUNCTION 4 WHICH CONTAINS
NUMBER TIME VALUE
1 .0C000E+DD .00D0QE+00
I L1C050E 00 .000GCoE+00
NAME CONSTRAINT - CODE 1.
DISCRIPTION OF FUNCT 5 WHICR CONTAINS
NUMBER TIME VALUE
1 .0C000E+00 .00000E+00
2 .100GOE+01 .00000F+00
HAME CONSTRAINT - CODE 2.
s 6 WHITH CONTAINS
N VALUE
LCO000E 00
90000R«00

l1:ac verification v shaft BONDED 1/30/89 low tol.

2

2

2

50000 WORDS.
on v shaft BONDED 1/30/89 Low tol.

.00CE+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00

.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+CC
.000E+00
.000E+00

.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00

POINTS

POINTS

POINTS

POINTS

POINTS

POINTS

o)

.000E+00
.000E+00
.000E+00
.000E+00
.000E+00Q
.000E+00
000E+0D
.000E+00

-000E+00
.000E+00
.0C0E400
.000E+CO
.000E+00
.C00E+00
.000E+00
.000E+00

.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.0C0E+00
.000E+CO
.QO0E+00

wn

TIME 00:00:00 DATE 00/00/C0

.000E+00
.000E+00
.000E+00
.COOE+00C
.D00E+00
.000E+00
.000E+00
.000E+00

.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00

.Q00E+00

.000E+00

TIME 00:00:00 DATE 00/00/C0 JFT 2.0

.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.0C0E+00

.000E+CO

.000FE+00

TIME 00:00:00 DATE 00/00/C0 JFT

.000E+00
.000E+00
.000E+00
.000E+00
L.000E+CO
.000E+00
.000E+00
.00CE+00
TIME 00:00:00 DATE 00/00/00 JFT 2.0

.000E+00
.000E+00
.Q00E+00
L000E+00
.000E+00
.000E+00
.000E400

.Q00E+00

.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.CO00E+00
.000E+400

.000E+00

JET o0 6/

kY

LO00CE+00
.CO0E+00

LOBCE D

000E 0D

LO00E+00
L0DOE+00

01/30,88

LOO0E4C0
LCODEIDO
LOO0E DG
LGOOER R0
LCOOF 00
LODOE40C
L00OE00

L000E~00
01/30/8%

000K 00
LO00EYO0
L000F+00
.000E+0Q
.000E400
LCODEO0

LCCOE00
.000E+0O
2.0 01/30/88



NAME CONSTPAINT - CODE

1.

LLISCRIPTION OF FUNCTION 7 WHICH CONTAINS 2 POINTS
NUMBER TIME VALUE
1 .00000E+00 .00000E+00
2 .10000E+01 .0D000E+00
NAME PRESSURE -1.
DISCRIPTION OF FUNCTION 8 WHICH CONTATINS 2 POINTS
NUMBER TIME VALUE
1 .00000E+00 .10000E+01
2 .10000E+01 .10000E+01
NAME PRESSURE -1.
DISCRIPTION OF FUNCTION 9 WHICH CONTAINS 2 POINTS
NUMBER TIME VALUE
1 .00000E+00 .10000E+01
2 .10000E+01 .10000E+01
l1jac verification v shaft BONDED 1/30/89 Low tol.
DISPLACEMENT AND FORCE BDUNDARY CONDITIONS
IFLAG FUNCTION CODE ux uy
4 2.00000 .00000E+00 .0000CE+00
5 5 1.00000 .00000E+00 ,00000E+00
6 6 2.00000 .0000QE+00 .D000OE+00
2 7 1.00000 .0J000E+00 .0000OE+00
8 8 -1.00000 .75300E+01 ,00000E+00
9 9 -1.00000 .28300E+01 .00000E+00
PRESSURE BOUNDARY CONDITIONS
NUMBER NODES FUNCTION NORMAL TANGENT
1 126 125 8 .753000E+401 .000000E+00
2 125 124 8 .753000E+01 .000000E+00
3 124 123 8 .753000E+01 .000000E+00
4 123 122 8 .753000E+01 .000000E+00
5 122 121 8 .753000E+01 .000000E+00
[ 121 120 8 .753000E+01 .000000E+00
7 120 119 8 .753000E+01 .000000E+00
8 119 118 8 .753000E+01 .000000E+00
9 118 140 9 .283000E+01 .000000E+00
10 140 154 3 .283000E+01 .000000FE+00
11 154 168 S .283000E+01 .000000E+00
12 168 182 9 .283000E+01 .000000E+00
13 182 196 9 .283000E+01 .000000E+00
14 196 210 9 .283000E+01 .000000E+00
15 210 224 9 .283000E+01 .000000E+00
16 224 238 9 .283000E+01 .000000F+00
DISPLACEMENT BOUNDARY CONDITIONS
NUMBER NODE FUNCTION CODE ux vy
1 9 4 .200000E+01 .000000E+0D .000000E+00
2 18 4 .200000E+01 .000000E+00 .000000E+00
3 27 4 .200000E+01 .000000E+00 .000000E+00
4 36 4 .200000E+401 .000000E+00 .000000E+00
5 45 4 .200000E+01 .000000E+00 .000000E+00
6 54 4 .200000E+01 .000000E+00 .000000E+00
7 63 4 .200000E+01 .Q00000E+CD .0GO000E+00
8 72 4 .200000E+01 .000000E+00 .00C000E+00
9 81 4 .200000E+01 .0000C0E+00 .000000E+00
10 90 4 .200000E+01 .000000E+00 .000000E+00
11 99 4 .200000E+401 .000000E+00 .000000E+00
12 108 4 .200000E+01 .000000E+00 .000000E+D0O
13 117 4 .200000E+01 .000000E+00 .000000E+00
14 126 4 .200000E+01 .D00GDDE+DO .000000E+00
19 238 5 .100000E+01 .000000E+00 .000000E+00
16 237 5 .100000E+01 .000000E+00 .000000E+00
17 236 5 .100000E+01 .000000E+00 .000000E+00
18 235 5 .100000E+01 .000000E+00 .000000E+00
1 234 5 .100000E+401 .Q00000E+00 .000000E+00
20 233 S .100000E+01 .000000E+00 .000000E+00
i 232 5 .100000E+01 .000000E+00 .000000E+00
22 231 S .100000E+01 .000000E+00 .000000E+00
23 230 S .100000E+01 .0G0000E+00 .000000E+0Q0
229 ) .100000E+01 .000000E+00 .000000E+00
228 S .100000E+01 .000000E+00 .000000E+QD
227 5 .100000E+01 .000000E+00 .000000E+00
226 5 .100000E+01 .D00000E+ND .00D000E+ 00
225 5 .100000E+01 .000000E+00 .000000E+00
340 5 .100000E+0D]) .000000E+00O .000000E+00
339 S .100000E+01 .000000E+00 .000000E+00
338 5 .100000E+01 .0C0000E+00 .000000E+00
337 5 .100000E+01 .000000E+00 .000000E+00
336 5 .100000E+01 .000000E+CO .000000E+00
338 5 .100000E+01 .000000E+00 .000000E+00
284 6 .2C0000E+01 .000000E+00 .000000E+00
275 6 .200000E+0Q1 .000000E+00 .000000E+00
266 6 .200000E+01 .00CODOE+00 .00GO00E+QD
257 6 .200000E+01 .000000E+00 .G0000OE+0D
248 6 .200000E+01 .000000E+00 .000000E+00
40 239 6 .200000E+01 .00000CE+0D .OD0DO0E+0D
41 349 1 .200000E+01 .000000E+00 .000000E+00
42z 357 7 .10000CE+DY .00000DE+00 .00000CE+0D

Ljac ver:fication v shaft BONDED 1/30/89 Low tol.
SLIDING INTERFACE PARAMETERS

MASTER
FLAG

SLAVE COEFFICIENT OF
FLAG FRICTION
i -.100008+01

ELEMENT SIDES FOR

NOUDES

INTER: AC

CE

TIME 00:00:00 DATE 00/00/00 JFT 2.0

TIME 00:00:00 DATE 00/G0/00 JFT

NORMAL DISPLACEMENT NORMAL FORCE
ULERANCE TOLERANCE
L10000E-04 .10000E+11

ADDITIONAL

0

e

2.0

01/30/88

01/30/88

MASTER 'LAGS

0

e

0



WO LA UNDWN -

211 225

197 211

183 197

169 183

155 169

141 155

127 141

1 127

2 1

3 2

4 3

9 4

6 S

2 6

8 7

9 8

SLAVE NODES FOR INTERFACE

NUMBER NODES
1 357
2 356
3 355
4 354
S 353
6 352
7 351
8 350
9 341
10 342
11 343
12 344
13 345
14 346
15 347
16 348
17 349

ljac verification v shaft BONDED 1/30/89 Low tol.

STARTING TIME --
FINAL TIME
DISPLACEMENT TOLERAN
FORCE TOLERANCE

CE -

.00000E+00
- .10000E+01
~ .30000E-~04
.10000E-01

CORE STORAGE REQUIRED IS 22077 WORDS.
INITIAL STRESSES

ELEMENT

N e b b e e
CORIAVBWUNHDOR®IANDEWN -

SIGX
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.0000C0
.00000
.00000
.00000
.00000
.00C00
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. 00000
.00000

SIGY 51G2

.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.000¢00 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .0000¢C
.00000 .00000
.00000 .00000
.00000 .00000
.000C0 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.00000 .00000
.o00n00Q .0000¢
.00000 00000
.00000 .00000
.00000 .00000
.00000 .00000

1

SIGXY

.00000

00000

.00000
.00000
.00000

00000
00000

.00000
.00000

00000
00000

.00000

00000
00000

.00000
.00000

00000

.00000
.00000
.00000
.00000
.00000

00000

.00000
.00000

00000

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00090
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00090
.00000
.00000
.00000
.20000
.00000

B-37

TIME 00:00:00 DATE 00/00/00 JFT 2.0

01/30/88



.00000 .00000 .00000 .0eo00

.goooo .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
. 00000 .00000 .00000 .00000
.Qo000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .000C0 .00000 .00000
. 00000 . 00000 .oo0000 .00000
.00000 .00000 .000060 .00000
.00000 .00000 .00000 .00000

00000 .00000C .00000 . 00000

00000 .00000 .00000 .00000

. 00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00600 .00000 .00000
. 00000 .00000 .00000 .00000
.00000 . 00000 .000G0 .00000
00000 .00000 . 00000 .00000
00000 .00000 .00000 .00000
.00000 .00000 .006000 .00000
00000 .00000 .00000 .00000
00000 .00000 .00000 .00000
00000 .00000 .00000 .00000
00000 .00000 .0o0cn .00000
00000 .00000 00700 .00000
00000 .00000 .00000 .00000
.00000 .00000 .0000¢C .00000
.00000 .00000 .00000 .00000
00000 .00000 .00000 .00000
.0000’ .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000C .00000 .00000 .00000
.00000 .00000 .00000 .00000
-00000 .00000 .00000 .00000
. 00000 .00000 .00000 .b0000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
. 00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000C .00000 .00000 .00000
00000 .00000 .00000 .00000
.00000 .060000 .00000 .00000
00000 .00000 .00000 .00000
.oceoo .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00009 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
. 00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
00000 .00000 .00000 .00000
00000 .00000 .00000 .00000
.0u000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00coC .00000 .00000
.00000Q .00000C .00000 .00000
.00000 .006000C .00000 .goo00
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .06000 .00000 .00000
.00000 .00000 .00000 .000090
.00000 .00000 .0000G0 .00000
.00000 .00000 .00000 .00000
.00000 .00c00 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000C .00000 .0000C .00000
.00000 .00000 .000C0 .00000
.00000 .06C00 .00000 .00C00
.00000 .0coco .00000 .00000
.00000 .00000 .00000 .0€000
.00000 .00000 .00900 .doo000
00000 .00000 .0000C .0C000
.ooo00 .00000 L00000 .6Cc00¢C
.0000C .G0000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .0C002 .0G000
.00000 .00000 L0000 .00000
.00000 .00008 .0000¢ .00000
.00000 .00000 .00000 .00000
.00000 .0000GC .60009 .00000
.00000C .00000 .G000% .00000
.000600 .0C000 .0000C .G3000
.02000 .00000 0o0G0 .06000
.80G00 .B0go0 .0C009 .CO002
.296G000 .G00GO 062450 L0000
.003G60 .00060¢C joRagelore .L25L00

B-38



227
228
22

230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250

252
253
254
255
256
257
258
259
260
261
262
263
284
285
266
267
268
269

.00000
.00000
.00000
.0o000
.00000
.00000
. 00000
.00000
.00000
.00000
. 00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

00000

.00000
.00000

00000

. 00000
.00000
. 00000
.00000
.00000
.00000
.00000
.06000
.00000
.00000
.00000
.00000
.00000

00000

.00000
.00000
.00000
.00000

00000

.00000
.00000
. 00000
.0000C
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

00000

.00000
.00000
.00000
.00000
.oonroo
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.0000G0
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. 00000
.00000
.00000
.00000
.00000
.podeo00
.00000
.00000
.00000
.00000
L0geoe

0oaeo

L0000
LG
.00000
.000606

GOG0

.00000
.00000
.00000
.00000
.00000
.00000
.0po000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.€0000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.do000
.GCoOC
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.058000

00000
.00000
.06000
.00000
.00000

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.0Cc000
.00000
.00000
.00000
.00000
.00000
.00000
.gooo00
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.oovo0
.00000
.00000
.00000
.00000
.00000
.00000
.00c00
.00000
.00000
.00000v
.00000

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000



270 .00000 .00000 .00000
271 .00000 .00000 .00000
272 .00000 .00000 .00000
273 .00000 .00000 .00000
274 .00000 . 00000 .00000
275 .00000 .00000 .00000
276 .00000 .00000 .00000
2711 .00000 .00000 .00000
278 .00000 .00000 .00000
279 .00000 .00000 .00000
280 .00000 .00000 .00000
281 .00000 .00000 .0ec00
282 .0G000 .00G00 .00000
283 .00000 .00000 .00000
284 .00000 .00000 .00000
28% .00000 .00000 .00000
286 .00000 .00000 .00000
287 .00000 .00000 .00000
288 .00000 .00000 .00000
289 .00000 .o00000 .00000
290 .00000 .Q0000 .00000
291 .00000 .00000 .00000
292 .00000 .00000 .00000
293 .00000 .00000 .00000
294 .00000 .00000 .00000
295 .00000 .00000 .00000
296 .00000 .00000 .00000
297 .00000 .00000 .00000
298 .00000 .00000 .00000
299 .6000C .00000 .00000
3c¢ .00000 .00000 .coooo
301 .00000 .00000 .000060
302 .00000 .00000 .00000
303 .00000 .00000 .00000
04 .00000 .00000 .00000
jac verification v shaft BONDED 1/30/8% Low tol
SOLUTION TIME = .10CODE+D!
%UTPUT FOR LCAD INTREMENT 1

SUM OF X OR R REACTIONS
SUM OF Y OR Z REACTIONS
NORM OF APPLIED FORCES
RESIDUVAL FORCE NORM ~----
RESIDUAL FORCE TOLERANCE
INCREMENTAL DISPLACEMENT
F 1. DTSPLACEMENT
CPU TIME FOR LOAD STEP

TUTAL CPU TIME
NUMBER
NUMBER CF
NODE4 PARAMETER
TRIAL

" SCLUTION TIME =
x
L 15060E+0:
L16490E+0!
L17730E+01
L1E780E+C1
L 19660E+01
2034CE+01
L 20850E01
(21170E.01
.21300E+0!
L 1644CE-D1
. 17850E+01
.19380E+01
L23130E001
L 23990E01
L21670E+01
221708401
(22690E+C1
L 22620E+01
18240E+01
.19630E401
25840EL0Y
21880801
1227308401

)
b]
o

GO ®m LRI WP DAL D IR DN

2

EXTrge

242C0E«0}
24 E+D1

ITERATICNS ON FIRST PASS
ITERATIONS ON SECOND PASS

DISPLACEMENT FACTOR

Jac verificaticn v shaft

.0000¢C
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
. 00000
.00000
.00000
.00000
.00000
.00000
.o0000

.11294E+03
42077E+402
.17062E+04
.10355E+400
.77903E-02
.18605E-02
.14957E-01
.00000E+00
.0CCCOE+OQD

.i0CO00E+01

BONDED 1/30/89 Low tol.

-10000E+01

Y
L 153060E4+01
.12440E+01
.11740E+01
.99800E+00
.Bi300E+0C
.62100E+00
L42200E4+00
.21500E+00
.0CO0Q0E+D0
.16440E+01
L1465CE+01
.12780E+01
..08B3CE+Q1
.88200E+00
.672C0E+00
.45600E+00
L23200E+00
.00000E+00
.1824CE+01
.16220E401
.141208401
S1195CE+0]
L97100E+00
.73900E+00
LSCOCOE+CG
.25400E+00
.00D00E«0D
L20570E+C!
L18260E+ 01
L15860E401
L 13400E40
10B6OE+D]
.82600F+00
L5SBO0E+CO
.28200E+00
.00000E+4CO
L236L0F D1
L20910E 0L
L1B130E+GL
L15280E+01
LL2310E4 01
.93800E+00
.63200E+00
LA2000E+00
LOGDO0E-00
L2 7560R 51
L2435CE+01
L2.0B0E+D]

ux

.13374E-02
. 15073E-02
.16594E-02
.1791CE-02
.19017E-02
.19907E-02
.20573E-02
.20995E-02
-21150E-02
.13226E-02
.14880E-02
.16418E-02
.1778B4E~C2
.18934E-02
.19879E-02
.20582E~C2
.21026E-02
L21181E-02
.13251E~02
.14B46E-02
.163565-02
.17736E~02
.18932E-02
.19912E-02
.20857E-02
.21125E-62
.21292E-G2
L1355%g-0
L15C45E
.16498E

.17853%E-02
.19065E-02
.20069E-02
.20847E-7
L 21341E-02
L21505E-62

.19433E-02
. 20443E-02
L21233E-02

vy

-.10846E-03
-.12921E-03
~-.13841E-03
~.13636E-03
-.12378E-03
-.10191E-03
~.73551E-04
~-.38456E-04

.00000E~00
~-.12594E~03
-.14492E-0C3
-.15421E-0G3
~.15128E-C3
-.13616E-03
-.11235E-03
-.80613E-C4
-.42672E-04

.00000E+00
~.13988E~03
-.15865E-03
~.16740E-C3
-.16322F-03
-.14845E-03
-.12243E-C3
~.87977E-04
-.46753E-C4

.0COCOE+0D
~.15157E-03
-.16935E-03
~.1760CE-C3
-.17360F-013

~.1305%2
-.94360E~04
-.43%260FK-04

00000k 2D
~.16266E-01
-.17585E-03
~.182%4F-03

B3-40

NODE

TIME 00:00:00 DATE

TIME 00:00:00 DATE 00/00/00 JFT 2.0

X

~33930E+02
.35010E+01
.35930E+01
.36690£+01
+37290E+01
.37720E+061
-38000E+01
.38120E+01
.39360E+01
.40530E+01
L41950E+01
L42420F+01
-43130E+01
-43700E+01
.44110E+01
.44370E+01
-44480E+01
.48040E+01
.49110E+01
- 50050E+01
.S5C850E+D1]
L51510E+01
L 52030E+01
LH241CE+01
S92650E+0]
S52750E401
.59310E+01
LE0270E+01Y
S61100E D1
.61820E+01
.62400E+01
L 62860E+01
Lu3260E401
L63420E+01
.6351CE+0!)
.73970E+01
N
L1547
L76CT0E40

E401
[N

T6560F 101

L763508101
LIT230E401

J1410E+ 01
17490E 01
9F 01

L93630F 01

Y

.28830E+01
.24910E+01
.20920E+01
.16870F+01
.12750E+01
.B5600E+00
.43100E+00
.0DDOOE400
.39360E+01
.34660E+01
.29890E+01
.25060E+01
.20170E+01}
.15220E+01
.10210E401
.51400E+00
.00000E+00C
.48040E+01
.42230E+01
.36370E+01
.3045CE+01
.24470E+01
. 18440E+01
.12350E+01
.62000E-00
.00000E+00
.59310E+01
L 5207001
L44790E+01
L37450E+ 01
.30060E+01
L22620E+01
.15130E+01
.75900F+00
.0D000E+00

73970E+01

.64870E4C1
L5573CE0!
L46550E+01
L37320E+01
.28060E+01
L1BTS50E 01
L9390CE00
LONUOGELCD
L33020EGL

B1510E+0Y

.699€0E+01
LH8380E+01

00/00/00 JFT 2.0

ux

.18045E~02
.19200E-02
20329E-02
.21399E-02
.22342E-02
.23099E-02
.23587E-02
.23771E-02
.19251E-02
.20264E-02
.21303E-02
L22341E-02
.23318E-02
.24194E-02

24906E-02
25374E-02

.25541E-02

-.22501E-02

I

'

i

L35572E
.36191EK-02
L3670G9E-02
L37061E-02

.23430E-02
.24329E-02
.25244E-C2
.26133E-02
.26932E-02
.27583E-02

28023E-02

.2B187E~02
.26923E-02
L27709E-02
L28533R-02
.29326E-02
.30100E-02
.30819E-C2
.31407E-02
.31800E-02
.31942E-02
.32799E~02
.33483E-02
.34171E-02

-0z

01/30/88

01/30/88

vy
.19120E-03
.19150E-03
.18463E-03
.16763E-03
.14026E-03
.1D105E-03
.54270E-04
.00000E+Q0
-20553E-03
.20556E-03
.19937E-03
-18901E-03
~17148E-03
. 14253E-03
-10378E-03
-54211E-04
.0G0H0E+-00
.23593E-03
-22566E-03
.21626E-03
.20080F-02
.17833E-03
-14774E-03
. 10628E-03
C56519E-~04
.000C0E+CO
27758E-03
L260808-93

< 15530E-03
~11133F-03
- 58469E~C4
.00000E+00
.34081E-03

61676L~04
PRI S e




55

jac verification v shaft BONDED 1/30/89 Low tol.
SOLUTION TIME =
NODE

it

165

jac verification v shaft BONDED 1/30
SOLUTION TIME =
NODE

221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
243
242
243
244
245
246
247
248
249
2506
251
252
253
254
?25%
256
257
258

-30940E+01
.31730E+01
.32360E+01!
.32810E+0)
.33100E+0}
.33220E+01
.32690E+01

X
C1LR4 3R 02
L11869F 102
L11889E+02
-11906E+02
.11918E+402
-11925E+02
<11929E+02
. L5000E+02
.15000E+02
.15000E+02
.15000E+02
.15000E+02
-15000E+02
.15000E+02
.15000E+02
.15000E+02
.13440E+01
.14650E401
-16220E+01
.18260E+01
.20910E+01
.24350E+01
.28830E+01
.34660E+01
.42230E+01
.52070E+01
.64870E+01
.81510E+01
.10313E+02
.13125E+02
+11740E+01
.12780E+01}
.14120E+01
<15860E+01
.18130E+01
.21080E+01
.24910E+01
.298%0E+01
.36370E+01
.44790E+01
.55730E+401
.69960E+01
.88450E+01
.11250E+402
.99800E+400
.10830E+01
-11950E+401
.13400E+01
.152B0E+01
<17730E+02
.20920E+01
.25060E+01
.30450E+401
.37450E401
.46550E+01

X
< 93900E+00
.11740E+01
-14790E+01
+18750E+01
.D0D00E+0C
.00000E+00
.00000E+: 0
.00000E+00
.00000E+00
-00000E+00
.00000E+00
.00000E+DD
.0000CE~00
.00000E+00
.00000E+00
.0D0D0CE+QD
.00000E+00
.G0000E+0O

.20800E+01
.20670E+01

.2036CE+01
.19870E+01

. 192008401
.1834CE+01
-17310E401
- 16100E+01
-14700E+01
.20300E+01
.20170E+01
. 19870k +01
.19390E+01

L1BT40E+01

S1790CE+ 02

16890F+0)

S1H700E 01

340E+01

. 19800GE+0]

19680E401

.17730E+01
.14320E+01
.10840E+401
.73000E+00
.36800E+00
.00000E+00
.32690E+01

.10000FE+01
Y

L884A50E 0]
LTATEDE 0
.59040E+01
.44310E401
.29560E401
.14790E+01
L00000E+00
. 150008402
.13125E+402
.11250E402
.93750E+01
.75000E+01
.56250E401
.37500E+01
.18750E+01
.00000E+00
.16490E+01
.17850E+401
.19630E+01
.21940E+01
.24950E+01
.2B8850E+01
+33930E+01
.40530E+01
.49110E+01
.60270E+01
.74770E+01
.93630E+01
.11814E+02
.15000E+02
.17730E401
.1908DE+01
.20840E+01
.23130E+01
.26110E+01
.29980E+01
.35010E+01
.41550E+01
.50050E+01
.61100E+01
.75470E+01
.94150E+01
.11843E+02
.15000E+02
.18780E+01
.20130E+01
.21880E+01
.24150E+401
.27100E+01
.30940E+01
.35930E+01
.42420E+01
.50850E+01
.61820E+01
.76070E+01

.10000E+01

Y
.77410E+01
.95600E+01
.11925E402
.15000E+02
.21300E+401
.22620E+401
.24330E+01
.26560E+01
.29460E+01
.33220E+01
.38120E+01
.464B0E+01
.52750E+01
.63510E+01
.77490E+01
.95660E+01
.11929E+02
.15000E+02
.0000OE+DD
.20600E+0O
.4C500E+00
.59800E+00
.78500E+0C
. 96600E+00
.11400F+01
.13080E+01
<14700E+01
.00000E+00
-19700E+00
. 38900E+00
.57500E+00
. 157C0E+00
.93400E¢00
L1050 i
L1220
L1424
. D0CGOE D0
.188COK+0C

.19026E-02
.20162E-02
.21162E-02
.21926E-02
.22440E-02
.22614E-02
.16884E-02

ux
Shlde k=02
SY1958¥-02
L H2513E-02
.53069E-02

-.53559E-02
~.53886E-02

1

[ T T I

/

[ T T T T R N I O |

.54001E-02
.63127E-02
.63595E-02
.64035E-02
.64533E-02
.65106E-02
.65648E-02
.66155E~02
.66559E-02
.66731E-02
.11632E~02
11525E-02
.11599E-02
11874E-02
12466E-02
13405E-02
14866E-02
16923E-02
19800E-02
.23628E-02
.28792E-02
.35447E-02
.44080E-02
.55240E~02
.98984E-03
.98466E-03
.99212E-~03
.10189E-02
.10696E-02
+11535E-02
12770E-02
14564E-02
17021E-02
.20329E-02
.24714E-02
.30462E-02
.37797E-02
.47351E-02
.82271E-03
.81877E-03
.82643E-03
.84984E-03
.89195E-03
.96199E-03
.10669E-02
.12152E-02
.14218E-02
.16961E-02

20618E-02

89 Low tol.

ux
.41060E~03
.50837E~03
.63018E-03
.78280E~03
.000COE+00
.00000CE+00
.0000CE+00
.00000E+00
.00000E+CO
.00000E+00
.00000E+00D
,00000E+00
.00000E+00
.000C0E+Q0
.00000E+0Q0
.00000E+GO
.00000E+Q0
.00000E+00
.21143E-02
.20999E~02
.20602E-02
.19969E-02
L19117E-02
.18042E-02
L16751E-0Q2
.15238E-02
.13532E-02
.21140E-02
.21007E~02
.20629E-02
L2003
.1921
.18185E-02

-.1812CE~-03
-.16571E-03
-.13887E~03
-.10194E~-03
~-.53108E~-04

.00000E+00
~.18953E-03

uy

- 466B9E D3
- . 39594F-01
-.32544E-03
~.25177E-03
~.16730E-03
-.82245E-04

.Q0000F+00
-.81174E-03
-.72771E-03
~.64365E-03
-.56268E-03
-.47161E-03
-.37097E-03
~.26344E-02
~.13888E-03

-00000E+00
~.79065E-04
-.95112E-04
-.11062E-03
-.12430E-03
~.13885E-03
-.15410E-03
.16982E-03
.19495E-03
.22300E-03
.26999E-03
<32944E-03
.42563E-03
.56733E-03
.76369E~03
+47782E-04
.61655E-04
.76082E-04
.91584E~-04
.10731E~-03
.12648E-03
-14828E-03
«17323E-03
-20915E-03
.25369E-03
+«31794E-03
.40420E-03
.53926E-03
-.72386E-03
-.18901E-04
-.28111E-04
~.40858E~-04
-.55727E~04
-.73895E-~04
~.93836E-04
11936E-03
14968E-03
-.18668E-03
-.23649E-03
=.29904E-03

[ I A A |

L T O T T R B |

LI T I |

vy

-.22173E-03
-.30839E-03
-.41700E-03
-.55660E-03

«49647E-04

.56005E-04

-56951E-04

.54588E-04

.43324E-04

.24651E-04
-.40124E-05
-.40320E-04
-.86777E-04
-.14538E~-03
~.21622E-03
=.30394E-03
-.41100E-03
-.54989E-03

.00000E+00
~.34211E-04
-.65440E-%54
-.90402E-04
-.11002E-03
=-.12023E~03
-.12260E-03
-.11324E-03
~.94535E-04

-00000E+00
-.29928E-04
-.56631E-04
-.78920E-04
-.95373k~04
-.10473E-03
-.10518E-03
-.96305F-04
- . 19056F-04

~Q0O000E+ Q0
-.25329E-04

104
105
106
107
108
109
110

1oo
iel
168
169
170
171

172
173
174
175
176
177
178
179
180
181

182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
2117
218
219
220

276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291

292
293
294
295
296
297
298
299
300
301

302
303
304

305
306
307
308
309
310
311

312

313

B-41

NODE

NODE

.94970E+01 L46770E+01
.95260E+01 .35120E+01
.95470E+01 .23450E+01
.95600E+0) .11740E401
.95660E+01 .00000E+00
11780E+402 .11780E+02
.11814E+02 .10313F+02

TIME 00:00:00 DATE

X Y

CHBIBOF 0] .94600F 101
13T60F 0] 11869FK402
L93T50E 01 -15000E+02
-Bl3QO0E+00 .19660F+01
.88200E+00 20990E+01
.97100F+00 .22730E+01
.10860K+01 .24990F+01
.12370E401 .27920E+01
.14320E+01 .31730E+01
.16870E+01 .36690E+01
.20170E+01 .43130E+01
.24470E+01 .51510E+01
.30060E+01 .62400E+01
.37320E+01 .76560E+01
.46770E+01 .94970E+01
.59040E+01 .11889E+02
.75000E+01 .15000E+02
.62100E+C0 .20340E+01
.67200E400 .21670E+01
.73900E+00 .23400E+01
.82600E+00 .25640E+01
.93800E+00 .28560E+0D1
.10840E+01 .32360F+01
.12750E+01 .37290E+01
.15220E+01 .43700E+01
.18440E+01 .52030E+01
.22620E+01 .62B60E+01
.28060E+01 .76950E+01
.35120E+01 . 95260E+01
.44310E+01 .11906E+02
.56250E+01 .15000E+02
.42200E+00 .20850E+01
.45600E+00 .22170E+01
.50000E+00 .23890E+01
.55800E+00 .26130E401
.63200E+00 .23030E+01
.73000E+00 .32810E+01
.85600E+00 .37720E+01
.10210E+401 .44110E+01
.12350E+01 .52410E+01
.15130E+01 .63200E+01
.18750E+01 .77230E+01
.7T4SO0E+01 .95470E+01
.« 3560E+01 .11918E+02
«.37500E+01 .15000E+02
«21500E+400 .21170E+01
.23200E+00 -22490E+01
.25400E+00 .24200E+01
.28200E+00 .26430E+01
.32000E+00 .29330E+01
.36800E+00 .33100E+01
.43100E+00 .38000E+01
-51400E+00 .44370E+01
.62000E+00 .92650E+01
.75900E+00 .€3420E+01

TIME 00:00:00 DATE

X Y

.18690E+01 .17000E+00
.18410E+01 .33900E+00
.17960E+01 .50700E+00
.17350E+01 .6€7300E+00
.16580E+01 .83800E+00
.15640E+01 .10020E+01
.14530E+01 .11650E+01
.13260E+01 .13260E+01
.18300E+01 .Q0000E+00C
.18190E+01 .16100E+00
.17920E+01 .32200E+00
.17490E+01 .48400E+00
.16890E+01 .64500E+00
.16140E+01 .80600E+00
.15220E+01 .96700E+00
.14140E+01 .11290E+01
.12900E+01 .12900E+01
.11530E+01 .14140E+01
.11850E+0) .14530E+01
.12170E+01 .14920E+01
.12480E+01 .15310E+01
.12800E+01 -15700E+0!
.13120E+01 .16100E+01
.10090E+01 .15220E+01
.10370E+01 .15640E+01
.10640E+01 . 16060E+01
.10920E+01 -1647CE+ 01
.11190E+01 .16890E+01
.11470E+01 L17310E4+01
.85800E+00 16140E+01
.BBICCE+OQ .16580E+01
.905C0E+C0 .17020E401
.92800E+OC .17460E+01
S95100E+ 00 L179008401
L9740CE+00 .18340E+0G
.70000E+Q0 -16890E+ 0}
C71900E4 00 <17350E401
L13BOCECO L17810F+01

t

Db

0

NN

0

0

[ T R A N T B B Y B

[N}

LI R B B I

[

[ B A R

.42891E-02
.434675-02
.43932E-02
.44235E~-02
.44355E-02

.50324E-02

.50823E8~-02

/00/00 JFT

ux
L2541 1E-02

.65711E-03
.66256E-03
.6B06SF-03
.71499E-03
.76959E~-03
.B5357E-03
.97309E-03
.11378E-02
.13577E-02
.16494E-02
.20340E-02
.25248E-02
.31462E-02
.49585E-03
.49546E-03
.S0005E-03
.51244E-03
-53776E-03
.57746E-03
.63961E-~03
.73086E-03
.85197E-03
.10185E-02
.12370E-02
.15235E-02
.18948E-02
.23536E-02
.33394E-03
.33342E-03
.33624E~03
.34468E-03
.35894E-03
.38693E-03
.42654E-03
.48702E-03
.56855E-03
-67804E-03
.B2524E-03
.10143E-02
-12638E-02
.15648E-02
.16875E-03
.16896E-03
.17030E-03
.17360E-03
.18139E-03
.19324E-03
.21453E~-03
«24398E-03
.28481E~03
.33999E-03
/00/00 JFT

ux
.21040E-02
.20739E-02
.20246E-02
-19560E-02
.18660E-02
.17531E-02
.16101E-02
.14346E-02
.21144E-02
.21053E-02
.20779E~02
.20325E~-02
.19685E-02
.18839E-02
.17752E-02
.16388£-02
.14623E-02
.12923E-02
.12654E-02
.12406E-02
.12177E-02
.11978E-02
.11788E-02
-11203E-02
.10913E-02
.10660E-02
-10449E-02
<10244E-02
.10069E-C2
.94051E-03
.91517E-03

~.89234E-03

.87193E-03
.85366E-03
.83679E-03
.15966E-03
L13TBSE-03
~71839F-03

2.

.25358E£~03
.19566E-03
.13778E-03
. 12522804
.00000E+00

~.59296F~-03

[ R R I |

2.

.53023E-03
0 01/30/88

uy
S 38e35F-03
SH084%4F-03
68538K-03
. 76693E-0Y
.20659E-05
. 8433005
.20865£-04
.3818DE~04
.60757E-04
.86711E-04
.12106E-03
.162238-03
.21330E~-03
.27942E-03
.36385£-03
.48211E-03
.64606E-03
.27601E-04
.25496E-04
.20534E-04
.94950F-05%
.56586E-05
.27972E-04
.56648E-04
-90986E-04
< 13545E-03
-18916E-03
.25721E~-03
.34232E-03
-45444E-03
.61059E~03
.40879E-04
.42611E-04
.40357E-04
.33493E-04
-20242E-04
-43666E-07
.28228E-04
-65607E-04
-11067£-03
-16747E-03
.23581E-03
.32316E-03
.43257E-03
.57782E-03
-47569E-04
.52399E-04
-53485F-04
.48497E-04
-37377E-04
.17837E-04
.97083E-05
-45991E-04
.93542F-04
-15103E-03
0 o01/30/88

uyYy

~.15294E-04

LI )

-29191E-04
-40409E-04
-47485E-04
-49370E~-04
+45333E-04
.36488E-04
.26020E-04
.00000E+00
-10114E-04
.18843E-04
.25909E-04
.29516E-04
.28185E-04
.22720E-04
.10757E~-04

-.48827E-05

-16782E-05
-12569E-04
.27235E-04

-.40844E-04

.53833E-04
. 66493£-04
.11778E-~04
.17372E-06

-.97245E-05
-.19554E-04

.29220£-04
-38942E-04
.18034E£-04
.12952E-04
-65469E-05
. 49986E-06
L57571E-05
-11836E-04
.21729E-04
.21122E-04
-19558F-04



jac verlticac&on v shaft BONDED 1/30/89 Low tol.

jac verification v shaft BONDED 1/30/89 Low tol.
SOLUTION TIME =
ELEMENT

259
260
261
262
263
264
265
266
267
268
269
279
2711
272
213
274
275

.19380F+01
.18920E401
.18270E+01
.17460E+01
.16470E+01
.159310E+01
.13980E+01
.19300E+01
19180E+01)
.18900E+01
.18440E+01
.17810E+01
.17020E+01
.16060E+01
.14920E+01
.13620E+01

.18800E+01

SOLUTION TIME =

NODE

a3
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
383
354
355
356
357

WIRNUNB LI CO®D SOV DN

e bt e b b a e b

soverfy

X
.19500E+00
.20000E+400
.20500E400
.21000E+00
.00000F+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.15060E+01
.16490E+01
.17730E+01
.18780E+01
.19660E+0]}
.20340E+01
.20850E+01
L21170E+01
.21300E+40)
.13440E+01
.11740E+01
.99800E+00
.81300E+00
.62100E+400
.42200E+00
.21500E+00
.000CQE+0O

SI1GX
77745401
.64300E+01
.51729E+01
.40072E+01
.30728E+01
L23124E+01
.17510E401
-.13737E+01
.80860E+01
.69655E4+01
~-.57741E+01
.46706E+01
.36952E+01
.28835E+01
~.23144E401
~-.20355E+01
~-.82845E+01
-.73822E+01
-.63508E+01
-.52904E+01
-.43178E+0)
-.35259E+0)
~.29474E+01
-.26053E+01
-.83069E+01
-.76423E+01
~.67957E+01
-.59022+01
-.49888E+01
~.42135E+01
-.36076E+01
-.33231E+0!
-.82817E+0!
-.77578E+01
-.71851E+01]
-. 641595401
~.56272E+0!
-.489805'0:
‘.43232E‘ i
- 142E+01
- B 703E’Jx
-.78470E+01
~-.73600E+DL
~-.67956E+01
-.61457E+C!
~.58273E+01}
-.50520E+0}
~-.47776E+51
-.803B5E+01
-, 18129E+0]
-, 75535E+G1
- . TOB32E D!
~.65BG2E+C!
- 60913E+01
~.96782E+01

t

1

zation v shaft BOND &.A)

~.21700E+0Q1
~.25007E+01
~.28548BE+01
~.32254E+01
~.34440E+91
-.36399E.+01
~.19733E+01
~.20657E+01
~.2243D0E+0!
-.25008E401
~.28034E+0 l
~.31620E-1

—,34‘.97E-G'
~ . 3LE4GEG1
~ . 21923E+0
~.22186E+0
~.23163E+3
~.25537E+0
-.28032E+0
~.30778E 0
~.33390E
~.349C6E
~.23216F

-.30385%
32365

L37200E+00 - .20662F-02
.99200E4+00 - .20102E-02
.72900E+00G ~-.19326F-02
.90200E+00 ~.18335F-02
L10710E+01 - 17110E-02
J12360E401 - . 15628F-02
.13980E+01 -.13B9%E-02
.00000F+00 -.21140F-02
.17900E+00 -.21029E-02
.35600E+00 ~.20699F-02
.53000E+00 -.20167E-02
.70100E+00 ~.19439E-02
.87000E+00 -.18492F-02
.10360F+01 -.17318¢E-02
.12010E+01 -.14%847E-02
.1362CE+01 ~.14111E-02
.00000E+00 -.21143E-02
.10000E+01
Y ux
.19180E+01 ~.18542E-03
.1968B0E+01 - .18074E-03
L20170E+01 ~.17674E-02
L.20670E+01 -~.17251E-023
.18300E+01 .00000E+00
.18800E+01 .00000E+00
.19300E+01 .00000E+00
.19800E+01 .00000E+00
.20300E+01 .00000E+Q0
.20800E+01 .00000E+00
.15060E+01 -.13374E-02
.13440E+01 -.15073E-02
.11740E+01 ~-.16593E-02
.99800E+00 -.17%:0E-02
.81300E+00 -.19017E-02
.62100E400 ~-.19907€-02
.42200E+00 -.20573E-02
.21500E+00 -.20994E-02
.00000E+00 -.21150E~02
.16490E+01 -.11632E-02
.17730E+01 ~.98991E-03
.18780E+01 -.82270E-03
.19660E+01 ~.65733E-03
L2034CE+0] -.49584E-03
.20850E+01 ~-.33393E~03
.21170E+0] ~.16875E-03
.21300E+01 .00000E+00
.10000E+01
S1GY 516Gz
~.20530E+01 -.21620E+01
~.21064E+01 -.18780E+0!
~.23492E+01 - . 16549F+01
~.26231E401 ~.14587E+01
-.28442E+01 ~.13017E+01
~.30357E+401 ~.11766E+01
~.32239E+01 ~.10945E+01
~.32903E+01 ~-.10261E+01}
~.18B12E+01 -.21928E+01
~.19785E+01 -.19677E+01
~.22601E+401 -.17675E+01
~.25913E+01 ~,15976E+0!
~.29022E+01 ~.14514E+01
~.31492E+01 -,13272E+01
~.33452E+01 -.12451E+0}
~.35133F+01 -.12207E+C1
~.18009E+01 -.22188E+(1
~.19503E+01 ~-.20532E+0!
~.21903E+01 ~.18790E+01
~.25492E+01 ~.17247F+0])
~.29035E+01 -.15887E+01
~.31819E+01 -, 14757E+0]
~.34510E+01 -.14077E+01
~.35917E+01 -.13633E£+01
-.18551E+01 -.,22356E+01
~.19706E+0! -.21148E+0}

=.19725E+01
~.18486E4+01
~.17256E+01
~.16365%E+01
~.15514E+ 01

- 193198

+01

- . 22561E+C1
-.21612E+01L

-.20698F
-.19617E
~. 188478

- 17742F
11634F
67!
Jz2798g
-.22144E

~.212088E
~.20568E~

~.19688E
-~ 18931E
—.‘54617

~. 21287k
- . 206421
-.25086E
-.19677%
/33 lLew

+0

01
01
Gl
<00

.1
<01

+01

01
+01
e

031

+01
2

01

v 01

vl

48055E-04
.66524F-04
.80179E-04
.B87134E-04
.86670E-04
.78359E-04
.627179E~-04
.00000F+00
.20167FE-04

.38809E-04

.53672F-04

~.64262F-04

.68892E-04
.66999F-04
L5851 7E~04
.45642E-04
.00000E+00

vy
.33276E-C4
.38837E-04
.42720E-04
.45667E-04
.18932E-04
L27461E-04
.34170F-04
L39%97E-04
.43820E-04
L 47718E-04
.10844E-03
.12921E-03
13837E-03
.13636E-03
.12378E-03
.10190E-03
.73551E-04
.38452E-04
.Q0DOOE+00
.79068E-04
.47869E-04

~.18892E-04

.76302E-05
.276165-04
.40899E-04
.AT647E~-04
.49593E-04

SIGXY
L29831E+01
.31309E+01
.30418E+01
L27674E+01
L23581E+01
.18029E+01
L11426E+03
.39519E+00
L25188E+01
L27774E4+01
.28620E+01
L26738E+01
L22949E+01
.1791CE+C1
.11329E+C1}
.38B58E+Q0
.20061E+01
L23777E401
L25374F+ 08
L24723E+0}
.22025E+01
L17483E+01
L11311E+01
.3BB40E+CO
L16073E+01

19304E+01
L21595E+01
.22104£+01
.19900E+C1
L16290E+01
L10629E+01
.34745E4+00
L12251E401
L15239F401
LYT511EADL
L18377E+01
L17452E401

L4257E+501
96016E+0C
33473E-00
LBOUSTE DL
J11517E+00C
L13396E+01
L14593E+01
L14221E+C
L12061E+0!
.81936E+00
L2BlI4BE0D
. 64966E+70
B4026E+00
101396401
ZIUQ‘E'B{

314
315
316
317
31e
319
320
321
322
323
324
325
326
327
328
329
330

ELEMEMT

56

\
30

B-42

.75 T700F+00 .18210E+01
LTTS00E00 .\BT40FE+ 0]
. 19400E+00 ~19200E+01
.53600K+00 -17490E+0}
L55000E+00 .17960F+ 01
.56400F.+00 -18440F+01
57800FE+00 .18920E401
L 99300E+00 193908401
.60 700FE+00 198T1QF 01
36400F+00 J1T92CE01
.37400E+00 .18410E+01
.38300K+00 - 18300E+01
- 39300E+00 .19380E+01
.40200E+00 .19870E+01
.41200E+00 L20360E+01
. 1B500E+00 .18190E+01
.19000E+00 .18690E+01
NODE X Y
TIME 00:00:00 DATE
SIGX SIGY
~.54440E+01 ~.33662E+01 ~
~.79523E+401 -.24556E+01 ~-.
~.7B026E+01 ~-.24596E4+01 -,
~.75914E+401 =-.25251E+01 -
~.72790E+0]1 -.26218E+01 ~.
-.69181E401 ~.27913E+401 ~
~.65422E+01 ~-.29788E+01 -.
~.62251E+401 ~.31599E401
~.60553FK+01 -.32662E+01 -
~.78557E401 -.25788E+01 -,
~.77677E401 =~.25687E+01 ~-.
~.76302E+01 -.25973E+01 ~-.
~.74229E+01 -.26772E+01 -~
~.71681E+01 ~-.28068F+01 -.
~.68904E+01 -.293631E+01 -.
~.66470E+01 -.30661E+01 -,
~.64989E+01 -.31640E+01 ~.
-.77760E+01 ~-.26631E+01 ~.
~.11374E+01  -.26555E+01 -.
~.76546E+01 -.26974E+01 -
~=.75307E+01 -.27321E+01 -
-.73480E+01 ~-.28044E+01 -
~.71526E+01 -.29265FE+01 -
~.69826E+0]1 -.30224E+01 -
~.68846E4+01 -.30715E+01 -
~.76B43E+01 -.27692E+01 -,
~.16735E+01 ~.2761SE+01 -,
-.76325E+01 -.27604F+01 -,
-.75589E+01 ~-.28047E#0} .
-.74668F+01 -.28544E+01 -~
~.734B4E+0]1 -.29085E+01 -
-.12307E+401 -.29797E+01 -,
~.71616E+01 -.30343E+01 ~.
~.7T6014F+01 ~-.28150F+01 -
~.75934F+01 -.28344E+C1 -,
~.75941E+01 -.28498E+01 -
~.79630E+01 - .28711E0L -,
SLI9I3LESDBL 0 - 2917001 -
~.T4608E 401 - 29€50E¢01 -
= T4L1UEOl - 29967E01 -
=.73764E 01 - 3012258401 -
~.75463E+01 -.28337E+01 -,
~,75448E+0] ~-.28355E+C1 -,
~.75451F+01 -.2B566E+01 -~
~.75456F+01 <~ 29014E+01 -~
~.15344E+01 -.29583E+C) -
~.75122E+01  =-.30152E.01 -
~.74983E+01 - .31142E+01 -

~.70063F~03
~.68161E-01
-.67007¢-03
~.57512F-03

-.51726F~03
~.L0537F-03
18630701
=8 7672E-01
-, 16609E-03
-, 45724E-0)
-. 147192¢-0)
~.34075E-0)
L19721F- 03
~.1%073F~

17634F.-04
L14655E-04
C11309E-04
L23247F-04
26656604
.28716K-04

L28153r.-04
.21064F 04
L 2738B9F-04
L32530F-04
359841 -04
.38649E-04
40197F-04
.18710E-04
L26103E-04

TIME 00:00:00 DATE 00/00/00 JET 2.0 01/30/88

84447+ -

55448401 -,
8929901 -
QU448F 01 -
L30%16E+D1 -

.BB3EGEOL -
‘96346F'01 -

31698E+0Y -2
21213E+00 -
192645000 -

18876F 01 -

TI HP LO:00:00 DATE

LA3BIGE
19257F4GY -
204G -
LZIIBOEOL -

ux

uy

00/00/00 JFT 2.0 01/30/88

S1G2
19382E+0)
22897E+01
22577E401
22256E+01
21782E+01

.21361E+01

20946E+01

~.20647E+01
.20507E401

229%6E+01
22740E+01
22501E+01

L22209E+01

21945E+01
21619E+01
21369E+01
21258E+01
22979F+01
22864E+01

L22774E401
L2257BE+0Y
©22335E+01
L22174E401
L22011E+01
.21903E+01

22998E+01
22957E+01
22864E+0)
22800E+01

L22707E4+01

22565E+01
22463E+01
22431E+01
22916E401
22941E+D1
22976£401
22955E+01
22948E+01
22936E+01
22B97E+D)
22855E401
22836E1+01
228137E+01

,228BB4E+QL

229B3E+01
23084F+C)
23204E+01
2334718401
14813K0 0]
PE RS IR
24137E 11

’
236 76E v
23486F ]
FEYI0EY DY
G3/06/09 JFT

15l

1
i

S1GXY
<23563E+00
-44318E+00
-97307E+00
- 7T1433E+00
.80684E+00
.B1525E+00
.72036E+00
.49913E4+00
.17461E+00
.30642F+00
.40176E+00
.49628E+00
.57288E+00
.59741E+00
.S3108E+0D
37336E+00
.13586E+00
-19843E+00
.27002E+00
.34120E+00
.39716E+00
L41261E+00
. 37393E+00
-27024E+00
-99541E-01
-12351E+00
-17409E+00
.23090F+00
.27170E+00
L29511E+00
L26888E+00
.17994E+00
.66175E-01
.643295E-01
.97327E~01
S13674E-00C
L17566E450

19460E+90
.1BBBEF D
145498000
L56302E-01
LT5154E-02
©20093E-01
.40885E-01
L$5714E-01
L70771E~00
L7386 7E-0)
,51?'52E~O¥
1923998-0
26804F.-0
.?144J£~“I
T6937E G
P2841E 01
LBRZ24E400
&883!Lvuu
P T1/30/88



SOLUTION TIME =~ .10000F+01

ELEMENT SIGX SI1GY SIGZ SIGXY ELEMENT SIGX sIGY SIG2 SI1GXY
1 -.B2418F+01 =-.22950E+401 -.23181E+01 .49607E+00 166 =.795917401 ~-.27917€+01 ~-.23652E+0)1 - .S1181F-01}
112 -.80625E+01 ~.24444E+01 -.23115F+01 . 34224E+400 167 ~.78280E+01 ~.27867E40)1 -.23352E4+01 ~-.41377E-01
113 -.79264E+01 - .25800F+01 =~.23114E+01 L23211E400 168 ~.76924E+01 ~.28019E+01 ~-.230872+01 ~.35359E-01
114 ~-.78211E+0) -.26975E+01 -.23053E+01 .14728F+00 169 -. 758318401 -.20258E¢01 ~,22900B+40) -.13327E-01}
115 -.76B69E+C) - 27545E+01 ~.22971E+01 .90175E-01 170 -.12453E+02 -.31870E+01 ~.34407E+01 .10409E+01
116 ~.76116E+01 - 28166E401 ~-.22942E+01 .44196E~01 171 -.11667E402 -.32130F+01 -.32736E+01 .T1735E+00
117 = 194756401 ~.28257E401 -.22821E+01 .85760E-02 172 ~-.10883E+02 -.32497E+01 ~,31092K+01 L41641R4+00
118 -.99%92E+0)1 -.24002E+01 ~.27191E+01 .23532E+01 173 ~.10231E+402 -.32045E+01 ~-,29559E+01 L. 17657E+00
119 ~.986130E+01 -.218592F401 ~.26506E+01 .17787E+01 174 ~.96413F+01 -.31771E+0) -,28201E+D) .863B7E~02
120 -.95734E+01 ~.20407E401 ~.25551E+01 .13559E+01 175 -.90993E+01 -.30950F+401 - ,26827E+01 -.8825SE-01
121 -.93039F+01 -~.20267E+01 ~-.243527E+01} .98624F+00 176 -.87319E+01 ~-.30402E+01 ~.25899E+01 ~-.13477E400
122 -.89764E+0) -.20918E+01 ~,24350F+01 . 1204SE+00 177 -.83932E+01 ~-.29B05E+01 ~.25022E+01 -.10825FR+00
123 -.87040E+01 =~.22117E¢01 ~,24014E+0!} .53208EK400 178 ~.81472E401 -.29277E+01 ~-.24365E+01 -.10229E+00
124 ~.84346E+01 -,23411E401 =-.23706E+01 .36251E+400 179 -.79554E+01 ~.28790E+01 ~.23836E+01 ~.81396E-01
129 -.81924E+01 -.24483FR+01 -.23410E+01 +242S8E+400 180 ~.78119E+01 ~.28528E+01 ~.23462E+01 ~-.57593E-01
126 -.80013E+01 ~-.25782E+01 ~.2327SE+01 171028400 181 -.76900E+01 ~.28312E+01 ~.23147E+01 =-.48512F-01
127 ~.78704F+01 -.26490E+01 ~-.23143P+0] .10294E+00 182 ~.75666E+01 ~.28290E+01 ~.22870E+01 ~.19209E-01
128 -.77379E+40Y -, 27235E+01 -.23015E401 .65408E-01 183 ~.127488402 -, 31003F+01 ~.34866E+01 .69115E+00
129 ~.76376E+0} -.27961E40]1 ~.22954E+0} .31927£-01 104 -.11891E+02 -.32609F+0)1 ~-.33335E+01 .44911E+00
130 ~.75642E+01 ~.28211E+0i ~-.22848E+01 .78730E-02 185 ~.11087E+02 ~.33793E+01 ~,.31826E+01 .24950E+00
13 ~.10809E+02 ~-.26727FE*01 =-.29651E+01} . 19889E+01 186 -.10307E+402 ~-.34000E+01 ~.30156E+01 .10699F+00
132 -.10440E+02 ~,24784FE+01 ~,28421E+01 .14466E+01 187 -.96034E+01 -.34020E+01 ~.28788E+01 -.17291E-0}
133 -.10063E+02 -.23413E+01 =~.27290E+0) .10098E+01 i8e -.91307E+01 -.33299E+01 ~.2741JE+01 ~-.80674E~0)
134 ~.96376E+01 -.22872E+01 ~.26234E+01 .73013E+00 189 ~.86094E+01 ~.32371E+01 ~.26238E+01 ~,12226E+00
135 ~.92634E+01 ~.22999E+01 ~-.25439E+01} .48430E+00 190 ~.83750E+01 ~-.31467E401 ~,25348E+01 ~-.11383E+00
136 -.88611E+0) -.23432E+0)1 ~.24649E+0) .31302E+00 191 ~.810992+401 ~.30S34E+01 ~.24559E401 -.91797E-01
137 ~.85523E+01 -.24230E+01 ~.24146E+01) .21010E+00 192 -.79503E+01 -.29758E+01 ~.24037E401 ~.67052E-01
138 ~.82983E+01 ~-.25287E+01 -.23819E+01 .13150E£+00 193 ~.78007E+01 =-.29188E£401 -~.23583E+01 -.53225E-01
139 ~.80813E+01 =-.26031E+01 ~.23506E+01 -94048E-01 194 «.76817E+01 -.28659E+01 ~.23204E+01 -.43413p-01
140 -.79288E+01 - ,26750E+01 ~-.23329E+01 .58928E-01 195 ~.75446E+01 -.28328E°01 ~,22830E+01 =-.19387E-01
141 ~.7787SE+01 ~.27248E+01 -.23127E+01 -31639E-01 196 =.12853E+402 =~.29394E+01 ~.34742E+01 .23499E+00
142 ~.7655BE+01 ~.27975E+01 -.22997E+01 .21863E~-01 197 ~.12042E+402 ~.32871E+01 ~.33725E+01 .16622E+00
143 -.75786E¢01 ~-.28213E+01 -.22880E+0]1 ~-.20146E-~02 198 -.111B1E+02 ~.33984E401 ~.32075E+01 .88472E-01
144 -.11467E+02 ~.28633E+01 ~.31527E+01 .16358E+01 199 -.10396E402 ~,35261E+0% ~.30629E+01 .21937E-01
145 -.10932E+02 -.28470E+01 ~-.30313E+0} -116058401 200 -.96797E+01 ~.35200E+01 ~,29039E+01 -.88085E-02
146 -.10436E+02 ~-.26709E+01 -.28834E+01 .75719E+400 201 -.91260E+01 -~ 34723E+01 ~.27716E+01 ~-.39142E-01
147 -.99007E+01 ~-.25980E+01 ~-.27497E+01 «46793E+00 202 -.8R912E+40] ~.33483E+01 ~,26487E+01 -.30573E-01
148 -.94441E+01 ~-.2565BE+01 ~-.26422E+01 +27283E400 203 ~.83648E401 ~,32543E+01 ~,25562F+01 ~.42447E-01
149 ~.90440F+01 ~.25638E+01 ~-.25537E+01} -13934E+00 204 ~.81227E+401 ~.31422E+01 ~.24783E+01 ~.38131E-01
150 ~.86651E+01 ~-.25985E+01 ~.2478B0E+D1 .52908E~-01 205 -.79160E+01 ~-,30338E+401 ~.24089E+01 -,24141E-01
151 ~.83645E+01 ~-.26327E+01 -.24194E+01 .19871E-01 206 ~.77803E+401 ~-.29553E+401 ~.23618E+01 ~-,23752E-01
152 ~.B81325E401 ~.26823FE+01 -.23793E+01 .12468E-01 207 -.76692E+401 -.28875E+01 ~.23225E+01 -.13652E-01
153 -.79519E+401 ~-.27120E:01 ~-.23461E+01} .97092E-03 208 =.75313E+01 -.28440E401 ~.22826E+01 ~.95500E-02
154 -.78092E+01 ~-.27463E+01 -.23222E+01 ~-.11129E-01 209 -.12046E+01 ~.52041E+401 ~.96131E+00 .53016E+00
185 ~.76719E+01 -.27850E+01 ~.23005E+01 ~.86635E-02 210 ~.14814E401 -,52906E+01 ~.101S8E+01 .14626E+01
156 -.75867E+01 ~-.28235E+401 -.22902E+01 ~-.56504E-02 211 -.20538E+01 -.52341E+01 ~.10932E+01 .22841E+0}
157 -.12007E+402 -.31116E+031 ~.33260E+0! <13357E+01 212 ~.28372E401 ~-.54430E401 ~-.12420E+0} .31581E+01}
158 ~.11288E+02 -.30610F+01 =~.31567E+01 . 92362E+00 213 -.40245E+401 ~.S4975E+01 ~.14283E+01 .39557E401
139 -.106B4E+02 -.29854E+01 =-.30073E+0!} .55288E+00 214 ~.56326E401 -.59826E4+01 ~.16823E+01 .48704E4+01
160 ~.10108E+02 ~-.29223E+01 ~.2B667E+01 .28536E+400 215 -.7T6160E+01 ~.53846E+01 ~.19501E+01 .55824F4+01
161 -.95559E+01 -~ . 28973F+01 -.27397E+01 .11089E+00 2.6 ~.99567E401 -,52830E+01 ~.22860E+01 .60306E+01
162 ~.91104E+C1  -.2836BE+01 ~-,26284E+0} .91251£-02 217 ~.84635E+00 ~.47606E+0]1 ~.B410S5E+00 .49037F+00
162 ~.87071E+01 -.28134E+01 -.25345E+01 -.66998E-01 218 -.12483E+01 ~.48720E+01 +.91806E+00 .12775F+01
164 ~.84027E401 -.27972E+01 -.24640E+01 -.68556E-01 219 =.18499E+0) -.49549E+01 ~.10207E+0) .20890E401
165 -.81636E+401 ~-.27857E+01 ~.2408BE+01 ~-.63236E-01 220 ~.26349E+401 -.51960R+01 ~.11746E+401 <29442E+01

jac verification v shaft BONDED 1/3C/89 Low tol. TIME 00:00:00 DATE 00/00/00 JFT 2.0 01/30/88

SOLUTION TIME = .10000E+01

- LEMENT SIGX S1GY sS1G2 SI1GXY ELEMENT SI1GX SIGY SI1GZ SIGXY
221 -.35843E+01 ~.52837E+01 ~.13302E+01 .38703E+01 276 -.20611E+02 -.49868E+01 ~.38396E+01} .86717E+01
222 ~.48716E+01 -.54604E+01 ~.15498E+01 +48593E+01 2117 -.20074E+02 -.46438E+01 ~.37077E+01 .76749E+01
223 ~.6B846E+01 -.55604E¢01 ~.18667E+01 .56719E+01 278 ~.19690E+02 -.47190E+01 ~-.36613E+01 .67623E+D1
224 ~.94500E*01 -.56679E+01 -.22677E+01 .62408E+01 279 -.19173E+02 -.44992E+01 ~,35509E+01 .60431E+01
225 -.5948BBE+00 -.42780E+01 ~.,73093E+00 .41493E+00 280 ~.18717E+402 ~.4559SE+01 ~-.34914E+01 .53548E+01
226 -.98566F+00 ~-.43762E+01 -.80427E+00 .11962E+01 281 -.24S06E+02 ~.33697E+01 <~-.41814E+01 .85609E+01
2217 -.14252E+0! ~-.45848E+01 ~-.90150£+00 .18895E+01 282 -.23548BE+402 <-.36393E+01 ~.40781E+01 .75298BE+01
228 -.20747E4+01 -.491B4E+01 ~-.10490E+0;} .268B1E+01 283 ~.22597E+02 ~.37460E+01 -.3951SE+01 .66849E+01
229 ~-.30681E+0) ~-.52713E+01 -.12509E+01 .35484E+40) 284 ~.21769E+02 -.39553E401 ~.38586E+01 .58925E401
230 -.44908E+01 -~.56645E+01 ~-.15233E+01 .44417E+01 285 ~-.21089E+02 -.40872E+01 ~.37764E+01} .52071E+01
231 ~-.64469E+0]1 -~ 58792E+01 -.18489E+01 <55914E401 286 -.27426E+02 -.40250E+01 ~.36676E+01 .46254E+01
232 -.88352E+01 ~-.60006E+01 ~-.22404E+01 .64536E+01 287 -.27161E+02 ~-.20897R+01 ~-.43876E+01 +65447E+01
233 ~..5424F+C0 ~.37242E+0]1 ~-.64178E+00 .29663E+00 288 ~.25646E+02 ~.24389E+0! ~.42127E+01 +59161E+01
234 -.6B8B69E+00 ~-.39247E+D1 -.69201E+00 ©93228E+00 289 -.24523E402 -.29319E401 -.41182E+0} .52465E+01
23% -.11714E+01 -.42060E+01 ~-.80662E+00 .15753E+01 290 -.23526E+02 ~-.30999E+01 ~-.39940E+01 .46760E+01
236 ~.179S53E+01 -.46829E+0)1 -.97172E+00 .23761E+01 291 ~.22611E+02 =-.34586E+01 ~.3910SE+01 .41178E+01
237 ~.25448E+401 -,50657E+01 ~.11416E+01 .32539E+01 292 -.21786E402 -.35539E+01 <~.38010E+01 .35878E+01
238 -.36019E+01 ~-.55953E+01 -.13796E+01 .43032E+01 293 ~.28422E402 -~.10018E+01 ~.44136E+01 .41549E+01
239 -.55324E+01 -.61960E+01 -.17593E+01 .55068E+01 294 -.27209E+02 -.14408E+01 <~.42986E+01 .38273E+01
2490 -.82419E+01 ~-.65234E+0) ~.22148E+0} .66591E+01 295 ~.26000E+02 ~-.19728E+01 ~.41960E+01 .34047E+401
241 ~.278B1BE+0C -.30346E+01 -.49691E+00 .27136E+00 296 -.24830E+02 -.24381E+01 ~.40903E+01 .30467E+401
242 -.45351E+00 ~-.33203E+01 -.5660BE+00 .79388E+00 297 -.23822E+02 -.28314E+01 ~.39980E+01 .27012E+01
243 ~.68431E+0C -.37092E+01 ~.65903E+00 .14020E+01 298 ~-.22%21E+402 -.31879E+01 -.39163E+01 .24347E+01
244 ~.11226E+0) -.4257%E+«01 ~-.80701E+00 .20959E+01 299 ~.29523E+02 ~-.4B766E+400 -, 4S016E+401 .15004E+01
245 -.19077E+D1  ~-.48776E+01 -.10178E+0} .28962E+01 300 -.28005E402 -.11044E+01 ~.4366SE+0! .12941E+01
246 - 28679E+D1 ~.56274E+01 -.12743E+01 .38810F+01 301 ~.2666BE+02 -~.,15621E+01 ~.42344E+01 .11608E+01
247 -.45397E+01 - _65059E+01 ~-.16569E£+01 -53067E+01 3p2 ~.25515E+02 ~-.21579E401 ~.41509E+01 .10369E+01
248 =.75967E 0} -.73534E+01 -.22425E+01 .67548E+01 303 ~.24368E+02 -.23348E+01 -~ ,40054E+01 .98402E400
249 -.15997E+00 ~.23120E+01 ~.37079E+00 .17963E+00 304 -.23398E+02 ~.30209E+01 ~.39628E+01 .B5444E+00
2590 -.25978E+00 ~-.26449E+01 -.43570E+00 .51397F4+00
230 - 452 2800 - 32875R+01  -.56094E+00 .92813E+00
252 -.74890F+00 ~-.39863F+01 ~.710295+00 .15745E+01
233 -.12553E+01 -.46911E+01 -.89197E+00 .24080E+01
254 -.23125E+01 ~-.56031E+01 ~-.11873E+01 .35005E+01
253 - 34533E+401 -.66990E+01 -.15229E+01 .48158E+01
256 -.63343E+01 -.82674E+01 ~.21903E+01 .10022E+01
257 - 10312E+D2 ~.82228E+01 ~.27B02E+01 .89458E+01
238 -.10936E+02 ~.75%20E+01 ~-.27732E+01 .B0459E+0}

259 TI239E+¢02 ~.65723E+01 -.2671BE+01 .76394E+01
267 -.60342E+01 -.26628E+01 .10851E+01}
76l ~.56048E+01 -.26490E+01 .659%4E+0]
262 - 521C03E+0} -.26355F+01 .61 780E+01
263 ~.12C36E+Q2 ~.31153E+01 .97898E+01
SE4 -.671547F40) - .312B1E+D! .8948BE+C]
EE ~. 623DBE+G1 -~ . 30809E+01 .81436E+0]
B34 - 57950801 ~.30407E+01 .T4350E+01




267
268
269
270
271
272
273
274
27%

[ B R

L14575E402
.14640E+02
.17495E+02
.17348E+02
L 17343E+¢02
17156E+02
.16970E+02
167378402
L21261E402

[

L547T37E+0L
L91333E+01
.64009E+0C1
.89073E+01
C9S5694E+0:
.53387E+01
.50200E+01
.48542E+01
.48282F01

[

.30073E+01
.29660E+01
L35843E+01
.3488B4E401
©34369E+0)
L33743E+01
. 32985E+01
.32386E+01
. 39134F.+01

.67981E+01
.62395FE+01
.10207F+02
.90709E+01
.81085E+01
LT2961E+01
.65994E+01
.59824E+01
L97567E+01

tiac verification v shaft BONDED 1/30/89 lLow tol.

S50LUTION TIME =

INTERFACE NUMBER

z

PLOT

x

NS BUNDO® SN D W

TAPE!l HAS BEEN WRITTEN AT TIME
RESTART TAPE30 HAS BEEN WRITTEN AT TIME

MASTER
ELEMENT

10000E+01
SLIDING

1
SLAVE
NOBDE
387
356
355
354
353
as2
351
350
341
342
343
344
345
146
347
348
349

1SPRG

NNNRNNRNRNNNNNNNNYNNN

INTERFAUE PARAMETEHRS

ETA

.100000E+01
~.100000E+01
.100000E+01
.100000E+01
.100000E+01
.100000E+01
.100000E+01
.100000E+01
.100000E+01
.100000E+01
.100000E+01
.100000E+01
.100000E+01
.100000E+01
.100000E+01
.100000E+01
-.100000E+01

.10000000E+01

.10000000E+01

NORMAL,
DISPLACEMENT
.000000E+00
-.900194E-09
.2457%2E-06
-.199189E-07
.0N0000E+Q0
.235249E-06
-.962682E-07
~.789465E-07
-.894231E-07
.000000E+00
.000000E+00
.000000E+00
.000000E+DD
.000000E+00
-.454794E-08
.89B4S51E-09
.432581E-09

B-44

TIME 00:00:00 DATE 00/00/00

NORMAL

FORCE
.353083E+00
.602953E+00
.640418F+00
.653749E+00
.653929E+00
.631410E+00
.599507E+00
.546836E+00
.498012E+00
.420122E+00
.345856E+00
.304825E+00
.290614E+00
L274795E+00
.264506E+00
L249928E+00
.130451E+00

JET 2.0

0173688



DATE 00/00/00 TIME 00:00:00 JFT 2.0 01/30/88

R R R R T R N R Y T TN RN
.

. JJ A ceceecreecee .
. JJ A A ce cec .
. JJ AA An ce .
* JJ AA AA cc .
. JJ AA AA cC .
. JJ AAAAAAAAAAA cc .
" JJ JJ AA AA cC 4
. JJ JJ AA AA cc cc .
. JJIIIIIIITIIII AA AA cceeeecccee *
. .
AR AAAR A C AR A AR AR R AR AN A AR AR R A AR QA AN AR IR AR AR AN RR RN AR AR RNASRARNARRANAN AR R OAARNSRRANRGRaRbkAREARARRERRARARARS

PROGRAMMED BY

JOHNNY H. BIFFLE

DIVISION 1521
SANDIA NATIONAL LABORATORIES
ALBUQUERQUE, NEW MEXICO 87185

INPU. DATA CARD IMAGES
jac verification v shaft DEBONDED without friction 1/30/89 Low tol.

1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567830

k] 9 2 6 1 0 2 1 1 0 3 1000 o 0.
0 0 0 0 0
304 357 102
1.506 1.506 1.649 1.344 1.773 1.174 1.878 .998
1.966 .813 2.034 .621 2.085 .422 2.117 .215
2.130 .000 1.644 1.644 1.785 1.465 1.908 1.278
2.013 1.C83 2.099 .882 2.167 . 672 2.217 .456
2.249 .232 2.262 .000 1.824 1.824 1.963 1.622
2.084% 1.412 2.188 1.195% 2.273 .971 2.340 L1739
2,389 .500 2.420 .254 2.433 .000 2.057 2.057
2.194 1.826 2.313 1.586 2.415 1.340 2.499 1.086
2,564 .826 2.613 .558 2.643 .282 2.656 .000
2.361 2.361 2.495 2.091 2. 011 1.813 2,710 1.528
2.792 1.237 2.856 . 938 2.903 .632 2.933 .320
2.946 .000 2.756 2.756 2.885 2.435 2.998 2,108
3.094 1.773 3.173 1.432 3.236 1.084 3.281 .730
3.310 .368 3.322 .000 3.269 3.269 3.393 2.883
3.501 2.491 3.593 2.092 3.669 1.687 3.729 1.27%
3.772 .856 3.800 .431 3.812 .000 3.936 3.936
4.053 3.466 4.155 2.989 4.242 2.506 4.313 2,017
4.370 1.522 4.411 1.621 4.437 .514 4.448 .000
4.804 4.804 4.911 4.223 5.005 3.637 5.085 3.045
5.151 2.447 5.203 1.844 5.241 1.235 5.265 .620
8.275 .000 §.931 5.93: 6.027 5.207 6.110 4.479
6€..92 3.745 6.240 3.006 6.286 2.262 6.320 1.513
6.342 L7599 6.351 .000 7.397 7.397 7.41 6.487
7.547 5.573 7.607 4.655 7.656 3.732 7.695 2.806
7,723 1.875% 7.741 .93 7.749 .000 9.302 9.302
9.363 8.151 9.415% 6.996 9.460 5.838 9.497 4.677
9.526 3.512 9.547 2.345 9.560 1.174 9.566 .000
11.780 11.780 11.814 10.313 11.843 8.845 11.869 7.376
11.889 5.964 11.906 4.431 11.918 2.956 11.92% 1.479
11.929 .000 15.000 15.000 15.000 13.125 15.000 11.250
19.000 9.375 15.000 7.500 15.000 5.625 15.000 3.750
15.000 1.875 15.000 . 000 1.344 1.649 1.4865 1.78%
1.622 1.963 1.82¢ 2.194 2.091 2.495 2.435 2.885
2.883 3.393 3.466 4.053 4.223 4.911 5.207 6.027
6.487 7.477 8.151 9.363 10.313 11.814 13.12% 15.000
1.174 1.773 1.278 1.908 1.412 2.084 1.586 2.313
1.813 2.610 2,108 2.998 2.491 3.501 2.989 4.155
3.637 5.00% 4.479 6.110 5.573 7.547 6.9%6 9.41
8.845 11.843 11,250 15.0060 .998 1.878 1.083 2.013
1.19% 2.188 1.340 2.415 1.528 2.710 1.713 3.094
2.092 3.593 2.5086 4.242 3.045 5.085 3.745 6.182
4.6%5 7.637 5.838 9.460 7.376 11.869 9.375 15.000
813 1.966 .882 2.099 .971 2.273 1.086 2.499
1.237 2.792 1.432 3.173 1.687 3.669 2.017 4.313
2.447 5,151 3.06G6 6.240 3.732 7.656 4.677 9.497
5.92 11.889 1.500 15.000 .621 2.034 .672 2.167
1 2.34%0 826 2.5864 .938 2.856 1.084 3.236
3.729 1.522 4.370 1.844 5.203 2.262 6.286
7.69% 20512 9.526 4.43! 11.906 5.625% 15.000
2.085 L4586 2.211 .500 2.389 .558 2.613
2.933 L7130 3.28% .856 3.772 1.021 4,411
5.241 L.513 6.323 1.875 1.723 2.345 9.547
11.918 3.7% 15.5560 L2195 2.11 .232 2.249
2.42¢ . 282 2.643 L3206 2.933 .368 3.310
3.85¢C .514 4.437 L6205 5.265 LT 6.342
17141 1Ll 9.%60 1.479 11.92% 1.87% 15.000
Z.13% L0070 2.262 .Go0 2.433 L0090 2.656
2.946 L300 1.322 L0090 3.812 L0602 4.448
& 5 L300 6. G0 1.749 L0006 9.5%66
1i.3e9 L0060 L5 2.580 L0060 2.087 L2306
9 el 1,920 L7185 1.834 . 966
N 5 3] R 1.4730 1.4 2.023% .0G60
7 .9 L3489 1,939 LS5 1.874 157
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1.790
1.980
1.827
1.398
1.844
1.492
1.841
1.564
1.319
1.614
1.153
1.280
1.064

.536

BB UL WL W RULWUWWWOWRLWRWWWLWWWLWRWRWLWULWWRLLWLWULLLWRLWWUWULWWWRWWLWWLLWYLWWLWWWWWWW WL

1.689
1.968
1.746
1.930
1.781
1.362
1.796
1.483
1.792
1.522
1.185
1.312
1.082
.881
.974
.157
.550
.607
.393
.190
.210
.000
1.649
2.034
1.344
.621

1.570
1.938
1.647
1.918
1.702
1.R80
1.735
1.326
1.749
1.414
1.217

1.119
.905
.700
.775
.564
.364
.402
.19S
.000
.000

1.772

2.085

1.174
.422

[

L2172
.372

2179
.870
.000
.673

.484
1.129
1.492
1.522
1.689
1.702
1.689
1.874
1.844
1.792
1.987
1.918
1.830
2.030
1.174

.422
1.773
2.085
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188
189

207
208
209
356
212
213

VUWWWLWLWWWWWOWWWwWwW
LWWWULWLWLWEWWWWW
w
NP PUWH WL WHRWERLUWWEWWLLLWLRLWWWLYWWRWRWLWLDUW LU WWWWWLWLYE w
WHRWWUWWUWWWWWWWLWWWW
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313

215
216
217
218
219
220

222

223

224

226

227

228

229

230

231

232

233
234

235

236
237
238
240
241

242
243
244
245
246
247
249
250
251
252
253
254
255
256
258
259
260
261
262
263
264
265
267
268
269
270
2171
272
273
274
276
277
278
279
280
281
282
283
285
286
287
288
289
290
291
292
294
295
296
297
298
127
300
301
302
303
304
141

306
307
308
309
310
155
312

313

314

315
316
169
3le

319

320

321

328

214
215
216
217
218
219
220
221

223
357
226
221
228
229
230
231
232
233

235
236
237
239
240
241
242
243
244
245
246
248
249
250
251
252
253
254
255
257
258
259
260
261
262
263
264
266
267
268
269
270
271
272
273
275
276
277
278
279
280
281
282
284
285
286
287
288
289
290
291
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311

312
313
314

315
316

327

B-48



322 183 197 328 2
323 324 330 329 2
324 325 331 330 2
325 326 332 331 2
326 327 333 332 2
327 328 334 333 2
328 197 211 334 2
329 330 336 335 2
330 331 337 336 2
331 332 338 337 2
332 333 339 338 2
333 334 340 1339 2
334 211 225 340 2
-4 9 18 27 36 4% 54 63 72 81 90 99 108 117 126 -5
238 237 236 235 234 233 232 231 230 229 228 227 226 225 340 339
338 337 336 335 -6 284 275 266 257 248 239 349 -7 357 ~8 126

125 124 123 122 121 120 119 118 -9 118 140 154 168 182 196 210
224 238 -10 225 211 197 183 169 155 141 127 1 2 3 4 S

6 7 8 9 =11 357 356 355 354 353 352 351 350 341 342 343
344 345 346 347 348 349
1 1 .00 .00 10.00
LINEAR ELASTIC MATERIAL
.00
15200.00
.22
.00
.00
.00
.00
.0
1 .00 .00 10.00
LINEAR ELASTIC MATERIAL
28000.00
.15
00
00
Q0
.00
.0
3 1 .00 .00 10.00
LINEAR ELASTIC MATERIAL
.00
15200.00
.22
.00
.00
00
.00
.0
1 2 SOLUTION
.000 1.000 1.000 1.000
2 2 OUTPUT
.000 1.000 1.000 1.000
3 2 STARTING VECTOR CONTROL
.000 1.000 1.000 1.000
4 2 CONSTRAINT ~ CODE 2.
0. 0. 1. 0.
5 2 CONSTRAINT ~ CODE 1.
0. 0. 1. 0.
6 2 CONSTRAINT ~ CODE 2.
0. 0. 1. 0.
7 2 CONSTRAINT ~ CODE 1.
0. 0. 1. 0.
8 2 PRESSURE ~1.
0. . 1. 1.
9 2 PRESSURE ~1.
[ 1. 1. 1.
4 4 2.0 .000 .000
5 s 1.0 .c00 .000
6 6 2.0 .000 .000
7 7 1.0 .000 .000
8 8 -1.0 7.530 .000
9 9 -1.0 2.830 .000
10 11 2.0 1.0e-05 1.0e+10
.3E-04 +2E~01
ljac verification v shaft DEBONDED without friction 1/30/89 Low tol. TIME 00:00:00 DATE 00/00/00 JFT 2.0 01/30/88

jac verif:ication v shaft DEBONDED without friction 1/30/89 Low tnl.
NUMBER OF ELEMEMTS ~==w-cmccmeomaeeoo 304
NUMBER OF NODES ======-
HUMBER OF BOUNDARY FLAGS =---~-c-=---au 102
CONTROL CARDS
ITEM VALUE CARD FIELD

NUMBER OF MATERIALS =-==-==-csecoomeann 3 1 1- 5
TOTAIL NUMBER OF FUNCTIONS =~=-=-= 9 1 6-10
MAXIMUM NUMBER OF FUNCTION POINTS - 2 1 11-1%
NUMBER OF BOUNDARY CARDS 6 1 16-20
NUMBER OF SLIDING INTERFACES - 1 1 21-25
GEOMETRY TYPE PARAMETER 0 1 26-30
PRINT OUTPUT FUNCTION NUMBER -- 2 1 31-35
SOLUTION CONTROL FUNCTION NUMBER - 1 1 36-40
NODE4 PARAMETER 1 1 11-45
NCDE4 FUNCTION NUMBER 0 1 46-50
TRIAL DISPLACEMENT FUNCTION NUM 3 1 51-55
MAXIMUM NUMBER OF ITERATIONS ALLOWED -- 1000 1 56-60
TEMPERATURE PARAMETER ~-=-----wc--oomooo 0 1 6.-65
-~ .10000E+01} 1 71-80

FUNCTION -~ [ 2 iI-5

- 0 2 6-10

o 2 11-15

NUMBER 0 2 16-20

FUNCTION NUM ¢ 2 21-2%

. PRINT PARAMETER =------- 0 2 26-30

B-49



PLANE STRAIN PROBLEM
CORE STORAGE REQUIRED IS 18887 WORDS.
MAXIMUM MEMORY WHICH IS AVAILABLE 1S 50000 WORDS.
tjac verification v shaft DEBONDED without friction 1/30/89 Low tol.

MATERIAL PROPERTIES

OMATERIAL NUMBER 1

0 TYPE NO.= 1

0 DENSITY = .000000E+00

0 BIRTH TIME = .000000E+00

0 DEATH TIME = .100000E+02

LINEAR ELASTIC MATERIAL
.000E+00 .000E+00 .000E+00 .000E+00 .000E+00
.152E+05 .000E+00 .000E+00 .000E+00 .QCOE+00
+220E+00 .000E+00 .000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00 .000E+00 .0DO0E+00
.000E+00 .Q00E+00 .000E+00 .000E+0C .000E+D0
.00DE+00 .000E+00 .000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00 .000E+00 .QO0E+00
.000E+00 .000E+0G0 .0COE+00D .D00E+00 .000E +00

tjac verification v shaft DEBONDED without friction 1/30/89 Low tol.

MATERIAL PROPERTIES

OMATERIAL NUMBER 2

0 TYPE NO.= 1

0 DENSITY = .000000E+00D

0 BIRTH TIME = .000000E+00

0 DEATH TIME = .100000E+02

LINEAR ELASTIC MATERIAL
.000E+00 .000E+00 .000E+00 .000E+00 .Q00E+00
.2B80E+05 .000E+Q0 .000E+00 .000E+00 .000E+00
.150E+00 .000E+00 .000E+00 .000E+00 .Q00E+00
.Q00E+00 .000E+00 .000E+00 .000E+00 .QO00E+00
.000E+00 .000E+00 .000E+00 .0DDE+00 .000E+00
.CO0E+00 .0D0E+00 .000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .Q00E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00 .C00E+00 .000E+00

ljac verification v shaft DEBONDED without friction 1/30/89 Low tol.

MATERIAL PROPERTIES

OMATERIAL NUMBER 3

0 TYPE NO.= 1
0 DENSITY = .000000E+00
0 BIRTH TIME = .000000E+00
0 DEATH TIME = .100000E+02
LINEAR ELASTIC MATERIAL
.000E+0Q0Q .000E+00 .000E+00 .000E+00 .000E+00
J152E+08 .000E+00 .000E+00 .0D0E+00 .000E+00
.220E+00 .000E+00 .000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00 .000E+00 .000E+0C
.000E+00 .000E+00 .000E+00 .000E+00 .000E+00
.000E+00 .000E+00 «000E+00 .000E+00 .000E+00
L000E+00 .000E+00 .000E+00 .000E+00 .0D0E+00
ljac verification v shaft DEBONDED without friction 1/30/89 Low tol.
FUNCTIONS
NAME SOLUTION
DISCRIPTION GF FUNCTION 1 WHICH CONTAINS 2 POINTS
NUMBER TIME VALUE
1 .00000E+00 .10000E+01
2 .10000E+01 .10000E+01
NAME QUTPUT
DISCRIPTION OF FUNCTION 2 WHICH CONTAINS 2 POINTS
NUMBER TIME VALUE
1 .00000E+00 .10000E+01
2 .10000E+01 .10000E+01
NAME STARTING VECTOR CONTROL
DISCRIPTION OF FUNCTION 3 WHICH CONTAINS 2 POINTS
NUMBER TIME VALUE
1 .00000E+00 .10000E+01
2 .10000E+01 .10000E+01
NAME CONSTRAINT - CODE 2.
DISCRIPTION OF FUNCTION 4 WHICH CONTAINS 2 POINTS
NUMBER TIME VALUE
1 .00000E+00 .00000E+00
2 +10000E+01 .00000E+0D
NAME CONSTRAINT - CODE 1.
DISCRIPTION OF FUNCTION 5 WHICH CONTAINS 2 POINTS
NUMBER TIME VALUE
1 .00000E+00 .00000E+00
2 .10000E+01 .00000E+00
NAME CONSTRAINT - CODE 2.
DISCTRIPTION OF FUNCTION 6 WHICH CONTAINS 2 POINTS
NUMBER TIME VALUE
1 .00000E+00 .GOO0O0E+OC
2 .10000E+01 .00000E+00

Ia\
W
<

TIME 00:00:00 DATE 00/00/00 JFT 2.0 01/30/88

.000E+00 .000E+00 .000E+00
.000E+00 .000E+0C .000E+00
.000E+00 .000E+00 -000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .D0DE+00D
.000E+00 .000E+00 .QC0E+00
.D00E+00 .000E+00 .000E+00

TIME 00:00:00 DATE 00/00/00 JFT 2.0 01/30/88

.000E+0D .000E+00 .000E+00
LOCOE+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.0DDE+00 .C00E+00 .000E+00
L.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .G00E+00
.000E+00 .000E+00 .000E+00
.000E+00 .Q00E+00 000E+00

TIME 00:00:00 DATE 00/00/00 JF’i‘ 2.0 01/30/88

.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+0Q0
.Q00E+00 .D00E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .0C0E+00

TIME 00:00:00 DATE 00/00/00 JFT 2.0 01/30/88



NAME CONSTRAINT -~ CODE 1.

DISCRIPTION OF FUNCTION

7 WHICH CONTAINS

NUMBER TIME VALUE
1 .00000E+00D .00000E+00
2 -10000E+01 .00000E+00
NAME PRESSURE -1,
DISCRIPTION OF FUNCTION 8 WHICH CONTAINS
NUMBER TIME VALUE
1 .00000E+00 .1000CE+01
2 .10000E+01 .10000E+01
NAME PRESSURE -1.
DISCRIPTION OF FUNCTION 9 WHICH CONTAINS
NUMBER TIME VALUE
1 .00000E+00 .10000E+01
2 .10000E+01 .10000E+01

2 POINTS

2 POINTS

2 POINTS

l1jac verification v shaft DEBONDED without friction 1/30/89 Low tol.

DISPLACEMENT AND

FORCE BOUNDARY CONDITIONS

TIME 00:00:00 DATE 00/00/00 JFT 2.C

IFLAG FUNCTION CODE ux vy
4 4 2.00000 .00000E+00 .00000E+00
5 S 1.00000 .00000E+00 .00000E+00
6 6 2.00000 .0000UE+00 .00000E+00
7 7 1.00000 .00000E+00 .00CO0OE+00
8 8 -1.00000 .75300E+01 .00000E+00Q
9 9 -1.00000 .28300E+01 .COCOQOE+00
PRESSURE BOUNDARY CONDITIONS
NUMBER NODES FUNCTION NORMAL TANGENT
1 126 125 8 .753000E+01 .000000E+00
2 125 124 8 .753000E+01 .000000E+00
3 124 123 8 .753000E+01 .000000E+00
4 123 122 8 .753000E+01 .000000E+00
H) 122 121 8 +753000E+01 .000000E+00
6 121 120 8 .753000E+01 .000000E+00
7 120 119 8 .7S3000E+01 .000000E+00
8 119 118 8 .753000E+01 .000000E+00
9 118 140 9 .283000E+01 .000000E+00
10 140 154 9 .283000E+01 .000000E+00
11 154 168 9 +283000E+01 .000000E+00
12 l68 182 9 .283000E+01 .000000E+400
13 182 196 9 .283000E+01 .000000E+00
14 196 210 9 .283000E+01 .000000E+00
15 210 224 9 .283000E+401 .000000E+00
16 224 238 9 .283000E+01 .000000E+00
DISPLACEMENT BOUNDARY CONCITIONS
NUMBER NODE FUNCTION CODE uUx uy
1 9 4 .200000E+01 .000000E+00 .000000E+00
2 in 4 .200000E+01 .000000E+00 .000000E+D0D
3 27 4 .2000C0E+01 .000000E+00 .000000E+00
4 36 4 .200000E+01 .000000E+00 .000000E+00
S 45 4 .200000E+01 .000000E+00 .000000E+00
6 54 4 .200000E+01 .000000E+00 .000000E+00
7 63 4 .200000E+01 .000000E+00 .000000E+00
8 72 4 .200000E+01 .000000E+00 .Q000Q0E+00
9 81 4 +200000E+:01 .000000E+00 .000000E+00
10 90 4 .2000008+01 .000000E+00 .000000E+00
1 99 4 .200000E+01 .000000E+00 .000000E+00
12 108 4 .200000E+01 .000000E+00 .000000E+00
13 117 4 .200000E+01 .000000E+00 .000000E+00
14 126 4 .200000E+01 .000000E+00 .000000E+00
15 238 5 +100000E+01 .000000E+00 .000000E+00
16 237 5 .100000E+01 .000000E+00 .000000E+00
17 236 S .100000E+01 .000000E+00 .000000E+00
18 235 5 -100000E+01 .0000C00E+00 .000000E+00
19 234 5 .100000E+01 .000000E+00 .000000E+00
20 233 5 .100000E+01 .000C00E+00 .000000E+00
21 232 5 .100000E+01 .000000E+00 .000000E+00
22 231 S -100000E+01 .000000E+00 .000000E+00
23 230 S .100000E+01 .000CO00R+00 .000000E+00
24 229 5 .100000E+01 .000000E+00 .000000E+00
25 228 5 .100000E+01 .000000E+00 .000000E+00
26 227 5 .100000E+01 .000000E+00 .000000E+00
27 226 S .100000E+01 .000000E+00 .000000E+00
28 225 5 .100000E+01 .000000E+00 .000000E+00
23 340 5 .100000E+01 .000000E+00 .000000E+00
30 339 S .100000E+01 .000000E+00 .000000E+00
31 338 5 .100000E+01 .000000E+00 .000000E+00
32 337 5 .100000E+01 .000000E+00 .000000E+00
33 336 5 .10000CE+01 .000000E+00 .000000E+00
34 335 5 .100000E+01 .000000E+00 .000000E+00
35 284 6 .200000E+01 .000000E+00 .000000E+00
36 275 6 .200000E+01 .000000E+00 .000000E+00
37 266 6 .200000E+01 .000000E+00 .000000E+00
38 257 6 .200000E+01 .000000E+00 .000000E+00
39 248 6 .200000E+01 .000000E+00 .000000E+00
40 239 6 +200000E+01 .000000E+00 .DD0000E+0D
41 349 6 .200000E+01 .000000E+00 .000000E+00
42 3587 K .100000E+01 .000000E+00 .000000E+00

ljac verification ; shaft DE

NUMBER

BONDED without friction 1/30/89 Low tol.

SLIDING INTERFACE PARAMETERS

NORMAL DISPLACEMENT NORMAL FORCE

MASTER SLAVE COEFFICIENT OF
FLAG FLAG FRICTION TOLERANCE
10 11 .00000E+00 .10000E-04
16 MASTER ELEMENT SIDES FOR INTERFACE 1
NUMBER NODES

B-51

TIME 00:00:00 DATE 00/00/00 JFT 2.0

TOLERANCE
.10000E+11

01/30/88

01/30/88

ADDITIONAL MASTER FLAGS

0 0 o] [ 0



1 211 225

2 197 211

3 183 197

4 169 183

S 155 169

6 141 155

7 127 141

8 1 127

9 2 1

10 3 2

11 4 3

12 5 4

13 6 5

14 7 6

15 8 7

16 9 8

17 SLAVE NODES FOR INTERFACE 1

NUMBER NODES
1 357
2 356
3 355
4 354
S 353
6 3s2
7 351
8 350
9 341
10 342
11 343
* 12 344
13 345
14 346
15 347
16 348
349

1jac verification v shaft DEBONDED without friction 1/30/89 Low tol. TIME 00:00:00 DATE 00/00/00 JFT 2.0 01/30/88

STARTING TIME -- .00000E+00
FINAL TIME ==~~~ ~ .10000E+01
DISPLACEMENT TOLERANCE - -~ .30000E-04
FORCE TOLERANCE -==-==v===w=-- .20000E-01

CORE STORAGE REQUIRED IS 22077 WORDS.
INITIAL STRESSES

ELEMENT SIGX SIGY SIGZ SIGXY
1 .00000 .00000 .00000 .00000
2 .00000 .00000 .00000 .00000
3 .00000 .00000 .00000 .00000
4 .00000 .00000 .00000 .00000
) .00000 .00000 .00000 .00000
6 .00000 .00000 .00000 .00000
7 .00000 .00000 .00000 .00000
8 .00000 .00000 .00000 .00000
9 .00000 .00000 .00000 .00000
10 .00000 .00000 .00000 .00000
11 .00000 .00000 .00000 .00000
12 .00000 .00000 .00000 .00000
13 .00000 .00000 .00000 .00000
14 .00000 .00000 .00000 .00000
15 .00000 .00000 .00000 .00000
16 .00000 .00000 .00000 .00000
17 .00000 .00000 .00000 .00000
18 .00000 .00000 .00000 .00000
19 .00000 .00000 .00000 .00000
20 .00000 .00000 .00000 00000
21 .00000 .00000 .00000 .00000
22 .00000 .gooc00 .00000 .00000
23 .00000 .00000 .00000 .00000
24 .00000 .00000 .00000 .00000
25 .00000 .00000 .00000 .00000
26 .00000 .00000 .00000 .00000
27 .00000 .00000 .00000 .00000
28 .00000 .00000 .00000 .00000
29 .00000 .00000 .00000 .00000
30 .00000 .00000 .00000 .00000

1 .00000 .00000 .00000 .00000
32 .00000 .00000 .00000 .00000
23 .00000 .00000 .00000 .00000
34 .00000 .0co000 . 00000 .00000
35 .00000 .00000 .00000 .00000
36 .00000 .00000 .00000 .00000
37 .00000 .00000 .00000 .00000
38 .00000 .00000 .00000 .00000
39 .00000 .0c000 .00000 .00000
40 .00000 .00000 .00000 .00009
4l .00000 .00000 .00000 .00000G
42 .00000 .00000 .00060 .00000
43 .00000 .00000 .00000 .00000
44 .00000 .00000 .00000 .00000
45 .00000 .00000 .00000 .00000
46 .000060 .00000 .00000 .00000
47 .00000 .00000 .00000 .00000
48 .00000 .00000 .00000 .00000
49 .00000 .00000 .00000 .00000
50 .00000 .00000 .00000 .00000
51 .00000 .00000 .00000 .00000
S .00000 .00000 .00000 .00000
43 .00000 .00000 .00000 .00000
54 .00000 .00000 .00000 .00000
59 .05000 .00000 .00000 .00000
56 .00000 .00000 .00000 .00000
57 .60000 .00000 .00000 .00000

B-52



161
162
163

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.000600

00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
-00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000C
.00000
.00000
.00000
.00000
.00000

.00000
.00000
.00000
.oocon0
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00060
.00000
.00000
.00000
00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.000C0
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00C00
.00000
.00000
.00000
.00000
.00000
.00000
.0000¢
.00000
. 00000
.00000
.00000
.00000

00000
00000
00000
00000
00000

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

00000
00009
00000
00000

.00000

00000
00000
00000
00000

.00000
.00000

00000

.00000
.00000
.00000

00000
00000
00000
00000
00000

.00000
.00000
.00000

00000

.00000
.00000

00000
00000

.00000
.00000
.00000
.00000

00000
00000

.00000

00000
00000

.00000
. 00000
.00000
.00000
.00000

00000
00000

.00000
00000

00000

.00000
.00000
.00000
.00000
.00000

00000

.00000
00000

00000

.00000
.00000
.00000
.00000

00000

.00000
.00000
.00000
.00000
.00000
.00000
.00000
. 00000
.00000
.00000

00000

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. 00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. 00000

.00000
.00000
.00000
.00o000
.00000
.00000
.00000
.00000
.00000
.00000
00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. 00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. 00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. 00000
.00000
.00000
.00000
.00000
.00000
-00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. 00000
.0C000
.00000
.00060
.00000



.00000
.00000
. 00000
.00000
. 00000
. 00000
. 00000
. 00000
.00000
.00000
.00000
. 00000
.00000
.00000
.00000
. 00000
.0o0000
.60000
.00000
. 00000
.00000
.00000
.00000
.00000
.00000
. 00000
.00000
.00000
.00000
.00000
. 00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. 00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.60000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
00000
. 00000
.00000

.00000
.00000
.00000
.00000
.000060
-00000
.0o0000
.00000
.00000
.00000
.00000
.60000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
00000
.00000
.00000
.00000
.00000
.00000
.0oooeo
.0o000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.goco0
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. 00000
.00000
.go000
.00000
.00000
-00000
. 00000
.00600

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.0n00o
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.0C000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

B-54



270 .00000 .00000 .00000

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.006000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

271 .00000 .00000 .00000
272 .0000C .00000 .00000
273 .00000 .00000 .00000
274 .00000 .00000 .00000
275 .00000 .00000 .00000
276 .00000 .00000 .00000
217 .00000 .00000 .00000
278 .00000 .00000 .00000
279 .00000 .00000 .00000
280 .00000 .00000 .00000
281 .00000 .00000 .00000
282 .00000 .00000 .00000
283 .00000 .00000 .00000
284 .00000 .00000 .00000
285 .00000 .00000 .00000
286 .00000 .00000 .00000
287 .00C00 00000 .00000
288 .00000 .00000 .00000
289 .00000 .00000 .00000
290 .00000 .00000 .00000
291 .00000 .00000 .00000
292 .00000 .00000 .00000
293 .oo0000 .00000 .00000
294 .00000 ,00000 .00000
295 .00000 .00000 .00000
296 .00000 .00000 .00000
297 .00000 .00000 .00000
298 .0c000 .00000 .00000
299 .00000 .00000 .00000
300 .00000 .00000 .00000
301 .00000 .00000 .00000
302 .00000 .00000 .00000
3c3 .00000 .00000 .00000
304 .00000 .00000 .00000
jac verification v shaft DEBONDED without friction 1/30/89 Low tol.
SOLUTION TIME = .10000E+01
OUTPUT FOR LOAD INCREMENT 1

SUM OF X OR R REACTIONS -~
SUM OF Y OR Z REACTIONS -
NORM OF APPLIED FORCES -
RESIDUAL FORCE NORM ==-=--
RESIDUAL FORCE TOLERANCE ---=

INCREME

CPY TIME FOR LOAD STEP
TOTAL CPU TIME --=-------

NUMBER ITERATIONS ON FIRST PASS -~---
NUMBER COF ITERATICNS ON SECOND PASS ---
NCDE4 PARAMETER
TRIAL DISPLACEMENT FACTOR =~-

2ac verification v shaft CEBONDED without friction

SOLUTION TIME = .10000E+01

NODE X Y ux
i L15060E+ 01 .15060E+0! ~.10836E-02 -
2 16490E+01 .13440E+01 ~.13606E-02 -
3 L17730E+01 .11740E+01 ~-.16308E-02 -
4 -1B780E+01 .998C00E+00 -.18724E-02 -
3 .19860E+01 .81300E+00 -,20840E-02 -
6 C340E+01 .62100E+00 -.22540E-02
7 .2C850E+01 .42200E+00 23757g-02 -
8 L211T0E+CY .21500E+00 .24499E-02 -,
k] .21300E+01 .000C0E+00 -.24766E-02

10 .16440E+01 .16440E+01 -.16730E-02

13 .17850E+01 .14650E+01 -.18774E-02

12 .1908D0E+01 .12780E+01 ~-.20566E~-02

13 2C130E+01 .10830E+01 -.22120E-02

i4 . 20990E+01 .88200F+00 -.23276E-02

13 .21670E+01 .67200E+00 -.24153E-02

16 L22170E401 .45600E+00 -.246B4E-02

17 ©22490E+401 .23200E+00 -.24982E-02

18 ©22620E+01 .00000E+00 ~-.25062E-02

19 .18240E+01 .18240E+01 -.16092E-02

20 .19630E+01 .16220E+01 ~.18130E-02

21 .20840E+01 .14120E+01 -,20031E-02

22 .21880E+01 .11950E+401 -.21707E~02

2 .22730E+01 .97100E+00 ~,23094E-02

24 .2340GE+01} .7390CE+00 =-.24124E-02

25 .2389CE+01 .S000QE+00 -.24819E-02

26 .24200E+01 .25400E+00 ~.25223E-02

21 .24330E+01 .CO0000E+00 ~-.25332E-02

28 .20570E+01 .20570E+01 ~-.15822E-02

29 .21940E+01 .18260E+01 -.17776E-02

a0 .23130E+01 -15860E+01 -.19700E-02

31 .24150E+01 .1340CE+01 ~-.21442E-02 -.

32 .24990E+01 .10B60E+0]1 -.22925E-02

i3 L25640E+0) . B2600E+GD  ~.24141E-02

44 L28130KE+01 .95800E+00 -.2498B6E-02 -,

35 .26430E+01 .28200E+0C -.25476E-02 ~-.

36 .26560E+01 .00000E+00 ~.25677E-02

37 .23610E+01 .23610E+01 ~.16017E-02

38 .24950E+01 .20910E+01 -.17860E-02

39 L26110E+01 .18130E+01 -.19685E-02 ~

40 L27100E+01 .15280E+01 =~-.21424E-02 ~-.

41 L27920E+01 .12370E+C1  ~,22970F-02 -

42 .28560E+01 L93800E+Q0  ~.24277E-02 -~

413 L2903D0E+C1 .63200E+00 ~.25243E-02 -~

44 L2933CE+C1 .32000E+00  -~,25850E-02 -
S L29460E+01 .00CCCE+CC  -.26053F~02

46 L27560E01 .2156CE+01  ~.16786E-02 -.

47 L 28B50E+0! L24350E+31  -~.18449£-02 ~

48 L2938SEV0] L21080E+01 ~.20155E-02 -~

~.11307E+03
-.41616E+02

141
0
1

.170
.634
.192

62E+04
26E+400
80E~01

.20963E-02
.16667E-01

.000
.000

.100

C0E+00
00E+00

QCE+01

1/30/89 Low tol.

uy
.27672E-03
.38%45E-03
.44517E-03
.45315E-03
.41874E-03

-.34713E-03

.24717E-03
12927E-03
.00000E+00
.23938E-03
.18868BE-03
.14497E-03
.11082E-03
.84642E-04
.62680E-04
.43239E-04
.25094E-04
.00000E+00C
.15409E-03
.10570E-03
.6999BE-04
<40229E~04
.26739E-04
.18411E-04
.14241E~04
.68B64E-05
.0D0OCE+00
.85364E-04
.38347E-04
.22963E-05
17272E-04

-.25007E-04
~.24618E-04

17503E-04
B0787E-05
.00000E+00
.27316E-04

-.12857E-04

.46652E-04
€5461E-04
.69520E-04
.61961E-04
.45480E-04
.24211E-04
.00000E+00
14583E-04
.52807E-04
-81141E-04

NODE

TIME 00:00:00 DATE 00/00/00 JFT 2.0

TIME 00:00:00 DATE 00/00/00 JFT 2.0

X Y
.33930E+01 .28830E+01}
.35010E+01 L24910E+01}
.35330E+01 .20920E+01
.3G690E+01 .16870E+01
.37290E+01 L12750E+01
.37720E+01 .B5600E+00
.38000E+01 .43100E+00
.38120£+01 .00000E+00

.39360E+01 .39360E+01
.40530E+01 .34660E+01
.41550E+01 .298B90E+01
L42420E401 .25060E+01
.43130E+01 .20170E+01
.43700E+01 .15220E+401
.44110E+01 -1021GF+01
.4437QE+01 .51400E+C0
.44480E+01 .000C0E+00
.48040E+01 .4B040E+01
.49110E+01 .42230E+401
.50050E+01 .36370E+01
.50850E+01 .30450E+01
.51510E+01 .24470E+01

.52030E401 .18440E+01
.52410E+01 +12350E+01
.52650E+01 .62000E+0C
.527S0E+01 .0C000E+00
.59310E+01 .S9310E+0!
.60270E+01 .52070E+01
.61100E+01 -44790E+01
.61820E+01 .37450E+401
.62400E+01 .30060E+01
.62860E+0! .22620E+01
.6320C0E+01 .15130E+01

.63420E+01 .759C0E+00
.63510E+01 .00000E+00

.73970E+01 .73970E+01
.T74770E+01 .64870E+01
.75470E401 .55730E+401
.76070E401 .46550E+01
.76560E+01 .37320E+01
.7T6950E+01 .2B060E+01
.77230E+01 .18750E+01
LT7410E+01 .93900E+00
.77490E+01 .00000E+0C
©93020E+C1 £ 93020E+01
.93630E+:01 .B1510E+01
. 84150E+01 .69960E+01
.947%00E+0Q1 .58380E+01

L T I R I B I I

[ R B R B I |

e

ux
.19717E~-02
21242E~02
.22793E~02
.24267E~-02
.2559SE~02
.26613E~02
«27311E~02
.27571E~02
.20393E~02
.21701E~02
.23109E~02
+24502E~-02
.25890E~02
+27119E~02
.28137E-02
.28821E~02
.29039E~02
+23527E-02
.24719E~-02
.25920E~02
.27185E~02
.28415E-02
.29588E~02
.30511E-02
.31162E~02
.31404E~-02
.27854E-02
.28862E-02
.29964E-02
.31066E-02
.32174E-02
.33193E-02
.34099E-02
.34662E-02
.34902E-02
.33566E-02
.34503E-02
.35419E-02
.36452E~02
.37459E-02
.38390E~-02
.39155E-02
.39710E-02
.19898E-02
.40882E-02
L41774E-02
.42728E-02
.4363BE-02

[ I N I A |

01/30/88

01/30/88

uy

.79847E-04
-10460E-03
L12111E-03
.12217E-03
.10948E-03
.B2627E~04

44415E-04

.00C00E+00
.87205E-04
.11029E-03
.12588E-03
.13627E-03
.13626E-03
.11949e-03

90099E-04

.49584E-04

00000E+0N

«12714E-03
.13604E-03

14792E-03

.15095E-03
.14264E-03

12768E~03

.96731E-04
.51027E-04
.00000E+00
.17831E-03
.17967E-03
L17725E-03
-17410£-03
.16379E-03
.13785E-03
.10194E-03
.56186E-04
.20000E+00

25569E-03

.24072E-03
.22644E-03
.20794E-03
.1834BE-03
.15616E~-03
.11431E-03
L9BB82E-04
.0000CE+D0
©39324E-03
L35313E-03
.31494E-03
~.27681E-03



SOLUTION TIME =
NODE

SOLUTION TIME =
NODE

221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241

242
243
244

245
246
247

248

249
250
251

252

253
254
255
256
257

[

i 0

[}

[ I R

IR R AN

t

[l

1

.30940F.+01 .17730E401 - .21809E-02
L31730E+01 .14320E+01 ~-.23371E-02
.32360E+01 .10840F+01 ~.24693E-02
.32810E1401 .73000E+00 ~-.25744E-02
.33100E+01 .36800E+00 -.26378E-02
.33220E401 .00000E+00 -~-.26630E-02
.32690E+01 .32690F+01 -.18156E-02
jac verification v shaft DEBONDED without friction
.10000E+01
X Y ux
.11843E4+02 .88450E+01 ~.52001E-02
11869402 .13760FE+01  -.53010E~02
.118B9E+02 .59040F+01 ~.53965E-02
.11906E+402 .44310E+01  ~-.54906E-02
.11918E+02 .29560E+01 -.556B2E-02
.11925E+402 .14790E+01 -.56235E-02
L11929E+02 .00000E+00 -.56422E-02
.15000E+02 .150DDE+02 ~-.62G50E-02
.15000E402 .13125E+02 -.63002E-02
.15000E+02 .11250E+402 -.63997E-02
.15000E+02 .93750E+01 ~-.65012E-02
.15000F+02 .75000E+01 -.66129E~-02
.15000E+02 .56250E+01 ~-.67137E-02
.15000F+02 .37500F+01 -.68088E-D2
15000E402 .18750E+01 ~.68754E-02
15000E+C2 .000Q0OE+00 ~-.69021E-02
.13440E+0) .16490E+01 -.84601E-03
.14650E4+01 .17850E+01 -.14738E-02
. 16220E401 .19630FE+01 ~-,14106E-02
.18260E+01 .21940E+01 -.13859E-02
.20910E+01 .24950E+01 ~.14011E-02
.24350E+01 .28850E+01 -.1469SE-02
.28830E+01 .33930E+01 -.15936E-02
.34660E+01 .40530E+01 =-.17871E-02
.42230E+01 .49110E+01 -.20632E-02
.52070E+01 .60270E+01 -,24412E-02
.648B70E+01 .74770E+01 - ,29421E-02
.81510E+01 +93630E+01 35840E-02
.10313E+02 .11814E+02 43891E-02
.13125E+02 .15000E+02 -.54150E-02
.11740E+01 .17730E+01 ~-,64230E-03
.12780E+01 .19080E+01 -,12692E-02
.14120E401 .20840E+01 ~-.12136E-02
.15860E+01 .23130E+01 ~-.11816E~-02
-18130E+01 .26110E+01 -.12006E-02
.21080E+01 .29980E+01 ~.12559E-02
.24910E+01 .35010E+01 ~.13641E-02
.29B90E+01 .41550E+01 ~,15302E-02
36370E+01 .50050F+01 ~-.17668BE-02
-44790E+01 .61100E+01 -.20935E-02
.55730E+01 .75470E+01 -.25193E-02
69960E+01 .94150E+01 -.30754E-02
.BB450E+01 .11843E+02 -.37647E-02
.11250E+02 .15000E+02 -.46252E-02
.99800E+00 .18780E+01 ~-.48050E-03
.10830E+01 .20130E+01 -.10660E~02
~11950E+01 .21880E+01 ~-.10208E-02
.13400QE+01 .24150E+0) ~-.99625E-03
.15280E+01 .27100E+401 -.10010E-02
<1773Q0E+01 .30940E+01 ~,10441E-02
.20920E+01 .35930E+01 ~-.1132BE-02
.25060E+01 .42420E+01 ~-.12691E-02
.30450E+01 .50850E+0! =~,14662E-02
.37450E+01 .61820E+01 ~-.17402E-02
.46550E+01 .76070E+01 -.20982E-02
jac verification v shaft DEBONDED without friction
.10000E+01
X Y ux

.93900E+00 .77410E+01 ~-.41410E-03
.11740E+01 .95600E+01 -.5066BE~03
.14790E+01 .11925E+02 ~-.62618E-03
.18750E+01 .15000E+02 -.74964E-03
.00000E+00 .21300E+01 .00000E+00
.00000E+00 .22620E+01 .DDDOOE+00
.0CO0QE+0Q0 .24330E+01 .00000E+00
.00000E+00 .26560E+01 .00000E+G0O
.00000E+00 .29460E+0] .000L0E+00
.0000CE+0D0 .33220E+01 .00000E+00
.00000E+0CO .38120E+01 .00000E+00
.00000E+00 .44480E+01 .00000E+00
.00000E+00 .52750E+01 .00000E+00
.00000E+00 .63510E+01 .DODODE+00
.00000E+0D0 .77490E+01 .00000E+00
.0000CE+D0 .95660E+01 .00000E+00
.000C0E+0D .11929E+02 .Q0000E+00
.00000E+DO .15000E+02 .00000E+00
.20800E+01 .00000E+00 -.2475%E-02
-20670E+01 .2060CE+00 ~.,24526E-02
.20360E+01 .40500E+00 -.23848E-02
.19870£+01 .59800E+00 ~.22708E-02
.19200E+01 .78500E+00 =-.21102E-02
L 18340E+01 .96600E+00 ~.19082E-02
~17310E+01 .114D0E+0]1 ~-.16721E-02
L16100E+01 .13080E+01 -.14078E-02
.14700E+01 .14700E+01 ~-.11315E-02
-20300E+D1 .00000E+00 ~-.24767E-02
L20170E+01 .19700E+00 ~-.24558E-02
.19870E+01 .38900E+00 ~.23931E-02
.19390E+01 .57500E400 ~.22875E-02
.18740E+01 LI5T7Q0E+00  -.21366E-02
.17900E+01 .93400E+00 -.19441E-02
.16890E+01 11050E+01  ~-.17160E-02
.15700E+01 L12720E+01  ~-.14543E-02
14340E+01 .14340E+01 ~-.11775E~02
.19BO0E+D] .00000E+Q0 ~.24777E-02
.19680E+01 L188U0E+ 0G0 ~-.24594E-02

258

.9T951E-04 104
.10264E-03 105
.91239E-04 106
.68035E-04 107
.36488E-04 108
.00000E+00 109
.52026F-04 110
1/30/89 Low tol.
vy NODE
.48153E~0) 166
L41295k-03 167
.33924E-03 168
.26702E~-03 169
.18242E-03 170
.89647E~04 m
L.00000E+00 172
.90 14E-03 1713
.82215E-023 174
.74076E-03 17%
.65828E-03 176
.56599E-03 177
.45206E-03 178
.32176E-03 179
.17061E~03 180
.00000E+00 181
.13494E-03 182
.30280E-03 183
.22814E-03 184
.158B0E-03 185
.96295E-04 186
.45204E-04 187
.26028E-05 188
.45870E-04 189
.90600E-04 190
14557E-03 191
L22244E-03 192
.34482E-03 193
.54014E-03 194
.81149E-03 195
.63037E-05 196
.36727E-03 197
.30020E~-03 198
.23600E-03 199
.17222E-03 200
.11328E-03 201
.59244E-04 202
.T71932E-05 203
.46462E-04 204
.10618E-03 205
.18158BE-03 206
.29374E-03 207
.47093E-03 208
.72366E-03 209
.14224E-03 210
.41164E-03 211
.365%6E-03 212
.308B46E-C3 213
.250525+-03 214
.18983E-03 215
.12939E-03 216
.71103E-04 217
.B9BS1E-05 218
.57150E-04 219
.13643E-03 220
1/30/89 Low tol.
vy NODE
.46033E-04 276
.58919E-04 277
.18135E-03 218
.33406E-03 279
.41914E-03 280
.44815E-03 281
.46462E-03 282
.46814E-03 283
.45589E-03 284
.42436E-03 285
.37509E-03 286
.31225E-03 287
.23436E-03 288
.14910E-03 289
.57967E-04 290
.47232E-04 291
.16740E-03 292
.31887E-03 293
.00000E+00 294
.11860E-03 295
.22582FE-03 296
.31646E-03 2917
.37995E-03 298
.40910E~-03 299
.398B45E-03 300
.33874E-03 301
.23201E~03 302
.00000E+00 303
.10827E-C3 304
.20625E-03 305
.28746E-03 306
. 34322E-03 307
.36615E-03 308
.35015E-03 309
.28368E-03 310
.18813E-03 311
.00000E+00 312
.98304E-04 313

.94970F+01 46770401
.95260F+01 «35120E+01
.954T0E+401 L 23450E+01
+95600E+01 .11740E+01
.95660E+01 .00000E+00
.11780E+02 .11780E402
L11814E+02 L10313E+02

TIME 00:00:0C DATE

X Y

.58380E+01 . 94600E+01
L13760F401 .11869E+02
.93750F+01 .15000E+02
.81300E+00 L 19660E401
.88200E+00 .20990E401
.97100E+00 L22730E401
.10B60E+D} L2499%0E+01
.12370E+01 .27920E+01
. 143208401 L31730E+01
.16870E+01 .36690E+01
.20170E+01 .43130E+01
.24470E+01 .51510F+01
.30060E+01 .62400E+01
.37320E+01 .76560E+01
.46770E+01 .94970E+01
.59040E+01 .11889E+02
.75000E+01 .15000E+02
.62100E+00 .20340E+01
.67200E+00 .21670E+01
.73900E+00 .23400E+01
.82600E+00 .25640E401
.93800E+00 L28B560E+01
.10840E+01 .32360E+01
.12750E+01 .37290E+01
.15220E+01 .43700E+01
.18440E+01 .52030E+01
.22620E+01 .62860E+01
.28060E+0Q} .76950E+01
.35120F+01 +95260E+01
+44310E+01 .11906E+02
.56250E+01 .15000E+02
.42200E+00 .20850E+01
.45600E+00 L22170E+01
.50000E+C0 .23890E+01
.55800E+00 .26130E+01
.63200E+00 .29030E+01
.73000E+00 .32810E+01
.85600E+00 .37720E+01
.10210E+01 .44110E+01
.12350E+01 .52410E+01
.15130E+01 .63200E+01
.18750E+01 .77230E+401
L23450E+401 .95470E+01
.29560E101 .11918E+02
.37500E+01 .15000E+402
L21500E+00 .21170E+401
.23200E+00 .22490E401
.25400E+00 .24200E+01
.28200E+00 .26430E+01
.32000E+00 .29330E+01
.36800E+00 .33100E+01
,43.00E+00 .38000E+0!
.514(0E+00 .44370E+01
.62000E+00 .S26S0E+01
.75900E+00 .63420E401

TIME 00:00:00 DATE

X Y

.18690E+01 .17000E+00
.18410E+01 .33900E+00
.17960E+01 .50700E+00
L17350E401 .67300E+00
.16580E+01 .B3BOOE+00D
.15640E+401 .10020E+01
.14530E+01 -11650E+01
.13260E401 »13260E+401
.18300E+01 .00000E+00C
.18190E+01 .16100E+00
.17920E+01 .32200E+00
.17490E+01 .48400E+00
.168390E+01 .64500E+00
.16140E+01 .B0600E+00
.15220E+01 .96700E+00
.14140E+0) .11290E+01
.12900E+01 .12900E+01
.11530E+01 .14140E401
.11850E+01 14530E+01
.12170E+01 .14920E401
.12480E+01 .15310E+01
.12800E+01 .15700E+01
.13120E+01 .16100E+01
.10090E+01 .15220E+01
.10370E+01 .15640E+01
.10640E+01 . 16060E+01
.10920E+01 .16470E+01
-11190E+01 .16890E+01
.11470E+01 L17310E+01
.85800E+00 .16140E+01
.88100E+00 .16580E1+01
.90500E+00 .17020F+01}
.92800E+00 .17460E+01
.95100E+00 .1790CE+ 01
.37400E+00 .18340FE+01
. 70000E+00 .16890E+01
. 71900E+00 L17350E¢01
. 73800E+00 L17B1I0F 01

0

0

.44590E~02
.45475E-02
.46217E-02
.46703E-02
.46885E-02
~.50103E~02
-.51051E-02
0/00/00 JFT

BRI

ux

~.31388F
~.3B368FE-02
-.35256E-03
~.B6483FE-71
-.82755E-03
~.80315E-03
-.80351F-03
-.83545E-03
-.90095E-03
-.10096E-02
-.11642E-02
-.13881E~02
16722E-02
.20447€-02
.25074E-02
.30528E-02
.25412E-03
.65864E-0)
.63285E-03
.61242E-03
.60691E-03
.62564E-03
.67325E-03
.75119E-03
.86851E-03
.1033%E-02
.12494E-02
.15278E~02
.18788E~02
.22728E~02
.16625E~03
.44795E~03
.42957E~03
.41537E-03
.4108B5E~03
.418B67E~03
.44788E~03
.49730E-03
.57613E~03
.68401E~03
-.83177E~03
-.10134E-~02
~.12522E~02
-.15043E~02
-.84595E-04
-.22812E-03
-.21982E-03
-.21128E-03
-.20750E~03
-.21021E-03
~.22302E~03
~.24948E~03
~.28709E-03
-.34185E~03
0/00/00 JFT

R

R I B R R |

ux
~.24380E~02
~.24201E~02
~.23346E-02
~.22114E-~02
.20484E~02
.18461E-02
.16002E~02
.13197E-02
.24859E~-02
.24727E~02
. 24292E-02
.23505E-02
22349E~02
.20816E~02
.18883E~02
.16529F~02
.13708BE~02
.11290E-02
.10800E~02
.10312E~-02
-.98351£-03
~.93718£~03
-.88976E-03
~.91215E~-03
-.86413E-03
-.81785E~-03
-.77407E~03
~.73009E~03
~.68790E~03
-.71501E-03
~.67414E-03
~.63443E-03
~.59509E-03
~.55727E~03
~.91874E~03
.54207E-03
.50892E-03
~.47742F~03

(SN R B R

[ A A S R I

i

1

23859E-03
.18711F-03
.13209F-03
.71985E-04
.00000E+00
. >0685E-03
.54565F-0)

2.0 01/30/88

vy
L24223E-01
.399181K-01
L63219F-03
.25618K-03
.44148F-03
L41254E-013
L373798-03
.32203E-03
.26438E-03
.20261E-03
.13736E-03
.11604E~-04
.27084F.~05
.86373E-~04
.18815E-03
.33361E-03
.53879E~03
-34163E-03
.45230E-03
.44236E~03
-41922E~03
.38130E-03
.3331628-03
L27112E~02
.20564E-03
.13020E~03
.54900E~04
.33359E~04
13729E-03
.26834E-03
.45672F~03
.39122F~03
.4543JE-03
.45874E-03
-44918E-03
.42330E-03
.38146E-03
.32747E-03
.26191E-03
.18667E~03
.10292E-03
.13102E-04
.90267E-04

~.21557E-03

2.

P A B R A

A A

.38585E-03
.42094E-03
-44753E-03
46261E-03
.46283E-03
.44841E-03
.41495E-03
.36409E-03
.29719E-03
+22247E-03
.13888E-03
0 01/30/88

vy
.80962E-04
-15209E-03
.20615E-03
.23749E-03
.24054E-03
.20981E-03
.14592E-03
.56798E-04
.00000E+00
.74767E-04
.13539E-03
.18068E-03
.20414E-03
.19938E-03
.16326E-03
-94678BE-04
.12358E-04
.80398E-04
-47011E-04
.1228B4E-04
.23143E-04
.59756E-04
.97832E-04
.17339E-023
.14789E-03
.12292E-023
L95556E-04
.67003E~04
.37791E-04
.25604E~03
.24136E-03
.22376E-01
-20576K-03
.18650E-03
-16460E-03

.31498E-03
.30670K-013




jac

SOLUTION TIME =

SOLUTION TIME =
ELEMENT

259
260
261
262
263
264
265
266
2617
T8
269
210
PR
212
21
274
215

-19380E+01
L18920FE+01
L 18270F 01
.17460F+01
.16470F+01
L18310F+01
.13980E+01

.19300E+01

.191808401
TRINOE0Y
LiBa40Ren:
1181081071
S110208001
160601101
L14920E 01
1320F 0%
LLABOCFIOY

verification v shaft

NODE
3
332
333
334
3%
336
337
33e
339
340
341
342
343
344
345
346
147
348
349
340
351
352
353
354
355
356
357

MOWVE DD W N

12

X
.19500E+00
.20000F+00
.20500E+00
.21000E+00
.00000E+00
.00000E+00
.00000E+0O
.0C000E+00
.G000CE+00
.00000E+00
.15060E+01
.16490E+01
L17730E+01
.18780E+01
.19660E+01
.20340E+01
L20850F+01
L21170E+01
.21300E+01
.13440E+01
.11740E+01
.99800E+00
.81300E+00
.62100E+00
.42200E+00
.21500E+00
.0C000E+00

516X
.50734E+01
.36275E+01
.20888E+01
.14546E+01
-13232E+01
.16958E+01
.20053E+0C1
.27958E+01
.6916BE+01
.52194E+01
.37800E+01
L26750E+01
.21215E+01
.18754E+01
.21724E+01
.23215E+01

~-.78530E+01

1

.66207E+01
.51633E+01
L37531E+01
.28224E+0)
.24516E+401
.22303E+01
.24017E+01
.84803E+0!
.74539E+01
.6179S5E+01
.49078E+01
L3BBIGE+ Q]
.30531E+01
L27538E+01
L25834E+0!
.BE48B5E+ 0]
.79075E+01
.69064E+01
.58695E+01
.48207E+01
.39704E+01
.33286E+01
.30444E+01
.B6663E+01
.81139E+01
. 74035E+01
.65703E+01
.56952E+01
.47803E+01
L41382E+01
.3B803E+O!
.B5176E+01

L37200F 00 ~.24024E-02 -~ 1B690E-03 A14 .75700E+00 L18270E+01 ~.44584F-01 -29579E-01
L55200FE 400 - 23D40F-02 - .25861F-03 31s LT7500E+00 18740F+01 - .41345%E-0) .28478E-0)3
LT2900E 00 -.21619E-02 ~.30607KE-0 316 . T9400F+00 L19200F+00  -.38419F-0) L27181E-03
.90200E+00 ~,19798K-02 ~-.32263E-013 3 53600F+00 .17490E+01 ~-.38718F~03 LA6T86F-01
J10710F4010 -, 11587802 =~ .M0369E-03 3i8 .5S000F+00 .17960E+01 ~. 36452503 -36745E-02
L 12360F¢01  ~.15026F-02 -.24265F£-03 319 .H6400E+00 .18440F+01 -.34166F-03 .36461F.-02
S1398UE+0Y  -.12238BE-N2 ~-.14471E-03 320 .57800F+00 .18920E+01 ~.31866E-0) .35979E-013
.00000F+00 -.24801E-02 .00000E+00 az1 .59300E+00 .19390E+01 ~-.29711E-03 <35449F-0)
L1T900E+00  ~.24635K-02 ~.B9186E-04 322 .60700E+00 .19870F401  ~.27459F-03 L3476 7E-03
INKO0F 0D - 241 14E-02 - 16995F-01% 323 -36400F+ 00 LPI920F 401 ~.24840E-01) 39313013
NG 241850 G2 A2 TR 324 S3TA00E Y00 TRAYTOR O] L2ANENE- DN TN E -0
e LOTRIOK- 0P REME Pas 325 3IBIONE 00 C1B900F v =L 22VISE-0 LA TISE- 0y
BIOODE OG- AOD144F 02 - 2B8190F-013 A26 S 19360F V00 19380F v 0} ERRAtEE NI SRt A9 156 -0y
C10V66EY0) <L EBOSOES02 - 2568601 321 L 40200E+00 L19870E 0 . 19310k 03 BE LRI IENE ]
L12010E01 0 -, 15496E-02  -.19450F-03 i2e .41200€400 L20360K 401 ~ . 18087E-03 L39526k-01
LUS620FERDY - 2109800 - 10049F-03 329 .18500FE+00 18190k 01 -.12342F-0) .40340F-03
LQURGUECGO -, 24824F-02 DOGOOEYOD 330 .19000E+00 L18690K 0 ~.115961F-02 L 408413F-03
DEBONDED without friction 1/30/89 Low tol. TIME 00:00:00 DATE 00/G0/00 J¥FT 2.0 01/30/88
.10000E+01
Y uUx Uy NODE X Y Ux vy
L19180E+01  ~.10971E-0)3 .41126E-03
19680E+01 -.10284E-03 -41445E-03
L20170E+01 ~.95972E-04 .41612E-03
20670E+0" -.90438E-04 .41811E-03
18300F+01 .00000E+00 .406738£-03
.18B00E+01 .00000E+00 .41266E-03
.19300E+01 .00000E+00 -41583E-03
.19800E+01 .00000E+00 .41853E-03
L20300E+D1 ,00000E+00 -42103E~03
.20800E+01 .00000E+00 .42140E-03
.15060K+01 -.17704E-02 .33100FE~03
.13440E+01 -.19553E-02 .28605E-03
.11740E+01  -.21241E-02 .23277€-03
.99800E+00 -.22505E-02 .18195E-03
.81300E400 -.23497g-02 -14119E-03
.62100F+00 -.24138E-02 .10489E-03
.42200E+00 ~.24575E-02 .72575E-04
.21500E+00 -.24755E-02 .35806E-04
.0000DE+00 -.24766E-02 .00000E+00
.16490E+01 -.15587E-02 .38601E-03
.17730E+01 -.13413E-02 «42420E-03
.18780E401 ~-.11279E-02 .45077£-03
.19660E+01 ~.90762E-03 .45317E-03
.20340E+01 -.68910E-03 -45320E-03
.20850E+01 -.46769E-03 .43802E-03
.21170E+401 -.23983£-03 .43033E-03
.21300E+01 .00000L+00 .41915E-03
jac verification v shaft DEBONDED without friction 1/30/89 Low tol. TIME 00:00:00 DATE 00/00/00 JFT 2.0 01/30/88
.10000E401
SIGY SiG2 S51GXY ELEMENT SIGA SIGY S5I1G2 SI1GXY
-.40577E+01 ~-.20088E+01 +25076E+C1 56 -.45970E+01 -.28845E+01 ~-.16459E+01 L29459E+00
-.30630E+01 ~-.14719E+01 .1730SE+01 57 -.82983E+01 ~.20436E+01 ~-.22752E+01 .49442E100
-.17806E+01 ~-.85127E+00 .10390E+01 58 -.80958E401 ~-.19965E+01 ~-.22203E+01 .72031E+00
-.93474E+00 -.52566E+00 .40879E+00 59 ~.77518E+01 ~,20550E+01 ~-.21574E+01 .93502E+00
-.10529E+00 -.31426E+00 -.17884E+00 60 -.73007E401 -.21967E+01 ~.20894E+0} .11249E+01
.39592E+00 ~.28598E+00 ~-.50932E+00 61 -.67391E+01 =~-.23559E401 -.20009E+0] +11527E+01
.10630E+01 ~-.20729E+00 ~.5111BE+00 62 -.61605E+401 ~-.25963E+01 ~.19265E+01 L99157E+00
.13420E+01 ~.31985E+00 ~-.25107E+00 63 ~.56622E+01 ~-.28174E+01 ~-.1B655E+01 .71767E400
-.27567E+01 -.212825+01 .22817E+01 64 -.54075E+01 -.29409E+01 ~-.18367E+0) .25020F+00
~.22598E+01 - .16454E+01 .21689E+01 65 -.81137E+401 ~-.22706E+01 ~-.22845F+01 L32751E+00
-.17170E+0) <-.12093E+01 .18260E+01 66 -.79978E+01 -.22159F+01 -.22470E+01 .48692E+00
-.14692E+01 ~-.91085E+00 .12401E+01 €7 ~-.7802BE+01 =-,22425E+01 ~-.22100E+01 .65440E+00
~.B9B92E+00 ~-.66449E+00 -68343E+00 68 -.74910E+01 -.23526E+01 ~,21656E+01 .77029E+00
-.44412E+00 -.5103C0E+00 .19607E+00 €9 ~.70766E+01 ~-.24818E+01 ~-.21028E+0] .B2793E+00
-.55174E-01 -.49007E¢00 ~-.82078E-01 70 ~.66560E+01 26565E+01 -~.20487E+01 .77064E+00
.34737E+00 ~.43430E+00 ~.16436E+00 71 ~.62892E+01 28366E+01 ~-.20077E+01 .53011E+00
-.1BB14E+01 -.21416E+01} ~19729E+01 72 -.60546E401 29490E+401 -.19808E+01 .20632E+00
-.18356E4+01 -.18604E+01 .21874E+01 73 -~.79605E+01 24403E+01 ~.22882E+01 -21220E+00
~.16464E+01 -.149B1E£+01 .21250E+01 74 ~.78863E+01 24281E+01 -.22692E+01 .33140E+00
~.16011E+01 =~.11779£4+01 .19037E+01 15 -.77838E401 24287E+01 ~-.22467E+01 .46698E+00
-.13715E+01 -.92266E+00 L13772E+01 76 ~.76150E+01 -.24888E+0] ~.2222BE+01 .57821E+00
-.12638E+01 ~-.81738E+D0 .76778E+00 11 ~.73406E+01 ~.25791E+01 ~.21823E+01 .60161E+00
~.BB176E+00 ~-.68465E+00 .34416E+00 78 -.70275E+01 -.27192E+01 ~.21443E+0!} .55395E+00
~.73874E+00 -.69090E+00 .11167E+00 79 -.67420E+01 ~-.2855SE+01 ~-.21115E+0!} .39563E+00
-.15835E+01 ~.22140E+01 .16040E+01 80 -.65874E+01 -.29399E+01 -.20960E+01 .15579E+00
-.14160E+01 -.19514E+0] .20001E+01 81 -.77797E+01 ~-.26631E+01 =~.22974F+01 L12677E+00
-.16133E+01 -.17144E+01 .21832E+0! 82 ~.77911E+01 -.26319E+01 -.22931E+01 .20667E+00
-.17427E+01 -.14631E+01 .20351E+01 83 -.17662E401 -.26442E+0] ~-.22903E+01 .30511E+00
~.1768B5E+01 ~-.12435E+01 L17527E+401 B84 -.76378E4+01 ~-.26452E+01 -.22623E+0! 37581E400
-.17691E+01 ~-.10609E+01 -12143E+01 85 -.74750E+01 ~.27135E+01 ~.22415E+01 .41602E+00
~.17159E+01 ~.98334E+00 . 66846E+00 86 -.72906E+0] -.27934E+0]1 ~.22185E+01 39758F+00
-.16021E+01 -.92082E+00 . 23196F+00 87 -.71102E+01 -.28808E+01 -.2198B0L+01 .28505E+00
-.146B4E+01 ~-.22257E+01 .12607E401 88 -.69924E+01 ~-.29614E+01 ~-.21898E+01} .95626E~01
-.14211E+01 ~-.20523E+C1 167126401 89 ~.76052E+01 -~ 27B90E+01 ~.2/867E+01 .64524E-01
-.15536F+01 -.18612E+01 .19673E+01 90 -.76414E+401 -.27982E+01 -.22967E+01 .11714E+00
~.17671E+01 ~.16801E+01 .20203E+01 91 -.76398E+01 -, 28181E+0) ~.23008E+D] L 17414E+00
-.20261E+01 ~.15063E+C1 L18111E+01 92 -.76186E+01 -.28364E+01 -.23001E+01 .24077E+00
-.21848E+01 ~.13%41E+01} < 14299E+01) 23 -.755%27E+01 -.28838E+0] ~.22960E+01 .28184E+00
-.22331E+01 -.12236E+0} .86500E+00 94 -.74536E401 -.29485E+401 -.22B885E+01 .26109E+00
-.22741E+01 ~-.11701E+01 -31138E+00 95 ~.'3649E+01 ~.29998E+01 -,22802E+0! .20548E+00
-.15982E+01 - 22582E+J1! .99029E+00 96 ~.73110E+G1 ~.30352E+01 ~.22762E+01 .78302E-01
-.15428E+01 -.21245E+01 <13284E+0° 97 ~-.75433E401 -.28152E+01 ~.227B89E+01 .22866E-01
-.16347E+01 -.19BB4E+(! .16135E+01 98 -.75447E+01 -.28299E+01 ~.22824E+01l .38667E~01
-.18705E+01 - .18570E+01 L17821E+01 99 -.75412E+0) -.28546E+0} ~.22871E+01 .55338E-01
-.21588E+0) -.17191E:01 L17147E+ 01 100 -.75558E+01 -.29278E+01 ~.23064K+01 .T7690E-01
-.24046E+01 ~.15807E+01 .14106E+01 101 -. 75333401 ~.30162F+01 ~.23209E+01 .92391E-01
-.25898E+01 - .14802E+01 .92174E400 102 ~.75168E+01 ~-.31466E+01 =-.23459E+01 .11349E+00
~.27126E+0] ~.14504E+01] .35259£+00 103 -.75008E+01 -.32787E+0] ~.23715E4+01 .B6025E-01
-.18274E+01 -.22759E:0!} .68974E+00 104 -.74868E+01 -.33512E+01 -~.23B44E+01 .30358E-01
17960k +01 = 21796E+401 .98245E+00 195 - 71727E+01  -.47912E+0) -~.26321E+01 <32257E+01
180078 0] = 20715E+01 S12483E+ 01 106 ~.8346BE401 ~.33657E¢Q] ~.25767E+01 .23888E+01
20164E+01 - .19874E+01 . 14479E+01 157 -.90497F+01 -.23207E+D) ~.25015E+ 01 L17136F 401
22913E+01 - N 108 -.92500E+0] ~.18882E+0] ~.24504F+01 L12209E+01
L29226F 01 - S 12445E+01 109 -.918. . E+0] -.16152E+01 ~.23761E+01 .86417E+00
2ZT495E+0Y - 17017E+01 .86856F+00 110 -.88755E+01 ~.17638E+01 ~.23406E401 . 62358E400
DEBONDED without friction 1/30/89 Low tol. TIMF 00:00:00 DATE 00/00/00 JFT 2.0 01/30/48

Sa

B-57



VLUTION TIMY =
TEMENT S
b - 865%3E:01
[ ~.84168E+D1
i -.8l901E+01
A4 - BOO4KE+D]
Hal - TA1S53F0)
e -~ IB242F 01
s <. T5326E+01
iR - .94 T46E+01
9 -.96665F+01
) - . 38961E+01

L97523E+0L

6€5958E¢D]
93285E+01

9115E+01
.86009E+01
.83227E+01
.81029E+0!
- 18B25E+01
~.76343E+01

1

’

R -.75471E+01
L3 - 11241E+02
a2 -.10931E-02
33 -.10713E+02
L34 -.10380E+02
135 ~.99295E+01
e ~.951706E+01
1t ~.9.066E+01
138 ~. 87581E+C"
219 -.84329E+0C,
W48 - 81289E+01
N -.79285E+0:
42 ~. 770808+
Lad - . 'S428BE%1
144 - 13173E.02
TAS -.12174E+02
146 -.11421E+02
147 -.10791E+02
. ~.10197F+22

L96894E401
-.92324E+C!
-.88197E+01
-. 847158401
-.81773E+02
~.79322E+01
-.77126E+01
~.T75432E+01
-.14653E+C2
-.13297E+02
-.12021E+02
-.1:168E+02
~.10473E+02
~.980%4E+01
-.92565E+7
.88035E+01

84737E+01
.cation v sh
TIME =
5(GX
- 31349 +01
-.44C60E+C"
62808ECL
~.77164E+ 01
- 17297E4 21
-, 137948401
~.15940E+01
~.22995E+2:

-.28973E.D1
- 39:35E+C!
~.35610E+01
-.74416E+01
.11“33‘0”1
- 95426E+§

- AZC’GE'O.
- 1BIS51E~-QL
-.25397E+01
-.35449E+0!
-.53487E+01
~.7%443E+9
~.T7029E+QC

- 769918400

~496332-~CA

-, g3rear
91:\61F

10000F ¢01
SIGY
- 1926 0F 00
- Q0BRSE N
- 227328408
- 247328400
- 26734E 00
~ L 2125 F 001
- 2BI06E D)
~.%4966F 01
= .397153E+01
~.29882F 01
-~ 231823F0
~ . 20641E+0}
~.20217E+0}
-.20306E+01
-.21816E+01
«.23384E+01
-.24716E+01
- .26184E+01
- . 276G9E+ L
-. 282628401
-.57095E+01
-46821E+0L
.37252E+01
. 30021401
L25419E+C1
L23352E401
~.22650E+01
=.23339E+01
L24079E+01
<25065F+01
L26369E+CL
L27411E900
L28116F+20
L58127E4 0L
~.4B7I5F+01
-.42403E+C
-.36116E+01
31793E+401
.285385401
-.26882E+C1
~-.26027E+01
~.259930F+01
~.2632.E+01
~.26649E+01
-.27562E+01
~.208096E+01
- . 46197E+01
- .47434E+01
~.43724g+0!
~.41498E+01

[ (BN

i

'

1

-.37537E
- .34036E+0

~. 312456000
-.29798F01
-.28552E+01
aft DEBONDED

.10C0CE+0L

SIGY
= L2876E 02

- ..468L'C?
-.98054F 400
-.76854E+ 3
- 1977E 32
- ‘5 9? :2

-.108C06E+02
- .8994BE+D L
~.74531£+01
~.14898£.02
L 142535402
13095E+72
=, 11923E+02
- 10751E.22
~.990C6E+0!
-.90154E-0:
- ?938?E-§1

wl

HERYS
. 230 M0E
- 231 3AE D0
-, 2301980
= 23051 R0
B EERA Y S
- L2291 1E
- 2200
-.329%6%
~ 30028

N

(Rt

-.23722E4¢C,
- 23454E00
L23264E+01
~.2)102F01

t

~.J4249E4 0
-,3)763E'v.
-.29374E+$

-‘2745’5'01
-.26075E+{
-.25017E+01
~.24402E+02
-, 23849E+01
- 23338E+0.
-, 232445401
= 2298 lES0L
- 2278lE D
-, 411C9F 5
- 3750LE«0L
= .24454E+DL
- . 3i686E+D]
~.23427E+C
-, 27586F (!
-.26225E+0;
~.25129E+0!
-.24355E+01
~.2378B1E+0}
~.23314E00!
-.23031E+D!
-.22776E+0L
-.4240C0E+0!
- 396BBE+]L
-.36065E+01
~.3270CE+ D
-.31298

-,J”]BE'uA
- 25%923E+01
-.24924F01L
thout

friction

.

324 36E

CLB2D 1R
+

.‘380&

S1LE

.19642F' C
L1363IVE-DL

5T453E-01

.64662E-C1
.7)539‘-0'

41318E-00
16’\6F* i

L4202 F'“'
L25472840
L13972E.01
.512C98+00
LSLITIE-02
L21127E-COD
.25600E+CQ
.229935'00

23367E+0
'00
L09C1E.DD

L83902E-01
.22C03E~C

L38316E401
L253798401

14536E01

LSS10TE GO

[SRERt R

V/;V/an

ASL' L'“l
LSTTE6ESDY
L6224
L65523E

EeDl

L1BBIE LT

Low to

v b b a s o
e V- RV R v
-G Vit

RTO92E
134 Tht
PILALE

e e e e e e

PN T4,

. lb‘-)‘«);o g1

4511“~
TEBRSLED

23G)ZE'C£
13423E 02

12040502

LCB4TIED2

L39C095E+CL
L91923F. 01
L86662E+C1
L83214E+00
.80780E+01
LTE6I6ES DL
L T6546E+0!
BRRRE P2 A1
LIP209E002
15465k 452

13854802

.1.?5‘Ev“2

C928£4+02

.9889)5'91
.9161
.86520E401

1E+01

829227 +01

L82437°E¢01
.784 . 1E+Q1
.76581E+«01
.73579E+01
.281325E+01
L22753E+01
.24426E+01
.31232E+01
L38951E+C1
.51394E+01
L66695E 01

TU924E4+01

L2068E 0L
L1986 K401
L20TT8ESDL

24875E 01

TIME

Gﬁ”ﬂh
14847E+02

.13285E+02
L11904E+ 02
.10446E+02

L8150E+52
169C2E+02
e 02

R B 1Y

LA0GYIE
290G22E+D1
ZB?NZPQU’
L28386ED

. 28245k

L33 26E000

L40GLI2E 01

428525401

L43615E+CL

L 42084E+ Q1L

L39956E+01

16830E+0L

34179E+02
31896E+CL

LJ0341EOL

L29169F 01

L28397E+0

L20936E+C]
2BRIBECC

LATS99E D

L4165TE+DL

443258401

L43922E+00

L418058+00

~.38871E°01

35739E+CL
L33051E+0)
.31229E+01
29694E+01
.2B568E+01
L1 74598402
L17043E402
.16600E+02
L15468E+02
L13984E+02
L12199E+C2
L10519E+02

Q0

SIGY
L40189E YD
42765500
41978E+01
46549F+01
46784E+01

L22290E+01
L2BLATE O
L29327E401
.29396E+01
.3008SE+D1
L 72376F+00
S14825E+01
L13BL4E+GL

P2
00: OO DATE

S16G7

PERETINTS

R ARl 1

LN

254

L2M1eTE

L47BACE,

S33458E
L31059E01 -,
29013E+01 -
L27168F 401 -
.25826
.24789F+01 -
L23971E+01 -,
L23257E4+01
-.22482E+C) -,
LA2465E 400
L4013 3

LA IRV
PR E LA

- MR OO

4OARIE Fit
LihBAE ¢

SR e

[RERRS
sk
JRYI96E
HRE

24555k
231/81¢E

22638E
+01
404670401

L3R3SRE D]

150.5F+01

01

+01

- 3RTS0E DY

)

L3ETITESG]

-.33792F+ 02

'

JA14L9E+0Y -
L29D52E0) -
~.2758B6E+01 -
L26106E+01 -
24966E+01 ~.
L24121E-01 -,
L23380E+01 -,
L22472E401 -,
.30438E+01
.28978F+01

28565E+01

.278BB7E+01
L26818E¢01
.2600BE D1
L25782E+
L22834F+01
L27998E 51
L27147E+01
L26324E401
L25019F 01

e
o3

20/00/00 JFT

SIG2

L28261E40}
.263085'91
L24313E40
41!WJL?'VA
L20470K D

}04565‘0!

.28378E401
.268635+01
.2369CE
.225885+01

a1

99!7E 0 .

L30030E Y
.28256V 401
L261935400

~.23726E+D)
~.22266E4+01

L20181E+01
.2831

16401

L27577E+01
L25024E401
L23451E001
L2166BE+0}
T9457E01
27168ED

A RN

R}
L9y

-S40
L31628E4+0
250928050
17BN Y00
L 14586E+00
.4 7684E~

s1Ury

LEARBE
[P B RR
ALHTUE -
IRE NI
FRRR R SRS
IR PUTIN
L4 ",l 0

TRAREEOC
B RROY

a1

162500
GCI9E4CT
CASBTEF GG
. $2269E-01}

20632£+00
27130E+00

L27953F«C00
0 -

25546E+00
29996F+00
134928400

~.11234F+00

44591E-01

.QOBSBEO'“

T577E400
_&q;;r,na

P92 IESCO

.46041E-01

42472E-C1
11344K000
LILIEE00
81525F~0"
67/715E-01
55156E-01
47242E-01
14969E-01

.79987E+00
L222R7E401
-363B6E+01
L49455E+01}
.60289F+01
.66937E+01
.65560E+01
.59136E+01
L12221E400
21367
-36069E4+0)
C49411E+0!
01/30/88

01

2.0

516Xy

LB4215E401
. 54540E+01
L45230E+01
L35427E401
L31027E4+01
.6/ 101E+D1
- .407BE«Q1
.47990£+01
S4C0823E01
.32024E-01
L26638E+00
47381E+01
L42364E+01
LIBAB9E+ 0L
.33606E+01
L26263E+01

23746E+01

.30948E+D1
L27010E+01
L26461F 01
244798 OL

QrI60 L0



267 ~.94299E+01 -.59768E+01 ~.23110E+01 .47614E+01

268 ~-.86261E+01 ~.60993E+01 ~.22088E+01 .42810E+01

269 ~.14271E+02 ~.%1950E+01 ~.29199E+0! .82912E+01

2170 ~. 131776402 -.50488E¢01 -.27339E+01 .70612E+01

FRAY -.12082E+02 ~.51147E+01 ~.25795E+0!} .60356E+01

272 ~.L1250E+02 -~ .52460E+01 ~.24743E+01 .48735E+401

273 ~.10270E402 ~-.53200E+01 ~.23386E+01 .40935E+0])

274 ~.B7164E+D1 ~.53426E+01 ~.21088E+0! LJ698SE+ G

275 ~.16287E+02 ~-.38270K+01 =-.30170E+401 .76094E+01

{jac verification v shaft DEBONDED without friction 1/30/89 Low tol. TIME 00:00:00 DATE 00/00/00 JFT 2.0 01/3G/88
SOLUTION TIME = .10000F+01
SLIDING INTERFACE PARAMETERS
INTERFACE NUMBER 1
NUMBER MASTER LAVE 1SPRG ETA NORMAL NORMAL
ELEMENT NODE DISPLACEMENT FORCE

1 1 357 1 .100000E+01 .000000E+0Q0 =.227417E+00
2 i 356 1 ~.99855358+00 -.238881E-06 -.381965E+00
3 2 395 1 ~.997086E+00 .244730E-06 -.464330E+00
4 3 354 1 -.995626E+00 .00C000E+00 ~.562875E+00
5 4 353 1 -.994216E+00 .000000E+00 ~.62651BE+00
6 $ 352 1 ~.992996E+00 ~-.133256E-06 ~.691639E4+00
7 6 351 1 -.992050E+00 -.163491E-06 -.686158E+00
8 v 350 1 -.991606E+00 ~.962325E-07 ~,587650E+00
9 8 341 1 -.991509E+00 .0Q0000E+00 -.447283E+00
10 9 342 s -.991665E+0C0 .B894746E-07 ~.382844E+00
11 10 343 1 ~,9920278+00 .000000E+00 ~.261911E+00
12 11 344 1 ~.992783E+00 .304850E-07 ~-.197789E+00
13 12 345 1 ~.993946E+00 .000000E+00 «.227953E+00
14 13 346 1 ~.995290E+00 .198612E-07 -.320658BE+00
15 14 kEN) 1 ~.996784E+00 -.253138E~06 -.419602E+00
16 15 348 1 ~.998404E+00 .00000CE+00 =-.546447E+00
17 16 349 1 -.100000E+01 .238850E~06 ~.314688E+00

PLOT TAPELl HAS BEEN WRITTEN AT TIME .10000000E401

RESTART TAPE3C HAS BEEN WRITTEN AT TIME .10000000E+0])
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GO aa0NO00aN0000000000000000000000000000N0000000a00a0N0O0nNn00NN0a00N0000000NNNNNN

PROGRAM SHAFT SHA
ANALYTICAL SOLUTIONS FOR A LINER WITHIN A CIRCULAR HOLE.

CALCULATION OF DISPLACEMENTS AND STRESSES IN A LINER AND MEDIUM
AS A RESULT OF HOOP DEFORMATION AND PURE SHEAR

Equations for Hoop Deformation were originally derived by C.M.St.John
and documented in a report to the Defense Nucliear Agency:
“"An Investigation of the Failure Resistance of Rockbolted
Tunnels for Deep Missile Basing"
Report R-8227-5534
Agbabian Associates, E. Segundo, California
September 1983

The hoop deformation calculaticns were subsequently incorporated in
the Salt Repository Shaft Design Guide prepared for the Department of
Energy, under the direction of the Office of Nuclear Waste Isolation,
Battelle Project Management Division, by Fluor Technologies, and
Parson’s Brinckerhoff/PB-KBB. Additicn t> the hoop deformation
calculations to allow for consideration of axial strain and derivation
of equatiors for liner-medium interaction as a result of pure shear
were completed by C.M.St.John under contract to Morrison~Knudsen
Engineers Inc., a subcontactor to Fluor Technologies, during
develcopment of the methodolcgy for design against seismic loads.

and its associated documentation was

This version of the program,
prepared by C.M.St.John under a contract between Parscn’s Brinckerhoff
and J.F.T.Agapitc and Assccites.
Any guestions regarding this code should be addressed to:
Dr. Michael P. Hardy Tel: (303) 242 422¢C
J.F.T. Agapito and Asscciate
715 Horizon Drive, Suite 340
Grand Junction, CO 81506
Code Version 3.02 January 20 1989
Update record .
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a0

«

aann

b

GL
LAM
LAML
PLANE
SLIP
AUTC
FLAG
sX
SY
SXY
SZX
SZY
ESX
ESY
ESXY
ESZX
ES2Y
SIG1
SIG3
ALPHA
ESZ

[2]
ooy ~N

Pl R

3

TAnu<ac3Innto

SR2
SRT

Shear modulus of liner

Lame’s
Lame’s
Switch
Switch
Switch
Switch
Remote
Remote
Remote
Remote
Remote
Remote
Remote
Remote
Remote
Remote
Remote
Remote

parameter,
parameter,

Lambda, for medium
Lambda, for liner

for plane stress (F) or strain (T)
for slip (T)

for automatic

or no slip (F)
(T) or manual sampling (F)

for stress (T) or strain (F) input

XX
Yy
Xy
zx
zy
XX
Yy
Xy
zx
zy

stress
stress
stress
stress
stress
strain
strain
strain
strain
strain

major principal stress
minor principal stress
Angle of major principal stress
Axial strain
Remcte axial stress
Remote mean stress
Remote deviator stress

Radial distance to sample point

Angle to sample point

Radial displacement at sample point
Tangential displacement at sample point
Radial stress at sample point

Tangential stress at sample point

In-plane shear stress at sample point

Axial displacement due to out-of-plane shear
RZ shear stress on cross-section

RT shear stress on cross-section

ALLOW UP TO 100*100 MANUALLY GENERATED SAMPLE POINTS
AND UP TO 20 POINTS GENERATED AUTOMATICALLY FOR THE LINER

DIMENSION RADII (100), THETAS(100),ARADI (20),ATHETA(2)

OIMENSION H

DIMENSION SRAD(2,20),STHET(2,20),SAXL(2,20),SR28(2,20),8T2s5(2,20),

ERE MUST BE EQUAL OR EXCEED NUM IN THE DATA STATEMENT BELOW

UARRAY (2, 20),VARRAY (2, 20) , WARRAY (2, 20)
REAL NU,NUS,NUL,NULS, LAM, LAML
INTEGER*2 IHH,IMM,ISS,IYY,IDD
LOGICAL STRAIN,SLIP,AUTO,FLAG
COMMCN /MAT/ RAD,THICK,E,NU,EL,NUL,A,C,D,AL,CL,DL,P, S,

+ ES,ELS,NUS,NULS,STRAIN,ESZ,G,GL, S2X, S2Y

CHARACTER* 40 NAME

CHARACTER*80 TITLE
CHARACTER*64 FILEN

CHARACTE

CHARACTER*8 CTIME,CDATE

CHARACTE
QA DESIGNAT

R*10 QA
R*1 ICH
ION

DATA QA/’SHAFT 3.02'/
AMPLES THROUGH THE LINER
DATA NUM/10C/

NUMBER OF s

THE FOLLOWING INTERACTIONS ARE FOR THE KEYBOARD AND SCREEN
AS IMPLEMENTED THESE ARE DEVICE 9
WRITE (0, 1)
FORMAT (13(/))
WRITE(O,’ (A,A)’)’ Code: SHAFT. Version 3.02, upgraded for ’,
" SANDIA/NNWSI Jan 20, 1989’
WRITE(G,” (A)’)’ Analytical solutions for a lined circular hole’
WRITE(D,’ (A)')’ Solutions derived by C.M.St.John '
WRITE(O,’ (A)’")’ J.F.T. Agapito and Assocliates’
E(0," (A} Grand Junction (303) 242 4220 '
(G," (/1)
(0,' (A,A10)")* The QA number of this code is: ', OA

~re
CcLC

CKA(CTIME)

date and version nurber

’

’

.

SHA

SHA
SHA
SHA
SHA
SHA
SHA
SHA
SHA
SHA
SHA
SHA
SHA
SHA

SHA

SHA

SHA
SHA
SHA
SHA
SHA
SHA
SHA
SHA
SHA
SHA
SHA
SHA
SHA
SHA
SHA
SHA
SHA

18
19
20
21
23
24
25
26
27
28
29
30
31
32
33
34



nao

nono

nonan

ENTER THE NAME OF THE FI

WRITE (0, (//A)*)’
READ (0, (A80)’) TITLE
WRITE (O, (A\) ")’ What
READ (0, ' (A10) ‘) NAME
WRITE (O,  (/)')

WRITE (O, (A\)')"

READ(0,’ (A64) ') FILEN

Problem title

LE IN WHICH OUTPUT WILL BE SAVED
(80 char.)

2

is your name or your reference ?

OPEN (6, FILE=FILEN,ACCESS='SEQUENTIAL’, STATUS='NEW')

SECTION 1

WRITE (O, (/)’")

WRITE(O0,’ (A\})’)’ What is the excavated radius of hole ?
READ (0, *) RAD

WRITE (0, (A\) ')’ What is the thickness of the liner ?
READ (0, *) THICK

WRITE(O,’ (A\)’)’ Enter the rock, or soil, elastic modulus
READ (0,*) E

WRITE(O,’ (A\)’)’ Enter the rock, or soil, Poissons ratio
READ (0, *) NU

WRITE (O, ' {A\)')’ Enter the liner elastic modulus .... '
READ ({0,*) EL

WRITE(O,’ (A\)‘)’ Entei the liner Poissons ratio.... '

READ (0,*) NUL

SELECT PLANE STRESS OR

WRITE (O, (/) ')
WRITE(O, ' (A\)'")'
READ (0,’ (Al)’) ICH

WRITE(O,’ (/)")

IF (ICH.EQ.'Y’ .OR.ICH.
WRITE (0, (A)’) *
STRAIN=.FALSE.

ELSE
WRITE(O,’ (A)*) *
STRAIN=.TRUE.
ENDIF

SELECT TYPE OF CONDITI

WRITE (O, ' (/)')
WRITE(O,’ (A\) )"’
READ (0, {(A1)")
WRITE(O,* (/)")
IF (ICH.EQ.'Y’ .OR.ICH.
SLIP=.FALSE.
WRITE(O,’ (A)") '
ELSE
SLIP=.TRUE.
WRITE{O,’ (A)') '
ENDIF

ICH

SELECT MANUAL OR AUTOMAT

WRITE(O, ' (/)")
WRITE(Q,’ (A\) ")

+ ' Do you want to inp
READ (0, (Al)’) ICH
WRITE(O, ' (/)"*)
IF(ICH.NE.’Y’ .AND.ICH

AUTO=, TRUE.
ELSE
AUTO=,FALSE
ENDIF
WRITE (0, (A
+ ’

GENERATE SAMPLE POINTS - THE NUMBER IS DEFINED IN A DATA STATEMENT
AND THE SAMPLE LINES CORRESPOND TO MAXIMUM AND MINIMUM VALUES

OF THE STRESSES

ATHETA (1) =0

ATHETA (2) =9

TINC = THIC

RADI = RAD

ARADI (1)

DO 5 T=2,NU
5 ARADI(I) =

~ Define geometry,

Do you want plane stress ?

material properties

PLANE STRAIN

{y/n)

EQ.’y’) THEN
Plane stress selected

Plane strain selected '’

ON BETWEEN LINER AND ROCK

EQ.’y’) THEN

No slip allowed behind liner '

Slip allowed behind liner ’

IC SAMPLING

ut sample points manually 2?2 (y/n)

.NE.’y’) THEN

) )

.0

0.0

K/FLOAT (NUM-1)
- THICK

= RADI

M

RADI + TINC*FLOAT(I-1)

C-4

’

’

Do you want bonding of liner to medium ?

Type the name of the file for saving output....

and sample points

(y/n)

Liner stresses will be generated automatically '

2
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10
20

30
40

IF (.NOT.AUTO) THEN
WRITE (O, (A)’) ' Sample points for liner and medium '
WRITE(O,' (A)’) ' are to be entered next '

ENTER SAMPLE POINTS

WRITE(Q,’ (/) ")
WRITE({C, ' (A)")' The next data detines the sample points’
WRITE(O, " (A) ')’ assumed Lo be on a grid around the shaft’
WRITE(0,’ (A)’)’ Radial and angular coordinates define the grid’
WRITE (0, (/)")
WRITE (O,  (A)’)’ Enter one radial distance at the time,’
WRITE(O0,’ (A)')' ending each number with <RETURN>.’
WRITE(O,' (A)’)’ Terminate the list with any negative number '
WRITE(O,’ (/)")
DC 10 I=1,20

WRITE (0, ’ (13H Radial Point,I2,3H 2 ,\ )"} I

READ (0,*) R

IF(R.LT.0.) GO TO 20

RADII(I)=R

CONTINUE
NRAD=I-1
WRITE(O,' (/) ")
WRITE(O0,’ (A)’)’ Enter one angle at the time, '
WRITE(QO,” (A)’)’ in the same manner as the radial distances '

WRITE(O,’ (A)’)’ Angles are counterclockwise relative to x axis '

WRITE{(O,’' (/)")

DO 30 J=1,20
WRITE(0,’ (22H Circumferential Point,I2,3H 2?2 ,\ )') J
READ (0,*) TH
IF(TH.LT.0.0) GO TO 40
THETAS (J) =TH
CONTINUE

NTHETA=J-1

ENDIF

COMPUTE ELASTIC PARAMETERS NEEDED FOR THE ANALYSES

o

G=E/ (2.* (1L.+NU))

LAM=F*NU/ ((1.+NU)* (1.~-2.*NU))
GL=EL/ (2.* (1.+NUL))
LAML=EL*NUL/ ( (1.+NUL) *{1.-2.*NUL))

SAVE ORIGINAL VALUES OF ELASTIC CONSTANTS

ES=E
NUS=NU
ELS=EL
NULS=NUL

CALCULATE EFFECTIVE ELASTIC CONSTANTS FOR
PLANE STRAIN ANALYSES

IF (STRAIN) THEN
E=E/ {1.0-NU*NU)
NU=NU/(1.0-NU)
EL=EL/ (1.0-NUL*NUL)
NUL=NUL/ (1.0-NUL)
ENDIF

PRINT OUT INPUT DATA

WRITE (6,5000)

FORMAT (//

1X’ FXERXKAXA KKK AN A KA XEKRKAKA RN AN XK ARKA KA AR KRKRA KRR A A RKAKK KKk k!
. v
_’*th*t*&*R*****x**t**ilt*******k**k*xl/

X, ',
. 0/
LIX, 0 555558858 HH HH AA ',
! FEFFFFFFFEF  TTTTTTTTTTTTIT =’/
LI, SS 585 HH HH AAAA i
. FFFFFFFEFFF  TTTTTTTTTTTITT '/
LIX, sSS HH Iy AA  AA -
1K, S58 ! AN AR,
. FE TT '/
LIX, SSS HHHHHHHHHEH AAAAAAAADA ',
L FEFFFE TT "/
LIX, R SSS HH HH AAAAARAANAAA',
- FFEFFF T =0/

SHA 97
SHA 98
SHA 99

SHA100
SHA101
SHA102
SHA103
SHA104
SHA105
SHA106
SHA107
SHA108
SHA109
SHA110
SHA11l1l
SHA1l2
SHA113
SHAl14
SHA115
SHAll6
SHA117
SHA118
SHA119
SHA120
SHA121
SHA122
SHA123
SHA124
SHA125
SHA126
SHA127
SHA128

SHA129
SHA130
SHA131
SHA132

SHA133
SHA134
SHA135
SHA136

SHA137
SHA138
SHA139
SHA140
SHA141
SHA142
SHA143

SHA144
SHA145
SHA146
SHA147
SHA148
SHA149
SHA150
SHA151
SHA152
SHA153
SHA154
SHA155
SHA156
SHA157
SHAL158
SHA159
SHA160
SHAl61



L1X, 0% SS HH HH AA A, SHA162
.'A FF TT xr/ SHA163
JIX, SSS SS HH HH AA ', SHA164
."AA FE TT xr/ SHA165
JIX, 0 SSS58S5SsS HH HH AR ', SHA166
."AA FF TT '/ SHAle7
JAX, 0 ', SHA168
L *x1/ SHA169
llxll*f****‘k****i****************r*k*kti******k‘k***ﬂ**‘k*'I SHAI‘/O
.'****‘l’**’k****‘k****’k**k*ﬂ**i**kiﬂlﬂ**il”//) SHA171
WRITE(6,’ (A)’)’ Analytical solutions for a lined circular hole’ SHA172
WRITE(6,' (/)') SHA173
WRITE(6,' (A,A) ')’ Code: SHAFT. Version 3.02, upgraded for ’, SHA1 74
" SANDIA/NNWSI Jan 20, 1989’ SHA175
WRITE (6,' (A)')’ J.F.T. Agapito and Associates’ SHA176
WRITE(6,’ (A)')"' Grand Junction {(303) 242 4220 SHA177
WRITE (6, (//A80)’)TITLE SHA178
WRITE (6,2001) NAME, QA SHA179
2001 FORMAT(//' Analysis completed by :’,A40/ SHA180
. ' The QA version of this code is : ‘,Al0/) SHA181
C
IF (STRAIN) THEN SHA182
WRITE(6,' (A)’)' Plane strain analysis ' SHA183
ELSE SHA184
WRITE(6,' (A)')' Plane stress analysis ' SHA185
ENDIF SHA186
WRITE (6, (/)") SHA1R7
IF{SLIP) THEN SHA188
WRITE(6,' (A)’)’ Slip allowed between liner and shaft wall ’ SHA189
ELSE SHA190
WRITE(6,' (A) ') SHA191
+ ' Bonding between shaft wall and liner is assumed * SHA192
ENDIF SHA193
WRITE (6, (/)") SHA194
WRITE(6,*' (A)’) ' Geometry and Properties of Shaft and Liner SHA195
WRITE (6,2000) RAD,THICK,ES,NUS,ELS,NULS SHA196
2000 FORMAT( /7, SHA197
+ Radius of unlined hole....... =',F12.4/ SHA198
+ ' Lining thickness............. =", F12.4// SHA199
+ ! Elastic modulus of medium.... =',E12.4/ SHA200
+ ' Poissons rai.io cof medium..... =' E12.4// SHA201
+ !/ Elastic modulus of liner..... =',E12.4/ SHA202
+ / Poissons ratio of liner...... =',E12.4) SHA203
C
C SELECTION OF ANALYSIS OPTION. THIS CHOICE IS MADE REPEATEDLY
C UNTIL THE SESSION IS COMPLETE
C
75 WRITE(QO,“ (/})") SHA204
WRITE(C,' (A/)*) ' You can now examine hoop or shear stresses’ SHA205
WRITE(O,’ (A)’') ' Enter H for hoop deformation Palculatlons, ! SHAZ206
WRITE(O,' (A)’') ' S for out-of-plane shear calculations, SHA207
WRITE(O," (A\)’) ' or T to terminate .... ' SHA208
READ (0, (Al)’) ICH SHA209
IF(ICH.EQ.’H' .OR.ICH.EQ.'h’) GO TO 100 SHA21C
IF(ICH.EQ.’'S’ .OR.ICH.EQ.'"s’) GO TC 200 SHA211
Cc
C NO MORE CASES. TERMINATE AFTER RECORDING TIME AND DATE
~
CALL CLOCK(CTIME) SHAZ212
WRITE(6,2002) CTIME SHAZ213
2002 FCRMaT(/,’ Time: ', A8) SHA214
CALL DATED (CDATE SHA215
WRITE (€,2003) CDATE SHA216
2003 FORMAT(/,' Date: ', AB) SHA217
CLOSE (6) SHA218
STOP SHAZ219
C DEFORMATION CATCULATIONS
C
o OR STRATHN

EEORMATION

C-6



FLAG = .TRUE.
WRITE (0, (A)")
WRITE(O, " (A) ")
WRITE (0, (A\) ")
READ (0, *) sX
WRITE (O, ' (A\) ")
READ (0, *) S8Y
WRITE(O, ’ (A\) ")
READ (0, *) SXY
IF (STRAIN) THEN
WRITE (0,
READ (0, *
ENDIF
ELSE
C
C ENTER STRAINS
C
FLAG = .FALSE.
WRITE (0,’ (A)") *
WRITE (0, (A\)*)
READ (0, *) ESX
WRITE (0, (A\) ‘)
READ (0, *) ESY
WRITE (0, (AN} ")
READ (0, *) ESXY
IF (STRAIN)
WRITE (O,
READ (0, *
ELSE

Enter stresses remote from the shaft
* XX direct stress ? .... '

YY direct stress 2?2 .... !

‘ XY shear stress 2?2 .... '

Y (A\)') ' Axial strain ? .... '
) ESz

Enter strains remote from the shaft
‘ XX direct strain ? .... ¢

‘ YY direct strain ? .... '
* XY shear strain 2?2 .... '
THEN

*(A\)'") * Axial strain ? .... '
) ESZ2

ESZ = ~-LAM* (ESX+ESY)/(2.*G)

ENDIF

OUTPUT STRAINS

aanoa

WRITE (0, 2008)ESX,

8 FORMAT (* The inpu
. esx
esy
esxy

N
(=]
Q@

0

[}

’
’
’

ESY,ESXY

t in-plane strains are : '/
', E12.4/
r,E12.4/

= ‘,E12.4/)

2

’

COMPUTE CORRESPONDING STRESSES

Eguations 2.1,

2.2 and 2.3

annn

anNo

N
(o]
(@]

3

X = (2.*G+LAM) *ESX + LAM* (ESY+ESZ)
Y = (2.*G+LAM) *ESY + LAM* (ES2+ESX)
XY = G*ESXY
ND

I¥

7(/1L'7U)

B

CUTPUT STRESSES AND STRAINS

WRITE(0,2007)8X,SY, SXY

FORMAT (' The input in-plane stresses are
’

SX = ',El12.4/
! SY =

'/

’

SXY

WRITE (0,2006)ESZ
2006 FORMAT (' The axia

VAR
G) THEN

', E12.4/
',E12.4/)

1 strain (ESZ) is ',E12.4/)

1
(6,2007)SX,SY, SKY

WRITE (6,2008)ESX,ESY, ESXY
WRITE (6,2005)5SX%,SY, SXY
AN FORMAT (Y The calculated in-plane stresses are : '/

5% =

w
<
it

! SXY =

3
E(6,2C06)ESZ

3 H% Ng.PA' STRESSES, AFTER CALCY

‘LEL2.4/
'LEL2.4/
‘,EL2.4/)

C-7

LATING THE MEAN AND

. STRESSES SKIP THE FOLLOWING

SHA228
SHA229
SHA230
SHA231
SHA232
SHA233
SHA234
SHA235
SHA236
SHA237
SHA238
SHA239
SHAZ240
SHA241

SHA242
SHA243
SHA244
SHA245
SHA246
SHA247
SHA248
SHA249
SHA250
SHA251
SHA252
SHA253
SHA254
SHA255

SHA256
SHA257
SHA258
SHAZS59
SHA260

SHA261
SHA262
SHA263
SHA264

SHA265
SHA266
SHA267
SHA268
SHA269
SHA270
SHA271

SHA272
SHA273
SHA274
SHA275
SHA276
SHA27T7
SHA278
SHA279
SHA280
SHAZ281
SHAZ282
SHA283

SHA284
SHA28S
SHA286



C
C PRINT PRINCI1PAL STRESSES
C
WRITE (0, 4001)S1IG1,S1IG3
4001 FORMAT (/' The principal stresses are :'/
. 4 SIGl = ',E12.4/
' SIG3 = ',E12.4/)
WRITE (0, 4000)ALPHA
4000 FORMAT (* The major stress is inclined at ',F5.1,
. * degrees relative to the X axis ')
C
WRITE (6,4001)SIG1l,SIG3
WRITE (6,4000)ALPHA
ENDIF
C
C CALCULATE COEFFICIENTS FOR LINED TUNNEL
C
IF (SLIP) THEN
CALL COEFFS
ELSE
CALL COEFF
ENDIF
Cc
C SKIP THE NEXT CALCULATIONS IF AUTOMATIC SAMPLING WAS SELECTED
C
IF{.NOT.AUTO) THEN
WRITE(O, ' (/)")
PAUSE ' Press ENTER to proceed with interaction analysis ’
WRITE(O, (/)")
WRITE(O,’ (A/)') ' The Interaction Calculation Predicts *
VRITE(6,’ (/)')
WRITE(6,’ (A/)') ' The Interaction Calculation Predicts ’
WRITE (0, 999)
999 FORMAT(/,’ Radius Angle RR-Stress TT-Stress RT~Stress’,
1 2Z-Stress’ )
C
C LOOP ON THETA
C

[ORONS]

«)

a2

[ORORS]

[ RSN

0

o

IF (SXY.NE.0.0) THEN
VALUE = SQRT (SXY*SXY + S5*5S)

SIGl = P + VALUE
SIG3 = P - VALUE
ALPHA 0.5 * ATANZ2 (SXY.S)

ALPHA = ALPHA * 57.296
5 = (SIGl - SIG3)/2.

DO 150 J=1,NTHETA
TH=THETAS (J)
WRITE(6,2009) TH

2009 FORMAT (/,' Angle from XX stress direction = ’,F6.1)

WRITE (6,2010)

2010 FORMAT (/,' Radius RR-Stress TT-Stress RT-Stress’,

1 2Z-Stress Radial Displ. Hoop Displ.’)

FIRST ROTATE TO PRINCIPAL STRESS DIRECTION

TH2=2.0* (TH-ALPHA)*0.0174532
COS2T=COS (TH2)
SIN2T=SIN(TH?)

1.OOP ON R
DC 140 I=1,NRAD
R=RADII(I)
IF(R.GT.RAD) THEN

MEDIUM STRESSES AND DISPLACEMENTS

CALL MEDIUM(R,COS2T,SIN2T, SR, ST, SRT,S2,U,V)
ELSE

LINER STRESSES AND DISPLACEMENTS

CALL LINER(R,C0OS2T,S5IN2T,SR,ST,SRT,SZ,U,V)
ENDIF

k,TH,SR,5T,S5RT, 52
VAR VIRY)

C-8

SHA287
SHA288
SHA289
SHA290
SHA291
SHA292
SHAZ293

SHA294
SHA295
SHA296
SHA297
SHA298
SHA299
SHA300

SHA301
SHA302
SHA303

SHA304
SHA305
SHA306
SHA307
SHA308

SHA309
SHA310
SHA311
SHA312
SHA313
SHA314
SHA315
SHA31l6
SHA317
SHA318

SHA319
SHA320
SHA321
SHA322
SHA323
SHA324
SHA325

SHA326
SHA327
SHA328

SHA329
SHA330
SHA33]

SHA332
SHA333

SHA334
SHAZ35

SHA336
SHA337
SHA338



140
150

GE

aoon0onan

[eNeKe]

ao0an

CONTINUE

CONTINUE

WRITE(O," (A)’) ' Angles are relative to XX axis '
ENDIF

WRITE(O, ' (/)")

PAUSE ‘ Press ENTER for liner stresses from interaction analysis’

WRITE(O,’ (/)")
WRITE (D, (A) ")

The Interaction Calculation for the

! ! liner
WRITE(O,' (A)') ' predicts the stresses listed below. '
WRITE (O, (A)') ’ Note that the reference angle is the’
WRITE(O,’ (A)') ' first principal stress direction /
WRITE({O, ' (/)*)

WRITE(6,’ (/) ")

WRITE (6, (A)’') ' The Interaction Calculation for the liner
WRITE(6,’ (A)’) ' predicts the stresses listed below. '’
WRITE(6,’ (A)') ' Note that the reference angle is the’
WRITE(6,’ (A)’) * first principal stress direction
WRITE(6,' (/)")

NERATE SAMPLES ALONG RADIAL LINES AT 0 AND 90 DEGREES

LOOP ON THETA
DO 170 J=1,2
TH=ATHETA (J)
TH2=2.0*TH*0.0174532
COS2T=COS (TH2)
SIN2T=SIN(TH2)

LOOP ON R

PO 160 I=1,NUM
R=ARADI (I)

LINER STRESSES AND DISPLACEMENTS

CALL LINER(R,COS2T,SIN2T, SR, ST, SRT,SZ,U,V)

SRAD(J,I) = SR
STHET(J,I) = ST
SAXL(J,I) = SZ
UARRAY (J,I)= U

VARRAY (J,I)= V

160 CONTINUE
170 CONTINUE

anon

2012

OCUTPUT WITH SIMPLE GRAPHICS

WRITE(O,’ (/)")
WRITE(O,’ (A)’) ’ Hoop Stresses in the Liner '’
WRITE (0,2012)
WRITE(6,' (/)")
WRITE(6,’ (A)') ' Hoop Stresses in the Liner
WRITE(6,2012)

FORMAT (2X, 6HRadius, 4X,11HAt 0. (Pt 1),3X,12HAt 90. (Pt 2),

+ 4%, 7HMinimum, 16X, 7HMaximum)
CALL PLOTS (ARADI, STHET, NUM)
WRITE(O," (/)*")
WRITE(O,* (A)’) ’ Radial Stresses in the Liner '
WRITE (0, 2012)
WRITE (6, (/)")
WRITE(6,’ (A)’) ’ Radial Stresses in the Liner '
WRITE (6,2012)
CALL PLOTS (ARADI, SRAD, NUM)
WRITE(O, " (/)")
WRITE(O,’ (A)') ' Axial Stresses in the Liner '
WRITE (0,2012)
WRITE(6,’ (/)")
WRITE(6," (A)') ' Axial Stresses in the Liner '
WRITE (6,2012)
CALL PLOTS (ARADI, SAXL, NUM)
WRITE(Q,’ (/) ")
WRITE(O,’ (A)*) ' Radial Displacements in the Liner
WRITE (0, 2012)
WRITE(6,’ (/)")
WRITE(6,’ (A)') ' Radial Displacements in the Liner
WRITE(6,2012)
CALL PLOTS (ARADI, UARRAY, NUM)
WRITE(O,’ (/)")
WRITE(O,’ (A)’') ' Hoop Displacements in the Liner *
WRITE (0,2012)

v

’

v

SHA339
SHA340
SHA341
SHA342
SHA343
SHA344
SHA345
SHA346
SHA347
SHA348
SHA349
SHA350
SHA351
SHA352
SHA353
SHA354
SHA355
SHA356

SHA357
SHA358
SHA359
SHA360
SHA361

SHA362
SHA363

SHA364
SHA365
SHA366
SHA367
SHA368
SHA369
SHA370
SHA371

SHA372
SHA373
SHA374
SHA375
SHA376
SHA377
SHA378
SHA379
SHA380
SHA381
SHA382
SHA383
SHA384
SHA385
SHA386
SHA387
SHA388
SHA389
SHA390
SHA391
SHA392
SHA393
SHA394
SHA395
SHA396
SHA397
SHA398
SHA399
SHA400
SHA401
SHAA402
SHA403
SHA404



WRITE(6,’ (/)") SHA405

WRITE{6,’' (A)’') ' Hoop Displacements in the Liner ' SHAA4G6
WRITE(6,2012) SHA4Q07
CALL PLOTS (ARADI, VARRAY, NUM) SHA408
GO TO 75 SHA409
Cc
C SECTION 3 - CALCULATIONS FOR PURE SHEAR
C
200 WRITE(6,’' (////)") SHA410
WRITE(6,’ (A)') ' OUT-OF-PLANE SHEAR CALCULATION ' SHA411
WRITE(6,’ (A)') ' ! SHA412
WRITE(O,” (/) ") SHA413
WRITE (0, (A\) ") SHA414
+ ’ Do you wish to enter boundary conditions as strains 2 (y/n) ' SHA415
READ (0,'(Al)') ICH SHA4l6
IF(ICH.NE.'Y’ .AND.ICH.NE.’y’) THEN SHA417
Cc
C STRESSES ARE TO BE ENTERED
C
WRITE(O,' (/)") SHA418
WRITE(O,’ (A)’) ' Enter stresses remote from the shaft SHA419
WRITE(O,’ (A\)’) ’ 2X shear stress ? .... ' SHA420
READ (0, *) s2X SHA421
WRITE(O,’ (A\)’) * 2ZY shear stress ? .... ' SHA422
READ(O,*) S2Y SHA423
ELSE SHA424
o)
C ENTER STRAINS
C
WRITE(O,’(A)’) ’ Enter strains remote from the shaft ' SHA425
WRITE (O, (A\)’) ' ZX shear strain ? .... ' SHA426
READ (0, *) ESZX SHA427
WRITE (O, (A\)*) ' 2Y shear strain 2?2 .... ' SHA428
READ (0, *) EszY SHA429
C
C OUTPUT STRAINS
C
WRITE(6, ' (/)") SHA430
WRITE (6,3000)ESZX,ESZY SHA431
3000 FORMAT {* The input shear strains are : ‘/ SHA432
’ eszx = ',Fl2.4/ SHA433
' eszy = ',£12.4/) SHA434
C
C COMPUTE CORRESPONDING STRESSES
c
SZX = ESZIX * G SHA435
SZY = ESZ2Y * G SHA436
ENDIF SHA437
c
C CUTPUT STRESSES
WRITE(2,3001)SZX,s2Y SHA438
3001 FORMAT (' The input shear stresses are : '/ SHA439
' SZX = ' ,E12.4/ SHA440
' SzZY = *,E12.4/) SHA441
WRITE(Z,3001)82X,S52Y SHA442
C SKIP THE NEXT CALCULATIONS IF AUTOMATIC SAMPLING WAS SELECTED
IF (.NOT.AUTO) THEN SHA443
WRITE(D,' (/)") SHA444
PAUSE ' Press EZNTER to proceed with interaction analysis ' SHAG4S
WRITE (C, 998) SHA446
998 FORMAT(/,' Radius Angle RZ-Stress TZ-Stress ') SHA44T
o
C LOOP ON THETA
. DO 250 J=1,NTHETA SHA44S
TH=THETAS (J) SHA449
WRITE(6,2022) TH SHA450
2022 FORMAT (/,’ Angle from XX-stress direction = *,F6.1) SHA451
WRITE (6,2023) SHA452
2023 FORMAT (/,’ Radius RZ~Stress TZ-Stress Axial Dispi.’) SHA453
THT=TH*L.0174532 SHAA4S54
COST=COS (THT) SHA455
SINT=SIN(THT) SHA45E
c Lo0P ON R
i DO 240 I=1,NKAD SHALS
R=RBADII(I) SHALDH

C-10
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2025

IF(R.GT.RAD) THEN
MEDIUM STRESSES AND DISPLACEMENTS

CALL SHMED (R, COST,SINT,SRZ,STZ,W,SLIP)
ELSE

LINER STRESSES AND DISPLACEMENTS

CALL SHLIN(R,COST, SINT,SRZ,STZ,W,5L1P)
ENDIF

WRITE(O,' (2F9.2,2E12.4)') R,TH,SRZ,STZ
WRITE (6,2024) R,SRZ,STZ,W
FORMAT (F9.3, 3E12. 4)

CONTINUE
CONTINUE
ENDIF
WRITE(O,’ (/) ")

PAUSE ' Press ENTER for liner stresses from interaction analysis’

NERATE SAMPLES ALONG RADIAL LINES AT O AND 90 DEGREES

LOOP ON THETA

po 270 J=1,¢
TH=ATHETA (J)
THT=TH*0.0174532
COST=COS (THT)
SINT=SIN (THT)

LOOP ON R

DO 260 I=1,NUM
R=ARADI (I)

LINER STRESSES

CALL SHLIN(R,COST,SINT,SRZ,S5TZ2,W,SL1P)
SRZ25(J,I) = SRZ
STZ5(J,I) = STZ
WARRAY (J, 1) =W
CONTINUE
CONTINCE

?UT WITH SIMPLE GRAPHICS

WRITE(C,” (/) ")
WRITE(O,’ (A)’) ' RZ-Shear Stresses across the Liner
WRITE (0,2025)
WRITE(6,' (/) ")
WRITE(6,' (A)') ' RZ-Shear Stresses across the Liner
WRITE ({6,2025)

'

’

FORMAT (2X, 6HRadius, 4X,11HAt C. (Pt 1),3X,12HAt 90. (Pt 2),

+  4X,7HMinimum, 16X, 7THMaximum)
CALL PLOTS (ARADI, SRZS,NUM)
WRITE(O,' (/) ")
WRITE(O," (A)’) ' TZ-Shear Stresses across the Liner
WRITE (0, 2025)
WRITE(6,’ (/) ")
WRITE(6,’ (A)’) ' TZ-Shear Stresses across the Liner
WRITE (6,2025)
CALL PLOTS({ARADI,STZS,NUM)
WRITE(C, " (/)")
WRITE(C,’ (A)') ' Axial Dispiacement of the Liner '
WRITE (0,2025)
WRITE(6,' (/")
WRITE(6,’ (A)') ' Axial Displacement of the Liner '
WRITE (€,2025)
CALL PLOTS (ARADI, WARRAY, NUM)
GO TO 75

’

’

IENTS FOR THE CASE

SHA459

SHA460
SHA461

SHA452
SHA463

SHA454
SHA465
SHA466

SHA467
SHA4(8
SHA469
SHA470
SHA471

SHA472
SHA473
SHA474
SHA475
SHA476

SHA477
SHA478

SHA479
SHA480
SHA481
SHA482
SHA483
SHA484

SHA485
SHA486
SHA487
SHA488
SHA489
SHA490
SHA491
SHA492
SHA493
SHA494
SHAG49E
SHA496
SHA497
SHA498
SHA499
SHAS00
SHAS501
SHAS02
SHAS03
SHAS04
SHAS05
SHAS06
SHAS07
SHAS08
SHA509

COE 1



LOGICAL STRAIN

REAL NU, NUS,NUL, NULS, LAM, LAMI,

COMMON /MAT/ RAD, THICK,E,NU,EL,NUL,A,C,D,AL,CL,DL,P,S,
+ ES,ELS,NUS,NULS,STRAIN,ES2,G,GL, 52X, SZY

DIMENSION Y (4),2(4,4)

¢ CALCULATE CONSTANTS

o]

RM=RAD/ (RAD-THICK)
RM2=RM*RM
RM4==RM2*RM2
RM6=RM2*RM4
ER=E/(EL* (1.0+NU))

COEFFICIENTS FOR HYDROSTATIC COMPONENT

aanan

ERR={(E/EL)* {{1.0+NUL) +RM2* (1.0-NUL})
DEN=ERR~ (1.0+NU) * {1.0-RM2)
ETERM=0

ADD OUT OF PLANE STRAIN TERM

aaa

IF{STRAIN) ETERM= E*ESZ* (NULS-NUS)

Equation 2.22 for plane stress; equation 2.31 for plane strain

anoa

A=(P*((1.0-NU)*(RM2-1.0) -ERR) - (ETERM* (1.0~-RM2})) /DEN

[oNeNe]

Equation 2.23 for plane stress; equation 2.33 for plane strain
L=(-2.0*P-ETERM) /DEN
SET UP MATRIX AND RHS FOR PURE SHEAR CASE

From equation 2.58

aaoaoaon

Y(1l)=S

Y(2)=-5

Y(3)=-3.0"s

Y(4)=3.0*sS

2(1,1)=1.0

2(1,2)=2.0

2(1,3)=RM4-1.0

2{1,4)=2.0*RM2-2.0

2(2,1)=1.0

.0

.0*RM6-RM4-1.0

.0*RM4-2.0*RM2-1.0

.0

L0/ (1.0+NU)

R* (4. 0*NUL*RM&- (3.0"RM4+1.0) * (1.0+NUL))
.O*ER* (NUL*RM4-(1.0+NUL) *RM2-1.0)
.0

Z2(4,2)=(3.0%*NU-3.0)/(1.0+NU)

—_ O E oY o N

LA 1 T (T I

2(4,4)=3.0*ER*(2.0*RM2* (1. 0+NUL)+(1.0~-NUL) - (3.0+NUL) *RM4)
Solve for coefficients

CALL LINSYS(Z,Y,4)
22=RAD*RAD
R4=R2*R2

A=A*R2

AL=AL*R2

T=Y (1) *R4

Y {3)*R4
Y(2)*R2

Y (4) *R2

RETURN

END
CodinhhRHARENRIARR B RN R RN R R B R R RN BB R B R R H SR RN

SUBROUTINE 70 EVALUATE THE COE
s

EFFICIENTS FOR THE CASHE
N THERE SLIP BETWEEN MEDI

T
UM AND LINER

SUBRQUTINE CCEFES
LOGICAL STRAIN

REAL O NU,NUS, NUL, NULS, !
COMMON /MAT/ RAD S RN R NULL A, C,D AL CL, DL P, S,
+ ES,ELS,NUS, NULS, STRAIN,ESZ, G, 6L, SEX, 52Y

DIMENSION Y (4),2(4,4)

WM, LAMEL
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CALCULATE CONSTANTS

RM=RAD/ (RAD-THICK)
RM2=RM*RM
RM4=RM2*RM?2
RME=RM2 *RM4
FROE/(ELE (Y 00N

CORFYICIENTS FOR HYDROGTATIC COMPONENT
ERR= (E/ELY* ((L.O#NUL) +RM2*(1,0-NUL))
DEN=ERK-(1.04NU) * (1.0-RM2)

ETERM=0
ADD OUT OF PLANE STRAIN TERM

IF (STRAIN) ETERM= E*ESZ* (NULS-NUS)

Equation 2.22 for plane stress; equation 2.31 for plane strain

A= (P* ((1.0~-NU}*(RM2-1.0)~-ERR) - (ETERM* (1.0-RM2)}) /DEN

Equatioun 2.23 for plane stress; equation 2.33 for plane strain

AL=(-2.0*P-ETERM) /DEN
SET UP MATRIX AND RHS FOR PURE SHEAR CASE
From equation 2.59

Y(1)=S

Y(2)=-5

Y(3)=0.0
Y(4)=-3.0*S
2(1,1)=1.0
2(1,2)=2.0
2(1,3)=RM4-1.0
Z2(1,4)=2.0*RM2-2.0

2(2,1)=1.0

2(2,2)=1.0

2(3,3)=2.0"RM6-RM4-~1.0
2(3,4)=3,0%RM4-2,0*RM2-1.0

2(4,1)=1.0

2(4,2)=6.0/(1.0+NU)
Z2(4,3)=ER*(4.0*NUL*RM6~- (3.0*RM4+1.0)*(1.0+NUL))
2(4,4)=6.0*ER* (NUL*RM4- (1.0+NUL) *RM2~1.0)
2(3,1)=0.0

2{3,2)=0.0

2(2,3)=0.0

2{2,4)=0.0

Solve for coefficients

CALL LINSYS(2,Y,4)
R2=RAD*RAD
R4=R2*R2

A=A*R2

A’ é"RQ

1) *R4

SUBROUTINE TO CALCULATE STRESSES AND DISPLACEMENTS AT

THE
THE

SAMPLE POINT DEFINED BY R AND T (COS2T,SIN2T) IN
LINER

SUBRODUTINE LINER(R,CO52T,SIN2T, SR, 5T, 3RT,54,',V)
LOGICAL STRAIN

REAL NU,NUS,NUL,NULS,LAM,LAML

COMMON /MAT/ RAD,THICK,E,NU,EL,NUL,A,C,D,Al,CL, DL,
¢ ES,ELIS,NUS,NULS, STRAIN, ‘%A,:,u;,;/y,;ﬁ

AND DISPLACEMENTS IN THE LINHER

P,S,
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IF(THICK.EQ.O0.) THEN

SR+ 0.
ST = 0.
54 - 0.
SRT -

U - 0.

\ 0.

RETURN
ENDTF

RE=R/EL
RNP=1.0+NUL
RNM=1.0-NUL
R2=R*R
R4=R2*R2
AR=RAD-THICK
AR2=AR*AR
22=R2/AR2
24=22*22
26=22%24
AA=AL/R2
CC=CL/R4
DD=DL/R2

From equation 2.78

Trom equation 2.79

anno a0

ST=(CC* {1.0-24+4.0*26)+2.0*DD* (3.0%24-22)) *COS2T-AA* (22+1.0)

From equation 2.80

ano

SR=(CC* (24-1.0)+2.0*DD* (22-1.0)) *COS2T-AA* (22-1.0)

SRT=(CC*(2.0%*26-24-1.0)+DD*(3.0%24-2.0*22-1.0))*SIN2T

IF (STRAIN) THEN

From equation 2.25

[eReXe}

SZ=ELS*ESZ + NULS* {SR+ST)

ELSE
5Z2=0.
ENDIF

[eNeNe]

From equations 2.50 and 2.

20

U=RE* ((CC* ((3.*24+1.0)*RNP-4.0*NUL*Z6)
1 +6.0*DD* (1.0+RNP*22-NUL*24)) *C0S2T/3.0

2 -AA* (RNP+RNM*22))

IF (STRAIN) U=U-NULS*ESZ*R

From equation 2.51

ann

V=RE* (CC* ({6.0+2.0*NUL)*Z26-(3.0%24-1.0) *RNP)
1 +3.0*DD* ((3.04NUL) *Z4-RNM-2.0*RNP*22) ) *SIN2T/3.0

RETURN
END

-~

[oNOEP N

SUBROUTINE TO SOLVE A LINEAR
USING GAUSSIAN ELIMINATION

CRABKBENIRRARRRRERARBRARRBERA AR RN RNBARRRRRR AR RN BRR RN

SET OF SIMULTANEOUS EQUATIONS

SUBROUTINE LINSYS (DUM1, DUM2,M)
DOUBLE PRECISION A(4,4),Y(4),X
DIMENSION DUMI (4, 4),DUM2 (4)

DO 10 I=1,M

Y (1)=DUM2(T)

DO 10 J=1,M

A(I,J)=DUML(L,.])
10 CONTINUE

Ml =M -1

DO 150 K = 1,Ml
KP = K + 1

X =0

CC 110 1 = KM

IF (X-DABS(A(I,¥))) 100,
LO00 X = DARS{(A(I,K))

L = 1
110 CONTINUE

¥ (X)) 120,120,130

1
L

16, 112
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3030
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IPRAE

120 L = 0

GO TO 190

130 DO 140 J =1
X = A(K,J)
A(K,J) = A(L,

140 A(L,J) = X
X = Y (K)
Y(K) = Y (L)
Y(L) = X
DO 150 I =K
X = A(I,K) /
Y(1) = Y(I) -

M

I

P, M
A(K,K)
Y (K) *X

DO 150 J = KP,M

—
w
[}

A(I,J) = A(I,
IF(AM, M) 16
L=0

GO TO 190

o
wn

ot

vy
o)}
o

M
C 180 I =1
Q0

[

)
0 Y{K) = (Y(XK)
C CONTINUE

D0 20¢C I

DUM2(I) =

C3 CONTINUE
RETURN
END

M
)

=1,
(I
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SUBROUTINE T
SAMPLE POINT

MEDIUM

SUBRCUTIN
LOGICAL

STRAI

TO CALCUI

J) - A{K,J)*X
£.159,160

Y (M) = Y(M)/A{MM)

, M1

= KP,M
+ A(K,J)*Y (J)

- . / A(K,K)

TE STRESSES AN
DEFINED BY R AND T

N

REAL NU,NUS,NUL,NULS, LAM, LAML

COMMON /MAT/

RAD, THICK,E,NU,EL,NUL,A,C,D,AL,CL,DL,P, S,

D DISPLACEMENTS AT

(COS2T, SIN2T)

+ ES,ELS,NUS,NULS, STRAIN, ESZ,G,GL, S2X, S2Y

STRESSES AND DISPLACEMENTS IN THE MEDIUM

R4=R2*RZ
AA=A/R2
CCc=C/R4
DD=D/R2

From equaticns

SR=(S~-CC-2.0*

2.40 and 2.13
DD) *CCS2T+AA+P

2.41 and 2.13

C-15
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E MEDIUM(R,COS2T,SIN2T,SR,ST,SRT,SZ,U,V)

LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
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LIN
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C
C SUBROUTINE DEVELOPS A SIMPLE "LINE PRINTER’ GRAPHICAL
C OUTPUT, SHOWING THE DISTRIBUTION OF STRESS THROUGH
C THE LINER
C

SUBROUTINE PLOTS (RADII, ARRAY, NUM)

DIMENSION ARRAY(2,1),RADII(1)

DIMENSION LINE(32)

CHARACTER*1 ONE, TWO, BLNK, PLUS, LINE

DATA ONE, TWO, BLNK,PLUS,EDGE/1H1,1H2,1H ,1H+,1H!/
DATA NCOL/30/

C
C FIRST FIND THE RANGE AND INCREMENT PER COLUMN
C
VMIN ARRAY (1,1)
VMAX ARRAY (1,1)
DO 10 J=1,2
DO 10 I=1,NUM
AHAH = ARRAY(J,I
IF (AHAH.LT.VMIN) VMIN
IF (AHAH.GT.VMAX) VMAX
10 CONTINUE
RANGE = VMAX - VMIN
VINC = RANGE/FLOAT (NCOL-1)
WRITE(C,’ (40X,E12.4,8X,E12.4) ") VMIN, VMAX
WRITE(6,' (40X,E12.4,8X,E12.4)"') VMIN,VMAX

[

AHAH
AHAH

]

c
C SET PRINTED LINE TO BLANKS AND ADD RIGHT HAND SIDE
c
NCOL1 = NCOL+1
DO 20 I =1,NCOL1
20 LINE(I) = BLNK
C
C DO ONE LINE AT THE TIME
Cc

DO 3C I=1,NUM
VALl = ARRAY(1,1I)
VALZ = ARRAY(2,1)
IF (RANGE.EQ.0.0) THEN

LOC1 = NCOL/2
LOC2 = NCOL/2
ELSE

LOC1 = INT((VAL1-VMIN)/VINC)+1
LOC2 = INT((VAL2-VMIN)/VINC)+1
ENDIF
LINE(LOC1) CNE
LINE (LOC2) TWO
IF(LOC1.EQ.LOCZ) LINE(LOC1l) = PLUS
WRITE(D,1000) RADII(I),VAL1l,VAL2,EDGE, (LINE(J),J=1,NCOL1),EDGE
WRITE(6,1C00) RADII(I),VALl,VAL2,EDGE, (LINE(J),J=1,NCOLl),EDGE
1000 FORMAT (F7.2,3X,E12.4,2X,E12.4,5X, 50A1)
LINE (LOC1) BLNK
LINE (LOC2) BLNK
32 CONTINUE
WRITE(O, " {(/)")
PAUSE ' Press ENTER to cecntinue
RETURN
END
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SUBROUTINE CALULATES THE STRESS INDUCED IN THE LINER
3Y PURE SHEAR IN THE MEDIUM
SUBROUTINE SHLIN(R,CCST,SINT,SRZL,ST2ZL,WL,SLIP)

ILOGICAL STRAIN,SLIP

REAL IL,KL,M2

COMMCN /MAT/ RAD,THICK,E,NU,EL,NUL,A,C,D,AL,CL,DL,P,S,
- ES,ELS5,NUS,NULS,STRAIN,ESZ,G,GL, 52X, 52Y

CALCULATE SHEAR STRESS IN LINER RESULTING FROM PURE SHEAR

[SESN®]

RADI = RAD - THICK
R2 = RAD®:

MED 26
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vl GL* (1.0-M2)

[

v2 G* (1.0+M2)
C From equation 2.117
C
IL = 2.0*32X/ (V1+V2)
C
C From equation 2.119
c
KL = 2.0%*S2Y/(V1+V2)
SM2 = RADI*RADI/({R*R)
C From equation 2.107
Cc
WL = IL*R*(1.0+SM2)*COST + KL*R* (1.0+SM2)*SINT
c
C From equation 2.108
c
SRZL = GL*IL*(1.0-SM2)*COST + GL*KL* (1.0-SM2)*SINT
Cc
C From eguation 2.109
Cc
STZL = -GL*IL*(1.0+SM2)*SINT + GL*KL* (1.0+SM2)*COST
ENDIF
RETURN
END

CHEHBARERARSRRBRARERBURRA BB R R RBRAtREBER BB R ERY
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C SUBROUTINE CALCULATES THE STRESSES IN THE MEDIUM THAT ARE
C CAUSED BY THE SPECIFIED PURE SHEAR IN THE FAR FIELD
C

SUBROUTINE SHMED (R,COST, SINT, SRZ,STZ,W, SLIP)

LOGICAL STRAIN, SLIP

REAL JM, LM, M2, JMR, LMR

COMMON /MAT/ RAD, THICK, E,NU,EL,NUL,A,C,D,AL,CL,DL,P, S,
+ ES,ELS,NUS,NULS, STRAIN,ESZ,G,GL, S2X, SZ2Y

CALCULATE SHEAR STRESS IN MEDIUM RESULTING FROM PURE SHEAR

noon

RADI = RAD - THICK
R2 RAD*RAD

M2 RADI*RADI/R2
vl GL* (1.0-M2)
V2 = G*(1.0+M2)
IF (SLIP) THEN

[ T

From equation 2.121

ana

JM
LM
ELSE

VAL = R2*(V2-V1)/((V2+V1)*G)
JM SZX*VAL

SZY*VAL

R2*S72X/G
R2*S2Y/G

o

From equation 2.118

a0

JMR = JM/(R*R)

From equation 2.120

aaa

LMR = LM/ (R*R)
SZXG SZX/G
SZ2YG S2Y/G

fon

[eNoKe]

Frecm equation 2.110
W = R* ((SZXG+JIMR) *COST + (SZYG+LMR)*SINT)

From equation 2.111

aan

SRZ = G*((SZXG-JMR) *COST + (SZYG-LMR)*SINT)

From equation 2.112

(100

STZ = -G*((SZXG+JIMR) *SINT + (SZYG+LMR)*COST)
RETURN
END
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C
C
C

o)

and GETTIM. These are built in functions with
Ryan MacFarland Fortran and Microsoft Fortran

77 Version 4.1

1000

1000

SUBROUTINE DATED (CDATE)
CHARACTER*8 CDATE
INTEGER*4 IY,IM,ID

CALL GETDAT(IY,TM,ID)
IY=IY-1900

WRITE (CDATE, 1000) IM,ID,IY
FORMAT (I2,1H/,12,1H/,12)
RETURN

END

SUBROUTINE CLOCK (CTIME)
CHARACTER*8 CTIME
INTEGER*2 IH,IM,IS,IF
CALL GETTIM(IH,IM,Is,IF)
WRITE (CTIME, 1000) IH,IM,IS
FORMAT(I2,1H:,12,1H:,12)
RETURN

END

DAT
DAT
DAT
DAT
DAT
DAT
DAT
DAT
DAT

CLO
CLO
CLO
CLO
CLO
CLO
CLO
CLC

WSS W

caoanU.s WP
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