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1. INTRODUCTION

In modified in-situ (MIS) oil shale retorting, the resource is processed
in the ground. Large chambers of rubblized oil shale are formed by mining
out about 20% to 40% of the in-place shale and blasting the balance into
the created void. The mined-out material is brought to the surface and oil
is recovered from it by surface retorting. The in-place material.is pyrolyzed
to recover o0il, leaving large numbers of abandoned retort chambers underground.

This type of oil shale processing may result in a number of environmental
problems, including in-situ leaching of the abandoned retorts, low resource
recovery (large pillars are required to support the overburden), and subsi-
dence. These problems may be mitigated by filling abandoned retorts with
a grout that would fill the void space, thus improving retort structural
strength and stiffness, and rediicing retort permeability to groundwater flow.
I1f sufficient strength and stiffness can be developed, it may be possible
to design retorts so that the pillars can be retorted and resource recovery
improved. ‘ ' ‘

This document describes a computer program that was developed and used
to evaluate the strength and stiffness required in a grouted retort to support
the overburden and to improve resource recovery. The program SUBSID was
developed to predict subsidence over a field of MIS retorts under various - Ll
conditions of retort backfill. In MIS retorting the pillars between retorts
form a continuous structure, separating individual retorts (Fig. 1). This
is the reverse of conventional room—and-pillar mining, where the pillars
are discontinuous in a continuous room. SUBSID models either case in two
dimensions. In subsequent sections of this report, retorts are referred
to as "rooms" to maintain consistency with usual mining terminology. »

. i

Where subsidence must be prevented or limited, backfilling retorts can
permit retort design with a higher extraction ratio than would otherwise: be
possible. SUBSID can be used to relate the desired increase in extraction
ratio to the required structural properties of the retorts after backfilling,
thus allowing costs and benefits to be balanced against each other. These
considerations are relevant to MIS oil shale retorting, because slurry back-
filling or grouting MIS retorts with the surface-retorted spent shale or
other grouts may be required to reduce groundwater pollution caused by
leaching of the in-situ spent shale. The benefit here would come from
reducing the permeability of the retort. Additional benefit may also result
from developing structural strength in the retort if this permits the extrac-
tion ratio to be increased, or the pillars to be retorted in a second pass.
"For a complete discussion of the problems of retort abandonment and proposals
for retort grouting, see Fox and Persoff (1980).
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2. DESCRIPTION OF THE PROGRAM

SUBSID is a nonlinear, two-dimensional, finite-element computer program
for evaluating static subsidence in a room-and-pillar or a lane-and-pillar
configuration with homogeneous and isotropic overburden and homogeneous and
isotropic pillars. The basic structural elements within the program are:

v

e overburden elements
e pillar elements
e room elements

The two-dimensional overburden elements possess six degress of freedom;
specifically, horizontal and vertical translation and rotation at both ends.
The behavior of these elements is governed by the slope deflection equations
of classical beam theory (Wilson, 1978). Shear deflections are optional
in the overburden elements. : '

The pillar elements possess three degrees of freedom, all at the
overburden/pillar connection. The pillars may rotate or translate vertically
or horizontally. Each pillar is considered to be rigidly attached to a
foundation at its lower end (i.e., the lower end may not .rotate or translate).

The room elements are similar to the pillar elements. These elements
may represent totally excavated cavities by specifying a compressive strength
of zero, or they may represent "backfilled" rooms with the appropriate input
parameters. Room elements are also considered to be rigidly attached to
a foundation at the lower end. Shear deflections are optional for the pillar
and room elements.

The uniaxial pillar and room elements do not allow for horizontal varia-
tions in vertical stress and are only connected structurally via the over-
burden elements. The response of the pillar and room elements to load is
characterized by an initial pore volume decrease and collapse followed by
a monotonic strain hardening behavior asymptotically approaching the unconfined
compressive strength. Only response to loading in compression is modeled
in the program. '

Program SUBSID is operational on the CDC 7600 computer at the Lawrence
Berkeley Laboratory. The program is compatible with other €DC systems;
however, the dynamic storage feature may require updating for other CDC
installations. The program is written in FORTRAN IV. A listing of SUBSID
is provided in Appendix A, and the job control language for execution on
the LBL CDC-7600 is- given in Appendix B.

The following sections of the report provide a description of the
constitutive behavior of the structural elements, the numerical algorithm
for the problem solution, and the organization of input and output data.
An example of program usage is also provided. :



3. CONSTITUTIVE RELATIONSHIPS

The uniaxial stress/strain behavior of the pillar and room elements is
illustrated in Fig. 2. Region I of the stress/strain curve represents pore
volume decrease or microcrack closing and Region II represents strain
hardening of the matrix material. Mathematically:

-

* %*
0 = k(e/e )n for e < ¢
' (1
- —A(e—e*) *
0 = (C_-k) [1-e 1+ k for € = €
where 0 = uniaxial stress;

€ = uniaxial strain,

C° = unconfined compressive strength,
* : ' .
€ , n, A = constants determined from laboratory stress/strain data.
S, _ ' *
Note that the maximum tangent modulus from Eq. (1) occurs ate=c¢ .

Mathematically, the maximum tangent modulus is: ~
90
max §= —A(Co—k) .
From the requirements of stress and stiffness continuity at € = €%,
the following relationship is obtained:
“Ace®
o

- k = .a ' ‘ . (2)
: ' A n+l€* '

If we consider that the pore structure has collapsed at €¥ ’ the permanent
deformation which would be present from an elastic unloading from e* (with
a tangent modulus at € ), would represent the pre-loading porosity, ¢.

- The resultlng expression for pre-loading porosity is obtained:

_ € -1 (3)
n
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Bending and flexural deformation within the pillar and room
elements is considered to be linear with the applied load. The deformation
modulus for these modes of loading is taken to be identical to the tangent
modulus from the stress/strain curve of Fig. 2 at the present vertical
compressive strain. Shear deformations in the pillar and room elements may

be included.

The load/deformation response of the overburden elements is taken to
be linear and constant. Classical beam theory applies with the addition
of shear deformations. :



4. ELEMENT STIFFNESS MATRICES

This section describes the form of the element stiffnesses.
form of the force/displacement relations is:

where [Ke]
{v®}
A{F®}

[x®]1 {v*}

the element stiffness matrix,
element displacement vector,

element force vector.

= {r%},

The general

- (4)

Discussion of the direct stiffness method and further explanation of
Eq. (4) are given by Wilson (1978).

4,1 Overburden Elements

The forces, displacements, and appropriate sign convention for an over-

burden element are 111ustrated 1n Fig. 3.

T

1s.

o Eply
L(1+28,)

Ab(1+28b)

where Eb =

Iy

%

SYMMETRIC
4+28b
Ab(1+26b)_

0 I,
_6 12

L 2
2-28, _6
% 0 -

Young's modulus. of the overburden element,

4+28b

The corresponding form of Eq. (4)

moment of inertia of the overburden element about the z axis,

length of the overburden element,

cross-sectional area of the overburden element,
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Fig. 3. Overburden element forces,vdisplacements,and positive sign
convention.



b

effective area of the overburden element cross section (5Ap/6 for
P .a rectangular cross-section; see any elementary structures text),

w
|

2- . _ 20
= 6E, T, /L ApG = 121b(1+v)/L Ap,

>l
1]

2]
"

shear modulus of the overburden element,

Poisson's ratio.

4.2 Pillar Element

The forces, displacements, and appropriate sign convention for a pillar
element are illustrated in Fig. 4. The force/displacement equations are:

12E I 6E I
Fx = ——BB . x, - —PBP _.pg

P 3 2
Hp~ (1+28,) Hp“(1+28,)
. ¥ n | ) | ) Yp *
FYp =k AP ‘—L_* ’ , _ : f.or i‘l_ < €
LHpE | P
n Y *\| _ Y * ' K
= Ap(Comk) jl-exp|-A{ B - e J[(+ k A, for T € (6)
| 6E_I 4+28 1E T
Fo, =~ 7o %t Tem | H %
P Hp " (1+28p) pd p .
where Ep = tangent modulus of the pillar at Yp/Hp from Eq. (1),
Ip = moment of inertia of the pill@r about the z axis,
Hp = height of the pillar,
Ap = cross-sectional area of the pillar,
Bp = ghear strain parameter for the piilar (see Eq. (5)).

The following relations between the displacement and forces of the pillar

connected to node "i" of an overburden element and the displacements and

forces at the overburden element node '"i'" can be stated as:

Xp = Xi - eiHb/2 _ . in =.FXp

Y =Y F, =F
P b Xi Yp

8 =6 = - . )
b= % Fo, Fep (Hb Fxp/z
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Fig. 4. Pillar element forces, displacements, and positive sign convention.
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where Hp = the height of the overburden element.

11

Then, Eq. (6) becomes (in

terms of the displacements and forces at the ith node):

12E T
Fy; = — 5
Hp, (1+28p)
Yl
FYi = k Ap o8
Hp€

6E I

Fq.
6
t Hp2(1+26

: ]“

B Yi * h
= Ap(Co-k) jl-exp[-A| - - €

-——_PP

p)

6E I -
%y - —B P __

Hp2(1+28p)

o

P

H o
[1+H—-] °Xi+

P

. . H
(1 + EE>. ei
Y.
for ﬁi < g* l
(7
Y.
’ _ N
%:‘-k Ap for m €
4+28_ 7 S, w
[ ) ) SR (P | I
| T+28 4H H 6
P P P’

Equation (7) cannot be written in the form of Eq. (4) directly due

to the obvious nonlinearity.

In other words, the stiffness of the pillar
element depends explicitly on the vertical displacement of the pillar element.

‘The solution procedure or numerical algorithm for the nonlinear equations
is discussed in section 5 of this report.

4.3 Room Element

The forces, displacements, and appropriate sign convention for the room

element are illustrated in Fig. 5. The force/displacement equations are

identical to those of the pillar elements except that the subscript "p"
"is replaced with a subscript "r'" indicating room material properties and

geometry.
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Fig. 5. Room element forces, displacements, and positive sign convention.
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5. NUMERICAL ALGORITHM

If the nonlinearity of Eq. (7) did not exist, the element force/displace-
ment relations (Eq. (4)) for each element in a given problem mesh or structure
could be merely assembled by means of the direct stiffness method (c.f. Wllson,
1978) and the resulting set of equations solved. Mathematically:

[K] {U} {F} , | (8)

where [K] = T [K®],
. e ,
{u} = 1 by 3N vector of displacements at each of the N nodes,
{F} = 1 by 3N vector of forces at each of the N nodes.

However, due to the nonlinear equations, the solution procedure implied
by Eq. (8) is recast as:

* ,
[xk}v.} = {F} - [k (u,_)] (U, _,} , (9)
where [K] = the stiffness of the structure consisting of the linear portion
of the stiffness for all element types,
{Ui} = 1 by 3N vector of displacements at iteratiom i,

[K*]

the nonlinear part of the stiffness of the structure evaluated
for displacements at the i-1 iteration.

The linear portion of the pillar and room stiffness is obtained by taking
a power series representatlon of the exponential term of Eq. (7). The iteration
procedure of Eq. (9) is repeated until a specified number of iterations has
been performed or until a maximum relative tolerance on displacement change
has been satisfied at every node. Relative tolerance for this program is
defined as: :

h] ] _
. Uy = U | o, a e v
MaXImum A T ' J = 1,2,3,00.,3N ’. (10)
vl |
i
where j = the displacement equation number,
i = the iteration number,

Equation (9) is solved with a direct solver for banded symmetric matrices.
Repeated iterations are accomplished by continually re-evaluating the right-
hand-side of Eq. (9) and performing the appropriate load vector modification
and back-substitution for the new displacements. Further discussion of the
direct solution procedure can be found in most texts on numerical methods

-or finite element methods (e.g., Zienkiewicz, 1977).



14

6. PROGRAM INPUT DATA

The input data for the finite element program SUBSID are grouped into
card sets. In the following description, the variables for each card set
are given, followed by the format in parentheses; then a description of each
variable is given. When appropriate, the respective units of each variable
are given at the end of the card-set description.

CARD SET 1 - NPR@B, TITLE (IS5, 3X, 9A8)
NPR@B = the problem number. If NPROB is less than or equal to zero,
- the program stops. Thus all problems are eventually terminated
with a blank card (see CARD SET 9).
TITLE = the title of the current problém set.
CARD SET 2 - NNP, NELB, NELP, NELR, NMATB, NMATP, NMATR, NB@DY (16I5)

NNP = number of nodes in the structure

NELB = number of overburden elements in the structure
NELP = number of pillar elements in the struc;ure
| ﬁELR = number_of room elements inrthe struéture

NMATB = number of different overburden matérial types (<10)
NMATP = number of_different pillar material types (<10)
NMATR = number of different room ﬁaterial types (<10)
NB¢D¥j= 0 if body forces are to be ﬁeglected

= 1 if body forces.are to be included

—'i:ER, TPL (15, F10.0)

CARD SET 3

ITER = maximum allowed iterations

TPL = desired relative tolerance for the maximum displacement change
at any node ,
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CARD SET 4 - N, IBC(N), X(N), Y(N), FX(N), FY(N), FTHETA(N) (2I5, 5F10.0)

N = node number

IBC(N) = boundary condition for node N

0 - free
1 - fixed in X direction
10 - fixed in Y direction
100 - fixed in O direction
11 - fixed in X and Y direction
101 - fixed in X and 6 direction.
110 - fixed in Y and O direction _
111 - fixed in X, Y and 9 direction
X(N) = horizontal coordinate of node N
Y(N) = vertical coordinate of node N (dummy variable within the program)
FX(N) = applied horizontal force or displacement at node N
FY(N) = applied vertical force or displacement at node N

FTHETA(N) = applied moment or rotation at node N

-

UNITS

X, Y - length :
FX, FY, FTHETA - length or force

The first card in this set must be for node 1 and the last for'pode NNP.

~ Any equally spaced nodes may be generated by the program. For example, if
the card for node 10 is followed by the card for node 20, nodes 11 through
19 will be generated with equal spacing between nodes. The boundary condition
for the generated nodes will be equal to that for node 20. All applied forces
for the generated nodes are set equal to zero. ‘ :

CARD SET 5 - NNEL (IE(NNEL,J), J=1,4) (515)

NNEL = element number
IE(NNEL,1) = node 1 of element NNEL

IE(NNEL,2)

node 2 of element NNEL (equal to zero for pillar or room
elements)

IE(NNEL, 3)

material type for element NNEL

IE(NNEL,4) element type

overburden
pillar

1
2
3 room



be for element NEL = NELB + NELP + NELR. Elements may also be generated.
However, material and element types of two element cards between which
elements are to be generated must be identical.

CARD SET 6 - E(I), XI(I), AREAB(I),.H¢(I), BETA(I), DENB(I), (6E10.0)

16

The first card in this set must be for element 1 and the last card must

CARD

CARD

AREAB(I) = cross-sectional area of overburden material type 1

BETA(I) = coefficient for shear deflect1on for overburden material type 1
(see Eq. (5)) !
R . . 4
DENB(I) = dens1ty of overburden material type I
- UNITS

E(I) = modulus of the overburden material type I

XI(1) = moment of inertia about the z axis for overburden material type I

HPA(I) = height of overburden material type I

E - force/unit area
4
XI - (length)
AREAB - (length)2
HY - length
BETA - dimensionless
DENB - force/unit volume
SET 6 is repeated NMATB times.

SET 7 - PHATP(I), XLAMP(I), AREAP(I) _PL(I), DENP(I), XIP(I) ,P¢R¢(I),

PPWP(I) BETAP(I) (8E10. 0/E10 0) (thlonal card set, include
if NMATP # 0) :

PHATP(I) = unconfined compressive strength of pillar material type I
L
XLAMP(I) = parameter A (see Eq. (7)) of pillar material type I
. . |
AREAP(I) = cross-sectional area of pillar material type I u

PL(I) = height of pillar material type I
DENP(I) = density of pillar material type I
XIP(I) = moment of inertia about the z axis for pillar material type 1

P¢R¢(I) parameter €* (see Eq. (7)) of pillar material type I
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PPWP(I) = parameter n (see Eq. (7)) of pillar material type I

BETAP(I) = coefficient for shear deflection for pillar matsrial type 1
' (see Eq. (5))

UNITS

PHATP - force/unit area
XLAMP - dimensionless
AREAP - (length)2
PL - length
DENP - force/unit volume
- XIP - (lengt:h)4
PYRG - dimensisnless
PGWP - dimensionless
BETAP - Qimensionless
Card set 7 (which consists of two cards) is repeated NMATP times.

B

CARD SET 8 - PHATR(I), XLAMR(I), AREAR(I), RL(I), DENR(I), XIR(I),
‘ VAID(I), PPWR(I), BETAR(I) (8E10.0/EL0.0)
(optional card set, include if NMATR # 0)

PHATR(I) = unconfined compressive strength of room material type I
XLAMR(1) = parameter )\ (see Eq. (7)) of room material type 1
AREAR(I) = cross-sectional area of room material type I

RL(I) = height of room material type I

DENR(I) density of room material type I

parameter ¢* (see Eq. (7)) of room material type I

V@ID(I)
XIR(I) = moment of inertia about z axis for room material type I
PPWR(I) = parameter n (see Eq. (7)) of room material type I

BETAR(I) = coefficient for shear deflection for room material type I
~ (see Eq. (5))
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UNIT

PHAfR - . force/unit area
XLAMR - dimensionless
AREAR - (length)2
RL ; length
DENR ; force/unit volume
V@ID - dimensionless
XIR - (1ength)4
PPWR - dimensionless
BETAP - dimensionless
Car& set 8 (which consists of two cards) is repéated NMATR times.

CARD SET 9 - NPR@B, TITLE (I5, 3X, 9A8)

This card set is optional. It is not included if another problem set
follows the problem just input. If another problem set follows, card sets:
1 through 8 are repeated. Card set 9 (which consists of one blank card)
is included only after the last problem set to be.executed.
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7. PROGRAM OUTPUT

The program output includes all input data plus any generated nodes
or elements. Calculated results that are printed include the number of
equations in the matrix system, the semi-bandwidth of the stiffness matrix,
the words of computer memory for variable storage, the reason for problem
termination, displacements and overburden elemznt forces at all nodes, and
pillar and room vertical stresses.
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8. EXAMPLE PROBLEM

This section illustrates the input data and computer output for a typical
example problem and demonstrates how the results may be interpreted. The
example problem consists of three lanes 2 m high by 6 m wide located 20 m
below the surface (see Fig. 6). The lanes or rooms are separated by 4 m
wide pillars. By taking advantage of the mechanical symmetry about. the
vertical plane through the center of the central room, only one half of the
configuration need be modeled. The discretization chosen for the evaluation
of the subsidence is illustrated in Fig. 7. The model is extended in the
positive horizontal distance to such a position that the right-hand end will
not -influence the results near the rooms., Due to the mechanical symmetry,
the left-hand side of the model is not free to rotate or translate horizon-
tally. In the region of the rooms, the "coarsest" discretization possible
has been used. In the pillar region separating the two modeled rooms, several
pillar elements could have been used rather than a single element with an
appropriate increase in the number of overburden elements.

The nodal and elemental numbering for the model is given in Fig. 8.
Note that the overburden elements need not be numbered consecutively as they
appear in the model. The same is true for the pillar and room elements.

Two cases will be presented for this model. Firstly, the model is
evaluated with fully excavated rooms (i.e., the room elements have zero
strength). Secondly, the rooms will be assumed to be backfilled with a low-
strength material. The assumed stress/strain response of the overburden and
room and pillar materials is shown in Fig. 9 and the remaining material
properties are given in Table 1. Note that the pillar and room material
has been given a density of zero. Within the program the vertical stress
due to the weight of the pillar and room elements is not included in the
force/displacement equations. Rather, the mean vertical stress due to the
weight of the pillar or room (one half the height of the element times the
density) is merely added to the vertical stress induced by the overburden
prior to printing of the output.

Since horizontal forces between pillars are not explicitly taken into
account in the program, the influence of confinement can be approximated
as follows. In pillar elements that will experience little horizontal
confinement (elements between rooms), input the uniaxial stress/strain
response of the material. 1In pillar elements that will experience
horizontal confinement (elements removed from the rooms), input the
stress/strain response of the material at the estimated confining pressure.

The input data for the first case (fully excavated rooms) is given in
Appendix C. The input data for the second case is identical except that
the yield of the room material is changed from 0 to 1.5 (variable PHATR of
card set 8). The computer output for both cases is given in Appendix D.
Note that, in the output, the label "RETORT" is used instead of "ROOM".
This is due to the original problem for which the program was developed
(Ratigan, 1980). The remainder of this section will deal with the presenta-
tion and interpretation of the output.
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Fig. 9. Stress/strain response for model materials.
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Table 1. Material properties for example problem.
Region Co, . E G v A o n e*
(MPa) (MPa) (MPa) (MPa/m) '
Overburden - 3000 = 1200  0.25 - - 0.027 - -
Pillar 3 - - 0.25 100 - 2 0.02
Room 0/1.5 - - 0.25 50 - 2 0.04
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The surface displacements for the two cases are shown in Fig. 10. The
vertical displacements from the computer output are reduced by the amount
of the vertical displacement over the "pillar" region without rooms beneath.
In other words, the vertical displacement in Fig. 10 is that which would
result only from the excavation of the rooms. Since the computer output
displacements are for nodal locations that are at a depth of one-half the
height of the overburden element, the horizontal surface displacements are
calculated as:

X, = X, + eiub‘/z y

where Xs = horizontal d1sp1acement at the top surface of the overburden

element,
Xi,='horizonta1 displacement at the nodal location,
ei_é rotation at the nodal location (positive clockwise).

The three forces which act on the overburden element at each end
(see Fig. 3) each produce a horizontal stress at the top surface of the
overburden element. This horizontal stress at end "1" of the element may -
be calculated as: '
F F F
S T W S T 1
X3~ 21 A, 41

b

and at end "2" of the element as:

oy, = - 2H'b X h
2 771, Ab 41

where compression is taken as positive. The horizontal stress at the top-
surface of the overburden element will be numerlcally the same for either
end of the element..

The components of the horizontal stress arising form each of the three
forces is illustrated in Fig. 11 for both cases of the example problen.
The superposed total horizontal stress is shown in Fig. 12. Note that a
tensile stress of about 0.1 MPa occurs at a distance of about 18 m from the
center of the three-room configuration.



Horizontal displocément

Vertical displacement (cm)

(cm x1072)

Rotation ( Radians x 1079)

27

Distance from & (m)

25 50 75 100 125 150

OF"“ ' "i’.——'?. I [ - I
0.1 /’-¢
o7

02— :
03— g With backfill

R [ ]

.7 Without backfill
0.4—' /. . |
o.s.—,-’./
./

(lfzﬁr

° ] T a——g :L.:._—l——l—-._'.?. [

2 ' /84' :

L
4\ o )
. '\ / «” \_with backfil
) i o
8 _\.\././<\Without backfill
| ] . .

10|— \-/ |

> »

0 I-—-O-"f'f—.--. B = |
2

4 %\wnh backfill

6 §. / Wlthout backfill

8|- \e//'

. \-
10}—
/)/’

 XBL 809-1977

Fig. 10. Surface displacements.



28

Distance from & (m) ,
10 20 30 40 50 60

E Om— .\./E I ’ I
0 = |
w S
| e
{g + .g? Ol q
35 o |
- T o ~°
oL . o.z— *” u
N o
©% = wnh backfill
< 3
© 03— /\thout backfill
B
e | : /E/’/;
o © | | /J P | ]
5 O | S
O x 25— : o |
cHa o .,
5P S ~ . .
e - 50— With backfill
s BN 7 ] ' ®
o bt _
85‘5 75— / . Without backfill
> C °
o o L . ./ -
N—= oo
P 9 L4 n—
23 7
o) o
- P
2 O —m——————— =
’ [ ] .
2 % -251 /: | "
c© o ° o . .
o »n QL
T Y= S50 . With backfill
3 : o L]
T o o _75-
2o o S _
Ot * Without backfill
o 5§ —l00O—
N .
= 2 .
jg = e ' l///
)
> Note: Compression positive
' XBL 809-1972

Fig. 11. Bendlng, axial and flexural stresses in the overburden at the
surface.



Overburden horizontal stress (MPa)

-0.20

-0.10

- 0.10

0.20.

0.30

040

Fig.

29

Note: Compression positive

XBL 809-1974

12. Total horizontal stress at the overburden surface.

r -
B ®,
\3\-_ ~
| " =% s
< | ’ . . :
10 20 30 40 50
° _ '
. ) .
= Distance from ¢ (m)
[ ]
-~ With backfill
u .
| Without backfill
-



30

REFERENCES

J. H. Campbell, G. H. Koskinas, T. T. Coburn, and N. D. Stout (1977):

"0il Shale Retorting: Part 1 - The Effects of Particle Size and Heating
Rate on 0il Evolution and Intraparticle 0il Degradation.'" Lawrence Livermore
Laboratory, Livermore, CA, UCRL-52256 (Part 1).

J. P. Fox and P. Persoff (1980): "Spent Shale Grouting of Abandoned In-Situ
0il Shale Retorts," Proceedings of Second U.S. DOE Environmental Control
Symposium, March 17-19, 1980, Lawrence Berkeley Laboratory, Berkeley, CA,
LBL-10744.

J. L. Ratigan (1980): "Preliﬁinary Evaluation of Subsidence in Modified
In-Situ 0il Shale Retorts," Lawrence Berkeley Laboratory Report (forthcoming).

E. J. Wilson (1978): CAL78 User Information Manual, University of California,
Berkeley, Department of Civil Engineering, Rep. No. UC-SESM 79-1.

0. C. Zienkiewicz (1977): The Finite Element Method, McGraw-Hill.




31

APPENDIX A

FORTRAN LISTING OF THE PROGRAM - SUBSID
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‘*#PROGRAM SUBS ID(INPUT,QUTPUT 2%

PROGRAM SUBSID(INPLT,OUTPUT)
CCMMON / N1/ NEQy IBAND, IT

COMMON /N2/ NNP, NEL, NELB, NELPs, NELR
COMMON /N3/ NMATB8, NMATP, NMATR, NBODY

CCMMON/N4 /E(100), XI(10)y, AREAB(10i, BETA(10)y DENB(LO), HO(10)
COMMON /N5/ PHATP{10)+ XLAMP(10), AREAP(1O0), PL{10)y DENP{10)

1, XIP(10)y PCWP(10)}, PORO(10)
22 BETAP(10)

COMMON/N6/PHATR (10)  XLAMR{ 10) JAREAR(L O} »RL(10) 4DENR(10),VOID{10)
1 » XIR(10), PGWR(10)

2 + BETAR(1Q)
COMMON/QJOBSFL /ISIZE, ILCM

CCMMON A(1)
INTEGER TITLE( D)

PRCGRAM SUBSIDE IS SPECIFICALLY FCR EVALUATING

(1) SUBSIDENCE IN OVERBURDEN ABGVE A LANE-AND-PILLAR PLAN

(2) SHEAR AND FLEXURAL STRESSES IN THE OVERBURDEN
{3) PILLAR STRESSES {AVERAGE VERTICAL) :

(4) RETCRT STRESSES (IF RETORTS OR BACKFILL IS IN ROOMS)

THE PRGGRAM ASSUMES THAT THE STRESS/STRAIN BEHAVIOR .OF THE
SUPPORT PILLARS CAN BE REPRESENTED AS

STRESS = YIELD( 1 .-EXP(-LAMDA(STRAIN-VOID RATIO))}

+ K(EXP(-LAMDA( STRAIN-VCID RATIC)))
FOR STRAIN 2 VOID RATIO

STRESS = (K)®{STRAIN/VCID RATIO)®*=N
FOR STRAIN s vOID RATIO

WHERE K = (STRESS AT STRAIN = VOID RATIO)}/ YIELD

SEPARATE RELATICNS FCR RETORTS CAN ALSG BE INPUT

- THE VARIABLES FOR THIS PROGRAM ARE AS FOLLOWS

i aNalloNalla Wl alal o NallaWal o Nalal o oWt SNl o Nal (ool aWal o NallaN el aNol o Wl o Wal oW oY s WoY (W

VAR IABLE DE SCRIPTION
Nwe NUMBER CF NGODES
NELB __NUMBER OF OVERBURDEN ELEMENTS
NELP _ NUMBER OF PILLAR ELEMENTS
NELR NUMBER OF RETORT ELEMENTS
NBOD ¥ 1 _FOR BODY FORCES
0 FOR NO BODY FORCES

NEL NELB + NELP + NELR

X X CCORDINATE CF NCDES

Y Y COORDINATE GF NCDES

FX X FORCE APPLTED TO NODES
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**PROGRAM SUBSID{ INPUT,OLTPUT) &%

FY

¢ Y FORCE APPLIED TC_ NODES

; FTHETA THETA FORCE APPLIED TO NODES

K 1€ ELEMENT CONECTIONS

E APLOAD __JOINT LOADS (AT NODES)

¢ YIELD LOAD VECTGR FCR PILLARS AND RETQRTS
¢ DISPL DISPLACEMENT AT I-1 ITERATION -
% TLOAD TOTAL LOAD VECTQR

2 1BC BCUNDARY CONDITION

g 1 - FIXED X.

c 10 - FIXED Y

c 100 - FIXED THETA

3 11 — FIXED X AND ¥

c 101 - FIXED X AND THETA

c 110 - FIKEO Y AND THETA

c 111 - FIXED X; Y, AND THETA
c AK STIFENESS MATRIX

¢ 3 OV ERBURDEN MODULUS

% NMATB NUMBER OF OVERBURDEN MATERIALS
¢ NMA TP NUMBER CF PILLAR MATERIALS

¢ NMAT R NUMBER OF RETORT MAT ERIALS

c X1 INERT [A MOMENT - OVERBURDEN B
¢ AREAB OVERBURDEN CRCSS SECTION ARFA

g BETA SHEAR STRAIN PARAMETER

¢ DENB DENSITY OF THE OV ERBURDEN

€ HC HEIGHT OF THE OVERBURDEN ELEMENT
% PHATP YIELD FOR PILLAR

¢ XLAMP EXPONENTIAL CONSTANT FGR PILLAR
¢ AREAP CROSS - SECTICN AREA CF PILLAR
g PL PILLAR HE [GHT

E_ DENP DENSITY OF THE PILLARS

¢ XIP INERTIA MOMENT CF PILLARS

c PORO VCID RATIC CF PILLARS
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®% PROGRAM SUBSID(INPUT,OUTPUT )%=

POWER ON STRAIN FOR PILLARS IN CONSTITUTIV.:

DYNAMIC STORAGE ALLOCATION IS USED IN THIS PROGRAM., THE

STORAGE LOCAT IONS ARE ALLOCATED AS FCLLONWS,

VARIABLE

e
C POW P
C RELAT ION FOR STRAIN LESS THAN POROSITY
C
C BET AP PILLAR SHEAR STRAIN PARAMETER
C
C ~PHATR YIELD OF RETORTS
C
C XLAMR EXPONENTI AL CCANSTANT FOR RETORT
L :
- C ‘AREAR RETORT CROSS~-SECTICN AREA
C : .
C RL RETORT HEIGHT
C .
C DENR DENSITY OF THE RETCRTS
c
C voi D INITIAL VOID RATIC IN RETORTS
C .
C
C. XIR INERTIA MOMENT FOR RETORTS
c
C ) . . B
C POWR POWER ON STRAIN FOR RETORTS IN CONSTITUTIV
C RELAT ION FOR STRAIN LESS THAN VOID RATIO
¢ ‘
C BET AR _RETORY SHEAR STRAIN PARAMETER
- C
C
C
C
C
c
c
C
C
C
C
C
C
C

FRCM TC

N1 N2~-1 X

N2 N31 ) 4

N3 Né4-1 FX

Né NS~=1 FY
C .
C NS N6-1 FTHETA
C
c N6 NT7-1 1€
C
C N7 N8-1 APLOAD
C
C N8 N9 -1 YIELD
C ' .
C N9 N10O~-1 DISPL
C » .
c N1O N1ll-1 TLOAD
¢ :
C N1l N12-1 18C
C
C N12 NTOT AK
C
C

e
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*%PROGRAM SUBSID( INPUT ,OUTPUT} %%

10 READ 1000, NPRCB, TITLE

1000 FORMAT (15,3Xs 948}
IF (NPRCB. EQ.O0J CALL EXIT

READ 2000sNNP, NELBs NELP, NELR, NMATB, NMATP, NMATR, NBOOY
IF(NMATB.LE, L0 .AND NMATP L E- i0.AND.NMATR .LE.10) GO TO 13

IF(NMATB. LE.10) GO TC 1i
PRINT 9000, NMATB

CALL EXIT
11 IF(NMATP.LE.10) GO TG 12

PRINT 10000, NMATP
CALL EXIT

12 PRINT 11000, NMATR
CALL EXIT

9000 FORMAT(1H1,10X+*NMATB* ,110+# GREATER THAN ALLOWED (10)y PROGRAM ST
IOPS oooo‘i ,

10000 FGRMAT(1H1 »10X y*NMATP#*, 10, * GREATER THAN ALLOWED (10)s» PROGRAM ST
lOPS..--'"l

11000 FORMAT (1Hl, 10X, *NMATR*, 110, * GREATER THAN ALLOKED (10), PRCGRAM ST
10PSeecce*y) '

13 CONTINUE
2000 FORMAT(1615)

READ 3000, ITER, TOL
3000 FORMAT(I5,F10.0)

PRINT 4000, TITLE
PRINT 5000, NNP, NELB, NELP, NELR, Naoovlflrea. T0L

NEL = NELB + NELR ¢ NELP
4000 FORMAT(1H1+1CXsS5A80//y 9X:* PRCGRAM PARAMETERS‘:/olOleB('-‘)'/ )

5000 FORMAT(1lOX,*NUMBER OF NODES . « . *9120,+/,

1 10X ,* NUMBER _CF OVERBURDEN ELEMENTS . o . *,16y /s
2 LOX,*NUMBER CF PILLAR ELEMENTS . . . %,110,/,
3 10X, *NUMBER OF RETORT ELEMENTS . . . #,110,7/,
3 10X,#BODY FORCES (I-YES,0-NOY . . < *#, [1Ls/y
4 10X, *NUMBER OF ITERATIONS ALLOWED . . . *, 174/,
5 10X, #RELATIVE TOLERANCE REQUESTED . . « *, F7.5, /)
Nl =1 4
N2 = N1 + NNP
_N3 = N2 + NNP
N4 = N3 + NNP T :
NS = M ¢ NNP -
N6 = N5 + NNP
NT_= N6 + 4%NEL
N8 = N7 + 3%NNP
N9 = N8 ¢ 3sNNP
NIO = NG + 3#NNP
N1l = N10 + 3&NNP
T N12 = NIL + NNP

THE FOLLOWING ARE SYSTEM DEPENDENT OPERATIONS FOR SETTING THE

Oloon

COMPUTER CCRE _REQUIREMENTS FOR THE CODE AND STORAGE

ISIZE = 0

CALL SETFLS (ISIZE?
ISIZE = ISIZE + N12 ¢ 1

CALL SETFLS({ISIZE)

TOTAL CORE REQUIREWENTS

(2X2l(n]
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*3PROGRAM SUBSID(INPUT,CUTPUT) &=

c - "~ 18%NNP + 4*NEL + IBAND*NEQ

CALL INPUTCAINL),AIN2)+A(N3)AUN4} JAUNS) sAUNG6) sA(N1L) ,NEL)
CALL BANDWD(A(N6), NEL, IBAND, NEQ}

NTCT = N12 + IBAND®NEQ
ISIZE = ISIZE + IBAND®NEQ

CALL SETFLS(ISIZE}
PRINT 6000, NEQ, IBAND, NTOTY

6000 FCRMAT(//4+10Xy 1592Xy *EQUATIONS WITH A BANDWIDTH 0F*gl612X1‘REQUIRE
1l *y15+2X9*WORDS OF STCRAGE*4/)

CALL ASEMBLUA(NI)+A(N2),AU(N6)¢AIN12)sNEL/NEQ,IBAND,AING) ,A(NLO),A(

1 NLL))
CALL BCUNDC(AUN3) +A{N4) yAIN5) »A(NLL) +A(NL2},A(NLO)+IBAND,NEQ)
1T =0
C
< THE JTERATIVE PROCEEDURE INITIATES AT STATEMENTY 20
¢ .

20 CALL ADDLOD(A(N3)'A(N6),A(N5)gA(N6)'A(N7l,A(N8).A(N9lLA(NIO)'NELp
1 A(N1L)) .
1F(17.67.0) GC TG 30

CALL SOLVE! 1, A(N12), A(NL1O), NEQ, IBAND,
30 CALL SCLVE{ 2, A(N12), A(N1OY, NEQ, [IBAND)

CALL CONVG(A(NLO)y» AUN9) 4 TCL oIT, ITER, ISTCP)
IFLISTOP .EQ. 0) GO TO 20

GG TO (40,50), ISTCP
40 PRINT 7000, TOL

GC T0.60
50 PRINT 8000, IT

7000 FORMAT(1HO,10X,)*MAXIMUM ITERATIONS PERFORMED. RELATIVE TOLERANCE C

L1BTAINEDoo*¢/ 420X #TOL = %y EL2.4¢ /1)

8C00 FCRMAT(IHC,10X+*DESIRED TCLERANCE GBT AINED AFTER'.I7.ZX,O[TERATXON
15%,/)

C : ‘
C THE FOLLOWING SUBROUTINE CALLS RESULT IN OUTPUT OF THE RESULTS
C ' ] .

6C CALL DISPLIAINIC))

CALL FORCE(A(N1),A(N6),A(NL1O),NEL)
IF(NMATP.EQ.O) GG TG 10

CALL PSTRES {A(N1O) »A(NG6) »NEL)

. 70 IF{NMATR.EQ.0) GO TO 10
: CALL RSTRES (A(NlO)'A(hbloNEL)
GO 70 10

END

‘= MNF4 LEVEL 5.24 27 JUN 8C 11.31.24

m
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+9SUBROUTINE INPUT(X, Yo FX, FY, FTHETA, IE, IBC, NEL)s®

"SUBROUTINE IAPUT(X, Y, FX, FY, FTHETA, IE, IBCs, NEL)

(alelle]

THIS SUBRCUT INE READS AND PRINTS APPROPRIATE INPUT DATA

COMMON /N2/KNP 4 NX, NELB-INELPp NELR
COMMON /N3/NMATB, NMATP; NMATR

COMMON/N4/E(1C) s XI{10), AREAB(10}, BETA(10)y DENB(10), HC(10}
COMMON /N5/ PHATP(10), XLAMP(10), AREAP(10), PL{10); DENP(10}

1 4 XIP(10), PCWP{10), PCRG(10)
2 ,» BETAP(10)

CCMMCN/N6/PHATR(10)yXLAMR(10D AREAR(lo;.RL(loy.DENatlon;volo(xon""“
1 » XIR(10), POWR(1G)

2 + BETAR(10) . ' ' _
M F : FTHETA N 4 IBC(1
PRINT 2000

2000 FORMAT (10X, *NCDAL COORDINATES#*4/5 10Xy 17( *~%*),/,10X*NCDE*, 6X,*IBC
1% X XE 314Xy % V& : : S
1 , 13X, %F—-X%y12X, .F-Y‘|IOXJ*F THETA®,/)

I6C = O
KC =1

10 READ 1000, Ny IBC(N)y» X(N)s Y(N)y FX{(N)s FYIN), FTHETA(N)
1000 FORMAT(21S5,5€10.0) : ' :

IGC = IGC + 1}
IFCIGC.LE.N) GC TO 15

PRINT 1001, IGC
1001 FORMAT(/,*DATA OUT OF ORDER AT NODE *1L§)

15 DNOD = FLCAT(N+1-KC)
IF(N-KC)4C,40,17

17 MC = KC - 1
DOx = (X{N) = X{MC))/DNGD

DY = (Y(N) ~ Y{MC))/DNOD-
35 IBC{KC) = IBCIN)

IGC = IGC + 1
MC = KC ~- 1

X(KC) = X(MC) ¢+ DX
Y{KC) = Y(MC) + DY

-FX(KC) = FY(KC) = FTHETAIKC}) = 0.
40 KC = KC + 1 :

{F(N~-KC)504 40y 35 o _ .
50 IF (NNP+1-KC)60,60,10 . -

60 CONTINUE
PRINT 3000+ (I, IBCCIDeXCIdoY(TIFX{TIFY(TI),FTHETA(I}y I= l,NNP!

3CC0 FORMATI(3X, 2I1C, FlO.Z,BX.FIO 245X sF10.245Xy FLO02¢45Xs FLO .24 5X)

LEN = O
IHH = 0
NNEL = 0

DO 140 N = 1, NEL
THH = IHH + 1

IF(NNEL-N}70,14Cy 110

70_READ 4000, NNEL(TEAN,JI), J = 1y 4)
400C FORMAT(SIS) ' '
IF{IHK.LELNNEL) GO TO 80

PRINT 4001, IHH
4001 FORMAT(/,*DATA OUT OF ORDER AT ELEHENT‘oISI

IHH = NNEL
80 IFINNEL-1-N}) 140+90,90

90 IF(LEN.EQ.NNEL) GO TO 110
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X SUBRCUTINE INPUT(X, Yy FXy FY, FTHETAy; IEy IBCy NEL)*®

DG 100 I = 1, 4

10G TE(NNEL,I) TE(N,I)
LEN = NNEL

110 M = N - 1

120 [E(N,1) = TE(M,1) + 1
1E(Ny2) = 0

IF(lE(MoZl.NE.Ol IE(N,2) = TE(M2) ¢ 1
IE(N,3) = IE(M,3)

[E(Nsy4) = IE(My 4)
IF(NEL-N—-1) 1501150'130

130 CCONTINUE
140 CONTINUE

150 CONTINUE
PRINY 5000

5000 FORMAT(10X *ELEMENT CCNNEfTIONS*'/,lOXo19(*—*)9/'10X'*ELEHENT*o 6X
' ly*l*, IXs*J®y 5Xy *MATERIAL®, 2X,®ELEM TYPE*,5X,#(1=0VERBURDEN, 2

2=PILLAR; 3=RETCRT1%*,/)
6000 FORMAT( 4X, 5110 )

PRINT 6000y (1s (IE(E4J)y J =1y 4 )49 I =1, NEL)

READ 8000, ( E(I), XI(I), AREAB(I), HO(I), BETA(I), DENB(I),I = 1,
1 NMATB) _ .
PRINT 9000

PRINT 10000, (I,E(I)y XI(I)s AREAB(I)y HO(I)s BETA(I)y DENB{(I)y I
1L = 1, NMATB) ' :

8C00 FCRMAT( 6FE10.0) - -
9000 FORMATI(/,10X,*MATERIAL PROPERTIES"/;IOX'19(*-‘). /315Xy ®OVERBURDE

IN®y/ 915K LO(#—%)y /5 15Xy #BMAT*, LLIXo*E* g 15X %1% 2 12X, *AREA* ¢ GX*HEIGHT
1% ,9Xs#BETA*9X y*ODENSITY %,/ )

10000 FDRMAT(lSX.l3.5X.F10.ZoSXoFIZ.Z'3X'F10.2o5X9F10.2oSXoFlO.ZpSXvFIOo
12)

IF (NMATP,. EQ.C) GG TC 20
00 160 I = 1, NMATP

READ 8010, (PHATP(I), XLAMP(I}, AREAP(I)y PL(I)y OENP(I), XIP(I),
1 PORC{1)y POWP(I)) ' '

READ 8020, BETAP(I)
160 CONTINUE

8020 FORMAT(E1C.0)
8010 FCRMAT(8E10.01}

PRINT 110¢C0
PRINT 12000

PRINT 13000, (I,PHATP(I),XLAMPUI} AREAP(I)sPLUI)sDENP(I )y XIP(I),
1 1 = 1, NMATP})

PRINT 12001 '
PRINY 13001, (I, PCRC(I), POWP(I), BETAP(I), I = 1, NMATP)

12001 FORMAT (/4 15X, #*MAT %y 5Xo *POROSI TY%*, 8Xo*PORKER ON STRAIN#* 3 X,*BETA-P*
1 +» /)

13001 FORMAT(15Xol3y5XeF 10e 5¢5X9sF10e3+6X,F10.21)
L1000 FORMAT (15X, *PILLARS®*y /9y 15Xy T{%*~%)4/)

12000 FORMAT(15X%MAT*,10X, *YIELD*, LOXy *LAMDA%*, L1OX,*AREA®, 10X, *HEIGH
1T#», 8X,*DENSITY®*, 12X,*[*%*,/) :

20 I[F(NMATR.EG.0) GC TC 30
DO 1701 = 1, NMATR

READ 15000, (PHATR(I), XLAMR{ 1), AREAR(I), RL(I), DENR(I) ,XIR(I),
1 VCID(I}, POWR({I))

READ 8020, BETAR(I]}
170 _CONTINUE :

15600 FGRMAT(8E10. C)
PRINT 14000



& SUBRGUTINE INPUT(X, Y, FX, FY, FTHETA, [Es IBC, NEL)®s

PRINT 16000
PRINT 17000, (f, PHﬁTR(IS LAMR(I)oAREAR(l)oRL(IlnDENR(IDvVUID(I)'
1 XIR(I)y I = 1ls NMATR) .

PRINT 1600}

PRINT 17001, (I, PCWR{I), BETAR(I), I = 1y NMATR}
16001 FORMAT(/, 15X, #MAT*,5X,2PORER ON STRAIN*,QXq‘BETA*R&./) 2

17001 FORMAT (15Xs I3, 7Xs F10.344XsF10.2)
16000 FORMAT(ISX,*HAT*.lGXg*YIELD(lgox'*LAMDAtl;OXLjAREAO,lOX,

L¥*HEIGHT %, 8Xy *DENSITY*,8X,*VOID RATIO* 49X %1¢,/])

17000 FORMAT{15X,1I3+5X,F10. 2:5X.F10 295Xy F104295X9F10e2y5XsFl0.245X,F10,

1243X,F15.2)
30 CCNTINUE :

13000 FORMAT(ISX,[3 SX.FIO 295X9FL0+2+5X9F10.2+45XyF10. 2;5X-F10 293Xy’
1F15.2) .

14000 FCRMAT(ISX:*RETORTS‘./ylSXo7(***)cll
RETURN . .

END

= MNF4 LEVEL 5.24 27 JUN 80 11.31.24
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*#%SUBRCUT INE BANDWC( IE, NEL, IBAND, NEQ )*%=

""SUBROUTINE BANDWO( IE, NEL, IBAND, NEGQ )
CCMMON / N2 /NNP

DIMENSION TE(NEL,y 4) N

C
C THIS SUBRCUTINE DETERMINES THE SEMI-BANCWIDTH OF THE'
C STIFFNESS MATRI X FOR THE MODEL TO BE ANALYZED. THE BANOWIOTH
C SHCULD NCRMALLY BE 6.
C ‘ .
IBAND = O
. DC 10 [ = 1, NEL
C
C SKIP RETORTS OR P ILLARS
c . -

F Q 10 10

- 18 = 1ABS ( IE(l,1) ~ IE(Iy2))
IF(IB.GT. IBAND) IBAND = I8

10 CONT INUE .
IBAND = 3*(IBAND + 1 }

NEQ = 3= NNP
RETURN.

END

= NNF4 LEVEL 5.24 27 JUN 80 11.31.24
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&% SUBRCUTINE ASEMBL (XyYsIEsAK+NELoNEG,) IBAND; Ry TLOADs IBC )90

SUBROUT INE ASEMBL (XY, IE,AKyNEL, NEQs IBANDs R, TLOADIBC)

THIS SUBROUT INE FORMS THE LINEAR STIFFNESS OF THE OVERBURDEN
AND STORES IT IN AK .

O A

COMMON / N3/ NMATBy, NMATP, NMATR, NBOODY .

CCMMCN/N4/E(20) s XI(1O0), AREABI(1O)y BETA(L10), DENB(10}y HO(10)

'COMHON/NS/PHATP(IOD'XLAMP(lO)gAREAP(lOlpPL(lO)yDENP(lO)

L o XIP(LO),PCWP(10),PORGI(L0), BETAP(10)
COMMON/N6/PHATR(10).XLAMR([O),AREAR(lol.RL(IODvDENR(lOlyVOlD(lO)

1 » XIR{10)y POWR{10)y BETAR(10)
DIMENSION X{l)y Y(1l)e IE(NELy &), AK(NEQo IBAND)y A(6+6)y LP(6)

1 sR(1}y TLOAD(1), IBC(1)
REAL L

00 10 I = 1, NEQ
TLOAD{I) = 0.

10

DO 10 J IBAND

= 1,
AK(14J) = o

DC 50 NN = 1, NEL

(aXala

SKIP ALL NON-OVERBURDEN ELEMENTS

IF (IE(NNs4).NE. 1) GC TC 50
IF(NBODY .EQ.0} GO TO_15

MTYPE TE(NN,3)
INDEX TE(NN, 1)

it

vJNDEX TE(NNs2 ¥
L = ABSUX{TE(NN,L)) = X(IE(NN.Z)))

THE BODY FORCES (IF ANY) ARE ASEMBLED lN THE FOLLDHING 2

o oloa

STATEMENTS

ROINDEX) + DENB(MTYPE)*L*AREAB(MTYPE)*BODYF(IBC(UINDEX))
R(JNDEX) + DENB(MTYPE)*L‘AREAB(HTYPE)‘BGDYF(IBC(JNDEX))

R{INDEX)
R(JNDEX)

15

CONTINUE
CALL BEAM (NNy X, Y, lE' A, NEL)

DO 20 I = 3, 6y 3
1 =1/3

LP(I) = 3*IE(NN,1J)
LP{I-13 = 3*IE(NN, 1J) - 1

20

LP(I-2) = 3I*[E(NN, [J) - 2
0C 40 LL = 1y 6

I = LP(LL)
DO 30 MM = 1, 6

J = LP(MM) = [ + 1
IF (J.LE.O ) GO TO 30

30

AK(1+Jd) = AK( Iy J) + AlLL/MM)
CGONTINUE

40
50

CONTINUE
CONTINVE

THE L INEAR PORTION OF THE AXIAL AND BENDING STIFENESS

FOR THE SECCNDARY PCRTION OF THE CONSTITUTIVE EQUATICN(I.E. FCR
STRAINS GREATER THAN THE VOID RATIO OR POROSITY) '

OF THE PILLARS AND RETORTS ARE ASSEMBLED IN THE STlFFNESS
MATIX IN THE FOLLGWING STATEMENTS.

A0 A0 A0
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**SUBROUTIN

E ASEMBL (XsY4IEsAKyNELsNEG,1BANDy Ry TLOAD, IBC)#®
[FINMATP.EQ.O) GC TO 70
DO 60 NN = 1, MNEL

IF (1E (NN 4}

«NE.2) GO TO 60

MTIYPE = TE(NNy3)

FACT = PHAT
INDEX = 3%]

P(MTVPE)‘AREAP(MTYPE)‘XLAHP(HTYPE)/PL(NTYPE)
E(NN,1) - 1

AK{INDEX 1)

D0 51 NOB =

= AK(INDEX,1) + FACT
1o NEL

IF(LE(NCB,4

IF(IE(NNy1).EQ.TE(NCB,1)) 108

)eNE&l) GG TO 51
NOB

51-

IF{IE(NN, 1)
CONTINUE

<EQ.IE(NOB,2)) 108 NQOB

HB = HO(IE(
FACT = FACT

1C8+3))
*XIP(MTYPE]IABE_?(MTYPEII(1 *ZQ!BETAP(HTYRE',

PUT N TEE

X ROW STIFFNESS

Al o

INDEX = INDEX ¢+ |}

HP = PLUIMTY
AK(INDEX 1)

PE)
= AK(INDEX,1) + 12 . %FACT/ (HPHHP )

PUT_IN THE THETA ROW STIFFNESS

o Oy O

o

INDEX = INDEX - 2

AK{INDEX,1)

= AK(INDEX,1) ¢ (4.02.‘BETAP(MTYPE))'FACT‘(I +.75%H8/

1 HP={2.,+HB/
AK(INDEX,3}

HP))
= AK(INDEX,3) - 6. *FACT/HP*(I +HB/ HP)

60
70

CONTINUE
[F(NMATR.LE

«0) RETURN

D0 80 NN =
IF(TE(NN, 4)

1y NEL
«NE.3) GO TO 80

MTYPE = IEA(

NNy3)

FACT = PHATR(MTVPE)‘AREAR(HTYPE)*XLAHR(MTYPE)IRL(MTYPE)

INDEX = 3%]
AK({ INDEX,1)

E(NNs1) - 1
= AK(INDEX,1) + FACT

DC 71 NGB =
IF(IE(NGB,4

le NEL
) NEs1) GC TC T1

IFCIE(NN, 1)
IF(IE(NNs1)

NOB
NOB

<EQ.IE(NOB,1)) 108
-EQ.IE(NOB,2)) 0B

71

CONTINUE
HB = HO(IE(

108y 3))

FACT = FACT

*XIR{MTYPE)/ AREAR{MTYPE)/ (1 .+2.*BETARIMTYPE})

(ale(e]

PUT IN THE X RCw STIFFNESS

INDEX = INDEX + 1

HP = RL(MTY

PE)

AK{INDEX 1)

= AK(INDEXylLl) + 12.%FACT/(HP®HP)

ol

PUT IN THE

THETA RCW STIFFNESS

INDEX = lhDEX -2

AK(INDEX,1)

= AK(INDEXyl) *+ (4.+2.*BETAR(MIYPE))*FACT#(]l.+.752*HB/

1 HP*{2.+HB/
AK(INDEX+3)

HP ) ) :
= AK({INDEX,3) = 6.,%FACT/HP*{1.+HB/HP)

‘80 CONTINUE

RETURN
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*%SUBROUTINE ASEMBL (X,Y,IEAK,NEL NEQ,IBAND, R, TLOAD, IBCY*& =

END

== MNF4 LEVEL 5.24 27 JUN 80 1ll.31.24
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**FUNCT ION BOOYF( I1)*=*

FUNCTION BODYFILII)
DIMENSION 18(4)

DATA 18/10,11+110,111/

" THIS FUNCTION IS ZERO lF A NODE 1S FIXED IN THE Y DIRECTION.
OTHERWISE THE FUNCTION IS O. 5

(alaNalgl

FACT = ,5

DO 101 =1y 4
IF(IBC(I) .EQ. I1) FACT = 0.

10 CONTINUE

BODYF = FACTY
RETURN .
END

== MNF4 LEVEL 5.24 27 JUN 80 11.31.24
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#3SUBROUTINE BEAM ( Ny Xy Yy [Es Ay NEL)®®

SUBRGUTINE BEAM ( Ny Xo Y, IEs Ay NEL)
COMMON/N4/E(10), X1810), AREAB(1C}, BETA(10), DENB(10), HGI10}

DIMENSION X{1 ¥, Y{Ll):y IE(NELy4)sA(646)
REAL Ly LL

THI S SUBRCUTINE ASSEMBLES THE CONVENT ICNAL LINEAR 6 X 6 BEAM

STIFFNESS (SLOPE-DEFLECTION EQUATIONS) WITH AXIAL DEFORMAT IONS.
SHEARING DEFORMAT ICN IS ACCOUNTED FOR IN THE BETA TERM. .

(3] e Xallale)

DG 10 I = 1, 6
DO 10 J =1, 6
10 A(l,4) = O,

MTYPE = IE(N,3)
L = ABS ( X{JE(N,1)) - X{IE(N,2)))}

LL = L&
BATA = BETA(MYYPE)

CONS = 1. ¢+ 2.%BATA

Allyl) = A(4+4) = (4. + 2.%BATA) / CONS
Allye4s) = (2.- 2.%BATA) / CCNS
Al(l,2) = Al(2,4) = 6. /7 (L*CONS)
A(lL4S) = Al4a+5) = =A(1,2) )

- Al 2,2) = A(5495) = 12. /{LLECONS)
Al2+5) = - A(2,2) ‘ )
A{333) = A(646) = AREAB(MTYPE)/XI(MIYPE)
A{3,6) = ~-A(3,3)
C = E(MIYPE) * XI(MTYPENL
DO 151 =1, 6

. DO 15 J = I, &

15 Al(Jsl) = A(I,J)

DO 201 = 1, 6
DO 20 J = 1, 6

- 20 All4Jd) = All,J)% C
RETURN
END

-— MNF4 LEVEL 5.24 27 JUN 80 11.31.24
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##FUNCTION FNCONLN(A, L, P, LAMDA, U, N, V)%

'?UNE?YEN FNGNLATEI'L, Ps LAMDA, U, Ny V)

FOR_STRAIN < VvOID RATIC

WHERE K = (STRESS AT STRAIN = VCID RATIG)/Y[ELDV

THE MATERIAL MAY BE EITHER A PILLAR GR A RETCRT

C

C THIS FUNCTICN CALCULATES THE FORCE IN THE NONL INEAR MATERTAL
C DESCRIBED. BY

C .

C STRESS = YIELD(l.—EXP{-LAMDA(STRAIN-VCID RATIO}))
C : + (K)*EXP(-LAMDA(STRAIN-VOID RATIO))

C FCR STRAIN > VOID RATIOC

C STRE SS = (K)=( STRAIN/VOID RATIQ)**N

C

C

c

C

C

REAL L, LAMDA, N
FNONLN = PEA .

FACT = LAMDA®*(L/L - V)
FACT2 = 0.

IF( V.EQ.0.) GC TC 10
FACT2 = LAMDA®VAP%A/(N + L AMDA%V)

.10 CONTI NUE
IF(ABS(FACT).GE.5C0.) RETURN

FNOKLN = P*A%(] ~EXP(-FACT ) + FACTZ*EXP( FACT)
IF((VeEQ.00) e ORa (Vo LE, (U/L)}) RETURN

FNONLN = LAMDA®*V#P*A/ (N+L AMDARVIZ(U/L/V)*2N
RE TURN

END

T MNF4 LEVEL 5.24 27 JUN 80 11.31.24
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*% SUBRCUTINE DISPL ( R )=»=

7

SUBROUTINE DISPL ( R}

COMMON /N2/NNP
DIMENSION R(1}

PRINT 100C

DC 10 I = 1, NNP

LS = 3*(I -1
LY = LS ¢+ 2

+1

10 PRINT 2000, { Iy { R(JIs J = LS, LTI )

1000 FORMAT(//+10Xs*D] SPLACEMENTS*,4/
" LITHETA%, 10X, *U-Y*, 10X, *U~X%*,/)
2000 FORMAT(10X,18,3Xy3(EL12.495X))

LOXsl3(®~-%),/,

15Xy *NODE*, 10X, ®U= - _

RETURN
END

== MNF4 LEVEL 5.24

27 JUN 80 11.31.24
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*&SUBRCUTINE PSTRES (U , TEy» NEL )*=*

SUBRGUT INE PSTRES (U o+ IEs NEL ) .
CCMMON /N3/ NMATB, NMATP, NMATR, NBODY

COMMON /NS/ PHATP{10G),» XLAMP(10), AREAP(10),s PL{10), DENP(10)
1 , XIP(10),» PGCWP(10)y PORD(10}

DIMENSICN U(1l), TE(NELs4)

THIS SUBRGUT[NE CALCULATES THE APPLIED AND GRAVITATIONAL PILLAR
STRESSES., BENODING STRESSES ARE NOT INCLUDED.

la)] 3Xz](s)

“PRINT 1000

1000 FORMAT(//4y10X,*PILLAR STRE SSES*, /,10X115(*-‘)9 /410X *PILLAR ELEME
LNT#*,410Xy *STRESS*y /)

DO 10 N = 1y NEL
IF( 1E(N,%) NE. 2 ) GO TO 10

MTYPE = LE (N,3 ) .
BODYS = DENP{MTYPE)*PL(MTYPE)*0.5%«FLOATI(NBODY)

S = FNGNUN(AREAP(MTYPE), PLIMTYPE), PHATP{MTYPED)s XLAMP(MTYPE),
1 U(S*IE(N'I)-I)’PCHP(MTYPE)lfPCRO(MTYPE))

2. /AREAP(MTYPE) + BODYS
PRINT 2000, Ny

2000 FORMAT( 16Xy I2914X ,F10.2 )
10 CONTINVE R

RE TURN
END

== MNF4 LEVEL S5.24 = 27 JUN-80 11.31.24

.




49

*sSUBROUTINE RSTRES ( Uy IE, NEL)**

SUBROUTINE RSTRES { Us IEs NEL)
COMMON /N3/ NMATB, NMATP, NMATR, NBODY

COMMON /N6/ PHATR{101, XLAMR(10)s AREAR{10), RL(lO); DENR( 10}
1 , VCIDE L0}y XIR(10), PCWR{(10) ] :

DIMENSICN U(Lld, IE(NEL, 4)

THIS SUBROUTINE CALCULATES THE APPLIED AND GRAVITATIONAL STRESSES
IN THE RETORTS. BENDING STRESSES ARE NOT INCLUDED.

Al ale

PRINT 1000

1000 FORMAT(// +10Xy *RETCRT STRESSES*-/.IOX 15(%~%*)y /i LOXs *RETORT ELEM
LENT®#, 10X, *STRESS*,/ ) ] . ' ,

00 10 N = 1o NEL
IF¢ IE(N-4).NE. 3) GC 19 10

MTYPE = [E(N,3)
‘BODYS = DENR(MTYPE)*RL(MIYPE}*O. S*FLOAT(NBLDV)

S = FNONLN(AREAR(MTYPE) s RLIMTYPE), PHATRIMTYPE), XLANR(MTYPE)v

1 U(3%TE(Ny 1)-1)y POWR{ MTYPE),VOID(MTYPE))
2 / AREAR{MTYPE)} ¢+ BGCOYS
PRINT 2000, N, S

2000 FORMAT(lé6X, 12, 14X, F10.2 )
10 CONTINUE

RETURN
END

-~ MNF4 LEVEL 5.24 27 JUN 80 11.31.26 -
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*% SUBRCUTINE FCRCE ( Xy IEy DISPLy NEL)®*

“SUBROUTINE FCRCE ( X, IEs DISPL, NEL)
CCMMGN _/N2/ NNP

COMMON/N4/E(10), XI(10), AREAB{10), BETA(1C), DENB(1C), HO(10)
DIMENSION X(1)y IE(NEL, %)y DISPL(1),A(6,6), FORCX(6),Y(1},LP{6)

c .
c THIS SUBROUT INE CALCULATES THE INTERNAL MEMBER FORCES IN THE
C OVERBURDEN FROM THE BEAM STIFFNESS AND THE ASSCCIATED
C DISPLACEMENTS.
C .
’ PRINT 1000

1000 FCRMAT (// 510Xy *OVERBUROEN FORCES*, /¢ 10Xy 1T7( %-%),/)
DC 30 N = 1, NEL

IF(IE(Ny4).NE.1) GO TO 30
PRINT 2000, IE(N, 1}, IEIN,2)

CALL BEAM{Ns Xy YoIE+AyNEL)
D0 10 1 = 3y 6y 3

1J =173
LP(I) = 3%IE(N,IJ)
O LPUI-1) = LP(I) -1
;10 LpeI-2) = LP{I) - 2
DG 20 1 = 1y &

FORCX(I) = 0. -

DO 20 J = 1y 6 R
20 FORCX(1) = FORCX(I) + A(IL,J)*DISPLILP(J))

PRINT 3000y (No(FORCX(I)sl =14 6))
30 _CONTINUE '

2000 FORMAT(/ 410X s*ELEMENT *,21X, *NODE*y 14y 42Xy *NODE*y 144 /»
1 24Xy #P-THETA®, 10X y%P~Y% 4 L OX y#P=X% 415X y*P-THETA®,10X o #P-Y %, 10X,

2 ¥pP=X*)

3C00 FORMAT(10XyI4+5XyE12e393X9EL2e393X9E12430TXvEL24393XyEL12.303XsEL12,
13) .
RETURN

END

—= MNF4 LEVEL 5.24 27 JUN 80 11.31.24
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#% SUBRCUT INE CCNVG(TLCAD, DISPL, TOL, IT, ITER, ISTCP)%s

SUBROUT INE CONVG(TLOAD, OISPL, TOL, IT, ITER, ISTCPY
CUMMCON /N2/ NNP

DIMENSION TLOAD(Ll), DISPL( 1)

THIS SUBROUTINE EVALUATES WHETHER THE ITERATIVE METHOD HAS
CCNVERG&D.

THE VARIABLE RETURNED IS !STOP. WHERE

1STOP
0 . RELAT IVE TOLERANCE NOT YET OBTAINED,

I TERATIONS REMAINING

1 ' MAXIMUM ITERATICNS REACHED

(aXalaNel sNalialolo¥a] 3 Xl a¥el sl

2 » RELATIVE TOLERANCE REACHED

ISTOP = 0O
17T = C.

ICHECK =0
NEQ = 3*NNP

DO 10 N = 1, NEQ
IF({ DISPLIN) .EQ. O, ) GO TO 10

TA = ABS( (DISPL(N) - TLOAD(N))/ DISPL(N))
ICHECK = 1

10

IF (TA.GT.TT) TT = TA

CONTINUE

IT = IT + 1
IFC 1Y «LT. ITER) GC TC 20

JoL = 17
1Ss10P_ =1

20

RETURN .
IF(TT .GT .TCL .CR. ICHECK.EQ. 0 )-GO 1O 30

30

IsT0P = 2
CONT INVUE

RETURN
END

~-=_ MNF4

LEVEL 5,24 27 JUN 80 11.31.24
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+4SUBRCUT INE ACCLOC({FXs FY, FTHETA, IE, APLOAD.-YIELD' DISPL ¥

"SUBRCGUTINE AODLOD(FX, FY, FIHETA, IE, APLCAD, YIELDs, DISPL,
1 TLOAD yNEL, IBC)

COMMON /N1/ NEQs IBAND, IT
COMMON / N2/ NNP

C GMMCN /N4/ll(20)9AREAB(10),BB(20)'HO(10)
COMMON /NS/ PHATP(10) » XLAMP(1O), AREAP(10), PL(10D)

1, DENP(LO)y XIP(10), PCWP(10), PGRO(1Q? . .
2 BETAP(10)

COMMON/ N6/ PHATR( 10 )¢ XL AMR( 10) » AREAR(lClpRL(10)'DENR(10)'VCID(IO)

1y XIR(10) 4+ POWR(IO},

2 BETAR(10) , .
DIMENS ICN FX{1)y FY(l), FTHETA(Ll), IE(NEL,4%)s APLOAD(1), YIELO(1

1 . )» DISPL(1), TLOAD(1}

2 o+ JBC(1)

THIS SUBROUTINE ASSEMBLES THE LOAD VECTGR WITH CONTRIBUflONS FROM

(1) APPLIED NODAL LCADS

[aXal a¥alaKe)akal

(2) LOAC FRCM NCON—L INEAR YIELDING PILLARS AND RETURfS

IF(-1T.6T.0) GC TC 20
DO 10 N =1, NEQ

10

APLCAB(N) = 0.
JLOAD(N) = O,

20

DC 30 N = 1y NEGQ
YIELD (N) 0.

30

"in

DISPL(N) TLOAD(N)
IF (IT.GT.0) GC TO 50

APPL 1ED NODAL LOADS ( INCLUDING GRAVITATIONAL) ARE ASSEBLED INTO

o Ol O

- - . . .

DC 40 N = 1+ NNP
[S = 3%(N-1) + 1

APLOAD(IS) = FTHETA(N)
_APLOAD(IS+L) = FY (N}

40

APLCAD(IS+2) = FX(KN) » .

50

00 80 N. = 1, NEL e T e

SKIP OVERBURDEN ELEMENTS

THE NCN LINEAR PORT‘DNYOF THE PILLAR AND RETO#T BENDI NG AND
AXIAL STIFFNESS IS ASSEMBLED INTO THE LOAD VECTORy YIELD.

[zl(a¥a) aXalaXs

IP = 1E(Ny4)

MTYPE = IE(N, 3)
GO 10 (80,-60, 70) , IP

60

NGD = JTE(N, 1)
IC = IBC(NGD)

U = DISPL{3%#NCD -1)
A = AREAP{MTYPE) :
H = PL(MTYPE)

P = PHATP(MTYPE)
X =

XLAMP(MTYPE)
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#3 SUBROUTINE ADDLOD(FX, FY, FTHETA, IEy APLOAD, YIELD, DISPL,** =

= PORO(MTYPE)
PCWP (MTYPE)

v
XN
XK

0. .
8 = BETAP(MTYPE)

IFC(XN+X*V )}, EQ.0.) GO TO 600
XK = XkP*V/(XN ¢ X*V)

600

XI = XIP(MTYPE)
D0 6] NOB =1, NEL

IFCIE(NOB+4).NE. 1) GO TO 61

IF({JE(Ny 1) EC.IE(NCB, 1))} 108 NO8

61

NOB

TF(IE(NIL).EQ.IEINCB,2)) I0B
CONT INUE

HB = HC(IE(IGBs311

EVALUATE THE TANGENT MODUL AUS FOR THE PILLAR AT THE
CURRENT VERTICAL STRAIN

altalp

IF(V.LE<ABS(U/H)) GO TO 66

PWR = le= XN
IF(PWR)62,63,64

E = XKEXNE(U/H/V)*®(XN=-1.)}/V
60 TO 65 '

E = XX/V

. GO TG0 65

E = XK®XN#(V/USH) *%( L.- XN) /V
GO TQ 67 ,

E = XEEXP(-=X*¥(L/H=V))*(P-XK)

e OO

APPLY THE X FGRCES WHERE APPLICABLE TO THE PILLAR

67

IF(IC.NE.10.ANC.IC.NE+100.AND.IC.NE.110.AND.IC.NE.C) GO TC 68
YIELD(3*NGO) = (2./H*DISPL{3*NOD)-(1.+HB/ H)*DISPL {3*N0OD-2))*

1 6*XI/H/H*(E-X*P }/(1.42.%B)

(aXglln]

APPLY THE THETA FORCES WHERE- APPLICABLE TC THE PILLAR

68

IF({ICeNEe1oAND< ICoNE.10ANDLIC.NEL.1]1.AND.IC.NE.O) GO TO 69
YIELD(3#NOD-2) = ((4.+2.,%B )% (1l 4. 75*¥HB/H& (2 .+HB/H) ) *DISPL(3*NCD-2)

1 = 6./H¥ (1 +HB/HI*DISPL(3*NCD)I*XI/H*LE-X*P 2/ (1. +2.%B)

(el aY gl

APPLY THE Y FORCES WHERE APPLICABLE TO THE PILLAR

69

IF(IC.NE.I.AND.IC.NE.lOO.AND.lC.NEJlOl.AND.IC.NE.Ol GG 70 80
YIELD(3®NCD-1) = FNONLN(AyH,P +X,UyXN,V) ~ P*A®RXEU/H

70

GO 70 80
NOD = IE(N,1)

IC = IBCINCD)
DISPL{3%NCD -1)

AREAR(MTYPE)}
RL(MTYPE)

PHATR(MTYPE)
XLAMR (MTYPE)

Wi jn nin

VOID{ MTYPE)

x|2

= PCWR{MTYPE)
= 0.
= BETAR(MTYPE)

® x| X <|x V[T »c

" IF(IXN#X*V) ,EC.0.) GG TC 700

XK = X¥PEV/(XN + X=V)
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#x SUBRCUT INE ACDLCC(FX, FY, FTHETA, IE, APLOAD, YIELD, DISPLy**

700 XI = XIR{MTYPE)
DO 71 NGB = 1, NEL

IF{IE(NOB,4).NE.1} GC TC 71

IFCJE(N,1).EQ.IE(NCB,1)) 108 NOB

0w

IFCIE(N, 1).EQ.IE{NCB, 2)) [0B = NOB

71 CONTINUE

HB = HO(IE(IOB,3))

c v
Cc EVALUATE THE TANGENT MODULAUS FCR THE RETORT AT THE i )
C CURRENT VERT[CAL STRAIN - .
c - -
IF(V.LE.ABS(U/H)) GO 10 76 _ . .
PHR = l.- XN S . R
JF(PWR) 72,735,174 : ] ;
72 E = XK*XN*(U/H/VI‘*(XN-l )/V i
GG T0 75 . . e .
73 E = XK/V oo R .
GO TG 75 ) .
74 E = XK*XN*(V/U*H)**(I.-XN)/V ) . v
75 GO T0 77 .
76-E = X‘FXP(-X*(U/H-V’)#(P—XK! ) } . .
C ) ) - .
C APPLY THE X FORCES WHERE APPLICABLE TO THE RETORT
C « 1.
17 IF(IC.NE.IO.AND.IC.NE.lOO.AND.lC.NE.llO.AND.lC.NE.O) GO 70 78
YIELD(3*NCD) = (2./H*DISPL{3*NOD)I~-(1.+HB/H)*DISPL ({ 3*NOD-2)) *
1l 6% XI/H/HE(E-X*P) /(1. 02-*8!
c . ! A . _
C APPLY THE THETA FCRCES WHERE APPLICABLE T0 THE RETDRT
c - 5 M
78 IF([C.NE.1.ANDaICQNE.IO.AND.IC.NE.II.AND.IC.NE.O! GO T0 79
YIELD(3*NOD=2) = ((4.+2.%B)%(]l.+.75%HB/ H*(2.+HB/H) )*DISPL (38NCD-2)
1 - 6./H*(1.0HBIH)*DISPL(3'N00l)*Xl/H‘(E-X*P)/(l.*z.*ﬂ)
C . - ot . . , .
C APPLY THE Y FORCES WHERE APPLICABLE TC THE RETORT .
C : : - :
79 TF(ICeNEelaAND.IC.NE.100 AND. IC.NE.101 .AND.IC.NE.O) GO TO 80
YIELD(3*NOD-1) = FNONLN(A yHyP o XoUy XNy V) — PEA® X&U/H
.80 CONTINUE B . . :
c - . .
C SuM THE APPLIED AND NONL INEAR LOADS
C

00 SO N = 1, NEQ

90 TLCAD(N) = APLCAD(N) —~ YIELD(N)
RETURN :
END

-~ MNF4 LEVEL 5.24 27 JUN 80 11.31.24
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*&SUBRCGUTINE SCLVE ( KK, AKy Ry NEQy IBAND )x*

SUBROUT INE SOLVE ( KK, AK, Ry NEQ, IBAND )
DIMENSION AKINEGQ, IBAND) , R(1l) ]

C .
C THIS SUBRQUT INE SOLVES A SET OF NEQ SYMMETRIC
C EQUATIGNS IN A BANDED SYSTEM WITH A HALF-BANDW IOTH
C OF IBAND. THE COEFFIC IENTS ARE STCRES IN AK AND_THE i}
d LOADS ARE STCRED IN R. THE SOLUTION IS RETURNED IN R.
C KK = 1 TRIANGULARIZES THE AK MATRIX. KK = 2 PERFORMS THE
c- BACK-SUBSTITUT ION. : :
C : .
NRS = NEQ - 1
NR = NEQ
IF(KK .EQ. 2) GO TC 200
DO 120 N = 1, NRS
M=N-1
MR = MINOCIBAND, NR-M)
PIVOT = AK(N, 1)
D0 120 L =2, MR
CP = AKI(N, L) /PIVOT
1 =M+ L .
=20 '
DC 110 K = L, MR
Jd=J+1
110 AK{1,J) = AK(I,J3) —= CP*AK{(N,K)
120 AK(NyL) = CP
GO_T0 400
200 DO 220 N = 1, NRS
M=N-=-1
MR = MINO(IBAND, NR-M)
CP = R{(N) ;
R(N) = CP/AK(N,y1)
D0 220 L = 2, MR
I =M+ L
220 R(I) = RUTI) - AK(N,L)*CP
- R{NR) = R{NRI/AK(NR, 1)
DO 3201 =1, NRS
N =NR -1
M =N-1 .
MR = MINO(IBAND, NR-HM)
DO 320 K = 2, MR
L=M+ K
320 RIN) = R(N) = AKINKI*R(L)
400 RETURN
END
—-— MNF4 LEVEL 5.24 27 JUN 80 11.31.24
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##SUBRCUT INE GECMBC( N, AK,s R, Uy, IBAND, NEQ )%*

SUBROUTINE GEOMBC( N, AK, R, U, IBAND, NEQ )
DIMENS ION AK(NEG, IBAND), R(1)

"GEOMBC ZERDS THE ROWS AND COLUMNS CF AN EQUATION WHICH IS A

GECMETRIC BOUNCARY CONDITION, PLACES A VALUE OF UNITY ON THE

2 a¥a) s XS

DIAGONAL AND PLACES THE BOUNDARY CONDITICN INTO THE LOAD VECTOR,

DC 100 M = 2, IBAND
K=N-M+ 1 T
1F( K.LE.O 3 GC TQ 50

RIK) = R{K}) = AK{KsM)*U
AK(KyM) = O.

50 K=N+ M~-1 :
[F( K.GT.NEQ ) 6Q TC 100

RIK) = R(K) = AK(N,M)*U
AK(NyM) = Q.

100 CONTINUE
AK{Ns1} =1,

R(N) = U
RETURN

END

~= MNF4 LEVEL 5.24 27 JUN 80 1ll.31.24
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*%x SUBROUTINE BCUNDC (FX,FY,FTHETA,IBC,AK,TLOADy; IBAND; NEQ) 5%

SUBRCUTINE BCUNCC (FXy FY o FTHET Ay IBCo AKy TLOAD, IBAND ¢NEQ)
COMMCON /N2/ NNP

DIMENS ION FX{(1)y FY(1l), FTHETA(1l), IBC( 1), AKINEQ,IBAND),» TLGAD(1)

THIS SUBROUTINE CALLS UPCN GECMBC TC APPLY GECMETRIC
BCUNDARY CONDIT IONS

(22X a]ln}

DO 60 N = ], NNP

IF{ IBC(N).LT.100) GO TC 10
MM = 3%(N - 1) + 1

CALL GEOMBC (MM, AK, TLOAD, FTHETA, IBAND., NEQ!}

10 IF ( IBCI{N)oLT.10 .OR. IBC(N).EQ.100.0R.IBC(N).EQ.,101) GO TO 20
MM = 3%(N - 1) ¢+ 2 '

CALL GEQMBC (MM, AK, TLOAD, FY 2 IBAND, NEQ)
20 IF ( IBCI(N).NE., 1) GC TC 30 B
MM = 33N

CALL GECMBC (MM, AKX, TLCADy, FX » IBAND, NEQ)

30 IF ( IBCI(N).NE.11) GQ TO 40 _

MM = 3&N

CALi GEQMBC (MM, AK, TLOAD, FX g IBAND, NEQ)
40 IF ( IBC(N).NE.101) GO TO S50

MM = 3%N

CALL GEOMBC (MM, AKy TLOAD, FX v+ IBAND, NEQ)
50 IF(IBC(N).NE.L11}) GO YO 60

MM = 3%N

CALL GEOMBC(MM, AKX, TLOAD, FX y IBAND, NEG)
60 CONTINUE S
RETWRN

END-

== MNF4 LEVEL 5.24 27 JUN 80 11.31.24
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APPENDIX B

JOB CONTROL LANGUAGE FOR EXECUTING SUBSID

ON THE LAWRENCE BERRELEY LABORATORY CDC-7600
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Job control language for executing SUBSID in two different modes is
given below. The JCL is only applicable to the Lawrence Berkeley Laboratory
CDC-7600. :

1. Executing SUBSID from an object deck (running the program without any
changes:

Jobcard...
FETCHPS ,SUBSID,PBJECT, BEAM.
LINK, F=$BJECT,R=LG#,X.
EXIT.
DUMP, 0.
7-8-9-

—- Data for SUBSID --
end-of-file card

2. Executing SUBSID from the UPDATE source deck (running the program with
temporary changes):

Jobcard...
FEfCHPS,SUBSID,¢LDPL,SBEAM.
UPDATE,F.
MNF4 , I=C@MPILE ,L=0,E=4.
LINK,X.
EXIT.
DUMP, 0.
7-8-9-

—- UPDATE changes for SUBSID>-—
7-8-9-

-~ Data for SUBSID -- . ‘ , R

end-of-file card
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FORTRAN Coding Form

PROGRAM S YLl LES 2, D owcune Jomenc | [ [ T T T T TeeZo 2 ]
PROGRAMMER DATE INSTRUCTIONS " pungH ~ [T 1 1 T 1 T canoecectao numsen ]

DENDISICATION

§ Sialthns - FORTRAN STATEMENT S OUERCE
el bolrplele] [pleld leleld [wlc % el alvle]s
iZjo 1|7 /18 4 15 ]
510 Lol
' L olL
s o 2lo ) Ll L
ozl /20|, :
7 / | ¥4 z
v4 14 1 ’4
s 15 6 Z '3
ilo LD S 12 L |
)| 0 H 1 |
4 2 0 I/ 4
F4E] 4 4 ¥4 13
4! 4/ 0 Z
¥4 13
ne b le, | F4
214 pirs 7] 4 2|
z\2 1L na 2 I
3|0 19 0 P4 \
17 ¥i¥4 ) v V4
1718 119 % 4 12
37 0 [ 5|
000 447 AR 2,0, 214 .1012]
ENDER il 2. Zlo!. . .ozl ' !

- FORTRAN Coding form

[P S TR N N D N I O 2
[ PROGRAMMER Joare | INSTRUCTIONS [ punch [ 1T 1T T T 1 [ [caroerectaonumeer )
§ S | FORTRAN STATEMENT N
TITHTH. o TR AT 1T 1. . NEE
E. L) 4 2] ol 5 . 2.
3. Yo 7 FA 0 510 [# .1012 [
1218. 15|
3] \lolo 210 7 0|, P13]. 3] o 2
1717|, 5]
. blo|. 5] 0. g13]. |3 02 2.
3 7). 15|
], 5l 31 e, 0 7. 4
4.3\, S|
o). o - 2] 0| 8. vi 2.
1£13]. |51
f
RN
T
T OB 9 00 I ET 10 ta A& e 10 4w tao A L. 0o teoa e . !. - L




EXAVPLE PRCBLEM WITH FULLY EXCAVATED

L ANES

"TPRCGRAN PARAMETERS

B ) MJMBER QF NODES . o « 20 .
NUMBER OF CVERBURDEN ELEMENTS « + « 19
. NUMBER OF PILLAR ELEMENTS o« o+ & 18 _
NUMBER CF FETCRT ELEMENTS « o « 2
BODY FORCES (1~YES,0~NC) o o o 1
NUMBER OF ITERAT IONS ALLOWED o« o o« 50
RELATIVE TCLERANCE REQUESTED « » « 00100
s NGCAL CCCROINATES 3
o NoDE  IBC X Y F=X (2 F-THETA
o 1 101 ~Ce -0. 0. ' 0e  =0e
2 [}] 5.00 0. 0. 0.
3 0 10,00 0. 0. 0.
4 0 15.00 0. 0. . 0.
5 0 20.0C =0, ~0s -0.
6 -C 30. 00 0. 0. 0.
i 7 - -0 40.0C C. 0. 0.
8 -0 5C. CC 0. 0. 0.
e 9 -0 60,00 0. 0. 0.
10 -0 70.00 0. 0. 0.
11 -c 80, 00 0. 0. 0.
12 -0 90.00 0. C. 0.
13 -C 100.00 0, O 0.
14 -0 110.00 0. 0. 0.
15 __=0 120.00 0. 0. 0.
16 -0 130. 00 0. 0. 0.
17 -0 140.00 C. Qe - 0.
18 -C 150.00 0. 0. 0.
19 -0 160.00 GC. 0. Q. ~
20 -0 170.00 -0. -0C. -0.
ELEMENT CORNECTICNS. | L
ELEMENT 1 J MATERIAL _ELEM TYPE ( 1sOVERBURDEN, 2=PILLAR, 3=RETCRT)
1} S 2 1 1 L i
2 2 3 1 1
3 3 . } 1 1 e . _
4 4 5 1 1 i
5 s 6 2 1
6 6 7 2 1
T A 8 2 1 -
8 8 9 2 1
9 . T U+ 2 1 e
10 1c i1 2 1
Ll 1 [¢] 1 3
12 2 0 1 2
13 U SO 2 3
14 4 0 2 2 TR T
15 5. .0 - 3 2 S
i6 6 0 4 2 ) -
17 7 0 4 2
18 8 0 4 2
15 9 0 4 I - .
20 1c 0 4 2
21 11 o & 2

£9



22 i1 12 F) 1 -
i} 23 . 12 13 2 1
24 13 14 2 1
25 is 15 2 1
26 15 16 2 1
. 27 16 17 2 1 .
28 17 18 2 1
) 29 18 19 2 1
30 19 20 2. 1
3] 12 0 4 2 - -
32 13 0 Y 2
. 33 14 0 4 2
34 15. o ry 2
35 16 0 4 2
36 17 0 “ 2
37 18 Q 4 2
38 19 0 4 2
39 20 0 s 2
PATERIAL PROPERT IES . e
OV ERBURDEN 7 ] ~ -
MAT € 1 AREA HE IGHT __BETA DENSITY .
1 3000.00 667.00 20.00 20.00 24. CO .03
2 3000.00 €67. 00 20.00 ~20.00 .00 .03
PILLARS ¥ R o
VAT VIELC LAMDA AREA HE IGHT DENSTTY i .
1 3.00 100.00 4,00 2.00 0. 5.33
2 3.00 100.00 4.00 2.00 ~ 0. 5.33
3 3.00 100..00 8.00 200 0. 50.70
B 4 3.00 100.00 10.00 2.00 0. 83.30
5 3. 00 100.00 5.00 2.00 0. 83. 30
- VAT PCROSITY PCWER CN STRAIN - BETA-P . i
1 02600 2.000 €.00
o 2 . €2060 2.000 6.00
3 .02000 2.00C 28.50
4 .02000 2.000 37.50 B
5 . 02000 2.000 37.50
RET ORTS .
WAT ~VIELD LAMDA AR EA HETGHT DENSTTY VGi0 RATIC
PR 0. 50.0C 3.0 2400 0. J0% 9.00
2 - 0. 50.0C 6200 2.00 0. .05 18 .00
MaT POWER ON STRAIN BE TA-R
Y 2.000 13. 50
2 _ 2.000 13.50
60 _EGQUATICNS WITH A BANDWICTH CF 6 REQUIRE 877 WORDS OF STORAGE
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CESIRED TCLERANCE GBTAINED AFTER 32 I[TERATIONS
DISPLACEMENTS
- - NODE U-THET A u-Y U=-X -
1 0. +3052E-01 0. B
2 -, 4547E-04 +3006E-01] -2 2049E-04
- 3 ~.8216E-04 «2558E-01 -.3821 E-04
o 4 ~.9373F-04 +2828E~01 - .5593E- 04
5 . 1249E~04 «27C8E-0L ~.6836E-04
e 6 ~.4026E~04 «2565E-C1 -. 77C2E-04 e
7 -.2222E-04 «2488E~01 -.7605E-04
8 -, 1216E-C4 22446€E-0] ~.7077E-04
9 -.6624E-05 «24256-01 - .63S1E- 04
w, 10 -.3606E-05 ' +2413E-01 -.5683E-04 N
11 -.19756-05 « 24CTE- 01 -.50LTE-0%
12 -.1098 E-05 «2403€-01 -+ 4422E~ 04 e
13 - 6261E-C6 «2402E-0L -+3906 E-0%
14 -.3722€-06 22401E-01 - 3470E-04
15 ~.2349E-06 «2400E-01 -.3109€6-04
e 16 . _=.16086~06 «24C0E-0] - 281 8E~04
17 -.1217€-06 «2400E-01 - .2593E-04
18 -« 1032E-06 «2400E=-01 -.2428E-04 3
19 ~.9773E-07 «24GC0E-01 -+ 2320E-04
20 -. 9896 =07 «2400E-01 . ~.226TE-04
CVERBURDEN FCRCES
EL EMENT NODE 1 NODE 2
o P-THETA P-Y P-X P-THETA  _  P=Y P=X
1 . 216E+ 02 L13SE+ 0L < 266E+00 = 148E402 =.135E%01 (< 24bE+00
ELEMEN’ b e e mesme— ee - et —— NEDE 2 S . S NOD.E 3 .
P~ THE TA P-Y _P=X P-THETA =Y P-X
2 ~ .163E+02 <661 E+00 -213E+00 ~<130E+02 ~<661E+00 —<Z13E+00
B ELEMENT NCDE 3 TTTTTTTTTTTNODE & T T
s i .. P=THETA P~y P=X P-THETA _ _ _ _P=v _ P-X
3 <130€+02 <336E+01 «213E+0C .377€¢01 ~.336E+01 ~.213E+00
ELEMENT NCDE 4 NODE 5
i P-THET A P=y P-x P-THETA [ =X
4 —.845E+CO <306E+01 -149E+00 <162E+02 —<3C6E+01 —.14%+00
ELEMENT ' NCCE S NCDE =~ 6 T
P-THETA P-Y P-X P-THETA _ P-Y . P-X
B <l61E+01 .161E401 «520€- 01 . 1456402 ~. 161E+01 =<520€-01
T EUEMENT NODE 6 . NODE 7
. p-THETA P-y P=x P-THETA Py P-x_ .
6 . 614E+ 00 < 845E+ CO -.585€-02 <T83E+01 —<B45E+00 58502
ELEMENT NODE T NODE . 8
__P-THETA P-Y P=X P-THETA D = A = 3
-.3176-01 . 4236401 — 443E+ 00 “317€-01

T T T .203E+00 +443E+00

[
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\

- ELEMENT NODE 8 \ i NODE 9 - )
o . P=THETA p-¥ p=x P~THETA S P-Y - P-x__ -
8 <498E-01 . 2326+00 —412€-01 22TE401 =.232E+00 <412€-01
ELEMENT NGDE. 9 “NODE 10
o P=THETA P-Y P=X P-THETA e P=Xx. . )
9 < 125€-02 J121E+00 —.4256-01 ~121E+01 —<121€+00 <425E-01
ELEMENT ‘ NODE 10 NGDE 11 “*’
. P-THETA TPy p=x P=THETA < oY, _P=X
10 ~. I56E-01 ~622Z&-01 = 399E-01 T «63TE+00 T =.622E-01 T 355E-01
- ELEMENT NGDE 11 ' NDDE 12
P-THETA Py p-x - P-THETA P P=X: . -
22 —177E-01 -316€-01 —.357€-01 T 333E+400 - 316E-01 T 357E<CL
ELENENT NODE - 12 NGDE 13
- P-THETA p-y p-x P-THETA P-Y. P-x
23 -.163E-01 L1566~ 01 —.309E-01 .172E+00 ~.156 E-01 <309€-01
ELEMENT ' NODE 13 NODE 14 - —
P-THETA" P-Y_ P-X _P—THETA . P=Y.. . P=X
24 o 1426-01 S732€-02 —.262E-01 T eBT4E=01 —.13%-02 < 262E=01
B ELEMENT NCCE 14 NODE 15 , e
P-THETA -y P-x . P-THETA Py PeX .
25 —.121E-01 <3C7E-02 —.217E-01 e 42 8E-01 ~.30TE-02 <217E-01
ELEMENT NODE 15 : NODE 16 ©
P-THETA P=Y P-X P=-THE TA P-Y P=X
26 Z.102E-01 .522€-03 S 1T4E-01 <194€-01 ~.9226-03 J174-¢C1
ELEMENT NCOE 16 NODE 17 D
P=THE TA Py Px P~THET A P-y P=X
27 =.83TE-02 —.109€-03 . 135E-01 T 7Z8E-02 “109E-03 . T356-01
ELEMENT NCOE 17 . NODE 18 -
o . P-THET A P-y . P-X P-THE TA P-Y  p=x
28 = 636E-02 ~.532€-03 —.989E-02 .104E-02 J5326-03 ~989E-02
ELEMENT ' NGCE 18 NGDE 19 '
i o P-THETA Py p=x - P-THETA P-¥ P=x
29 =.399E-02 ~.579E-03 Z.646E-02 ~.180E-02 J579E-03 646 E-02
T T ELEMENT NODE 15 _ NODE 20 '
P-THETA - Py p-x__' P=THETA P-Y P=x
30 . 133E-02 =.315E-03 T.319€-02, = 182€-02 - S3156-03 ~31%-02
PILL AR STRESSES | B
PILLAR ELEMENT STRESS
© 12 .85
14 <15
15 .69 ]
16 62
17 .58
is <56 -
i 19 .55 i
- 20 .55
2L .54

99
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EXAMPLE PROBLEM WITH BACKFILLED LANES

PRCGRAF PARAMETERS

NUMBER OF NCDES o . . 20

NUMBER OF CVERBURDEN ELEMENTS + . & 19 -
NUMBER OF PILLAR ELEMENTS o o o 18 . .
NUMBER OF RETCRT_ ELEMENTS . . 2 .

BODY FORCES (1-YES,0-NO) o o o _ ~ 1

NUMBER OF ITERATIONS ALLOWED « « » 50

RELATIVE TCLERANCE REQUESTED « « « <00100

NODAL COCRDINATES

NQOE I8¢ X : y

E=X F=Y F-THETA
1 101 -Ce . =0, -0, 0. -0.
2 ) 5.00 0. 0. 0. 0.
3 1) 10.00 0. O 0. 0.
4 0 15.00 0. 0. 0. 0.
5 0 20,00 . =0. -0. -0. -0,
6 -0 30. 00 0. 0. 0. B
7 ~0 40.00 0. Oe 0. 0.
[) -0 50,00 0. 0. 0. 0.
K =0 60.00 [N 0. 0. 0.
10 -0 70.00 : 0. 0. [ 0.
11 -0 80. 00 0. Q. 0. 0.
12 -0 90,00 C. 0. 0. 0.
13 -0 ' 100.00 0. 0. 0. 0.
14 -0 11C. 00 0. 0. 0. 0.
15 -0 120 .00 0. [\ 0. 0.
16 -0 130.00 0. 0. 0. 0.
17 -0 140.00 O, 0. 0. 0.
18 -0 150.00 C. 0. 0. 0.
15 -c 160, 00 Q. 0. O 0. .
20 -0 170.00 -0 -0 -0. 0.

ELEMENT CONNECTIONS

ELEMENT 1 J MATERIAL _ELEM TYPE { 130VERBURDEN, 2=PILLARy 3=RETORT)
1 1 2 1 1
2 2 3 1 1
3 3 4 1 1
4 4 5 1 ) §
5 5 [-] 2 1
6 6 7 2 1
1 7 8 2 1
8 8 S 2 1
9 9 10 2 1
10 10 11 2 1

il 1 (1] 1 3
12 2 0 3 2
13 3 [s] 2 3
14 4 0 2 2
15 5 [¢) 3 2
16 ] 0 4 2
17 7 0 4 2
i8 8 0 4 2
19 9 0 4 2
20 10 0 4 -2
21 | 9 0 4 2

89



22 11 12 2 1
23 .. 12 13 2 1 B
24 13 14 2 1
25 14 15 2 1
26 . 15 16 2 1
27 16 17 2 1
28 17 _ 18 2 1, .
29 18 19 2 1
30 19 20 2 1
31 12 0 e 2
32 13 0 % 2
_ 33 14 0 4 2 e
34 15 [ 4 2
_____ _ s 16 0 4 2
36 17 0 4 2
37 18 9 4 2
38 19 0 4 2
39 20 0 s 2 _
MATERIAL. PROPERT LES I
OV ERBURDEN
B MAT € 1 AREA HE [GHT BETA DENSITY
o i 3000.00 667.00 20.00 20.00 24,00 .03
2 3000, 00 667.00 20.00 T20.00 6.00 .03
PILLARS :
o FAT Y1ELD LAMCA AREA HEIGHT DENSITY 1
1 3.00 100.00 4. 00 2.00 0. T 8.33
2 3.00 100,00 4,00 2.00 0. 5,33
3 3.00 100. 00 8.00 2.00 0. 50.70
4 v 3. 00 100.00 10,00 2.00 0. . 83.30
5 3.00 160. 00 5.00 2.00 0. 83.30
i T AT POROSITY | PCWER CN STRAIN  BETA=P B i o
1 .02000 2.000 6.G0
2 . 02000 _2.000 6 .00 S
3 .02000 2. 000 28.50
_ 4 +02000 2.000 37.50 . e N
s . €20C0 2.000 37,50
RET QRTS : :
o MAT YIELD LAMDA AREA - HEIGHT DENSTITY VvOID RATIO
- 1 T1.50 50. 00 3.00 2.00 0. TT.04 9.00
2 1.50. 50.00 600 2.00 0. . 06 18.00
B MAT PONER ON STRAIN  BETA-R '
1 2,000 13, 50 -
2 2.000 “13.50 :

...60 EQUATICNS WITH A BANDWIDTH CF

6 REQIRE

877 WORDS OF STORAGE *

ql
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DESIRED TCLERANCE COTAINEDC AFTER 31 ITERATIONS
DISPLACEMENTS
- NCDE U-THETA u-vy U=x- B
1 0. »2937€-01 0. -
2 -2 366 1E-04 +290) E-O1 ~.1724E-04
3 - «6592E- 04 « 2860E-01 . 3232E-04
_ 4 ~. 7656 E-04 «2755E-01 ~ «4666E-04
s -+ 6000E- 04 «2655E-01 —.56T9E-04
6 —+3352E-04 «2537€-01 -~ 6393E~04 B
7 -.1851E-04 «24T3E-01- —+6312E-04
8 - 10)2E-06 2 2438E-01 =2 5874 E-04
9 ~+5506 E-05 «2420E-01 -~ «5305E-04
10 -, 2564E=05 2240 1E-OL —+4T1TE-04
11 -.1639E-05 «24C6E- 01 -« 4165E-04
12 -.9102E-06 «2403€-01 —+3671E-04 o
13 - .5190E- 06 « 24C1E-01 ~.3243E-04
16 —+3085E-06 22401E-01 -. 2880E-04
15 -« 1948E-06 «2400€E-0L -.2581E-04 .
- 16 . —.1334E-06 2 2400E-01 =+2340E=-04 _
17 -.1010€-06 «2400E-01 " = e2152E~Cé&
18 -+ 8564E-07 224 00E-0L -+2016E-04
19 -.8111E-07 .2400E-01 -« 1G26E- 04
20 -+ 8216E-07 +2400E-01 ~.1882E-064
N OVERBURDEN FORCES -
ELEMENT NGDE 1 ; NODE 2
P—THETA P-y P=X P-THETA P-Y P-X -
1 173602 < 1CSE+O1 .2CTE# 00 -.120E+02 —.105E+01 —.207€+00
ELEMENT ' NODE 2 NODE 3 -
P-THETA P-Y P=X_ P-THETA P-Y P-X
2 <132E+02 <S91E+00 <181E+00 - .103E+02 = <591E+00 —. 181E+ 0G0
ELEMENT NGOE 3 NGOE . 4 o
P-THETA P-Y P=X P-THETA P-Y P-X ]
3 «110E+02 +212E+01 < 1T2E+00 <253E+01 ~2T72E+01 <L172E+00
ELEMENT NCDE 4 NODE 5 ,
P-THE TA [ P-X P-THETA P-y P-X B
4 = 204E+00 < 25TE+01 < 122E+00 <131E+02 —.25TE+0L SOT22E+007
ELEMENT "NCDE 5 . NODE 6 I
P-THETA Py P—X P-THETA P-y P=X
5 «136E+0L .133E+01 <428E-01 1206402 . . -—.133E+01 ~.428E-01
ELEMENT NODE 6 NGDE 7
P-THETA P=Y P=X P-THETA P-y P-x
6 <493E+00° < 65GE+ 00 -4 85€-02 <650E+01 - <699 E+00 <485E-02
ELEMENT NGDE 7 NODE @
- P-THETA P-Y _P=X P-THETA P-y P-X
N7 +1S6E+00 +36TE+00 —.263E-01 <351E+01 =2 36TE+00

« 263E-01

0L



i ELEMENT NOOE @ NODE 9
: , P~THETA pP-Y P=X P-THETA P-y P-Xx
3 <354€-01 -152€+00 —.342E-01 <188E+01 Z.192€+00 “342E-01
ELEMENT NGOE 9 NODE 10 :
- P-THET A p-y P-X P-THE TA P-Y P-x
9 -+ 352E-02 <99 8E~-01 =.3536-01 ~100E+01 ~<S98E-01 <353%-01
ELEMENT ' NCCE 10 _ NCDE 11 - T
P=THE TA Py P=X P~THETA p-vy P=x
10 ~.139E-01 <5156-01 —.3326-01 5266400 = 515€-01 <332E-01
o ELEMENT NCDE 11 NODE * 12 i £
P-THET A p-y P=x P-THETA P-Y P-x s
22 = 151€-01 .261E-Cl —.296E-01 - 276E+00 =.261E-01 < 296E-01
ELEMENT NCCE 12 _ NODE 13
p-THETA P-v P=X P-THETA P-y P—X e N
23 =.137€-01 <129E-01 <. 2576-01 <143E+00 —.129€-01 <25TE~01
ELEMENT . TNDDE 13 NODE_ 14 i N “
P=THETA p-y P=X P-THETA -y p=x .
24 —< 118E-C1 - 6C6E-02 = 217E-01 _ T24E-01 =.606E6-02 ~Z17E-01
ELEMENT NGDE 14 NDDE 15 .
P-THETA P-Y P-X P-THETA p-y P=X )
25 ~.101E-01 <254€-02 ~<180E-01 +354€-01 = 254E-02 <180E-01
TELEMENT NODE 15 _ NODE 16
P-THETA p-y P-x P-THETA Py P-X_ o
26 <. 849E- 02 < T60E~03 = 145E-01 161E-01 Z.760E-03 . 145E-01
ELEMENT . NGDE 16 ] i . NODE 17 )
P~THETA P~y P-X P-THETA P-Y P=x
27 T.695€-02 —.932E-04 =.1126-01 - 6CIE-02 ~932E-04 TT12E-01
ELEMENT NODE 17 ’ NODE 18 o
o P=THETA P-Y P-x . P=-THETA P-y P-x
28 ~.528E- 02 ~<443E-03 -. 821E-02 <853E-03 <443E-03 L821E-02
ELEMENT NODE 186 NODE 19
P-THETA p-Y P-x P-THETA P-v P-x
29 Z.331E-02 —.4B1E-03 ~—.537€-02 -.150E-02 <481E~03 .537€-02
ELEMENT NODE 19 . NODE 20 -
: P-THETA P=Y P=x P~THETA P-Y P=x
30 ~110E-02 = 261E-03 T. 265602 = 151602 -261E-03 ~2656-02
PILLAR STRESSES )
PILLAR_ELEMENT STRESS
12 .19
14 LTl
— 15 66
16 .6C
17 .57
18 <56
B 19 55 B
20 .54
21 .54
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Department of Energy. Any conclusions or opinions
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author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.
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