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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 oil, 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 redlicing retort permeability to groundwater flow. 
If sufficient strength and stiffness can be developed, it may be possible 
to design r~torts 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 
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. 

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 gro~ting 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: -

• overburden elements 

• pillar elements 

• 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 (Wil,son, 1978). Shear deflectiorts 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 tr_anslate). 

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" rOOD\S 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 StJBSID is operational on the CDC 7600 computer at the Lawrence 
Berkeley Laboratory. The program is compatible with othe~ CDC 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. 
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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: 

where (J = 

£ = 

c = 
0 

* n (J = k(£/£ ) 

* cr = (C -k) [ 1-e -A(£-£ )] + k 
0 

uniaxial stress, 

uniaxial strain, 

unconfined compres-sive strength, 

* for £ ~ £ 

* for £ ;;;;.. £ 

(1) 

* A stress/strain data. £ 
' 

n, = constants determined from laboratory 

* Note that the maximum tangent modulus from Eq. (1) occurs at£= £ • 
Mathematically, the maximum tangent modulus is: 

max = A(C -k) 
0 

From the requirements of stress and stiffness continuity at £ 
the following relationship is obtained: 

ACt.* 
k = _..;;.o_ 

* n+A£ 

= £* 
' 

(2) 

If we consider that the pore structure has collapsed at t.*, the permanent· 
deformation which would be present from an elastic unloading from £* (with 
a tangent modulus at£*), would represent the pre-loading porosity, <)>. 

The resulting expression for pre-loading porosity is obtained: 

* <P = £ (n-1) 
n 

(3) 
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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 elemen~s is taken to 
be linear and constant. Classical beam theory applies with the addition 
of shear deformations. 
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4. ELEMENT STIFFNESS MATRICES 

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

where [Ke] = the element stiffness matrix, 

{Ue} = element displacement vector, 

{Fe} = element force vector. 

(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 illustrated in Fig. 3. The corresponding form of Eq. (4) 
is: 

1\ (1+2(3b) X Fx 
Ib 

1 1 

0 
12 SYMMETRIC y1 Fy 
L2 Ebib 

1 

L(1+2(3b) 
0 

6 
4+2(3b e1 . Fe = L 1 

1\ 0+2(3b) ~ (1+2f3b). x2 Fx 
Ib 0 0 Ib 2 

0 
12 6 12 

y2 Fy2 2· L L2 L 

6 2-2(3 
0 

6 
4+2~ e2 Fe2 0 L b L 

(5) 

where Eb = Young's modulus of the overburden element, 

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

L = length of the overburden element, 

~ = cross-sectional area of the overburden element, 
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Fig. 3. Overburden element forces, displacements,and positive sign 
convention. 
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2-= 6Ebib/L ApGb = 

A = effective area 
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12Ib(l+V)/L
2
Ap' 

of the overburden 
cross-section; see 

element cross section (SAb/6 for 
any elementary structures text), 

Gb = shear modulus of the overburden element, 

V =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: 

where 

Fx p 

E p 

I p 

H p 

A p 

sP 

6E I 

6E I 
p p . e p 

kA 
p 

for 

for 

y 
_g_ E;.; e.* 
H 

p 

y * ~~E 
H 

. ' p 

=- __ ...._p .......... p __ 

2 Hp (1+2Sp) 

= tangent modulus of the pillar at Yp/Hp from Eq. (1), 

= moment of inertia of the pillar about the z axis, 

= height of the pillar, 

= cross-sectional area of the pillar,_ . 

= shear 'strain parameter for the pillar (see Eq. (5) ). 

(6) 

v 

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: 

X = X. - eiHb/2 FX· = Fx p ~ ~ p 

y = yb FX· = F p ~ Yp 

e = eb Fe. = Fe - (H ·Fx 12) p 
~ p b p 
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where Hb = the height of the overburden element. Then, Eq. (6) becomes (in 
terms of the displacements and forces at the ith node): 

Fx. = 
1 

Fy. = 
1 

= 

12E I 
p p. 

k A r yi*r for 
yi 

~ £* 
p H £ H 

p p 

Ap(C0 -k) ll-ex+, (\- e*)]! + k ~ Y. * 
for .2:. ~ £ 

H p 
-

[
4+2aPJ ~ [ 3Hb (· 

• Xi + 1 +2a H 1 + 4H 2 
p p p 

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

(7) 

to the obvious nonlinearity. In other words, the stiffness of the pillar 
element depends explicitly on the vert"ical displacemeht 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. Wilson, 
1978) and the resulting set of equations solved. Mathematically: 

where [K] = ~ [Ke], 
e 

[K] {U} = {F} 

{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. 

(8) 

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

(9) 

where [K] = the stiffness of the structure consisting of the linear portion 
of the stiffness for all element types, 

{U.} = 1 by 3N vector of displacements at iteration i, 
1 

[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 representation 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 ~ntil a maximum relative tolerance on displacement change 
has been satisfied at every node. Relative tolerance for this program is . · 
defined as: 

Maximum j = 1,2,3, ••• ,3N ( 10) 

where j = the displacement equation number, 

i = the iteration number. 

Equatibn (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). 
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6 • PROGRAM INPUT DATA 

The input data for the finite element program SUBSID are groupe~ 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 (IS, 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 problem 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 structure 

NELR = number of room elements in the structure 

NMATB = number of different overburden material types (<10) 

NMATP = number of different pillar material types (~10) 

NMATR = number of different room material types (~10) 

NB¢DY = 0 if body forces are .to be neglected 
= 1 if body forces are to be included 

CARD SET 3 - ITER, T¢L (IS, F10.0) 

ITER = maximum allowed iterations 

T¢L = 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, SF10.0) 

N = node number 

IBC(N) = boundary condition for node N 

0 - free 
1 fixed in X direction 

10 - fixed in y direction 
100 - fixed ~n e direction 

11 - fixed in X and Y direction 
101 - fixed in X and e direction 
110 - fixed in y and e direction 
111 - fixed in x, Y and e 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 node 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 node~ are set equal to zero. 

CARD SETS - NNEL (IE(NNEL,J), J=l,4) (SIS) 

NNEL = element number 

IE(NNEL,l) = 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 

1 = overburden 
2 = pillar 
3 = room 
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The first card in this set must be for element 1 and the last card must 
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), H0(I), BETA(I), DENB(I), -(6El0.0) 

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

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

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

H0(I) = height of overburden material type I 

BETA(!) = coefficient for shear deflection for overburden material type I 
(see Eq. ( 5) ) 

DENB(I) = density of overburden material type I 

UNITS 

E - force/unit area 

4 XI - (length) 

2 AREAB - (length) 

H0 - length 

BETA - dimensionless 

DENB - force/unit volume 

CARD SET 6 is repeated NMATB times. 

CARD SET 7 - PHATP(I), XLAMP(I), AREAP(I), PL(I), DENP(I), XIP(I) ,P0R0(I), 
P0WP(I) BETAP(I) (8El0.0/El0.0) (optional card set, include 
if NMATP rf 0) 

PHATP(I) = unconfined compressive strength of pillar material type I 

XLAMP(I) = parameter A (see Eq. (7)) of pillar material type I 

AREAP(I) = cross-sectional area of pillar material type I 

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 I 

P0R0(I) = parameter E* (see Eq. (7)) of pillar material type I 
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P0WP(I) = parameter n (see Eq. (7)) of pillar material type I 

BETAP(I) = coefficient for shear deflection for pillar material type I 
(see Eq. (5)) 

UNITS 

PHATP - force/unit area 

XLAMP - dimensionless 

AREAP - (length) 2 

PL - length 

DENP - force/unit volume 

4 XIP - (length) 

P0R0 - dimensionless 

P0WP - dimensionless 

BETAP - dimensionless 

Card set 7 (which consists of two cards) 1s repeated ~TP times. 

CARD SET 8 PHATR(I),·XLAMR(I), AREAR(I),.RL(I), DENR(I), XIR(I), 
V0ID(I), P0WR(I), BETAR(I) (8El0.0/El0.0) 
(optional card set, include if NMATR # 0) 

PHATR(I) = unconfined compressive strength of room material type I 

XLAMR(I) = parameter A (see Eq. (7)) of room material type I 

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 

V0ID(I) = parameter E* (see Eq. (7)) of room material type I 

XIR(I) = moment of inertia about z axis for room material type I 

P0WR(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)) 



UNITS 

PHATR - force/unit area 

XLAMR - dimensionless 

AREAR - (length) 2 

RL - length 

DENR - force/unit volume 

V~ID - dimensionless 

4 XIR - (length) 

P~WR - dimensionless 

BETAP - dimensionless 

18 

Card set 8 (which consists of two cards) is repeated NMATR times. 

CARD SET 9 - NPR~B, TITLE (IS, 3X, 9A8) 

This card set is optional. 
follows the problem just input. 
1 through 8 are repeated~ Card 
is included only after the last 

It is not included if another problem set 
If another problem set follows, card sets 

set 9 (which consists of one blank card) 
problem set to be.executed. 
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7. PROGRAM OUTPUT 

The program output includes·a11 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 elem2nt .forces at all nodes, and 
pillar and room vertical stresses. 

Q 
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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 den~ity 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. In 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. 7. Discretization of underground lanes for analyses with SUBSID. 
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Table 1. Material properties for e.x~mple problem. 

Region Co E G v A. p n c.* 
(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 

:r 
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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: 

where X = horizontal displacement at the top surface of the overburden 
s element, 

X. = horizontal displacement at the nodal location, 
1 

a. = rotation at the nodal location (positive clockwise). 
1 

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: 

and at end "2" of the element as: 

=-

Fx 
2 

+ ---
'\ 

where compression is taken as positive. The horizontal stress at the top 
surface of the overburden element will be nmnerically 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 problem. 
The superposed total horizontal stress is shown in Fig. 12. Note that a 
tensile stre~s of about 0.1 MPa occurs at a distance of about 18m from the 
center of the three-room configuration. 
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APPENDIX A 

FORTRAN LISTING OF THE PROGRAM - SUBSID 
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**PROGRAM SUBSIDCINPUT,OUTPUTI** 

I'ROGRAM SUB SID( INPL 1 ,OUTPUll 
CCMMON I Nll NEQ, I BAND, IT 
COMMON IN21 N~P, ~EL, NELB, ~ELP, NELR 
COMMON IN 31 NMA TB, NfoiA TP, NMA TR, NBOO Y 
CCMMONIN41EUOI, XIUOit AREABClOt, BETAClOJ, OENBClOt, HOClOJ 
COMMON IN5/ PHATPHOlt XLAMPUQJ, AREAPClOl, PLClO), OENPClOJ 

1, XIPC10), PCWPClOJ, POROClOJ 
2 BETAPUOJ 

C.OMMONIN6/PHATR ( lOJ ,XLAHRC 10) ,AREARU 0) ,RLC 10! ,DENRCl OJ ,VOIDUOJ 
1 , X I R Cl 0 t PGW R C1 0 J 
2 , BETARC 10) 

COMMONIQJOBSFLIISIZE ,ILCM 
CCMMON AU J 
INTEGER II TLE t <Jt 

PROGRAM SUfSIOE IS SPECIFICAllY FCR EVALUATING 

ClJ SUfSIDENCE IN OVERBURDEN ABOVE A LANE-AND-PILLAR PLAN 
(2J SHEAR AND FLEXURAL STRESSES IN THE OVERBURDEN 
(3) PILLAR STRESSES (AVERAGE VERTICALI 
C4J PETGRT STRESSES CIF RETORTS OR BACKFILL IS IN ROOMSJ 

THE PROGRAM ASSUMES THAT THE STRESS/STRAIN BEHAVIOR·OF THE 
SUPPORT PILLARS CAN BE REPRESENTED AS 

STRESS = YIELD( 1.-EXPC-LAMDACSTRAIN-VOID RAT 10 J J J 
+ KCEXPC-LAMOACSTRAIN-VCID RATICJJJ 
FOR STRAIN ~ VOID RATIO - -

STRESS= (KJ•CSTRAIN/VCID RATIOJUN 
FOR STRAIN s VOID RATIO 
WHERE K = (STRESS AT STRAIN = VOID RATIO)/ YIELD 

SEPARATE RELATICNS FOR RETORTS CAN AlSO BE INPUT 

THE VARIABLES FOR THIS PROGRAM ARE AS FOLLOWS 

VARIABLE DE SCRIPTION 

NNP NUMBER OF NClOE S 

NELB NUMBER OF OVERBURDEN ELEMENTS 

NELP NUMBER OF PILLAR ELEMENTS 

NELR NUMBER OF RETORT ELEMENTS 

NBODY 1 FOR BODY FORCES 
0 FOR NO BODY FORCES 

NEL NELS + NE LP + NELR 

X X COORDINATE CF NODES 

y Y COORDINATE OF NCOES 

FX X FORCE APPLIED- TO NODES 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
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c 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
(. 

c 
c 
c 
c 
c 
c 
c 
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~•PROGRAM SUBSI DC lNPIJT ,OUTPUT)*"' 

FY 

FTHETA 

IE 

APLOAD 

YIELD 

DISPL 

TLOAD 

IBC 

AK 

E 

NMATB 

NMATP 

Y FORCE APPLIED TC NODES 

T H ET A FORCE A P PLI EO T~O,___,_,N=O_,D_,E_,S'-----

ELEMENT CONEC TIONS 

JOINT LOADS (AT NODESJ 

LOAD VECTGR FCR PILLARS AND ~ETQ_R_1_.L__ ------·­

DISPLACEMENT AT I-1 ITERATION -

TOTAL LQAD VECTQR 

BCUNDARY CONDITION 

1 - FIX EO X. 
10 - FIXED Y 

100 - FIXED THETA 
11 - FIXED X AND Y 

101 - FIXED X AND THETA 
110 - FIXED Y AND THETA 
111- FIXED X, Y, AND THETA 

STIFFNESS MATRIX 

OVERBURDEN MODULUS 

NUMBER OF OVERBURDEN MATERIALS 

NUMBER GF PILLAR MATERIALS 

---''=--------'-'N:.:.:Mc::..:A'-'-T-'-'R ____ ____:NU=-:M_:_:B,._,E=-'R-'--"O,_,_F__,_R,_,E.,_T-=OcR:.:.,_T__:_:M.:..:A_:_T-=ER:.:_=ciA-_::L::cS..,__ ____ . ___ . __ ·---------·--
C 

_C=-._ ______ _,_,X'-"1 ______ -=IN.,_,E'"'-R.:..:T__,I,_,_A'---"M'-='O:.:..:M,_,E=--NT - OVERBURI;>~!i- ___ _ 
c_ 
C AREAB OVERBURDEN CRCSS SECTION AREA 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

BETA 

DENB 

HG 

PHATP 

XLAHP 

A REAP 

PL 

SHEAR STRAIN PARAMETER 

DENSITY OF THE OVERBURDEN 

HEIGHT OF THE OVERBURDEN ELEMENT 

YIELD FOR PILLAR 

EXPONENTIAL CO~STANT FGR PILLAR 

CROSS- SECTICN AREA CF PILLAR 

PILLAR HEIGHT 

~C~. -------=D-=E~N~P _____ ~D~E~N~S~I~T~Y~OF THE PILLARS 
c 
c XIP INERTIA MOMENT CF PILLARS 
c 

_C=--_______ cc_P-=-0-'-'-R=-O ______ V,__,C=-=-·1 D RAT ~-~-~_f ___ ~_L_L_AR_s__._____ _ ______ -----·---- ___ .... 
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**PROGRAM SUBSIO(JNPUT,OUTPUTI** 
... -···----- ---·· 

c 
PILLARS IN CONSTITUTIV c POWP POWER ON STRAIN FOR 

c RELATION FOR STRAIN LESS THAN POROSITY 
c 
c BET AP PILLAR SHEAR STRAIN PARAHE TER 
c 
c PHATR YIELD CF RETORTS 

c XLAHR EXPONENTIAL CU\ST ANT FOR RETORT 
__ c___ 

c AREAR RETORT CROSS-SECT ION AREA 
c 
c RL RETORT HE I.GHT 

C OENR DENS I TV OF THE RETORTS 
c 
C VOID INITIAL VOID RATIC IN RETORTS 
c 
c 
C XIR INERTIA MOMENT FOR RETORTS 
c 
c 
C POWR PO~R ON STRAIN FOR RETORTS IN CONST IJUT I \1 
C RELATION FOR STRAIN lESS THAN YO 10 RATIO 
c 
C BET AR . RETORT SHEAR STRA JN, PARAMETER 
c 
C DYNAMIC STORAGE ALLOCATION IS USED IN THIS PROGRAM. THE 
C STORAGE LOCATIONS ARE ALLOCATED AS FOLLOWS, 
c 
c 
C FRCH TC VARIABLE 
c ------ ---------
c N1 N2-1 X 
c 
C N2 N 3-1 Y 
c 
C N3 N4-l FX 
c 
C N4 N5-1 FY 
c 
C N5 N6-l FTHETA 
c 
C N6 N 7-1 IE 
c 
C N7 N8-1 APLOAO 
c 
C N8 N9-1 YIELD 
c 
C N9 Nl0-1 DISPL 
c 
C N 10 N 11- 1 TLOAD 
c 
C N 11 N 12- 1 I BC 
c 
C N12 NTOT AK 
c 
(--------·-----------------------------
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J 

**PROGRAM SUBSIDC INPUl,OUTPUT)** 

10 READ 1000, NPRCBr Tl TlE 
1000 FOR"ATfl5r3X,9A81 

lF ( NPRGB. EQ. 0 I CALL EX IT 
READ 2000rNNP, NELS, NELP, NELR, NMATB, NMATP, N~ATR, NBOOY 
IFCNMATB.LE.lO.ANO.NMATP.LE.lO.AND.NMATR.LE.lOJ GO TO 13 
IFCNMATB. LE.!OI GO TC 11 
PRINT 9000, NMA TB 
CALL EX IT 

11 IF(NMATP.LE.10J GO TO 12 
PRINT 10000, NMATP 
CALL EXIT 

12 PRINT 11000, NMTR 

9000 FORMATflH1,lOX,*NMATB*,UOr* GREATER TtiAN ALLOWED ClOJ, PROGRAM ST 
lOPS;. •• •* J 

10000 FGRMATClH1,10Xt*NMATP*,IlO,* GREATER THAN ALLOWED ClOJ, PROGRAM ST 
lOPS ...... , I 

11000 FORMAT C lHltlOX, *NMATR*tllO, * GREATER THAN ALLOIIED ClOt, PRCGRAM ST 
lOPS •••• • I 

c 
c 
c 
c 

c 
c 
c 

13 CONTINUE 
2000 FORMATC1615J 

READ 3000, ITER, TOL 
3000 FORMATCI5,FlO.OI 

PRINT 4000, TITLE 
PRINT 5000, NNP, NELBr NELP, NELR, NBODY, ITER, TOL 
NEL :: NELB + NELR + NELP 

4000 FORMAHlHl,lCX,c;Aa,//, 9Xt* PRCGRAM PARAMETERS•ti,10X,l8(•-•Jtl 
5000 FORMATUOX,*NUMBER OF NODES ••• *rl20dr 

1 10Xr*NUM8ER GF OVERBURDEN ELEMENTS ••• *rl6r /r 
2 lOX,•NUMBER (F PILLAR ELEMENTS ••• •, 110 ,I, 
3. lOX,*NUMBER OF RETORT ELEMENTS ••• *tl10,/, 
3 10X,*BODY FORCES Cl-YES,O-NOI ••• *tl11tlt 
4 10X,*NUMBER OF ITERATIONS ALLOWED ••• *, 17,/, 
5 10Xr*RELATIYE TOLERAN~E REQUESTED ••• *• F7.5, /1 

N 1 = 1 
N2 = Nl + NNP 

. N3 = N2 + NNP 
N4 = N3 + NNP 
N5 :: N4 + NNP 
N6 = N5 + NNP 
N7 = N6 + 4*NEL 
N8 = N7 + 3*NNP 
N9 = N8 + 3*NNP 
N10 = N9 + 3*NNP 
Nll = N10 + 3*NNP 
N12 :: Nll + NNP 

THE FOLLO~ING ARE SYSTE~ DEPENDENT OPERATIONS FOR SETTING THE 
COMPUTER CORE REQUIREMENTS FOR THE CODE AND STORAGE 

lSI ZE = 0 
CAll SETFLSUSIZEJ 
I SIZE = I SIZE + Nl2 + 1 
CALL SETFLS( ISIZEJ 

TOTAL CORE REQUIREMENTS 

--------------
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••PROGRAM SUBSIDII~PUT,GUTPUTI•• 

18*NNP + 4*NEL + IBAND*NEQ 

CALL INPUHAIN11,AIN21tAIN3J ,ACN41 ,A(N51 ,A(N61 ,ACNllJ ,NEU 
CALL BANDWDI AIN6 I, ·NEL, I BAND, NEQ t 
NTOT = N12 + IBAND*~EQ 
ISIZE = ISIZE + IBAND*NEQ 

CALL SETFLSIISIZEI 
PRINT 6000, NEQ, IBAND, NTOT 

6000 FCRMAT (// tlOX, 15, 2X, *EtlUAT IONS WITH A BANDWIDTH OF*,I6, 2X,*REQUIRE 
________ 1 *,I5,2Xt*WOROS OF STGRAGE*t/J 

CALL AS EM BLC A IN 1) , A ( N 2 I ,A l N6), A ( N 121 , NEL , NE Q • I BAND, A ( N4 I , A ( Nl 0 I , A ( 
1 N1l I t . 

CALL BCUNDC lA I ,._31 ,A I N4) , A (N51 , A INllJ, A ( Nl2 I ,A OdO J. I BAND, NEQI 
IT = 0 . 

c 
C THE ITERATIVE PROCEEDURE INITIATES AT STATEMENT 20 
c 

c 

20 CALL ADDLODIACN31 ,A(N4J ,A(N51 rA(N61rAlN7J,A(N8JrAlN91,ACNlO),NELt 
1 A( Nll) I 
lfliT.GT.OJ GC TG 30 
CALL SOLVE( 1, AlN12), A(NlQJ, NEQ, IBANDI 

30 CALL SCLVEI 2t A(N12t. ACN101t NEQ, IBANDI 
CALL CONVGCACN10J, AC,.,9J, TCL ,IT, ITER, ISTOPI 
IFCISTOP .EQ. 01 GO TO 20 
GC TO (40 ,50 I, ISTCP 

40 PRINT 7000 TOL 
GC TO 60 

50 PRINT 8000, IT 
7000 FORM AT( 1HO.LOX, *MAXI MUM ITERATIONS PERFORMED. RELATIVE TOLERAt.iCE 0 

1BTAINED •• •,/,20X~*TOL = *• E12.4, /t 
8000 FGRMATC1HCt10Xt*DESIRED TOLERANCE CBtAINEO AFTER•rl1t2X,•ITERATION 

lS*tl I -

C THE FOLLOWING SUBROUTINE CALLS RESULT IN OUTPUT OF THE RESULTS 
c 

6C CALL DISPUAlNlC)I 
CALL FORCECAlNli,AIN6),~(N10I,NEU 
IF(NMATP.EQ.Ol GO TG 70 
CALL PSTRE S (A I NlOI ,·A ( N61 ,NEll 

. 70 lf(NMATR.EQ.Ot GO TO 10 
CALL RSTRES CAIN10t,ACMitNELI 
GO TO 10 
El'liD 

·- MN F4 LEVEL 5. 24 27 JUN 80 11.31.24 

------------------- -------------------------------------------------------
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uSLBROUTINE INPUT(X, Y, FX, FY, FTHETA, IE, IBC, 1\EUU 

SuBROUTINE 11\PUT(X, Y, FXr FY. FTHETA, IE, IBC, NELJ 
c 
C TliiS SUBRCUT INE READS AND PRINTS APPROPR lATE INPUT DATA 
c -- -------------- --------

COMMON /N2/NNP, NX, NELB, NELP, NELR 
COMMON /N3/NMATBr NMATP, NMATR 
COMMON/N4/EC1CJ, XIClOJ, AREABClOJ, BETAClO), DENBClO), HOClO) 
COMMON /N5/ PHATPC 10), XLAMPC 10), AREAP( 10), PU 101; OENPilOt 

1 , XIPUOJ, PCfliPUO), PCROUOI 
2 , BETAPC 101 ________ . _____ _ 

CCMMCN/ N6/ PHAT R ClO h XL AMR C 10 t, AREAR C 10 t, R LC 10 I, DENR C 101 , VOl DC 1 Ot ___ ----
1 t XI R(l OJ t POfliRU OJ 
2 , BETAR(lO) 

DIMENSION XClt, YfU, FXOJ, fY(l), FTHETAClJ, IEfNEL,41r IBCCU 
PRINT 2000 

2000 FORMAT (lOX, *NCDAL COORDINATES*, I, lOX, 171 *- * J, lt 1 OX r*NOOE*, 6X ,•I BC 
1* 7x,•.x•,14Xr*Y* · 
1 , 13X, ~-X*tl2 X r*F- Y•, lOX ,*F- THETA*; II 

I GC == 0 
KC = 

10 READ 1000, N, IBCtN), XfN), YIN), FXCNI, FYINJ, FTHETAINI 
1000 FORMATC215,5£10.0) 

IGC = IGC + 1 
IFIIGC.LE.Nt GC TO 15 
PRINT 1001, IGC 

1001 FORiofATI/,*DATA OUT OF ORDER AT NODE *al5l 
15 ONOD == FLCATII\+1-KCJ 

Iff N-KC J 4C,40t 17 
17 HC = KC - 1 

.OX= CXCNI - XfMCJJ/DNOD 
OY = I YCN J - YC MC I t/DNOO 

35 II!CC KC t = I BCC N I 
IGC = IGC + 1 
MC = KC - 1 
X I KO == l( I MC J + 0 X 
YCKC I = YIMCJ + OY 
FXIKCI = FYIKCI == .FTHETAIKCI = O. 

40 KC = KC + 1 
IF IN-K CJ 50, 40, 35 

50 IF I NNP+l-KCJ 60,60 tlO 
60 CONTINUE 

----------'---~ 

PRINT 3000,(I,IBCCII,XIIJ,YIIt,FX(IJ,FYCII,FTHETAIIJ, l=lrNNPt 
3000 FORMA Tl 3X, Z 11 C, FlO. 2 ,5X tf1 0.2 t5X rflO .2, 5X r F1 0~-2-;-5)(, -FlO :·z,-sxr -----

LEN = 0 
IHH = 0 
NNFL = 0 
DO 140 N = 1, NEL 
IHH = IHH + 1 
IF INN El-N )70, 140, 110 

70 READ 4000, NNEL,CIE(N,Jt, J 
4000 FORMATf5151 

lFfiH~.LE.NNELJ GO TO 80 
PRINT 4001, IHH 

1r 4 J 

4001 FORMATI/,*DATA OUT OF ORDER AT ELEMENT*,I51 
IHH = NNEL 

80 IFINNEL-1-Nl 140,90,90 
90 IFfLEN.EQ.NNELI GO TO 110 

---'------~----------- ---------------------·------ ----··------··· •.. --· 
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**SL~RCUTINE INPUT(X, Y, FX, FY, FTHETAt lEt IBCt NELl** 

---- ··------------------·-- ··-----------
00 100 I = 1, 4 

1 OC I E ( NNE l, I I = I E ( N, I) 
LE-N = NNE L 

110M= N- 1 -~--~-------------------------------------------------
120 IE(N,U = IE(M,ll + 1 

IECN,21 = 0 
IFliElM,2J.NE.OJ IE(N,2J = IE(M,2J + 1 
IE(N,31 = IE(M,JI 
IE(N,41 = IE(M,41 
lf(NEL-N-1J 150,150 130 

130 CCNTINUE 
140 CONTINUE 
15 0 CON TJ N UE 

PRINT 5000 
5000 FORMAT(lOX,*ELEMENT CCNNECTIONS*,/,10X,19l*-*l,/,lOX,*ELEMENT*• 6X 

1t*l*t 9X,•J•, 5X, •MATERIAL•, 2X,•ELEM TYPE•,5X,•U=OVERBUROEN, 2 
2=PILLAP, 3=RETCRTl*tll 

6000 FORMAT( 4X, 5I10 I 
PRINT 6000, (1, CIECirJh J = 1, 4 ), I= 1, NEll 
READ-8000, ( E(IJ, XICIJ, AREABCIJ, HO(IJ, BETA(IJ, DENBCIJ,l = 1t 

1 NMATB I 
PRINT 9000 
PRINT 10000, CI,ECII, XICU, AREABCII, HOCII. BETACII, DENBlllt 

1 = 1, NMATBI 
8000- FCRMATC 6 E10 .0 I 
9000 FORMA Tl/rlOXr*MATERIAL PROPERTIES*rlrl0Xr19 C•-•J, /rl5X, -clVERBUROE 

1N*,/, 15X, 10( *-*It/, 15X, *MAT*, llXt*E* r15Xr* I*, 12X,*AREA* r9X •*HEIGHT 
--~~~~~·~·~9~X,*BETA*,9X,*OE~SITY*,/I 

10000 FORMAT( 15 X, I 3, 5X, F 10. 2, 5X ,F 12. 2, 3 X ,F 1 O. 2, 5X ,Fl 0.2 ,5X, Fl 0.2, 5X, FlO. 
12J . -

IFCNMATP.EQ.QI GG TC 20 
00 160 I = 1, NMA TP 
READ 8010, (PHATPIIJ 1 XLAHP(I), AREAPCIIt Pllllt OENP(IJ, .XIPCII, 

1 PORC(llt PO~PIIII 
READ ~020, BETAPCII 

______ j_()O __ (;_!l_Nil_NUL ______ --------------------------------------:--
80 20 FORM AT (etC. 0 J 
8010 FORMATC8ElO.OJ 

PRINT llOCO 
PRINT 12000 
PRINT 13000, (l,PHATPlii,XLAMP(li,AREAP(IIrPL(JJ,OENPCIJ,XIPCII, 

________ 1 1 = 1_._, ~N~M'?-A__,_T_,_P_._J ____________ _ 
PRINT 12001 
PRINT 13001r llr POROCII, POWPCIIr BETAP(I), I= 1, NMATPI 

12001 FORMAT C1, 15X, *MAT*, 5X, *POROSITY*, 8Xr*POWER ON STRAIN* ,3Xr*BETA-P* 
1 , II 

13001 FORMAT( 15X,I3 1 5X,F10.5,5X,Fl0.3,6X,Fl0.21 
11000 FORMATU5Xr*PILLARS*tltl5X 1 71*-*J,/J 
12000 FORMAT(l5X,*MAT* ,lOX, *YIELD*• lOX, *LAMDA*, lOX, •AREA•, lOX, •HEIGH 

1T•, 8X, •DENSITY*, 12X,*I*tll 
20 IF(NMATR.EQ.OI GC TC 30 

DO 170 I = 1, NMA TR 
---------R-EA_D_i5ooo·;-TPHA.r"RI I J, XLAMRC l J, AREAR( I J, RU I J, DENRCI J ,XIRll J, 

1 VGI D (II , POWP (I II 
READ 8020~ BElAR( I) 

1 7 0 C 0 NT I NU f 
15000 HiRMA H 8E 10. Cl 

PRINT 14000 
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----------~-----------·-----

"'*SIJBROUTINE INPUHX, y, FX, FY, FTHETA, IE, IBC, NELJ•• 

PRINT 16000 
PRINT l1000r Cit PH.ATR(Ii,XLAMRCII,AREAR(IJ,Rl(lltDENR(IJ,VOIOCIIt 

1 XIR( I), I = 1, NMATR) 
PRINT 16001 
PRINT 17001, CI, PO~RCIJ, BETARCIJ, I= 1t NMATRI 

16001 F.ORMATC/,15X,•MAT•,5X,ePOWER ON STRAIN*,4X,*BETA-R*tl) 
17001 FORMATC15X,I3,7X,Fl0.3,4XrF10.21 
16000 FORMATC15Xt*MAT*r10Xr•YIELD*rlOXr*lAMCA•r10Xr*AREA•,lOX, 

l*tiE IGHT *• 8X, *DENSITY*, 8X,*VOI 0 RA Tl 0* ,qx,•I•, IJ 
17000 FORMAT US X, 13 ,SX, FlO .2, SX, F 10. 2, 5X!_f1 0 -~2l<LfJ_Q~~•-5X_,_F 10_. 2, SX ,FlO. __ _ 

12,3XoF15.2J 
30 CCNTINUE 

13000 FORMA TC 15X ,13, SX, Fl 0.2 r5X tfl 0.2 ,SX ,FlO .2, SX, Fl0.2t 5X, Fl0.2t 3Xr 
1Fl5. 

14000 FOR~AT(l5X,*RETORTS•,/,15X+7l*-•J,/J 
RETURN 
END 

·- MNF4 LEVEL 5.24 Z1 JUN 80 11.31.24 

-----------------~-------__;__ ____________________ _ 
-----------------------------------

.. -

--------------------------------- ----

-------------------·------------ ----

-------- ------------------------------------
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-------
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**SUBRGUTINE BANOWCC IE, NEL, IBANO, NEQ t** 

SUBROUTINE BANDwOC IE, NEL, IBANO, NEQ) 
COMMON I N2/NNP 
DIMENSION IECNEL, 4) 

C THIS SUBRCUTINE DETER,INES THE SEMI-BANCWIDTH Of THE 
C STIFfNESS 1'4ATRIX FOR THE MODEL TO BE ANALYZED. THE BANDWIDTH 
C S~CULO NCR~ALLY BE 6. 

I BAND = 0 
DC 10 I = l NEL 

c 
C SKIP RETORTS OR PILLARS 
c 

If( If0r2J.EO. OJ GO TO 10 
IB =lABS C IE(I,lt- IEllt2H 
IFCIB.GT. IBANDI IBANO = 18 

10 CONTINUE 
IBANO = 3*CIBA~O + 1 J 
NEQ = 3• NNP 
R 

-- HNF4 LEVEL 5.24 27 JUN 80 11.31.24 
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**SUBRCUTINE ASEMBl (X,Y,IE,AK,NEL,NEQ,IBAND,RrTlOAO, IBCJ~• 

SUBROUTINE ASE1'1BL (X,y, IE,AK,NEL,NEQ,IBANO,R,TLOAOdBCI 
c 
C THIS SUBROUTINE FORMS THE L lNEAR STIFFNESS Of THE OVERBURDEN 

__,C,.____----"A,_,_N,D'------"S'-'T-"'0"-'R""-E-"'-S____._I _,_T____._I ,_,_N_A"'-1<'-'----.,.__ ________ -·-------------------------
C 

c 

COMMON /N3/ NMATB, NMATP, NMATR, NBODY · 
CCMMCN/N4/EUOJ, XIUOJ, AREABUOt, BETAUOJ, DENBClOJ, HO(lOJ 
COHHON/N5/PHATP( 10) ,XLAMP( lOJ ,AREAPC lOt rPU 10) tDENPClOJ 

1 • XIPClOI,PCWPUOI,PORGUOI, BETAPClOI 
COHMON/N6/PHA TRI lOJ ,XlAMR UOJ, A REAR UO J, RL_Cj_CU_!_()ENR C.!_9_hi(Q {DC lOJ _______ _ 

1 , XIRUOJ, POWRClO), BETARClOI . 
DIMENSION XUJr Y(l), IECNEl, 4), AKCNEQ, IBANDh AC6r6J, lPC6J 

1 ,R( 1J, TLOADC lJ, IBCC l) 
A 

DO 1 0 I = 1 , NE Q 
TLOAO( IJ = 0. 
DO 10 J = 1, IBANO 

10 AK (I J J = O. 
DO 50 NN = 1, NEl 

C SKIP ALL NON-OVERBURDEN ELEMENTS 
c 

c 

IF CIECNN,4J.NE. lJ GC TO 50 
IFCNBODY.EQ.Ot GO TO 15 
M TYPE = I E ( N N , 3 t 
INDEX = IECNN 1) 
JNDEX = IECNN,2t 
L = ABSCXCIECNN,lJJ- XUECNN,2J)J 

C- THE BODY FORCES (If ANYJ ARE ASEMBLED IN THE FOLLOwiNG 2 
C STATEMENTS 
c 

c 

R(INDEXJ = R(INOEXJ + DENB(MTYPEJ*L*AREABCMTYPEUBODYF( lBC( INDEXJ J 
R(JNDEXJ = R(JNOEXJ + DENBOHYPEJ*L*AREAB(MTYPEJ*BODYFCIBC(JNDEXII 

15 CONTINUE ~~---
CALL BEAM (NN, X, Y, IE, A, NELJ _____ _ 
DO 20 I = 3, 6, 3 
I J = 1/3 
LPCIJ = 3*IECNNdJJ 
LPCI-lJ = 3*1ECNN, IJI 1 

20LPCI-2J = 3*1E(NN, IJJ- 2 
DO 40 LL 2 1, 6 
I = LPCLU 
DO 30 MM = 1, 6 
J = LP(MMJ - I + 1 
IF (J.LE.O J GO TO 30 
AK(I,J) = AK( I,J) + A(lltMMJ 

30 CONTINUE 
40 CONTINUE 
50 CONTINUE 

C THE LINEAR PORTION OF THE AXIAL AND BENDING STIFFNESS 
C FOR THE SECCNOAfiY PCRTION OF THE CONSTITUTIVE EQUATION( I.E. FGR 
C STRAINS GREATER THAN THE VOID RATIO OR POROSITYJ 
C OF THE PILLARS AND RETORTS ARE ASSEMBLED IN THE STIFFNESS 
C MATIX IN THE FOLLCiollNG STATEMENTS. 
c 
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**SUBROUTINE ASEMBl CXrYriE,AKrNELrNEQ,IBAND,RrTlOADr 18CJ•• 

" - ·--~-- -----

c 

IFI~MATP.EQ.Ot GC TO 70 
DO 60 NN = l ~El 
IFIIEINNr4t.NE.2J GO TO 60 
MTY PE = IE INN 3 t 
FACT = PHA TP( MT'fPE) *ARE API MTY PEt *X lAMP I HTY PE )/ Pl ( MTYPE) 
INDEX = 3*lECNN lJ - 1 .. 
AKilNDEXrll = .AK(l~OEX,ll +FACT 
QO 51 NOB =.lr NEL 
IFCIECNQB,41.NE.U GC TO 51 
IFIIEINNr1).EQ.IECNGBr1Jt lOB= NOB 
If( IECNN, U.EQ.IEINOB,2H lOB = "108 

51· CONTINUE 
HB : HOC lECI 08 ,3)t 
FACT = FACT* X l PC HTYPE t /AREAP CM TYPE t J( 1.+2.*BE TAPC MTYPEII 

C PUT IN HE X ROW STIFFNESS 
c 

INDEX = I NOE )( + 1 
HP = PLIMTYPE). 
AKUNQEX~ll = AK((NOEX.l) + 12.*FACTIIt1P*HPJ 

c 
C PUT IN THE THETA ROW STIFFNESS 
c 
c 

c 

INDEX= 11\Qf)(- 2 
AKC INDEX, U = AKCI NDE X, U + (4.+2 .•8ETAPC MTYPE) t•FACT•Cl.+. 75*HB/ 

1 H P* I 2 • + H B/ H P t I 
AKIINDEX,3J = AKCINDEXr3t- 6.*FACT/HP*C1.+HB/HPJ 

60 CONTINUE 
70 IFCNHATR.LE.OI RETURN 

DO 80 NN = 1, NE L 
IFCIEINN,4J.NE.3) GO TO 80 
~HYPE = IECNNr31 
FACT = P HATR I H TYPE) *A REAR I MTYPE )* XLAMRC MTY PEl I RL( HTYPEJ 
INDEX= 3*1ECNNr11- 1 
AKC INDEXtlt = AKU NDEXrU + FACT 
DC 71 NOB = 1r NEL 
IF II E (NOB ,4). NE .1 J GC T G 71 
I F C IE ( NN, 1 t • EQ • IE ( NOB , 1 J t I OB = NOB 
IFCIECNN,U.E:Q.IEINOB,ZII 108 =NOB 

71 CONTINUE 
HB = KlllEII08,3Jt 
FACT= FACT*XIRIMTYPEt/AREARCMTYPEt/Cl.+Z.*BETARIMTYPEJJ 

C PUT Ill: TH X RCW STIFFNESS 
c 

INDEX = INDEX + 1 
HP = RUMTYPEI 
AKCINDEXr1t = AKCI~DEXr11 + 12.•FACT/IHP•HPJ 

C PUT IN THE THETA RCW STIFFNESS 

INDEX = I t\DEX - 2 
AKCINDEX,1J = AKCINDEX,1J + (4.+2.•BETARCMTYPEtJ•FACT•C1.+.75•HB/ 

1 HP*IZ.+HB/HP) t 
AKCINDEXr31 = AKCINDEX,3t- 6.*FACT/HP*Cl.+HB/HPJ 

80 CONTINUE 
RETURN 

. -------------·---
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-c-::----::-:::-:::cc-~:c-:::--:--::-::::-:-:-:::-:----:-------:--:cc=----:-------:--:::-'--:-=- ---------·---· ·-··--·-
**SUBROUTINE ASEMBL I X,Y,IE,AK,NEL,NEQ,IBANO,R,TLO~O,IBct** 

END 

-- MNF4 LEVEL 5. 24 2? JUN 80 11.31.24 

--------------------------------------- -·-----·-·- -··-·-- --- -- --·------·-·- --·--

----------------------- . ------ -----· ·----
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**FUNCTION BODYF( Ill** 
··---------_-----:----:-:-,--,-----:--:------,--::-:--=-c:--::-::---:----------------------------

F UNC Tl ON BOD YF (II' I 
Dl.,.ENSIDN 18(4) 
DATA 18/lO,lltllO,lll/ 

c 
C THIS FUNCTION IS ZERO IF A NODE IS FIXED IN THEY DIRECTION. 
C OTHERWISE THE FUNCTION IS 0.5 
c 

Ill FACT= 0. 
10 

-- MN F4 l EV EL 5 • 2 4 27 JUN 80 11. 31.24 

\ 
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••SlBRGUTINE BEAM ( N, X, y, IE, A, NELJ•• 

SUBROUTINE BfA~ ( ~, Xr Y, IE, ~' NELJ 
COMMON/N41E( 10), XI( 10), AREAS( 10), BETAClOJ, DENBUOJ, HGClO) 
DIMENSION XU t, YUJ, IECNEL,4t,A(6,6J 
REAl L ll 

C THIS SUBROUTINE ASSEMBLES THE CONVENTIONAL LINEAR 6 X 6 eEAM 
C STIFFNESS (SLOPE-DEFLECTION EQUATIONS) WITH AXIAL DEFORMATIONS. 
C SHEARING DEFORMAT ICN IS ACCOUNTED FOR IN THE BETA TERM •. 
c 

DO 10 I = 1 6 
DO 10 J = 1, 6 

10 A (I J J = O. 
MTYPE = IECN,3 J 
L = ABS ( XtiECN,l)J - XCIECN,21JJ 
LL = L*l 
BATA = BETACMTYPEJ 
CONS = 1. + 2.•BATA 
ACl,lt = Atft,4t = (4. + 2.•BATAJ I CONS 
AC1,4J = (2.- 2.•BATAJ I CONS 
AC1,2J = At2,4J = 6. I CL*CONSJ 
AU ,5 t = AC4 ,5 J = -AC1,2J 
At 2,2) = AC 5,5J = 12. ICLL•CONSJ 
A I 2, 5 J = - A ( 2, 2 J 
ACJ~~J = AC6,6J = ~REABCHTY~EJIXICMTYPEJ 
At3,6J = -A(3,3J 
C = ECMTYPEJ * X ICHTYPEJ/l 
DO 15 I = 1, 6 
DO 15 J = It 6 

15 ACJ,[J = Ati,JJ 
DO 20 I = lr 6 
DO 20 J = lr 6 

- 2D ACI ;JJ =A( I,J)* C 
RETURN 
END 

-- HNF4 LEVEL 5.24 27 JUN 80 11.31.24 

-------------------- --------------·-·-·-·-----------
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------------------·-=-,_---
**fUNCTION FNONLN(A, Lt P, LAMOA, U, N, VI** 

FUN( TICN FNONL~(A, L, P, LAMOA, U, N, VI 
c 
C THIS F UNCTI GN OLCULAHS THE FORCE IN ThE NONL INHR MATERIAl 
C DESCRIBEO.BV 
c 
C STRESS \'IELDH.-EXP(-LAMOACSTRAIN-VClD RATIO))) 
C + CKI*EXPC-LAMOACSTRAIN-VOID RATIOH 
C FCR STRAIN> VOID RATIO 
C STRESS= CKt*ISTRAIN/VOIO RATIOl**N 
C FOR STRAINs VOID RAllO 
C loiHERE K = (STRESS AT STRAIN= VCIO RATIOI/VIELO 
c 
C THE MATERIAL MAY BE EITHER A PILLAR OR A RETORT 

REAL Lt LAMOA, N 
F NONLN = P*A · 
FACT= LAMDA*CL/l- VI 
FACT2 = 0. 
If( V.EQ. O. I GC 10 10 
FACT2 = LAMDA*V*P*.6/(N + LAMDA*VI 

10 CONTINUE 
IFUB SC FACTI.GE. 5CO. I RETURN 
FNO~LN = P*A*fl.-EXPC-FACT It + FACT2*EXPC-FACTI 
lf((V.EQ.O.I.Ok.(V.LE.(U/llll RETURN 
FNON LN = LAMDA *V *P* AI CN+l AM DA*VI * C U /L /VI **N 
RET RN 
END 

-- MNF4 LEVEL 5.24 27 JUN 80 11.31.24 

-···---·---· --·· ---------------- -----'---



c 
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**SUBRCUTINE 01 SPL 
·------:c---"-:-------------------------------------------. 

R )** 

SuBROUTINE OISPL P 

COMMON /N 2/N M' 
DIMENSION RU) 
PRINT lOOC 
00 10 I = 1, NN P 
LS = 3* C I -1 J + 1 

T = + 
10 PRINT 2000, C It C R(J), J = LS, LT J J 

1000 FORMAT(// tl OX •*DI SPLACE MENTS• ,/, 1 OX, 13 ( •-• I,! t __ __!2_)(L!NOQ_E•,_ !9~! •u­
lT HET A*tlOX, *U-Y*• lOX, *U-X*o!) 

2000 FORMATC10X,I8,3X,3(El2.4,5XII 
RETURN 

MNF4 LEVEL 5.24 21 JuN so 11.31.24 

___ !./ --------·--··-

_______________ _:__ ____________________________ _ 

------------------------------------- -· ------------. 
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**SUBRCUTI NE PST RES (U , IE, NEL I** 

SUBRGLJT INE PSH<ES (U , lEt NEL I . 
COMMON /N3/ · NMATB, NMATP, NMATR, NBODY 
COMMON /N5/ PHATP(lOt, XLAMPilOI, AREAPUOJ, PUlOJ, DENPClOI 

1, XIPilOI, POWP(lOt, PORO(lOI 
DIMENSION UCU, IECNEL,41 

C THIS SUBROUTINE CALCULATES THE APPLIED AND GRA~ITATIONAL PILLAR 
C STRESSES. BENDING STRESSES ARE NOT INCLlJDED, 
c 

·PRINT 1000 
1000 FORMATC//,10X,•PILLAR STRESSES*,/,1QX,15C*-*It /,1QX,*PILLAR ELEME 

LNT*t10X,*STRESS*t /1 
DO 10 N = 1 t N~ l 
IF ( IE ( N, 4 I ,N E , 2 J GO TO 10 
MTYPE = IE (fo., ,3 J 
BODYS = DENPCHTYPEJ•PL(MTYPEJ•0.5•FLO~T(NBODYI 
S = FNGNLN(AREAP(MTYPEI 1 PL(HTYPEt 1 PHATPCMTYPEit XLAHPCHTYPEI, 

1 UC3*1ECN,U-lltPCWP(MTYPEJ, PCROCHTYPEJI 
2. /AREAPCHTYPEJ + BODYS 

PRINT 2000r Nr S 
2000 FORMAT( l6X, l2tl4X ,Fl0.2 I 

10 CONT Hl.l E 
RETURN 
END 

HNF4 LEVEL 5,24 .. 27 JUN-80 11.31.24 
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••SUBROUTI~E RSTRES ( u, IE, NEU** 

SUBROUTINE RSTRES ( Ut IE, NEll 
COMMON /N3/ NMATB, NMATP, NMATR, NBODY 
COMMON /N6/ PHATRllOI, XLAMRHOI; AREARI10h 

1, VCIDClOJ; XIRI10t, PG'-RilOt 
DIMENSIGN U(lJ, IECNEL, 4) 

RlllO t, DENRI 101 

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

. C 
PRINT 1000 

1000 FORMAT(//,10X, *RETCRT STRESSES*tlt10X,151*-*lr. /;lOXr*RETORT ELEM 
1ENT•,10X,•STRESS*r/ J . 

DO 10 N = 1rtoiEl 
Iff IEINr4J.NE. 31 GG TO 10 
~4TY P E = IE ( N, 3 J 
BQDYS = DEt\RCMTYPEJ*RllMTYPEt*0•5*fLOATCNBCDYJ 
S = FNONLNI A REAR I MTYPE I , R LC M TYPE J , PHATR04TY PEJ , X LAfiiR I MTY PE), 

1 UI3*1ECN,l)-1J,POWRC MTYPEJ,VOI-OCMTYPEJJ 
2 I AREARCMTYPEJ + BODYS 

PRINT 2000, N I s 
2000 FORMATC16X, 12, lltX, FlO .2 J 

10 CONTINUE 
RETURN 
END 

-- MNF4 LEVEL 5.24 27 JUN 80 11.31.24 



··--
c 
c 
c 
c 
c 

50 

**SLBRCUTINE FC~CE I X, IE, OISPL, NELl** 

··--·-· --·· ·------- ---------------------
SUBROUT.INE FCRCE I X, IE, OISPL, NEll 
C CMMGN /N2/ NNP 
COMMON/N4/EC 10 t, X IC 10 t, AREABC lOt, BETA I lOt, DENBC lOt, HOC 10 t 
DIMENSION XCll, IE(NEL, 41, DISPLCli,AC6,61,FORCXI6),y(U,LPC6t 

THIS SUBROJT INE CALCULATES THE INTERNAL MEMBER FORCES IN THE 
OVERBURDEN FROM THE BEAM STIFFNESS ANO THE ASSOCIATED 
DISPLACEMENTS. 

PRINT 1000 
1000 FORMAT(//, lOX, *OVERBURDEN FORCES*tlt lOX, 171 ._*I ,n 

DC 30 N = 1 NEb • 
IFCIECN,4J.NE.ll GO TO 30 
PRINT ZOQQ, IECNollriECN,21 
CALL BEAMINr~rYtiE,A,~El) 
DO 10 I = 3 6 3 
I J = I /3 
LPC IJ = 3*IECN IJt 
LPII-lJ = LPlii - 1 

-10 LPCI-2) = LPCit- 2 
DO 20 I = lr 6 
FORCX I I I = 0. 
1)0 20 J = 1. 6 

ZO FORCX(I) = FORCXCII + ACI,JI*OISPLllPCJII 
PRINT 3000, (N,(fORCXCU,I = lt 611 

30 CONTINUE 
2000 FORMAT I/ ,lOX t*ELEMENT*r21X, *NODE*, 14, 42X, *NODE*r 14,/, 

1 24X, *P- THETA*, lOX ,•P-Y*, 1 OX, •P-X• r15 X r*P-THETA• ,lOX, •P-Y *• lOX, 
2 *P-X *) 

3000 F ORMATCl OX, 14 ,sx, El2.3 ,3X t ElZ .3 t3X tEl2 .3, 7X, El2.3t 3X, El2. 3, 3X, El2. 
13) 

RETURN 
END 

-- MNF4 LEVEL 5.24 27 JUN 80 11.31.24 
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c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 
c 

51 

**SUBRCUTINE CCNVGCTLC_,O, OISPL, TOLt IT, ITER, ISTCPJU 
~--------------- ·------- -------·- ----------------------

SUBROUTINE CONVGCTLOADt DISPL, TOL, IJ, ITER, ISTCPt 
CCJMMON /N2/ NNP 
DIMENSION TLOADC Lt, DISPl( U 

THIS SUBROUTINE EVALUATES wHETHER THE ITERATIVE METHOD HAS 
CCNVERGEO. 

THE VARIABLE RETURNED IS ISTOP, WHERE 

I STOP 

ISTOP = 0 
TT = O. 
!CHECK = 0 
NEQ = 3* NNP 

0 

1 

2 

DO 10 N = 1, NEQ 

RELATIVE TOLERANCE NOT YET OBTAINED, 
ITERATIONS REMAINING 

MAXIMUM ITERATICNS RE,CHEO 

RELATIVE TOLERANCE REACHED 

IF( DISPUNt .EQ. O. t GO TO 10 
TA =ASS( CDISPUNt- TLOAO(N)t/ DISPUNtt 
!CHECK = 1 
IF CTA.GT.TTt TT = TA 

10 CONTINUE 
IT=IT+l 
If( IT .LT. ITER) GC TC 20 
TOL = TT 
I STOP = 1 
RETURN 

20 lf(TT.GT.TCL .CR. ICHECK.EQ. 0 t·GO TO 30 
I STOP = 2 

30 CONTINUE 
RETURN 
END 

-- MNF4 LEVEL 5.24 27 JUN 80 11.31.24 
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-·-·-------------------- -----------'--
**SUBROUTINE ACCLOCCFX, FY, FTHETA, lEt APLGAO, YIELD, OISPL,U 

···-----------------------~ ------------------ --- ------------------------------------~---

SUBROUTINE AOOLOOCFX, FY, FTHETA, IE, APLCAD, YIELD, DISPL, 
- 1 TLOAiJ,NEL.IBCI 

COMMON /N1/ NEQ, IBANO, IT 
COM MO 1'.. I f'.;2/ NNP 
CGMMGN /N4/ZZC201 rAREABC101rBBC20I,HOC10) 
COMMON /N S/ PHATPC 101 , XLAMPC 1 OJ, AREAP(l OJ, PLC 10) 

1, DENPClOJ. XIPClOI, PGWPC101, PGROUOI 
?, BETAPC 101 

COMMON/N6/PHATRC 10),XLAMRC lOJ,AREARC lCitRU lOioDENRClOI oVCID( 101 
1, XIRClO), POWRUOJ, 
2 BETARC 101 . 

OIMEtiSICN FXUI, FYUI.t FTHETACll, IECNEL,41, APLOADCU, YIELDC1 
1 J, DI SPL(l), TLOADCll 

C THIS SUBROUTINE ASSEMBLES THE LOAD VECTOR WITH CONTRIBUTIONS FROM 
c 
C ClJ APPLIED NODAL LOADS 
c 
C C2 I LOAC .FRCM NON-LINEAR Y IELOING PILLARS AND RETORTS 
( 

c 

c 
c 
c 
c 

c 

IFC~IT.GT.OJ GC TO 20 
DO 10 N = 1 NEQ 
APLCAO(NI = O. 

10 TLOAD(N) = O. 
20 DC 30 N = 1, NEQ 

YIELDCNJ = O. 
30 DISPLCNJ = TLOADCNJ 

I F ( IT • GT .0 I GC T 0 50 

APPLIED NODAL LOADS (INCLUDING GRAVITATIONAL) ARE ASSEBLED INTO 
APLCAD. 

DC 40 N -= 1t NNP 
I S = 3* ( N-1) + 1 
APLOADCIS) = FTHETACN) 
APLOADCIS +11 = FY CN I 

40 APLOAD( 1 S+2J = F XC N) 
50 DO 80 N = 1, NEL '. 

C SKIP OVER BUR DEN ELEMENTS 
c 
C TtiE NCN LINEAR PORTION OF THE PILLAR AND RETORT BENDING AND 
C AXIAL STIFFNESS IS ASSEMBLED INTO THE LOAD VECTOR, YIELD. 
c 

IP = IECN41 
MTYPE = IEC No 3J 
GO TO- cao,- 60, 70) IP 

60 NOD = 1 E ( "', lJ 
IC = IBC C NOD J 
u = DIS PLC3*t\CD -11 
A = AREAPCMTYPEJ 
H = PLCMTYPE) 
p PHATPCMTYPEI 
X XLAMPC MTYPEJ 

.......... ----------------- -------------·· -------
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**SUBROUTINE AODLODCFX, FY, FTHETA, IE, APLOAO, YIELD, DISPL,** 

---:-:-·--=-=--=--=--:-:-:c=-:-::::-=-·:----------·--·--·-····---···------···--·· -- .. ··-·· ··-· ····-- -··------····-··· 
V = POROCHTYPEJ 
XN = PGWPCHTYPfJ 
XK = O. 
8 = BETAP OHYPE J 
IF((XN+X*VJ.EQ.O.J GO TO 600 
XK = X*P* VI( XN + X*VJ 

600 XI = XIPCHTYPEJ 
DO 61 NOB= 1, NEL 
IF( IECNOB,4J.NE. U GO TO 61 
If( IECNr 1 J .EQ.IECNOB, 11 t lOB = NOB 
lFClE(N,lJ.EQ.lECNCB,2JJ lOB= NOB 

61 CONTINUE 
HB = HCC lEI 108,3 t I 

C EVALUATE THE TANGENT HODULAUS FOR THE PILLAR AT THE 
C CURRENT VERTICAL STRAIN 
c 

c 

lf(V.LE.ABSCU/HJI GO TO 66 
PhR = 1.- XN 
IFCPWR)62,63,64 

62 E = XK*XN* I U/H/VJ** CXN-1. t /V 
GO TO 65 

63 E = X K/V 
. GO TO 65 

64 E = XK •XN *( V /U$H) **( 1.- XNJ IV 
65 GO TO 67 
66 E = X*EXPC-X*( t./H-VJ t*CP-XK) 

C APPLY THE X FORCES WHERE APPLICABLE.TO THE PILLAR 
c 

67 IFCIC.NE.lO.ANC.IC.NE.lOO.ANO.IC.NE.llO.ANO.IC.NE.OI GO TC 68 
Yl E LD C 3* NOD) = (2 ./H* 01 SPUl*NOD J- U. +HB/ HJ *DIS PLC 3*NOD- 2 J J * 

1 6.*Xl/H/H*CE-X*Pt/C 1.+2.*B) 
c 
C APPLY THE THETA FORCES hHERE·APPLlCABLE TC THE PILLAR 
c 

68 IFCIC.NE.l.AND.IC.NE.10.ANC.IC.NE.ll.ANO.IC.NE.OJ GO TO 69 
YIELD( 3*NOD- 2J = ( ( 4. + 2. •B J• ( 1.+. 75*HB /H* 12. +HB/HJ J *DIS PU3 *N00-2 J 

c 
C APPLY THE Y FORCES WHERE APPLICABLE TO THE PILLAR 
c 

69 IFIIC.NE.1.ANO.IC.NE.lOO.ANO.IC.NE~lOl.ANO.IC.NE.OI 
YIELOC3*NCD-1J = FNONLNCArHrPrXtUrXNrVJ- P*A*X*U/H 
GO TO 80 

70 NOD= IECN,1) 
I C = I BC I NCO J 
U = 0 I SPLI l*NOD -lJ 
A = AREAR(HTYPEI 
H = RLCMTYPEJ 
P = PHATR CHTYPE J 
X = XLA'MR C MTY PEt 
V = VOID I MTYPE) 
XN = PCWR(MTYPEJ 
XK = O. 
B = BETARC~TYPEJ 
IF((XN+X*Vt.ec;:.O.I GO TC 700 
XK = X*P* VI( XN + X*V) 

GG TO 80 

--- ····-----------~-
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**SUBRCUTINE ACDLODIFX, FY, FTHETA, IE, APLOAD, YIELD, DISPLo** 

700 XI= XIRIP.HYPEJ 
DO 71 NOB = 1 NEL 
IFIIEINOB,4J.NE.1) GC TC 71 
lfl JEIN.LJ.EQ.IEII\CBtl)J lOB =NOB 
lFIIEIN.tJ.EQ.IElNOB,2lJ 108 =NOB 

7L CONTINUE 
HB = H0(1EIIOB,3)) 

C EVALUATE THE TANGENT ~ODULAUS FCR THE RETORT AT THE 
C CURRENT VERTICAL STRAIN 
c 

c 
c 
c 

c 
c 
c 

IFlV.LE.ABSIU/HIJ GO TO 76 
PWR = 1.- XN 
IF ( P.WRJ 72, 73,74 

7'2 E = XK*XN*(U/H/V)U(XN-l.J/V 
GO TO 75 

73 E = XK/V 
GO TO 75 

74 E = XK*XN*(V/U*HI**U.-XNJIV 
75 GO TO 17 

. , . .. 
'. 

APPLY THE X FORCES WHERE APPLICABLE TO THE RETORT 

, 'I 

77 If( IC.NE.10.ANO.IC.NE.lOO.AND.IC.NE.110.AND.IC.NE.OJ GO TO 78 
YIELD 13 *NCO I = (2 .I H*DIS PL( 3*NOD 1- U.+HB/H I *D ISPU 3*NOD- 2 J J * 

APPLY THE THETA FCRCES WHERE APPLICABLE TO THE RETORT 

78 IFIIC.NE.l.ANO.IC.NE.lO.ANO.IC.NE.ll•AND.IC.NE.OJ GO TO 79 

' .· 

Yl ELD ( 3*NOD-2) = ( (4.+2.*81* ( 1.+. 75•HB/ H*(2.+HB/Ht J•DISPL (3~0D-2 t 

c 
c 
c 

79 

80 
c 

1 - 6./ H*l 1. +HB/H) *D ISPU 3*NOD J J *XIIH* (E-X* PJ I (1.+2.*81 

APPLY THE Y FORCES WHERE APPLICABLE TC THE RETORT 

IF(IC.NE.l.ANO.IC.I\E.lOO.ANO.IC.NE.101.ANO.IC.NE.OJ GO TO 80 
YIELD(3*NOD-ll = FNONLNCA,H,P,X,U,XN,VJ- P*.A*X*U/H 
CONTINUE 

C SUM THE APPLIED AND NONLINEAR LOADS 
c 

DO 90 N = lt N EQ 
90 TLCAO(NI = APLCAD(I\1 - YIELD(NI 

RETURN 
END 

-- MNF4 LEVEL 5.24 27 ~UN 80 11.31.24 
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**SUBROUTINE SCLYE I KK, AK9 R, NEQ, I'BAND )** 

SUBROUTINE SOLVE ( KK, AK, R, NEQ, IBAND l 
DIMENSION AKINEQ, IBAND) , RIU 

C THIS SUBRWT INE SOLVES A SET Of NEQ SYMMETRIC 
C EQUATIONS IN A BANDED SYSTEM "ITH A HAlf-BANDWIDTH 
C OF IBAND. THE COEFFIC lENTS ARE STORES IN .AK AND THE 
C LOADS ARE STeREO IN R. THE SOLlJT ION IS RETURNED IN R. 
C KK = 1 TRIANGULARIZES THE AK MATRIX. KK = 2 PERFORMS THE 
C BACK-SUBSTITUTION. 
c 

NRS = NEQ - 1 
NR = NE 
Iff KK .EQ. 2) GO TC 200 
Po 120 N = 1, NRS 
H = N - 1 
HR = MINOC IBAND, NR-MJ 
PIVOT = AKCN, 1 l 
DO 120 L = 2 MR 
CP = AKIN, L) /PIVOT 
I = H + L 
J = 0 
DO 110 K = L MR 
J = J + 1 

110 AK(I,J) = AK((,JJ- CP*AKCN,KJ 
120 AK(N,U = CP 

GO TO 400 
200 DO 220 N = 1, NRS 

M = N - 1 
MR = HINOCIBAND, NR-M) 
CP = RCNI 
RINJ = CP/AKCNtll 
DO 220 L = 2, MR 
I = M + L 

220 R(l) = R(IJ- AKCN,LJ~P 
RC NRt = RINR 1/ AKCNR, 11 
DO 320 I = 1, NRS 
N = NR - I 
M = N - 1 
MR = MINOC I BAND, NR-MJ 
DO 320 K = 2 MR 
l = H + K 

320 RCNJ = RCNJ- AKCN,KI*RILJ 
400 RETURN 

END 

MNF4 LEVEL 5.24 27 JUN 80 11.31.24 
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**SUBROIJT INE GECMBCI N, AK, R, u, IBANO, NEQ J** 

SUBKOUTINE GEOMBCI N, AK, R, U, IBAND, NE~ J 
DlMENS ION AK(NE~, IBANOJ, RUJ 

C "GEO~BC ZEROS THE RO~S AND COLUMNS OF AN EQUATION liHICH IS A 
C GECMETRIC BOUNCARY CONDITION, PLACES A VALUE OF UNITY ON THE 
C DIAGONAL AND PLACES THE BOUNDARY CONDITICN INTO THE LOAD VECTOR. 
c 

DO 100M= 2, IBANO 
K=N-M+ 1 
IF( K.LE.O t GC TO 50 
RIKJ = R( KJ - AK(K,MI*U 
AK(K,~U = O. 

50 K = N + M - 1 
IF( K.GT .NEQ I GO 10. 100 
R ( K J = R (lq - AK IN, H t *U 
AK( N HJ = O. 

100 CONTINUE 
AKIN U = 1. 
RINJ = U 
RETURN 
END 

~- HNF4 LEVEL 5.24 27 JUN 80 11.31.24 
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**SUBROUTINE BCUNDC (FX,FY,FTHETA,IBC,AK,TLOAO,IBANO,NEQJ•• 

SUBRCUT I NE BCU ~CC ( FX, FY, FT HET A, I BC, AK, TLOAD, I BAND rNEQ I 
COMMON /N2/ NNP 
DIMENSION FX(l), FY(lJ, FTHETA(l), IBC(U, AKCNEQ,IBANOJ, TLOADCll 

C THIS SLBROUTINE CALLS UPCN GEOMBC TC APPLY GEOMETRIC 
C BGU NOARY CONO IT IONS 
c 

DO 60 N = 1, NNP 
IF ( IBC( N I.LT .100 I GO TC lO 
HM = 3* ( N - 1) + 1 
CALL GEOMBC(MH, AK, TLOAO, FTHETA, !BANDt NEQJ 

10 IF ( IBCCNJ.LT.lO .OR. ISC(NJ.EQ~lOO.OR.IBC(NJ.EQ.lOlJ GO TO 20 
MM = 3•CN - U + 2 
CALL GEOMBC (HM, AKr TLOAO, fY IBANOo NEQ J 

20 IF ( IBCCNJ.NE. 1) GO TO 30 
HH = 3*111 
CALL GEOMBCCMM, AI<, TLCAO, fX , IBANO, NEQI 

30 IF ( IBCCNJ~NE.lU GO TO 40 
MM = 3*N 
CALL GEOHBCCMM, AKt TLOAO, FX , IBA~O, NEQ) 

40 IF ( IBCCN I .NE.lO 1) GO TO 50 
HM = 3*N 
CALLGEOMBCCMM, AK, TLOAO, FX , IBANO, NEQJ 

50 IFCIBCCNJ.NE.llll GO TO 60 
MM = 3*N 
CALL GEOMBCCMM, AK, TLOAO, FX IBANO, NEed) 

60 CONTINUE 
RETLRN 
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 BERKELEY 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,0BJECT,BEAM. 

LINK, F=0BJECT,R=L90,X. 

EXIT. 

DUMP,O. 

7-8-9-

Data for SUBSID 

end-of-file card 

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

Jobcard ••• 

FETCHPS,SUBSID,0LDPL,SBEAM. 

UPDATE,F. 

MNF4,I=C0MPILE,L=O,E=4. 

LINK,X. 

EXIT. 

DUMP,O. 

7-8-9-

UPDATE changes for SUBSID --

7-8-9-

Data for SUBS!~ --

end-of-file card 
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FORTRAN Coding Form 
I PROGRAM .EXIJ!>'/1'"-£ ?KL>BL.EJV! Ft>/e. .SLJ.BSID I PUNCHING I GRAPHIC I I I I PAGE .L OF z I 
I PROGRAMMER DATE _ _I INSTRUCTIONS PUNCH -· __ 1____1_ I I I CARD ELECTRO NUMBER I 

- --~ ----~- --- ------·-- ------

~ 
S!AIIM!tll FORTRAN STATEMENT 

IOI~!IIl{;Ait!)J4 

llU"'III~ ~llluf~Cf 

IIi lx IP 1£/JIR L liJ 14 IL .s I 
leiD tl9 8 I.e I.e [$" 

[5-~ lJk? 

li ,j li ,-~, 
l5 0 zo. + 1- - f-L 

: I ! 

-·-· - -1- --" ........._-:---------~--·--:-

' 17 {). ' I I :Z.o 
' ' ! I ' 

I I z ~ t I 
w 14 IS ~ 
~ 15 ~ ~ I 

1/0 ! J'(J ~ ~ ; I. 

I '1' J ' 0 .5 ~ I 

1 i 2 {) ; I 

/3 '5 lJ 5 

J 4 IJ ,2. 

J 15 k? I.e 
'i b l11 ,2. 

t.J jl. ~ 4 z I 
It ti ~ 1. 1. 
JIJ I 'I 0 J. 

.JZ .!. 
'1 1 z 
tJ 0 l5 z 

{)tJ I~ 1- /). lzo zw lo 
/)/) &,II.. ;t . lz lzo. 1.. l 

' , '. ' 8 t 10 II 11 I] '' 15 If I' 18 I~ 10 71 }] 1l 1• 11 16 11 ]II 79 Jo Jl l1 ll J• l~ lo J: Jl' J9 o.,; •I •l H .. ·~ •e • ••••uuuo•r•••••••--· ----

FORTRAN i:oding Form 

I PROGRAM . I PUNCHING l GRAPHIC I I I I I I PAGE 2. OF 2 
lf-PR-OG-RA-M-ME-R--------------rl:oA"'TE:-------1~1NSTRUCTIONS lf':PUC::N'::CH::__If---jl-+-+-l-t--l-t-l+-i..:'CA:::RO':-El~ECO:'TR:::-O:-'NU""MB:::ER:----1 

~ STATEMENT :; 
3 NUMBER , FORTRAN STATEMENT IDENTifiCATION 

SEOUfNCf 

IJtJO li. 12. l.z I I 12. 
I I 

~0 I.!J. 12. ~- I ..a I it. 

o. f. !z. [) . '5 tJ. . oz 
I '' . Is ! 

/D. J.D. lz. 0. r z. I 
1 l.s I 

13'. 0. IZ. ~~. I 
1.l5 _ll 

/). ~- ~- {). 9. i I; 

i I. S 1, 
I 

o. ~. 12. ltJ. ~- I zl. 
1 .f$' I I 

I I 
'' I' II I 

I. 
! I 

I 
I 
I 

_; 1··++--H-t++-H·+ 1-·t-t--i-1 i-+-H-~t++-1 I I I'! i' ! · H+H+H+H+H+H+t-++H+H+H+H++++H++++++++++++++++++++++++++++++: · r;-· c-~e --t-1-+ 
'I ! i! . ':!I 
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w 

EXIII'PLE PRCBLEH WITH FULLY EXCAVATED LANES 

PRCG~A~ PA~AHETERS 

111\JMBH Of NODES , • • 20 
NUMBER OF CVERBURDEN ELEMENTS 19 

- --·-· o; 

----~~~-----~N¥U~H~B~ER~O:/:-F~P~I~L~L~ti~R;----!iE~L-':;E,?.Hl§:E'?;N!-T~S~.,_____, • .____,,,__ ___ ---".1~8------------------------------
~UMBE~ CF FETGRT ELEHE~~S • • • 2 

-~--------~B~O¥.D~Y~f~O~R~C~E~S~I~1~-~Y~E~S~,~D-~N~C~I~·~·~'-----------~1--------~~------------~----~---------------------------------------
I\U14BEII Of ITERATIONS ALLOWED , 50 '-

_ _F~_LIITIVE TCLE~ANCE REQUESTED • , • .00100 

NGCAL CCC~DlNATES 

F-!! F-y F-THETA --------------N~O~D~E ______ ~l~BCk_ ______ AX ______________ ~Y----~~~---L=A------------~1---------~~~~~----~------------~~----------------~o• 

-o. -o. -o. 
o. o. o. 
o. o. o. -----------o. o. o. 

-o. 
6 -c 3o.oo o. o. o. o. 

___ L__ -o 4o.oo o. o. o. o. 
a -o 5c. cc o. o. o. o. 

o. o. o. 
o. o. o. 

___ 9~ -~-=-o~-~~~6~o~.-'t-o~o~~~~------;o~ • .__~~~~~7-~~~~~--~~~~~~~C!___~~~~~~-
1 0 -o 70 .oo 0. 
11 -c eo. oo o. o. o. o. 
12 -0 90.00 o. o. o. o. 
13 -c 1oo.oo o o .• o. o. 

- -14- -o 110. oo o. o. o. o. 
o. -- o. o. 
o. o. o. 

_ _l_L_ _ ___ -=2___~ !;l2~0~ot_!,O~Oc__~~~~~O'-!.•~~~~~___c:u-~~~~-
16 -o 130.ao o. 
11 -a t4o.oa o. o. o. o. 
1e -o 15o.oo o. o. o. o. 

o • Q_._ _____ o. 
-c. -o. :::a:·-. 19 _::_Q_ 160.aa c. 26___ -o ·uo:o-a-~-- -a. 

ELEMENT COI\NEC U CNS ___ ------------~~~~~~--

HEME 1\ T J HATER IAL EL EM TYPE C 1=0V~RBURDEN, 2=Pl LLAR, 3•RETCRTI 

1 
2 
3 
4 

9 
1a 
1 
12 
.13 
14 
15 
16 
17-
18 
19 
20 
21 

__ _!._ __ 

2 
3_ 
4 

- ____ 9 ___ _ 
1C 

6 
7 
8 
9 

1 c 
ll 

-- __ _1~~--1- -"--1 ~~--~~~ 
3 1 1 
4 1 1 5 --~-1----------------

2 1 
J.Q__~ _____ 2_ -~~~~1~~~~~~~-
11 2 1 
a 3 
a l 2 
a 2 3 ----a---- --2 -~- ---2~~---------~-

0 3 2 -o-- ---- -4------ T- - --~~-- --~---

o· 4- 2 
0 4 2 
0 4 - 2 
6 4 2 
0 ~~ 2 

·---~-------

<:t e 



MAT E AREA HEIGHT BETA DENSITY 

zo.oo lito CO • 03 
zo.oo 6.00 .03 

_________ ----------!ll--__ ___;3~o~o~o~·~o~o ____ ~6~6~7~·!.!;o~o;-__ -------!2~0~.~o~o---~~~~----~~~-----~?--
2 3000.00 667.00 20.00 

PILLAIIS 

HEIGHT DENSITY 

2.00 o. 5.33 
2.00 o. 5.33 
2.00 o. 50.70 
z. 00 o. 83.30 
2.00 o. -- -ii"3~ 3o 

=-----=-=-=-=--=-=~----===--=~=-=-=--=:--=--=---=c------·--------- ·---------· --· 

12 ~--.--------- -----------------

11 ----=------"--='~'7-----7'-'='='=--------=-=~""-------···-----------·-------------·-----·-----·--·-· 

10----------------~~~~~------------------~--------------------------~~--------------------~----------~~--------------------
9--------

6 -----------

5· --·-----------· 

3-

HEIGHT 

2 .oo 
2. 00 

DENSITY 

o. 
.Q. 

__ _i>_Q ___ EQUATICNS WITH A BANOW,__,__I,_CT'-'H"----'C,_,F_·_~__,6:___,_,R_,E""QU~IRc:._E.,___________,8~7'-'7'----"W'-"0'-"R"'--'DSDF STQ__~~!_ _____ _ 

--------·- --------------------------------------

VOID RAtiO 

.os 

.os 
9.00 

18 .oo 

01 

,, 

0\ 
~ 
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CES IRED TCLI:RANCE GBT AI NED AFTER 32 ITERATIONS 

D I St> LACE ME NT S 

-------------
f\ODE U-T HET A U-Y u-x 

l o. • 3052E- 01 o. 
2 -.4547E-04 .3006E-O 1 -.2049E-04 
3 - .Bll6E-04 • 2S58E-Ol -. 3821 E-04 
4 -.9373E-04 .28 28E-O 1 - .5593E-04 
5 -. 7249E-04 .27C8E-01 -.6836E-04 
6 -.4026E-04 .2565E-C1 -. 17C2E-04 
7 -.2222 E-04 .2488 E-o 1 -. 7605E-04 
8 -. 1216E- C4 • 24't6E -01 -. 7017E-04 
9 -.6624E-05 .2425E-O 1 -. 6 3CJ1E- 04 

10 -. 3606E-05 · .2413E-01 -.5683E-04 
11 - .l975E-05 • 24C7E- 01 -. 501 7E-04 
12 -. 1098 E-05 .2403E-01 - .4422E-04 
13 -. 6261E:.. C6 • 2402E-Ol -.3906E-G4 
14 -.3722E-06 .2401E-Ol -. 34lOE-04 
15 -.2349E-06 .2400E-O 1 -.3109E-04 

______ J_~ --'-. -. 1608E- 06 • 24COE-01 -.2818E-04 
17 -.1217E-06 .2400E-01 - .2593E-Oit 
18 -. 1032E-06 .HOOE-01 -.2428E-04 
19 -.9773E-07 .ZitCOE-01 -. 2320E-04 
20 -. 9896E-07 .ZitOOE-01 -.2267E-04 

CVERBURDEN FCRCES 

-----------------
ELEMENT NODE 

P-X P-THETA 
.Z46E+OO -.11tii E.OZ-

P-THET A P-Y 
··----------: 216H oz-----.135E+""Ol;,------',;-;~,=-;;:-----

ELi:MEtill 

2 

ELEMEIIT 

3 

P- THETA 
.163E+02 

.NCDE 2 
P-Y 

.661E+OO 
P-X P-THETA 

.213HOO -.130E+02 
-·- ---- _______ N_C_D_E ___ -::-3------------

P- THETA 
~13oe+02-

P-Y 
.336E+01 

P-X P-T HETA 
.zne.oc ·------ --:-377-E+oi. 

·---·-···------------- ----

NODE 2 
P-Y P-X 

- .:~T35E+01 ' _;·;z~o6E. 00 

NODE 3 
P-Y P-X 

-.661E+OO -.213E+OO 
------------~- -· 

NODE 4 
-- __ _!~.'!.:_ ____ . P-X 
-.336 E+01 -·:.:.-:zt3HOO 

NODE 5 to------------~EL~EM~EN~T~------------------~N~O~D~E~~4----------------------~----------------~~--~--------------~---------------------

P-X P-THETA 
.11t9E+OO .162H02 

----- ______ !'-T Hf,~T,.;:A'--,-----:=-'P:-c-;o"Y:-.,-;-~--';--;-,~-:-;-..------'-.-. 
It -.845E+CO. .306E+01 

ELEMEII T 

5 

El"EMENT 

-· 6 

I:LEIIENT 

7 

P-THETA 
.16lE.01 

P-THETA 
---~ b1/;E + 00 

NCCE 5 
P-Y 

.161E+01 

NODE 6 
P-Y 

• 845E+ CO 

NODE 7 
P-THETA P-Y 

-~-zo3e+oo --~~.-3e•oo-

P-x P-THETA 
.520E-01 o1't5E+02 

P-x P-THETA 
-.585E-02 .783E+O 1 

P-X P-THETA 
-. 317E-01 .42lE+O_l_ 

P-Y P-X 
- .3C6E+01 ---- -~~.-cjf +00 

---- --------- --. 
NODE 6 

P-Y P-X 
-. 161E+Ol -.5ZOE-01 

. - -- ---~---

NODE 1 
. P-Y P-X 

-.845E+OO ::5&51:-02 

NODE 8 
P-Y P-X· 

:... 443HOO --~-n 7E-Ol 



-···-------~;-;;-;:;~.--------=-.=----;;,-------T---~--------;=-.;---..-----
ELEMEI\T 

. P-THETA 
8 .498E-01 

ELEMENT 
P-THETA 

q -.125E-02 
._, 

ElE"ENT 
P-THETA 

10 -.156E-01 

ELEMENT 
P-T HETA 

22 -.177E-01 

----------~~~~------------------~~~~~----------------~--~----------------~~=-~~~--------------------------------01 ELE"EM 
P-THETA 

23 - .163E-01 

·" ELEMENT 
P-THETA 

24 -.142 E-01 

ELEMEIIT 
P-THE·TA 

25 -.121E-01 

ELEMENT 
P-THET A 

26 -.1 02E-01 

HEME fiT 
P- THETA 

21 -.837E-02 

ELEMENT 
P-THET A 

28 -. 636E-02 

ELEMEI\T 
P- THETA 

29 -.399 E-02 
12 ---·--·-- --

11 --"----·· 
ElEMENT 

P-THET A 
30 -. 133E- 02 10--------------~=---------~~~~------~~~~~----~~~~~--------~~~~------~~*-~------~~~~------~------------~-

PILLAR STRESSES 

--------------
PILLAR ELEMENT STRESS 

6----- 12 .85 
14 .75 
15 .69 
16 .62 
17 • 58 
18 .56 
19 • ~55r-~--- -----~----·.zo- -----------·::s5 

. 2 .1 ... -- -----~------- -·~4 _______ __ _ ____ ,,____ .. , _________ ... ·-·· ------
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EXAMPLE PROBLEM IIITH BACKFILLED LANES 

-······-··--···-~PR;;-;CG~RA-;-;1':-;;-P-;-;AII;;-;A:;;M;;:;ET;-;:E:;;-RS.---------------------------------

---------~--------
NUMBER OF hODES • • • 
NUMBER OF CVERBURDEN ELEMENTS 
NUMBER OF PILLAR ELEMENTS ••• 
hUMBER OF IIETGRT ELEMENTS • • • 
BODy FORCES 11- yEs, !CNOI •• 
NUMBER OF ITERATIONS ALLOIIEO • 
RELATIVE TCLERANCE REQUESTED • 

NODAL COCRDINATES 

1 o -c. 
2 0 5.00 

y 

-o 
o. 

20 
19 
18 
2 •. 
1 

50 
.oo 100 

F-X F-Y F-THETA 

-o. -o. -o. 
o. o. o. 

.• g 

·9 

. ·' 

o. o. 
o. o. 

o. o. 
o. o. 

-------~3 ____ -;0;----;-1~o.._.~o~o _____ 7 c....... _____ -7"-------7.._ _____ ~.._ ______________ .. ---·-··-- '' 
4 0 15.00 

12 

11 

10 

·------·-·· 

'5 

3-------

2. 

5 0 0 -o -o. -o. -o. 
6 -o 1o.oo o. o. o. o. 
1 -o 4o.oo o. o. o. 0.' 
8 -o 5o.oo o. o. o. o. 
9 -o 6o.oo o. o. o. o. 

10 -o 70.00 o. o. o. o. 
-o 80. oo o. o. o. o. 

12 -o 9o.oo o. o. o. o. 
13 -o 100.00 o. o. o. o. 
14 -o 11o.oo o. o. o. o. 
15 -o 12o.oo o. o. o. o. 
16 -o t3o.oo o. o. o. o. 
11 -o 14o.oo o. o. o. o. 
18 -o 150.00 o. o. o. o. 
19 -0 160. 00 o. O• o. o. 
20 -o 110 .oo -o. -o. -o. -o. 
ELEM.~E~N~T~C~O~N~N~E~C~T~I~O~N~S'--------------------------------
-------------------
ELEMHT 

1 1 
2 2 
3 3 

12 
13 
14 
15 
16 6 
17 1 
18 8 
19 9 
20 10 

............ lL 11 

J 

2 

5 
6 
1 
8 
9 

10 
11 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

MATERIAL a EM TYPE 

1 
2 
2 
2 
2 
2 
2 
1 
1 
2 
2 
3 
4 
4 
4 
4 

1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 

I 1'"0VER8URDENr 2=PILLARr 3=RETORTI 



I'ATERIAL P~OPERT lES 

---------
_________ M_L E 

1 3000.00 667.00 
2 3000.00 667.00 

PILL AilS 

~AT Y lELD LAMCA 

1 3.00 100 .oo 
2 3.00 100.00 
3 3.00 1oo.oo 
4 3. 00 100.00 
5 3.00 100.00 
··--·------

MAT POROSI TV PCWER ON STRAIN 

1 .02000 2.000 
, 2 .-o2ooo - 2.000 

3 .02000 2. 000 
11-

______ 4 ____ .02QOO 2.000 
5 • C20CO 2 .ooo 

10-
~ T liT 
-------

9 -
MAT Y IELO LAMOA 

1 l. 50 50.00 
2 1.50. 50 .oo ' 

_______ I'_A_T __ POW!_IL_Qr-! STRAIN BETA-R 

1 - 2. 000 13. 50 
-------z-~ 2.000 13.50 

------------------------ ~~--

AREA 

20.00 
20.00 

AREA 

"· 00 
It .oo 
8.oo 

10.00 
5o00 

BETA-P 

6.GO 
6.00 

28.50 
37.50 

.37 .50 

AREA 

3._00 
6o00 

HEIGHT 

20.00 
20 .oo_ 

HE lGIJT 

2.00 
2.00 
2 .oo 
2.00 
f.oo--

HE lGHT 

2.00 
2.00 

BETA 

24.00 
6.00 

DENSITY 

o. 
o. 
o. 
o. -- --0 :------

DENSITY 

o. 
o. 

DENSIT'L_ 

.03 
---- .o3 

I 

S.H 
5. 33 

50.70 
83.30 
in. 30 

VOl 0 RAT 10 

.oft 
.Oft 

9.00 
18.00 



DESIRED TCLERANCE CBTAINEO AFTER 31 IT ERAT IONS 

Dl $PLACEMENTS 

IICDE u-THETA u-v u-x 
.2937E-01 "Oo 
.2901E-01 -.l724E-O' 
• 2B60E- 01 -. 3232E-04 
.2"755E-01 -.4666E-O' 
.2655E-01 -.5679E-O' 
.2537E-01 -.6393E-O' 
.H73E-O 1 -.6312E-04 

------------------~~--~~~~~~------~·~2~4~3~8E~-~0~1------~-~·~5~8~7H4~E~-~04~----------------------------------------------------------------o• 
.2420E-01 -.5305E-04 
.2411E-01 -.,717E-D4 
.24C6E-01 -. 4165E-04 
.2403E-01 -.3611E-04 
• 24C 1E -01 -. 3243 E-04 
.2401E-01 -.ZBBOE-04 
.2400E-01 -.2581E-04 
o2400E-Ol -.2340E-04 
.2400 e~o 1 - • z 1sze- C4 
.24 COE -01 -. 2016 E-04 
.Z400E-01 -. 1'ii26E-04 
.2400E-01 -.1882E-04 

_ _:::_:::c-====.::c:...:::__:::_:c_ ______ ~ ______ ~ ___ ____c,___ ______________ ~ __________ _ 

NODE 
P-Y 

• 1C5E+Ol 

NODE 2 
P-Y 

.591E+OO 

NODE 3 

P-X 
.2C7E+OO 

P-X 
.181E+OO 

P-T HETA 
-.120E+02 

P-THETA 
- .103E+02 

P-Y P-X P-THETA 
------~~~~-------.~2~7~2~E~+~O~l-------.~1~7i.~~+'0~0.----------.253E+01 

NODE 4 
P-Y 

• 257E+01 

NCDE 5 
P-Y 

.133E+Ol 

P-X P-T HETA 
.131 E+OZ 

P-X P-THETA 
.428E-O 1 .120E+02 

NODE 2 
P-Y 

-.105 E+C 1 
P-X 

-.ici7E+OO 

··---- NOOE ____ 3 -·-·-·------ -· 
P-Y P-X 

- .591E+OO -. l81E+OO 
··----- ··----

NODE 4 
P- Y P- X 

-.272E+Cl -----.::-fiZE+OO 

NODE 5 
P- Y P- X 

-.257 E+Ol - .122E+Oo-·--· 

NODE 6 
P-Y P-X 

..., .133E+Ol -.4Z8E-O 1 

NOOE 6 NOOE 7 
P-Y P-X P-THETA P-Y P-X 

----------~~~~------.-.,.6''i.;_'iiE""+:-0..-0..--------.-;,.,8~5"""E--"02..-------------"'".-,-6_.;5-;_0~E,;.+~O'l--------.-.6-;9"9;-iE~+O""'O:- -----.-485~02 

NODE 7 NODE 8 
P-Y P-X P-THETA 

.367E+00----~-~.~2~6~3~E~-"O'l~-------~351E+Ol 
P-Y P-X 

-.367E+OO --·---;-z"i;]E-01 

------------·-------~--- ~-----~------- ----~·· 

,, 

...... 
0 



~~,.·~~ •• ~~.,,~~~·~~~~~·~s~•~·~ .. zu~ ........ ~ ... ~.-.. ~~u .. llllza.,•zlle .. a~e~••~·as .. s:•zall•s~ee£1s~asll~.z21aa~s•t .. l£•t~J•Qt.,ll&ll•t~ID .. ~aall~¥•a•c~,~·~;u,.-.SIE .. ,.s~• .. F-"••~== .. ~•,.,~~=~•~~CSPSI~.~·~·~·~•'·''~SI2se:~.~~~ ··. ll"""' -/, - - • ~-

ELEMEI\1 NODE 8 NODE 9 
P-THETA P-Y P-X P-THETA P-Y P-X 

8 .354E-01 .1<;2E+OO -. 342E-01 ,188E+01 -,192E+OO .342E-O 1 

ELEMENT NODE 9 NODE 10 
P-THET A P-Y P-X P-THE TA P-Y P-X ···------.,; 

9 -, 352E-02 .998E-01 -.353E-01 .100E+O 1 -, 998E-01 • 353E- 01 
~------------ -----9 

ELEMEIIT NODE 10 NODE 11 
P-It!!;!~ P-:t e-11 P-!H!;TA P-Y P-X 

10 -,139 E-D 1 ,515E-01 -. 332E-01 , 529E+OO -. 515 E-D1 .332 E-01 

··------·· 
ELEMENT NODE 11 NODE 12 

P-THET A P-Y P-X P-THETA P-Y P-X· 
22 -. 151E-01 .261E-01 -.296E-01 .276E+OO . -.261E-01 .296E-01 

OL 

ELE "Ell T NCCE 12 NODE 13 
P-THETA P-Y P-X P-THETA P-Y P-X 

" 2) -.137E-01 .129E-01 -. 257E- 01 • 143E+OO -,129E-01 .257E-01 

----- ,, 
f ELEMENT NODE 13 NODE 14 

-.~ P-I!!~IA P-Y P-1! P-THETA P-Y P-X 
24 -.118E-C1 , 6C6E-02 -, 217E-Dl .724E-D 1 -,606E-02 .217E-01 

ELEMENT NODE 14 NODE 15 
P-THETA P-Y P-X P-THETA P-Y P-X 

25 -.10 lE-O 1 .2 54E-02 -.180E-01 , 35'oE-01 -,254E-02 .180E-Ol 

ELEMEIIT NODE 15 NODE 16 
P-THETA P-Y P-X P-THETA P-Y P-X ----------- -·· ...... 

26 -, 849E- 02 • 760E-03 -.145E-Ol .161E-D1 -.760E-03 .145E-01 ...... 
ELEMENT NODE 16 NODE 17 

P-THETA P-Y P-X P-THETA P-Y P-X 
27 -.695E-D2 -.932E-D4 - .ll2E-01 • 6C1E-02 • 932E-04 ,112E-01 

-·····----
ELEMEIIT NODE 17 NODE 18 

P-THETA P-Y P-X P-THETA P- y P-X --·--·----·-··----
28 -.52 BE- 02 -. 443E-03 -. 821E-02 .853E-D3 ,443E-03 .ii2Te..:o2 

ELEMENT NODE 18 NODE 19 
12 ···----- P-THET A P-Y P-X P-THETA P-Y P-X 

29 -.331E-02 -,481E-D3 -.537E-02 -,150E-02 ,481E-03 • 537E-02 
11 ··------------

ELEMEI>T NODE 19 NODE 20 
10 P-TH~ TA P-Y P-X P-THETA P-Y P-X 

30 - ollOE-02 -, 26lE-03 -. 265E-02 -.l51E-D2 .2&1 E-D3 .265E-02 

9-------

. - ------------- PILLA~ SUESSES 

--------------
PILLAR E!, EMENT STRE ~~ 

6-------- 12 .79 
14 • 71 

5 ------· -----
15 ' ,66 
16 .60 
17 .57 
18 .56 
19 .55 --------------
20 .54 

-----~1 • 54 
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This report was done with support from the 
Department of Energy. Any conclusions or opinions 

. expressed in this report represent solely those of the 
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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