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CHAPTER ONE 

INTRODUCTION 

G round set t lement , also called subsidence, has increased in 

significance as t he use of longwall mining and underground coal gasification 

have become more prominent. Many methods have been used to predict the 

amoun t of subsid ence tha t may occur. These include empirical methods, 

physica l models, and numerical models. This thesis investigates t he use of 

fi nite element materia l modeling to incorpora te sli ppage planes in the 

analysis of subsidence p roblems. 

C hapter two of this thesis reviews current research in finite

element numerical simula tions of subsidence predict ions. The area 

emphasized is the ability to incorporate fractures and join ts in rock 

mechanics problems. 

In chapt er three, the theory behind two methods of modeling 

frac tures m finite element technique is presented . Low shear t heory is 

presented as the first method. Among the items discussed in low shear 

t heory a rc: ( L) t he incorpora tion of low shear s lip planes into t he model, (2} 

the formulation of the low shear , and (3) the insta llation of a low shear 

element row into the model. The second method used to modeling fraetu res 

is to model the materia l as a jointed media cont inuum. In this section. the 

topics arc: ( l } the approximation of t he media as a continuum, (2) the 

formula tion of a constitut ive model, (3) t he assumptions of model be!Jasior, 
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and (4) the solution of the constitutive equations. Three basic assumptions 

a re included in the jointed media formulation . These involve: (1) the 

behavior of intact material, (2) the neglection of joint dilatation, and (3) the 

behavior or joint shear. 

In chapter four , vanous models used to predict subsidence in a 

coal mine problem are shown. First, a physical centrifuge model carried out 

at Sandia National Laboratories is described in detail. The results of this 

model are also given. Second, several numerical models set up and analyzed 

using the SCRUBS.BYU finite element program are described. Included in 

the descriptions a re: (1) the equipment used, (2) the construct ion of the 

model. (3) the dimensions of the model, (4} the materials used, (5) the 

creation of the subsurface cavity, and (6) the results of selected runs . 

Finally, comparisons are made between the models. 

In chapter five, conclusions are made and recommenda tions listed . 

T he successes, the problems, and the proposed solution to these problems 

are pres en ted. 

In the attached appendices, a current listing of t he program 

SCRUBS.BYU is provided. Also included are a subroutine map, a short 

description of each subroutine, additional results of simulation runs, and 

sample fil es used in the simulat ions. 



CHAPTER TWO 

SUBSIDENCE PREDICTION 

Background Information 

The collapse of the earth at the surface, called surface subsidence, 

can serious ly effect ground water, surface hydrology, and surface structures. 

The m ining of natural resources, especially of coal, can result in significant 

amounts of subsidence that in turn can cause significant damage. 

Consequently , accurate subsidence prediction is of great interest 

to mining engineers. Recently , increased use or longwall mining techniques 

and increased research in underground coal gas ification have heightened the 

concern in predicting the behavior of rocks and soils subject to mining 

stresses [ 17]. Longwall mining and in-situ (underground) coal gasification 

are often preferred as methods that maximize resource removal, as both of 

these methods have the result that all the coal in a seam is removed. The 

result is, of course, the total collapse or the area above the mined region 

and the resulting subsidence of all overlying strata. This is in contrast to 

the older mining method of room and pillar mining, where pilbrs of coal 

were left behind to support the mine roof. 

Methods or Prediction 

llistorieal methods. Empirical methods have historirally bet'n 

used to predict surface subsidence [3,14]. These methods are based mostly 
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on engineering j udgement and require a large data base from which to 

derive the design formu las. In Europe, where empirical methods have long 

been used, many records exist that provide a long history from which to 

gather a sufficient data base. In the United Stat es such a data base does 

not usually exit and alternative methods are sought. Methods that have 

been investigated include both physical and numerical models. It has been 

shown that mutual enhancement can occur when both physical and 

numerical models are applied to subsidence problems [19). In this thesis, 

physical and numerical methods are applied to a subsidence problem in an 

effort to obta.in the additional understanding that this mutual enhancement 

can afford . 

Physical methods. A centrifuge can be used to physically 

simulate mining subsidence. Subsidence above a mine is caused primarily by 

the force of gravity. Gravity interacting with t he mine geometry, the 

material propert ies or t he rock and soil, and the natural ground movement 

of the area, creates a stress field in the overburden. For an accurate model, 

the stress fi eld in the full-size structu re must be duplicated in the reduced

scale model. To do that , t he force of gravity can be increased in t he same 

proport ion that the model has been red uced in scale. A centrifu ge can be 

used to apply these greater-than-grav ity loads to the scaled modeL For 

example, a coal mine at a depth of 100 m below grounJ level can be 

simulated by a scale model only 1 m high and constructed from 

representative site materials by loading the scaled model in a centrifuge to 

100 times th e acceleration of gravity (g's). 
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Numerical methods. Numerical models have increased in use 

with the onset of the computer, and the corresponding increase in 

computational power, speed, and accuracy. Many numerical approaches to 

subsidence prediction have been used [1,7,13,22,23J. One important 

numerical tech nique is called the finite element technique. 

The fin ite element technique is a numerical method that has been 

adapted to modeling geologic materials. The nonhomogeneity of soil and 

rocks make their modeling intrinsically complicated and uncertain. 

Material properties are often vague. The presence of cracks and fissures 

increase the complexity and difficulty of predicting the behavior of geologic 

materials. As a result , numerical simulations of geologic materials have 

almost necessarily involved major idealizations and simplifications involving 

the material properties and the effect of fractures and joints on subsidence 

mechanics. 

While accurately determining soil properties will always be a 

problem, det ermining the location of cracks and joints and incorporating 

their effects in to a numerical model leads to better and more accurate 

predictions of soil and rock mechanics problems. Many finite element codes 

have incorporated joints and fractures into their analysis by adding sliding 

interfaces or slip planes, with the usual result that computation time has 

increased dramatically [16J . At Brigham Young University , several unique 

geologic modeling techniques have been included in a fi nite element program 

called SCRUBS.BYU. 
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Current Research 

The computer code SCRUBS.BYU. SCRUBS.BYU is a two-

dimensional, elastic-plastic finite element computer program developed to 

analyze resource extraction problems resulting in significant surface 

subsidence [9J . SCRUBS.BYU can model the subsidence process associat ed 

with either longwall coal mining or in-situ coal gasification. or special 

interest in SCRUBS.BYU'S subsidence formulations are the abilities to 

model failure and rubbleization, to mine elements, and to incorporate joints 

and cracks. 

Fracture modeling. In 1983 Royd Nelson, a master's candidate 

at Brigham Young Univers ity, incorporated joints, cracks, and fractures 

into SCRUBS.BYU [16]. Two separate crack definitions were used. In the 

first, a discrete crack model was used, and in the other a cont inuum 

approach defining a new material with regularly spaced joints wa.s used. 

These capabilities were demonstrated by several simplified examples. 

Recommendations for tuture study. Further study in this 

area could be made. Nelson specifically recommended that areas of future 

work include [16, p.56]: 

1) 

2) 

3) 

Studying the effects of faul ts on a variety of geomechanical 
problems using the slip plane addition to model the faults. 

Evaluating the effect of joints and fractures on problems where 
the rubble model available in SCRUBS.BYU is utilized. 

Inves tigating plastic yielding of the hw shear slip plane matt>rial, 
particularly with utilization of the Drucker- Prager failure 
criteria. 
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4) P erforming experimental studies to determine single-joint slip 
responses in order to more accurately estimate the material 
constants that define the slip response. 

5) P erforming of large-scale tests to verify analytical calculations. 

To some extent th is thesis presents further study in each of the 

recommended areas except number 3. The investigation of plastic yielding 

and the Drucker-Prager failure criteria was deemed to be beyond the scope 

or this study. 

The Scope or this thesis. This thesis is a continuation of 

Nelson's work to incorporate fracture modeling into the finite element code 

SCRUBS.BYU. Verification of the discrete slip plane and jointed media 

formulations is sought by their application to a physical model. In 

addition, the effort to combine discrete slip planes and jointed media 

continua in models will increase the understanding of numerical geologic 

materials modeling. 



CHAPTER THREE 

LOW SHEAR AND JOINTED MEDIA THEORY 

Low Shear Theory 

Modeling with low shear element slip planes. The modeling 

of joints and fractures has been incorporated into many finite element codes 

by using sliding interfaces or slip planes. The implementation of these 

interfaces in to the codes involves complex formulations and often increases 

the computing time of t hese programs considerably . A s lip plane 

formulation is part of the finite element computer code SCRUBS.BYU. In 

this program a " low shear element" slip plane was formulated . The low 

shear element slip plane has the advantages of being easy to implement and 

has a limited effect on the run time of the program. In this method , a t hin 

row of elements is added into the model wherever a slip plane is desired , as 

shown in Figure 1. This thin row of elements is then defined as a low shear 

materia l. This formulation simply imposes regions of minimal shear 

res ist ance along the slip plane element row. 

Figure 1. Low shear s lip plane addition. 

8 



The low shear formulation. 

" In standard plane strain computer programs the relationship 
between stresses and strains is expressed as a generalized form of Hooke's law, 

E 
(l+v)(l- 2v) 

(1- v) v 
v (1- v) 

0 0 

0 
0 

( l - 2v) 
2 

Problems occur in this formulation. When Poisson 's ratio becomes 
.5, division by zero occurs. Another disadvantage for a material that bas little 
shear strength is that as the shear modulus G approaches zero, the modulus of 
Elasticity E also approaches zero and the equations for stress and strain break 
down. 

In a manner similar to Clough and Woodw ard [4j we can 
circumvent the above problems by writing the stress strain relations in terms 
of the bulk modulus (K) and the shear modulus (G). Doing this, 

4 2 
0 K+ - G K-- G 

r1 
3 3 

{"') 2 K+_!G 0 Uyy - K- -G f.yy 
3 3 

Uxy 0 0 G lxy 

where 

K= E 
3( l - 2v) 

G= E 
2( 1 +v) 

The above equat ion allows G to app roach zero and still maintain a valid stress 
strain relationship." [ ~~ 

This formulation is incorporated in t he SCRUBS.BYU program 

by entering the bulk modulus K as a negative number in place of Young's 

modulus, and by entering the shear modulus G in place of P oisson 's rat.io. 

The negative sign on the bulk modulus is a Hag that causes the elast icity 
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matrix to be created using equation 3.2 rather than equation 3.1. To model 

a low shear material, the shear modulus is entered as a number low relative 

to the bulk modulus. As stated before, this formulation is not limited to 

use in low shear materials , but can be utilized any time the material is 

described by K and G rather than by E and v. 

PRESCRUBS.BYU provides the capability to input low shear slip 

planes. A solution control parameter is required that indicates whether any 

slip planes exist . If so, the user is automatically prompted for the bulk and 

shear moduli for the slip plane material. Note that this fo rmulation 

requires a separate boundary Hag for each discrete slip plane. 

Addition of the slip plane element row. T he geometric 

modeling is done on an in teractive mesh generator called QMESH.BY1J. 

This program accepts the perimeter data for specifi ed regions of the 

geometry , and automatically creates and numbers the fi nite clement mesh . 

Boundary conditions are imposed by assigning Hags to desired lines or line 

segments that can later (in PRESCRUBS.BYU) be coupled to specified 

displacement or force criteria.. To define low shear element rows as 

described earlier , the user would have to enter perimeter data for each row. 

The SCRtJBS.BYU program automatically creates this thin row of elements. 

Any line can be defined as a slip plane by simply assigning it a boundary 

Hag in Q!\.1ESH.BI'U, thus saving considerable preprocessing time. (Readers 

not familiar with t he use of QMESH.Bl'U should consult Reference 8.) 
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Jointed Media Theory 

Modeling as jointed media. A second method of modeling the 

effects of cracks and fractures in geologic materials is by using a material 

model for the jointed material based on continuum theory. In this method, 

joints in the materials are implemented by allowing for the effects of 

jointing on the material response rather than discrete models for each joint. 

This formulation is taken from work done by Thomas [21], but is modi fi ed 

neglec ting joint dilatation response, and limited to only two dimensional or 

axisymmetric continua. 

The model is composed of two parts: (1) a continuum 

approximation in which the joint displacements are averaged through the 

material , and (2) a cont in uum description based on linear behavior or the 

base material and nonlinear shear at the joints. 

The continuum approximation. The continuum model used 

for this material is based on the published work or ~foreland p0,11.12j. 

Consider a " representatiYe elementary volume" containing regularly spaced 

parallel fractu res as sketched in Figure 2. The orientation or this joint se t 

is chara<'teri zed by a unit normal vector .!1 with respect to fixed x1, Xz, x3 

coordina te a.xes. The ·pacing between fractu res is denoted by 6. Additional 

unit vec tors ~s and _t in the plane of the joints are int roduced such that ~ 

~t . and n form a local Cartesian coordinate syst(•m. 



•• 

.~,: - ""- ..-.! <Mploc-• •.aw 

..: - .lvlftfi$'-P ... .C•"··"·~ 
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figure 2. Representative elementary volume containing regularly spaced 

fractures. 

It is ass umed that the relative motion at the interface of the rt.h 

fracture a.t po:; ition xr can be measured by a jump " dilatation " vector 

urd (xr) normal to the fracture plane, and a jump slip d isplacement vector 

u / (xr) parallel to the fracture plane. The net jump displacements fo r R 

fr actures in the representative volume will then be 
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R~ d (.:<) 
R d 
E ~r ( ~r) 
r-1 

Rl! s ( ~) 
R s 

- E ~r (~r) (3.3) 

r- 1 

u<l W X where - and are average displacements and - is any pos ition in the 

u<l tr' element. The continuous displacement fields - and - with respect to the 

x 1, x2, x3 axes a re introduced, 

~ d ( :.'< + d.? ) = ~ d ( ~ ) + ( uh d J d .? 

d n 
(3.4) 

where 

- d d _ ~~ I n _ u n 

(3.5) 

In equation (3.5) the direction of slip displacement is in the direction of the 

unit vector -5 . The total displacements can be written as 

(3.6) 
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b 
where ~ is the displacement field of the intac t material between fractures. 

From equation (3.6), t he strain decomposition is taken to be 

(3.7) 

The dilatation and slip strains are defined m terms of the continuous 

displacement, 

s s s T 
2 ~ - ~ \l + (~ \l) 

"""'-' 

(3.8) 

where \J IS the gradient operator with respect to the x1, x2, x3 axes. 

ud us 
Equation (3.8) can be reduced by decomposing - and - in to componen ts 

in the local coordinate system. 

us - I ~s I v - (3.9) 

ud us 
Since both - and - have nonzero gradients only m the n 

direction, equation (3.8) becomes 

ed a ud n 
- - (- X~) 

~ on 

es 1 Buss s n n s 
~ -

2 
'8;- (- X + - X -) (3.10) 
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From equation (3.4) 

U S 
(3.11) 

so the fina l form for the strains is 

d - d 
e - ~(.?X~) 
~ 6 

- s 
e5 u s s n n s 

- - (- X - + - X-) 
~ 26 

(3.12) 

The constitutive model. We will first introduce the 

components of a stress tensor .! and a total stra.in t ensor !: which refer to 
""'J ,...._ 

the local _s , _t , ~ coordinate system . If (1 and e are stress and stra in 

tensors in the x 1, x2, x3 coordinate system, the transformation equat ions are 

Tnn 
(!n n - ~ - -

Tss 
(1 s s - ~ - -

Ttt 
(1 t t - ~ -

T ns 
(1 n s (3.13) - ~ -

and 
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Enn 
e n n - ,.._, - -

'"'V 

Ess 
e s s - ~ -

Ett 
e t t - ~ - -

Ens 
e n s (3. 14) - ,..._, - -,..._, 

The behavior or i.ntact material. In the present formulation, 

the intact material is assumed to behave as a linear elastic solid, having a 

st rain rate 

q 
·b ~ e 
~ -

2G I 9 I K- .:..G 
3 . I 

6KG (tr~) ~ 
(3. 15) 

Neglection or joint dilatation. T he main purpose of using this 

model is to predict the weaken ing effects of slip a long fractu res and joints in 

materia ls . For many problems the fracture opening is small relative to the 

fracture spacing. For these problems, the joint dilatation normal to the 

crack is also small for cracks in compression; therefore the dilatation 

response will be neglected; thus 

· d e 
- 0 ::::::: 

(3.16) 

The only condition imposed on t he joint dilatation 1s that a joint cannot 

suppor t a tens ile load ; t herefore 

(3.17) 
T nn = 0 , ii d > 0 
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The behavior assumption for joint shear. T he joint shear 

stress-displacement behavior is assumed to he elastic perfectly plastic. In 

t he elastic range 

...:...s 
(3.18) 

u s -

where G5 is an elastic modulus of slip det ermined for a single joint. F rom 

equation (3.12) the slip strain rate is 

e·s T 0 1! s n D s 
- - (- X + - X - ) 

26Gs 

(3.19) 

T he onset of plastic behav ior is assumed to be governed by a linear Mohr-

Coulomb criterion , based on a scalar "slip function", F , defi ned as 

(3.20) 

where Jl is the coefficient of friction and C0 is t he cohesion . T he joint 

behav ior is elastic for F less than zero and plastic for F greater than zero. 

The stress-dis placement behavior in shear is shown in Figure 3. 



I 

I 
t_ 

_V_-"1lt--------~"" I.Q.•I 
u, 

Figure 3. Assumed stress-displacement behavior in shear. 
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The solution of the constitutive equations. The 

SCRUBS.BYU finite element program uses an incremental method where 

the stresses and strains are known at the last stress increment, the current 

incremental s trains are known, and only the current incremental stresses are 

needed. 

From equation (3.7), the elastic strain rate can be defined as 

Using the constitu tive relations in equations (3.15), (3.16), and (3.Hl) , the 

elastic strain rate [Eq 3.2 LJ becomes 

u 
e ~ 

~ -
2G 

[ K-fc ] 
6KG 

( a ) I T ns ( s n + _n X _s ) t r......, ,....._, + ~ - X 
........, ........, l)li\J ... s 

Transferring equation (3.22) to scalar equat.ions in terms of the 

local stress components, and omitting the out-of-plane shears, we have 
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[ 2 l T nn 
K- -G . 

Enn 6K3G (tr;;) - -- -
2G 

E ns - ( 1 1 ) . 
2G + 2oG

8 
Tns 

Ess 
T ss [I<-;G l (tr;:) -
2G 6KG 

[ 2 I Ttt 
K--G . 

Ett 6:G (tr;:) -
2G (3.23) 

Solving for incremental stresses in terms of incremental strains prod uces 

Tns [ 2G I E", -
l + _Q_ 

6G8 

Tnn - 2GE00 + ( K- ! G ) tr C~J 

Tss - 2GE58 + ( K- ~ G ) tr (~) 

T tt = 2GEtt + ( K-! G ) tr (~) 
(3.24) 

Therefore for the elastic case, all components of in cremental stress in the 

local coordin ate system can be obtained directly from incremental s trains. 

Next, it must be determined if plastic slip occurs. Alter the stress 

components have been obtained the slip function !Eq 3.20J must be test ed. 
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If the slip function F was less than zero, the strain rate was entirely elastic 

and the stress rates determined in equation (3 .24) are correct. However, if 

F was greater than zero, plastic slip has occurred. 

For plastic slip , determination of the incremental stresses can 

easily be maded by assuming elastic and perfectly plastic behavior such that 

. . . 
Ens = Ense + En/ (3.25) 

where Ens is the total strain increment, and En/ and En/ are the elastic and 

plastic components of incremental strain, and the shear stress increment is 

then defin ed as 

_ [ 2G 

1+ 0~ 
s 

E P ns (3.26) 

and t he normal shear stresses are still defined as in equation (3. 24) since 

they are not dependent on the incremental shear stress. 

Using equations (3.25) and (3.26) and substituti ng into equation 

(3.20), the plastic strain, En/ can be solved for directly by solving the slip 

fun ction, F, equal to zero. After the plastic stra in is determined the 

incremental shear stress can be determined by repeating equations (3.25) 

and (3.26). 

In chapter four a physical centrifuge simulation performed 

prev iously at Sandia National Laboratories along with several simulations 

performed for th is thes is a re presented. The results of the numerical 

simulations a re then compared with each other and wit.h t he results of the 

physical simulation. 



CHAPTER FOUR 

MODEL VERIFICATION 

Description of Problem 

This chapter summarizes the procedure and results of vn.rtous 

min e s ubsidence simulations. First, a physical centrifuge experiment of a 

coal mine model done a t Sandia National Laboratories and the resu lts of 

tha t experiment a re presented. Second, numerical simula tions using 

SCRUBS.BYU are introduced , the variables of the numerical models are 

listed and t he results shown. Finally, comparisons are made. 

Centrifuge Model 

The following description of the test was taken basically from the 

la boratory report of t he tes t [20]. 

The prototype. This centrifuge experiment modeled the 

res ponse of shale overburden to the mining of a long wall panel. The 

prototype mine was located 86.3 m below the surface. The primary 

materia l above this mine was Devonian shale with hori zontal bedding 

planes. Th e shale was frac tured along and across t hese bedding planes. 

Above t he shale was a relat ively thin layer of sandy soil. A cavity of 

increasing width beneath t he s hale was created and t he result ing fa ilures 

and ru bble formation were recorded. 

21 
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T he Sandia 25-Foot Centrifuge was used to conduct this t est . 

The scaled-down model described in this sect ion was mounted on a "swing 

pla tform" connected to t he centrifu ge. 

Construction or the model. T o construct t he model, severa l 

shale boulders were cu t into 202 mm slabs using a la rge rock saw. Th ree of 

these slabs were chosen. Their lengths were trimmed to 1.167 m (or less) 

and their top and bottom surfaces were machined flat and parallel to their 

bedd ing planes. T hey were t hen placed in a holding fixtu re that d uplicated 

the in tern al dimensions of the test fixture. After t his init ia l processing, 

denta l plaster was used to fi ll voids between t he t hree slabs of shale and to 

fill voids around t he ends of each slab. 

The model was fractu red to simula te a join ted s hale o,·erb urden. 

The fractu ring process involved machining groo,·es into t he exposed surface 

of the model (along t he bedding planes ). The grooves were 6 mm wide by 

13 mm deep and on 25 mm centers. A 1.167 m long knife blade was then 

pre::-sed in to E'ach groove to crack t he shale a long the bedding planes (the 

plas ter was a lso broken). Some vertical cracks were also generated in the 

model during hand ling, machin ing, and fracturing processes. A compiele 

description of t he crack system, as observed from the non-grooved face of 

the model, is given in Figure 4. 

Dimensions or the model. After the model '.Vas fractured, a 

t hin layer of silica sand was placed above t he shale to represent t he soil 

layer. The th ickness of this layer was 63.5 mm. Wi th the shale l:tyers 

being 0.511 m high, the completed model was rec tangula.r, 1.167 m long, 

0.202 m deep and 0.575 m high (again, refer to Figure ..t) . 
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Figure 4. Schematic diagram of the centrifuge test [H)j. 

The materials. As men tioned, three materials were used to 

construct t he model mine st ructure. They were Devonian shale, silica sand, 

and dental plaster. The specific gravity of the Devonian shale was 2.6-1 

Mg/m3. Its material properties varied between samples and with load 

range. For samples tested below 34.5 MP a, the average Modulus of 

Elasticity was 69.0 Gpa and Poisson 's Ratio was 0.29. Tbe unconfined 

compressive strength was 216 Mpa. The density of the dental plaster was 
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1.65 Mg/m3. The silica sand had a maxunum partical size of 400 

micrometers. When compacted at 150 g's, the density of th is material was 

1.25 Mg/m3. 

Modeling the cavity. To create t he subsurface cavity, t he 

model was placed in to the fixture with its bottom surface (length 

dimension) resting on a series of hydraulic supports. Each unit supported 

an area 102 mm wide by 203 mm deep. A total of 11 units were used to 

support t he entire width (1.167 m) of the model. Using an elect rically 

controlled hydraulic system, each support could be mad e to fall while under 

gravity loads. The cavity created by the fall of each s upport was 102 mm 

wide, 51 mm high, and 203 mm deep. Figure 4 includes a schematic 

diagram of this experimental configuration. 

Between each segment of the s imulation experiment (i.e., inc rease 

tn width of t he mine cavity ), the centrifuge was stopped and add itional 

records were made. 

The experiment was conducted at an acceleration of 150 g's. 

Since linear dimensions scale in direct proportion with t he a.ccelera.tion, this 

model simula.tes a. mine that is 86.3 m below t he surfa.c<>. The release of 

any single hyd raulic support creates a prototype scale voiJ that is 15.24 m 

wide and i .62 high. All subsequent presentation of dimension ~ in this 

sect ion wi ll be specified in t he prototype scale. 

The r esults. Before the cavity was created in the expNiment , 

the model was taken to 150 g's for approximately 5 minutes. This period 

was used to stabilize it. This was considered to be the first " time step." 
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As discussed earlier, a total of 11 hydraulic units supported t he 

model. The mine cavity was created by lowering chosen supports in four 

add itional t ime steps. For this simulation , the chosen sequence for lowering 

the supports was symmet ric about the centerline of the model. First, the 

centerline unit was d ropped. Subsequently, symmet ric pairs about the 

centerline were dropped. Us ing the numbering sequence shown in Figure 4, 

support number 6 was dropped first (time step two), next supports 5 and 7 

were dropped simultaneously (time step three), then supports 4 and 8 (time 

step four) , and, finally, supports 3 and g {time step five). 

Dropping support 6 produced a cavity of 15.24 m wide by 7.62 m 

high below the total strata depth of 84.3 m. 

When the widt.h d t he drift was increased to 45.7 m by dropping 

jacks 5 and 7 (a total of th ree supports removed), a failure arch was formed. 

This a rch extended to a depth of 4Q.l m below the surface (a height of 35.2 

m above t he original roof of the cavity). 

When the width was increased in t he next step to 76.2 m (a total 

of 5 supports removed), the failure extended to the surface. Some new 

cracks were formed. The surface subsidence trough that was int roduced into 

the mod el by these motions had a lateral extent of Q4 m with a maximum 

subsidence of 5.33 m (see Figure 5) . 

• 

. - . ... a e-......o et t •••o•to 
- , , ..,.. OtiTI • ••ovto 

\O.o •tO •tO- e O• 'O ·•O·lO•J0·\'0 0 10 20 lO •o SO • O fO t O 1 0 
Wt-OT M COO•o••a.Tt . 1tt 

Figure 5. Cent rifuge s ubsidence profiles [4]. 
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With the fi nal increase of the cavity wid th to 106.7 m (a total of 

7 supports removed), many new cracks were formed and/or opened (see 

Figure 6) . T he subsidence trough extended to a width of 133 m with the 

maximum snbsidence increasing s light ly to 6.10 m (see Figure 5). 
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Finit0 Element Models 

Equipment used. T he numerical simulation of the mine was 

performed us ing SCRUBS.BYU on a VAX 11750 computer. Computer 

programs used in add ition to t he finite element code included a mesh 

generator (QMESH.BYU), a pre-processor (PRESCRUBS.BYU), an interface 

for the output (IN T ERFACE), and the graphics package (MOVIE.B'r1J). A 

short description of each of t hese programs and t heir use is contained in 

this section (See also Figure 7). 

SCRlBS.BYU 2-D Fli'i iTE ELE\·IENT PACKA.GE 

QMESH.BYU 

( 1) 

PRESCRUBS 

(!!) 

INTERFACE ~-~ 

RUB.~10V 

SCRUBS.BYU 
1-----J 

(H.r>,6,7) 

l ) Mes h generation. 

2) Interactive solution controls and definition. 

GEO~LPLT 

DISP.PLT 

SPEC.PLT 

MOv1E.BYU 

(8) 

3) Linear plane stress, strain, or axisymmetric analysis. 
4) Linear rra.cture mechanics . 

.S) Nonlinear plane stress, strain, or axisymmetric analysis. 

6) Nonlinear rra.cture mechanics. 

i) Rubbleization and subsidence. 
8) Line drawing :md continuous tone color graphics post-processing. 

Figure 7. Program flow and capabilities (9J. 
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Descript ion or the various models. Six numerical models were 

used to simu late the response of the shale overburden; two different meshes 

were generated, and each mesh was used with three different combinations 

of jointed media continuum/ discrete slip planes characteristics. The fi rst 

mesh used the major vertical and horizontal fractu re lines as determined in 

t he Sandia test as region boundaries. This mesh approximated these major 

fracture lines as closely as possible (see figure 8). The horizontal joints were 

straight , but the vert ical joints were not, which in troduced some difficulties 

in construct ing a uniform elements. As a resul t , t his mesh was labeled the 

"skewed mesh." T he second mesh approximated the maj or fracture lines 

with st rictly vert ical and horizontal boundaries. This resulted in a much 

more un iform mesh (see figure g), and was labeled the "straight mesh .. , 
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Figure . The skewed mesh. 
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I I I I 
I I I 

1 II I I I 

Figure 9. The stra ight mesh. 

As s tated, three different combinations or disc rete sli p plane/ 

jointed media continuum were used with each mesh. The fracture 

combinations were: 

Horizontal slip planes only (modeling or major slip planes). 
Jointed media continuum only (modeling of minor fractu res). 
Combin ed jointed media and horizontal slip planes. 

Construction or the meshes. Included in the mesh generation 

were the assignment of regions, material types, bound :ny conditions, 

application or s moothing algorithms to obtain even meshes, and 

renumbl•ring or the mesh for more efficient use in the finite element code. 

The final mesh<'s each conta ined 14 regions of four different materials (refer 
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to Figures 8 and 9). There were a total of 462 elements and 506 nodes in 

the skewed mesh, and 3i 5 elements and 416 nodes in t he straight mesh. 

The number of elements in the mesh was kept as low as it was judged 

possible and still maintain reasonable accuracy and reasonable computation 

time. Each potential slip plane required a unique Hag to be set in 

QMESH.BYU. The mesh parameters, once processed by QMESH.BYU, were 

stored in a binary file named QMESH9.DAT to be used later by 

SCRUBS.BYU. Anyone not familiar with the operation of QMESH.Br1J 

should consult Reference 8. 

The problem param~ters were all input using PRESCR UBS.BYU, 

the preprocessor for SCRUBS.BYU. These problem parameters included 

t he material properties, the stress/ strain field used, the yield cond ition, the 

element type, the number of gauss points to use in in tegration! t he mining 

dat a, the convergence criteria, and the loading conditions. A st ate of plane 

st rain was used t hroughout. Elasticity was assumed, the Von Mises failure 

criteria was chosen, gravity loads were applied, and linear isopara.metric 

elements were integrated using four gauss ian points per element. The 

rubbleization, slip plane, and jointed media characteristics were activated or 

deactivat ed by changing the corresponding Hag in PRESCRUBS.B)1J. The 

output from PRESCRUBS.BYU was stored in t he file SCRUBS.DAT. 

Model dimensions. The outside dimensions of both meshes were 

the same as those of the centrifuge model. The length was 112.2 em, t he 

heigh t was 624.5 em (from t he bottom of the supports to t he top of the 

sand ), and t he thickness was 20.2 em. The steel elements had the same 
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depth , 51 ern, as the supports in the Sandia model. The 14 interior steel 

elements were defin ed to have exactly one half the width of t he Sandia 

supports, 51 em, so that two elements were equivalent to one Sandia 

support. 

Materials modeled. Four materials were modeled in the 

numerical simulation. The four modeled materials were 1) silica sand, 2) 

Devonian shale, 3) dental plaster, and 4) steel. The silica sand , dental 

plaster, and Devonian shale were set up the same as in t he centrifuge 

model. Steel was used for the material of the supports at the bottom of the 

model. 

Material propert ies which were needed for the numerical 

simulation but not available from the Sandia cent rifuge test in formation 

were determined from soil mechanics texts and judgement . A consistent 

system of units was used of centimeters , seconds, grams, and dynes for all 

measurements and quantities. For silica sand, a modulus of elas ticity of 17 

MPa (170( 106)dynesfcm2), a Poisson's R:1.tio of 0.3, and a density of 1.25 

gjcm3 were used. For both the shale and the plaster properties of 69 C Pa 

(690( 109)dynes/ cm2) for Young's modulus, 0 .29 for Poisson's Rat.io, and 2.64 

gfcm3 Cor the densities were used. For t he st eel, the modulus of elas ticity 

was 200000 N/m2 (20( 1011)dynesfcm2) , Poisson's Ratio 0.3. and t he density 

7.8 g/cm2. 

To use t he rubbleization, slip plane, and jointed media 

capabili ties of SCRtJBS.B'l1J, additional material properties were rt'quirt'd. 

Properties of the rubbleized material were set the same as for t he shale. The 
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slip material was given a bulk modulus of 3.45(1011)dynesjcm2 and a shear 

modulus of 3.45(1010)dynesfcm2. The jointed media was given a fracture 

spacing of 10 em and a slip modulus of I07dynes/cm2. 

All materials were given a very high cohesion of l020dynes/cm2 

and a hardening modulus of one. The cohesion was set arbitrarily high so 

that the materials failed while still in the elastic range. The hardening 

modulus was arbitrarily set at one as it is not used in this formulation. 

Failure condition. The failure condition was chosen to be when 

either the horizontal or vertical stress exceeded the failure stress. This 

condition is a user-supplied option in the subroutine FTEST (see appendix 

E). The failure stress for each model is noted in each figure caption (see 

Figures 10-15 ). The bulking parameter for rubbleization was set at 0J)8 for 

a ll materials. The failure stress and the bulking parameter were set in 

PRESCRUBS.BYU. These choices gave generally good results, and were 

chosen for that reason. 

The finite element program SCRUBS.BYU was used to analyze 

the model. The model was initially subjected to a gravity load of L50 

gravities (1471.5 cm/s?.). The subsidence of the material under a gravity 

load was then determined using basic finite element techniques. This 

stabilizing step was called t he first time step. Supports were removed 10 

four additional t ime steps, with the center one (two elements) removed 10 

the second time step and two neighboring supports (four elements) removed 

in each success ive step, until seven supports (fourteen elE'ments) had been 

removed . 
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The results. R esults of t he simulation run were stored in th ree 

files: (1) SCRUBS.LIS contained the parameters and the progression of 

failure, (2) SCRUBS.MOV contained the geometry, disp lacements, and 

stresses of the fi nal mesh, and (3) RUB.MOV contained the rubbleized 

incremental geometry. SCRUBS.LIS contained the results in a readable 

form, while SCRUBS.MOV and RUB.MOV were binary files. Using an 

interface to the graphics package MOVIE.BYU, fin al subsidence profiles and 

rubbleized incremental profiles could be obtained from. correspondingly , 

SCRUBS.MOV and RUB.MOV. 

Comparisons 

The failure progression of the physical centrifuge simulation can 

be seen in Figure 6. This progression was used as a standard from which 

the numerical simulat ions were adjusted and refined in an attempt to 

match, and to which the results were compared . 

The different meshes seemed to have some effect on the r esults. 

There wa.s a tendency for the failure in the skewed mesh to ti lt in the 

direction of the skewed clements, and in the straight mesh the fa ilure would 

often pipe to tbe surface long before the failure in the skewed mesh would 

reach the surface. This piping is eviden t in both the jointed media and the 

discrete s lip plane straight mesh models, a lthough in slightly different forms. 

The centrifuge model bad more of a pyramid failure form. The tilting of 

the failure in the skewed meshes did not seem to alter the overall pattern of 

fa ilure, which was a lso pyramid in form . 
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In the jointed media straight mesh model (see Figures 10 a-d), 

piping to the s urface occurred a t the second time step (first support 

removed). After this in itial piping, t he fai lu re seemed to follow the same 

general pyramid pattern of the centrifugal fa ilure (and the skewed meshes) . 

In the jointed media skewed mesh model (see Figures 11 a-d), 

failure ocr.urred in pyramid form, with the time steps favorably comparable 

to the progression which had occurred in the centrifuge model, inc!uding t he 

formation of a failure arch, failure to the surface occurring at the fourth 

t ime step ( 5 supports removed), and a wide subsidence t rough at the end. 

In the disc rete slip plane straight mesh model (see Figures 12 a

d), no piping occurred until the third time step, bu t failure to the surface 

was then direct for a ll the remaining time steps. T he result ing t rough was 

comparable to the physical model, but there was no formation of a failure 

arch at any time. 

The discrete slip plane skewed mesh model was similar to the 

join t~d media skewed mes h (Figures 13 a-d). The fa ilure included a 

pyramid form , the fo rmation of a failure arch at the third t ime step, failu re 

to the surface at the fou rth time step, and the final wide subsidence t rough. 

The combined straight mesh (Figures 14 a-d) resulted in a failure 

progression almost exac tly like that of the jointed media stra.ight mesh. A 

pipe failu re to the surface occurred in the second time st ep, then a pyramid 

failu re occurred from t ime step three to the fi na l subsidence t rough. 

The combined skewed mesh (F igures 15 a-d) resulted in failu re 

p rogression which wa.-. somewhat between that of the jointed media skewed 
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model, and interestingly , the jointed media straight model. Piping failure 

occurred, :1lthough not quite as drastically or sudden as in the straight 

meshes. Th e fin al subsidence trough was comparable to the others. 

Some interesting variations of these numerical models are 

provided in appendix D. 
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c. Five supports removed. 

A'! 

I 

];:. 

d. Seven supports removed. 

Figures 10 a-d. Jointed media straight mesh. Failure stress set to 0 .1 

107 dynes/ cm2 (tension) . 
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c. F ive supports removed. 

d. Seven supports removed. 

Figures 11 a-d. Jointed media skewed mesh. Failure stress set to zero. 
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I I 

a.. One support removed. 

b . Three supports removed. 

iJ' 
III 

R 

c. Five s upports removed. 

d. Seven supports remov ed . 

Figures 12 a-d. Discrete slip plane straight mesh. Failure stress set to 0.1 

I05dynesjc m::! (tens ion). 
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a. One suppor t removed. 
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" 
b. Three supports removed. 

c. Five supports removed. 

d. Seven supports removed. 

Figures 13 a-d. Discrete slip plane skewed mesh. Failure stress set to zero. 
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a.. One support removed. 

b. Three supports removed. 

I 

c. Five supports removed. 

d. Seven supports removt>d . 

Figu res 1-t a.-d. Combined straight mesh. F ailure st ress set to 0.1 

107dy nes/ cm:! (tension). 
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b. Three support::; removed. 

c. Five supports removed. 

d. Seven supports removed. 

Figures 15 a-d. Combined skewed mesh . Failure stress set to 0.1 

107 dyncs/<'mz (tension). 



CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

Knowledge of fracture and joint modeling in rock mechanics 

problems has been increased by the contribution of this thes is. Modeling 

fractures as either low shear element slip planes, jointed media continua, or 

as a combination of both are all valid approaches. Since many geologic 

materials contain both faults, which are better modeled by discrete slip 

planes, and rock mass with somewhat regular joint spacing, which is best 

modeled by continuum theory, it would make sense at times to combine 

them. In any case, it is possible for the stress analyst to be able to choose 

between the two models, or use the combination of both. 

Two important characteristics of the simulations were closely 

considered: first, the failure sequence, and second, the final subsidence 

troughs. The general failure progression of all models in the mine subs idence 

problem were very similar. This would seem to indicate that all the models 

used were valid . To some extent, this success was dependent on an 

understanding of th e properties and geometry of the p roblem. The second 

important characteristic considered, the subsidence troughs, were not 

always similar. The maximum displacements or the troughs Wt..'re 

comparable, but the t rough edges were not. As noted in chapter four, the 

phys ical centriruge model resulted in gradually sloping t rough edges, while 

the numerical simulations contained very steep trough edges. This is caused 

42 
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by a weakness in the numerical stiffness formulation, which bas difficulty in 

modeling the How of the surface sand with solid fin ite elemen ts. This 

difficulty is a lso indicated by the presence of isolated non-fa iled elements at 

the surface (refer to figures lOd, 13d, and 14d). 

Problems and Solutions 

The two different mesh types, skewed and straight, resulted in 

two consistent variations in the failure. First, the direction of failure was 

influenced, though only slightly, by the mesh type. The skewed mesh 

showed a t endency to fail diagonally, along the skewed elements, rather 

than in a more regula r, vertical pattern like the straight mesh. The 

tendency for the skewed mesh to fail slightly diagonally implies that the 

finite-element formula tion bas some difficulty wi th the uneven elements. 

The failure was still quite good , however, and t he fin al results seemed to be 

as good as those or the physical simulation. Second, the general form of 

-
failure varied between mesh types. The skewed mesh resulted in a pyramid 

form of fa ilure, while the straight mesh contained more of a piping form. 

The varying forms of failure seem more pronounced than the slight 

di rectional tendencies. 

For this problem. the skewed mesh seemed to be s lightly more 

accurate. This is mos t likely due to t he presence of major not-quite vertical 

slip planes in the centri fuge model (refer to Figure 4}. While we were not 

able to use vertical slip planes (there is a problem with combining both 

vertical and horizonta l discrete slip planes in a single model in 
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SCRUBS.BYU), the skewed mesh introduced diagonal failure tendencies. 

The diagonal failure may have reduced the piping failu re, as the piping 

usually occurred vertically. 

We used t he least number or elements we could and still get 

results that did not seem effected by the element sizes. The run time for 

this kind of formulation and the size of the problem seemed reasonable. In 

our formulation, linear elements were used, whereas quadratic elements may 

have given better results. If quadratic elements were needed, fewer elements 

would be used, but the increased computational requirements for the 

quadratic formulation would offset the lowered computational requirements 

for the fewer elements. 

As previously mentioned (chapter four), the failure stress was set 

at zero for the jointed media and discrete slip skewed meshes, at 0.1 

107 dynes/cm2 for the jointed media straight mesh model and the combined 

models, and at 0.1 105dynesjcm2 for the discrete slip plane straight mesh 

model. This criteria seemed to give the best results. Other criteria. 

attempted included the separate horizontal and vertical stresses by 

themselves and the maximum principal stress. More study of the failure 

stress poss ibilit ies would be useful. 

Although at present the use of the low shear element capability is 

current ly limited to elastic deformations along the plane of slip , the 

incorporat ion of a plastic failure model for the slip pl3.ne materi3.l is 

possible. The Drucker-Prager yield criteria [6J would be especially 

applicable for this purpose and would be recommended for any fur ther 

study in this area. 
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It s ho uld be no ted here that the j ointed m edia formulation in 

SCR UBS.BYU at present is only valid fo r a plane s train or axisymmetric 

cond it ion. In the mine m odel, a pla ne strain assumption was ma de because 

of this, even though a plane stress situat ion may have been more realistic. 

As previo usly mentioned, the poor profile of the s ubsidence 

tro ugh a t the edges in our numerica l simulations were most likely a res ult of 

an incorrec t s tiffness formulation for the sand. 

Summary 

follows: 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

A summa ry of the recommendations made above are listed as 

T est t he effectiveness o f using quadra t ic elements in a model. 

Study in detail the differen t fa ilure criteria, and determine those 
which would be most accurate and in whi<: h s ituatio ns. 

A pply the Drucker-Prager yield condit io ns to a model in which 
the required parameters are available. 

Do a plas tic a nalysis of a subsidence pro blem , preferably using 
th e Drucker-Prager yield condition. 

Adjust the jointed media formulation for plane stress s tates . 

Correct the s tiffness formulatio n to allow fo r sandy mat eria ls. 

Correct SCRUBS.BrlJ to allow combined horizonta l and ver t ical 
d isc rete slip pla nes in a s ingle model. 
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APPENDIX A 

SCRUBS.BYU SUBROUTINE MAP AND DESCRIPTIONS 

The following appendix provides subroutine descriptions and 

subroutine maps for the finite elem('nt code SCRUBS. The subroutine 

d('scriptions (the main is included) are listed alphabetically. 

The subroutine descriptions: 

AUX: 

BSUB: 

Creates coord inate jacobian 0 interpolate X; YOCOJ(I,J), 
XY( l ),XY(2) are respectively the coordinate jacobian matrix, the 
X coordinate and the Y coordinate. 

Conducts systematic back-substitution and solves for boundary 
displacements and reaction transformations. 

CONRUB: T his subroutine checks for rubble/continuum in teraction and 
computes th e hydrostatic force in the ru bble if a continuum 
element is in contact. 

CONVG: Determines th e percent convergence. 

CORNN: This subroutine determines if node IX is a corner node. 

DAT ALST: Writes title, line numbers for files (presently not used). 

DR OP: 

FLAGE: 

Checks for elements about to fail and adjusts grometry for 
failure. 

Makes impact node calculat ions and new node assignmt'nts. 



GAUSSP: Init ia lizes gaussian constants. 

GOAT A: Reads geometrical data, boundary conditions, and gausstan 
integration data. 

L'\J"VA.R: Calculates invariants and sets the yield stress accordingly. 

JOINTM: Calculates incremental stresses and residuals. 

LDAT A: Reads load control data. 

LINEAR: Helps to update stress and strain. 

~EL: This subroutine adds a new element to the connectivity 
containing corner nodes I and K. 

MOD: Forms D matri.x for different stress/strain cases. 

NEWNOD: This subroutine finds the new node number of node N. 

NFLOW: Calculates the amount of yield that results. 

r-;QDE::\1 ·: ets x,y values of new intermediate coordinates of quadratic or 
cubic elements. 

OtiTPCT: Writes displacements, reactions, stresses and stra ins to 
SCRUDS.LIS 

PDISP : Ini tializes the displacement vector ac<'ording to number of 
loading increments. 

REr\DF: Reads the mining parameters: which elements, and when. 

REMLD: Removes grav ity load from failed elements. 

RESIDUE: Determines element failu re, rubbleization, and resid ual. 

RE "OLV: "pdates s tiffness equation solution. 

RO B: Adjusts stiffness matri.x. 

ROTATE: This s ubroutine rot ates 20 stress or strain ve<'tor by angle 
THETA. 

RliDDRAW : Wri tes the rubble file RUB.MOV. 



53 

R ZBASE : This subrout ine finds the base R and Z dimensions for fall 
c a leu lations. 

SCR UBS: Program designed to compute the failure, collapse, and result ing 
subsidence of geologic materia ls . P erforms elas tic/plastic 
analys is of plane stress/strain and axisymmetric problems for 
linear, parabolic, and cubic elements. 

SCR UBSV: This s ubroutine opens and closes the files used by t he mam 
program, SCRUBS. 

SET: Sets element spacing and determines bandwidth and resulting 
stiffness storage required. 

SFR: Sets shape functions according to element type. 

SLIPP: This subroutine reads the slip plane da ta, adjus ts the geometry 
and elements accordingly, and t hen records t he adj usted 
information. 

SOLVE: 

STIFM: 

SWITCH: 

TFOR~1 : 

ZONE: 

Solves stiffness equations, modifies lo:1ds. 

Forms and updates stiffn ess matrix , and calcula tes body forces. 

Switches coordinates. 

Makes adjustments for inclined boundary situations. 

This subroutine reads meshing cards as done in the CHILES2 
program. It is provided here only as an interim capabi lity. This 
su brou lin e is called by the main program. 



EXIT 

HEADF' 

( RUBDRAW) 

( DATALST) RESOLV 

( LOATA ) ( POISP) 

ot JTPUT STIFM 

-------------
Fig ure l6 a.. Subroutine map .• main . 



MAKEEL 

Figure 16 b. Subroutine map-- GDATA. 



FLACE LDATA 

NEWNOI) 

fi gure 16 <·. Subroutine map - FLACE. Figure 16 d . Sub rout ine map-- LDATA. 



HESII>liE 

JOINTM 

CONfWB INVAJt MOD SF It 

Figure 16 e. S ub routine map-- RESIDUE. 



SFH INVAil 

llOSB MOO 

NFLOW 

Figure 16 f. Subrout ine map -- STIFM. 



APPENDIX B 

SCRUBS.BYU USER'S MANUAL 

The following appendix provides: first, a short description of the 

program SCRUBS and its capabilities; second, detailed descriptions of the 

t hree fi les which are read by SCRUBS and the four files that are created by 

SCRUBS. 



SCRUBS.DOC 

SCRUBS is a FORTRAN computer program designed to compute the 
failure, collapse, and resulting subsidence of geologic materials. The 
uniqueness of this program is it's ability to mode l rubble formation and 
collapse in a continuum, as opposed to a discrete , sense. Both pre and 
post failure aspects of particul ar prob lems are treated. SCRUBS is a 
non linear finite element program which is capable of determining the 
deformation and state of stress in plane and axi-symmetric bodies. Pre 
and post failed mater i al properties may be elastic-perfectly plastic, or 
elastic work hardening . Linear, quadradic or cubic lsoparametric elements 
are used to represent the regi on and its boundary. Four different yield 
conditions can be imposed on the materials: von Mlses, Tresca, 
Drucker - Prager, or Beltrami. Three dif ferent algorithms for solving the 
nonlinear discretized equations are available. They are: 1) a constant 
stiffness initial stress method, 2) a two step process where the stiffness 
matrix is updated on the second interation of an otherwise initial str ess 
process and 3) a regular tangent stiffness method. A check on force 
residuals is used to evaluate convergence !or any load increment. 

Three specific files are read and four other specific files are 
created by SCRUBS. The three files t .hat are read have the following names 
and functions. 

QMESH9.DAT = Mesh information as created by QM£SH.BYU 

SCRUBS.DAT SCRUBS input data 

SCRUBS . RST Restart file 

The four files that are created have the following names and functions . 

SCRUBS .MOV = Displacement, 
each load step 

stress and strain data at 

RUBBLE . MOV = Element rubbleization plot file 

SCRUBS .RST = Restart file 

SCRUBS . LIS = List of failure sequence 

The contents of these six files are now explained in detail. 
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QMESH9.DAT 

This is the standard QMESH.BYU renumbered file that contains the two 
dimensional finite element meshing information . It consists of f ive r ecords 
vritten in blocked binary form . The content of these records i s as follows. 

Record 1 . 

Record 2 . 

Record 3 . 

Record 4. 

Record 5 . 

(8 words) A comment, packed 4 characters per word . 
This comment is from the COMMEN card in the QMESH 
input. 

(4 words) 
KKK, the number of elements in the mesh 
NNN, the number of nodes in the mesh 
NFF, the number of words in the boundary flag table 
MAXDIF, the maximum difference of node numbers for 

any element in the renumbere d mesh 

(2 x NNN words) the lists of nodes, 1n renumbered 
order;that 1s 

(X(N),Y(N) ,N=l,NNN), 
or 

(R(N),Z(N), N=l,NNN) 

(5 x KKK words) The list of e l ements : 
(Nl(K) ,N2 (K) ,N3(K) ,N4(K) , MAT(K) ,K=l,KKK) 
where Nl(K) to N4 (K) are the node numbers for the 
K-th e l eme nt in counterclockwise order, a nd MAT (K) 
is the material number of the K-th e lement . 

(NFF wor ds ) the list 
(IFLAG(I) ,I=l,NFF) . 
distinguish them from 
node or list of nodes 
If NFF=O, this record 

of boundary flags and nodes, 
Flags wi ll be negated to 

nodes , and the corresponding 
wi ll follow each f l ag . 
wi ll not be vr itten . 

End-of - File mark. 
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SCRUBS.DAT 

This file contains the data necessary to de fine the proble m to be 
ana lyzed . The groups of lines of this fi le and t .he specified format of each 
line follows . 

••••••• ••• • •••• • •••• • •• • ••• •• • •• ••• • •• •• 
•• •• • ••• •• •• ••• • ••• •• •• • • • • • ••••• ••• • ••• 
GROUP 1 INTERNAL MESH GENERATION OR RESTART SPECIFICATION 

Line 1. (4I5) Geometry parameters 
1 - 5 Number of elements (NEL) •• 
6 - 10 Number of nodes (NODES) 

11 - 15 Number of l oad cards (NUMPC) 

• • NOTE if NEL = 0, omit remaining lines of the group and 

read total mesh from the input file QMESH9.DAT. If NEL = -1, 

the problem is to be restarted and the remaining lines of this 

group are omitted. 

Line 2. (6I5) N.IX array 
1 - 5 Element number (N) 
6 - 10 Ith noda l point IX arrayl 

10 - 15 Jth noda l point IX array 
16 - 20 Kth noda l point IX array 
21 - 25 Lth nodal point IX array 
26 - 30 Material number MAT, IX array) 

In general every element must be defined; but with the semi-automatic 
mesh generation feature. a minumum of one element per row need be input. For 
example, if element 10 is read with values I=l2, J=l3, k=24, L=23, and MAT=l. 
and the next element is read is element 15 with values I=23, J=24, K=35, L=34, 
and MAT=l, then element 11 would be assigned values 13. 14. 25.24, and 1. 

Line 3 . (I5.F5.0,4.Fl0 .0) 
1 - 5 Nodal point number (N) 
6 - 10 Boundary condition code (CODE) 

11 - 20 Radia l coordinate (R) 
21 - 30 Axial coordinate (Z) 

In general. every nodal point must be defined, but since the program 
has a semi- automatic mesh generat ion feature, a minimum of t wo nodal points per 
row need be input and the intervening points will be assigned coordinates based 
on a linear interpolati on procedure. For example. if nodal point 1 is the 
first point in a row with coordinates (2.5 . 5 .4). and nodal point 11 is the 
next point defined with coordinates (12 . 5. 10 .4). then nodal point 2 wi ll be 
loca ted at (3.5, 5.9), etc. 

• • • • • * • • • * • • * • • • • * t • • * -* • • • * * • * * • • • • • • • • • 
• • • ••••• • •• • • ••••••• • • •••••• • • • • •••• •••• 
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..... .. ... ........................ ....... ..................... . ......... . .......... 
GROUP 2 SOLUTION CONTROLS 

Line 1. Problem identification 
1 - 5 Total number of problems to be solved in one run (NPROB) 

Line 2 . Title (20A4) 
1 - 72 Title of probl em. 

Line 3. Control data (1615) 
1 - 5 Total number of nodes, NP (not more than 1000) 
6 10 Total number of elements, NE (not more that 1000) 

11 15 Total number of restrained boundary points, NB 
16 20 Total number of load cases/problem, NLD 
21 25 Number of d.o.f. per node, NDF 
26 30 Number of different materials, NMAT (not more than 10) 
31 35 Ele~ent type 1=linear, 2=parabolic , 3=cub1c, NSFR 
36 40 Number of gauss points for stiffness calc. NGAUS 
41 45 Solution algorithm, NALGO 

0 elasticity only 
1 = constant stiffness 
2 = two step process 
3 = tangent s tiffness 

46 - 50 Stress/ strain type NPP 
0 = Plane strain 
1 = Plane stress 
2 = Axisymmetric problem 

51 - 55 Yie l d condition parameter, NYIELD 
1 Mises 
2 = Tresca 
3 = Drucker-Prager· 
4 = Beltrami 

56 - 60 Input stiffness control, NT 
0 = Number of elastically coupled nodes 
1 = lnout stiffness coefficients 

61 - 65 Flag for Rubble calculation, NL 
0 = No rubble 
1 = rubble 

66 - 70 Bandwidth (leave blank unless NT = 1) 
71 - 75 Number of coordinates per node NCORD (default 2) 
76 - 80 Number of gauss points for nodal force residua l 

calculation and stress storage (t-'.CAUS) result even for 
elasti c solution MGAUS defaults for NGAUS . 

••• • • •• •• •• • •• • • • ••••••• •• • • ••••• • ••• • •• 
• • ••••••• • • •••• • ••• •••••• • ••••••••• • • •• • 
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•• ••••••• ••••••••• ••••••••••••••••••• • •• 
• •••••••• •••••• ••• • •••••••• ••• •••• •••• •• 
GROUP 3 - MATERIAL PROPERTIES 

Line 1. Material data (110. 7Fl0 . 2) NMAT Lines. limited to NMAT= 10 
(Note, if NL = 1, card NMAT of this section must give 
unconsolidated rubble constants) 
1 - 10 Material property number N 

11 - 20 Young ' s modulus ORT!N.l • 
21 - 30 Poisson 's ratio ORT N,2 ** 
31 - 40 Yield stress ORT N,3 
41 - SO Hardening modulus ORT N.4 
51 - 60 Conical yield surface angle ORT N,S 
61 - 70 Thickness (leave as zero if NPP = 1 ORT(N.6) 

A negative value in this position activates the low shear 
material description. In this case. the bulk modulus, K, 
is the absolute value of ORT(N.l), and the s hear modulus, G. 
is the value of ORT(N.2) 
•• A negative value in this position activates the jointed 
media material description. For this case, one more line is 
read. for that material only. defined as follows: (2Gl2.S) 

1-12 Fracture spacing ORT(N,9) 
Line 2. Tabulated plastic stress-strain data 

(Only for materials with ORT(N,4) negative) (Il0,Fl0 . 3) 
1 - 10 Number of tabulated strain points. NTAB 

11 - 20 Strain increment in percent strain, TABSTN(N) 
If ORT(N,4)> 0 these values defau l t to 2 and 100 
respectively . 

Line 3. String of stress values, NTAB in number, one line required for 
each material (1SF8.0) 
1 - 8 Stress va lue for point 1 
9 - 16 Stress value for point 2 

17 - 24 Stress value for point 3 
25 - 32 Stress value for point 4 

etc. 

Line 4. String of strain values, NTAB in number. one li ne required for 
each material (1SF8.0) 

1 8 Strain value for point 1 
9 - 16 Stra in value for point 2 

17 - 24 Strain value for point 3 

etc. 

•• • • •• •••••• •••••••••••••• • • ••••• ••••••• 
• • 

•••••••••••••••••••••••• • ••••••••• • • •• •• .................. ... ... ................. 
GROUP 4 RUBBLEIZATION DATA (Omit this group if NL=O) 



Line 1. Rubble materia l data, one line required for each materia l 
(I10.2fl0.3) 
1 - 10 Material number,N 

11 - 20 Bulking parameter, ORT(N,7) 
21 - 30 Failure stress ORT(N.8) 

Line 2 . Minimum boundary coordinate (E10 . 3) 
1 - 10 Value of minimum Z coordinate for which element nodal 

points cannot pass through 

Line 3. Material failure flag (IS) 

Llne 4 . 

1 - 10 Failure f l ag. NRFF 
If this flag is non zero, a subroutine. READF is 
called. This subroutine defines a list of elements 
that can be removed (i. e.mined) on a particular 
increment . NRFF is t he total number of increments 
allowed (10 max). 

Element mining data, omit if NRFF=O. (16!5) 
1 - 5 Number of e l ements to be mined on 
6 - 10 Number of e lements to be mined on 

11 - 15 Number of elements to be mined on 
16 - 20 Number o f e lements to be mined on 

etc. 

increment 
increment 
increment 
increment 

t :~1~1 3. NME 3 
4, NME 4 

Note: Currently 16 is the maximum number o f elements 
that can be m1ned on any given incre~ent. 

Line 5 . Specified elements to be mined. one line required for each 
increment. NRFF total. omit if NRFF=O. (16I5) 

1 - 5 El ement to be mined on this increment, MINESIINC,1! 
6 - 10 Element to be m~ned on this i ncrement, MINES INC,2 

11 - 15 Element to be mined on this increment. MINES INC,3 
16 - 20 Element to be mined on this increment, MINES INC.4 

etc • 
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• •• ••••••••• •• •• • •••••• •• ••• ••• ••••••••• 
• • 

*********** * *************** * ************ •• • • • • •••••••••••••••••••••••••••••••••• 

CROUP 5 BOUNDARY CONDITIONS 

Line 1. Ancillary control data (1615) 
1 - 5 Number of sl ip planes NNP 
6 - 10 Number of s ingular points NSINC 

11 - 15 Number of boundary points NNBB 
16 - 20 Number of reactions to be summed MPR 
21 - 80 Indexing vector. automatic generation of NOPE array 

IB(I). I=L 12 

Line 2. Boundary conditions (215.4F10 . 3) NNBE cards in ascending order 
of boundary nodes. 

l - 5 Boundary node number NBC (I) 
9 u condition. O=!ree. 1=!ixed 

10 v condition. O=free. 1=fixed 
11- 20 Prescribed u displacement US(I.l) 



Lines 3 
slip plane. 

Line 3 . 

21 - 30 Prescribed v displacement US{I,2) 
31 - 40 Boundary angle (if inc l ined) ANG(I ) 

in degrees of X' axes from X. 
Positive wh~n counterclockwise. 

and 4 are repeated in NSP blocks, each block representing a new 
If NSP = 0, omit lines 3 and 4. 

Sl ip plane control data (2I5,G10 . 3) 
1 - 5 Number of nodes on slip plane boundary 
6 - 10 Angle flag of slip plane 

11 - 20 Thickness of slip plane 

NSLP (N) 
IANG(N) 
STIUK(N) 

Line 4 . Slip plane node list {16IS) NSLP{N)/16 cards 
1 - 5 Node number 

Line 6. 

6 - 10 Node number ISLP(I,1), I = 1,NSLP(N) 
11 - 15 Node number 

etc . 

Summed 
1 -
6 -

11 -

r eaction nodes 
S Node number 

10 Node number 
15 Node number 

etc. 

(16IS) (If MPR>O, otherw ise omit) 

NOPR(I), I= 1,MPR 
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••• • ••••••••••••••••••• • • • ••• ••• • 

••••••••••••• •••••• •••••••••••••• • • ••• •• 
· ······· ·~··· · ··········· · ······· · · · · · ·· 

•••• ••••••••••••••••••••••••••••••••••• 
NOTE! ! ! TiiE FOLLOWI NG LINES OF 
GROUP 6 ARE REPEATED IN NLO BLOCKS • 
EACH BLOCK REPRESENTING A NEW LOAD • 

* CASE 
••••••••••••••••••••••••••••••••••••••• 

GROUP 6 LOADING DEFINITION 

Line 1. Anc illary load control data (215) 
1 - 5 Ini tial stress counter ISTS (not used) 
6 - 10 Increment control (Note LOTYPE 

applies to both prescribed 
loads and displacements.) 
0 equa l increments 
1 .•• increments in proportion to total 

according to the fac array 
{X } = FA.C {X } 
inc inc total 

2 ••• independent set of loads for each 
i ncrement 

Line 2. Loading title (2DA.4) 

Line 3. Loading control {SIS) 

Line 4. 

Line 5 . 

Line 6. 

1 - 5 NSTRS (Not used) 
6 - 10 Number of nodes where point loads are applied. NRE 

11 - 15 Gravity load f l ag. if nonzero read lines 5 and 6. 
16 - 20 Pressure load flag. if nonzero read lines 7, 8 and 9 . 
21 - 25 Temperature load flag. currently not available. 
26 - 30 Centr ifuga l force flag. if nonzero read lines 5 and 6. 

External 
1 - 10 

11 - 20 
21 - 30 

Point load data {I l 0.3f10.3) 
Node number 
force in the X direction 
f orce in the Y direction 

NRE lines 

Gravity and centrifuga l force data (3F10.3) t wo or three lines 
1f NRC + NRC > 0. Otherwise go to line 7. 

1 - 10 Angle of Y or Z axes fr om gravity axes. clockwise 

11 - 20 

21 - 30 

positive . THEDA 
Number of g's applied for this system 
(Only when NRC = 1) GRAV 
Angular ve locity in radians/unit time 
(on ly when NRC = 1) ANGVEL 

Density (8Fl0 . 3) 
DENS ( 1) 
DENS {2) 

1 - 10 Density for material 1 
11 - 20 Density for mater ia l 2 

Line 7. Pressure element co~tro l. if no pressure loads (i. e. NRPRS=C) 
leave out and go to line 10. (SIS) 
1 - 5 Numbe r o f line elements on whic h pressures are applied 
I.NE 



Note each line 8 and 9 should be in sequence i . e., 8,1 
9.1 
8,2 
9,2 
etc. 

Line 8. Element nodes with applied pressure, one line/element (4IS) 
1 - 5 node 1 

o-------------0 
6 - 10 Node 2 

o------o------0 
11 - 15 Node 3 

o----o---o----0 
16 - 20 Node 4 NOPL (I), I=1 ,NSFR•1 

Node numbers on e l ement pressure s urfaces numbered in 
counterclockwise direction. 

Line 9. Pressure data (8F10.3) 
(a) same loads on each node of line element 
1 - 10 Normal pressure (Pn) 1 

IPn 
I 

11 - 20 Tangent1a 1 pressure (Pt) V 

21 - 30 Zero I I 
IIPt 
II 

I IV 
- ------> 

(b) Different loads at eac h node of line element Pn 
1 - 10 Pn I 

I Node 1 
11 - 20 Pt I 

21 - 30 
Node 2 

31 - 40 

etc . 

Return to 8 for next line element. 

Note (a) does not apply for linear e l ements 
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Line 10. Load increment data (IS) 
1 - 5 Number of load i ncrements 

Line 11 . Load . factor data (16F5.3) 
1 - 5 Multiplier for increment 1 
6 - 10 Multiplier for increment 2 

etc. 

NINC 

FAC (1) 
FAC (2) 

Line 12. Output control data (1615) NOUT(I), I=1,NIC 
1 - 5 s 0 t s = 1st i teration write out indicator 

t = f inal i teration write out indicator 

all printout i s given up to and including s or t 

s or t = 0 no output 
1 displadements at nodal points 

= 2 reactions at constrained nodes as 
= 3 stresses at gauss points as wel l 
= 4 residua l forces at nodes as wel l 

6 - 10 NOUT l2~ 
11 - 15 NOUT 3 

etc. 

Line 13. Iteration and convergence data (110,F10 . 3) 
1 - 10 Maximum number of iterations NIT 

11 - 20 Convergence factor in percent CONFAC 
checks on 100 x(Sum of (force residua l s () 
divided by (Sum of (applied forces () 

we ll 
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GROUP 7 REDUCED PRINTOUT CONTROLS 

Line 1. Print control (215) 
l - 5 Number of elements to be printed. If negative . 

all e lements printed. 

Line 2. 

6 - 10 Nodal point output control, if zero. no nodes 
printed, if 1, all nodes printed . 

Llst of 
l - 5 
6 - 10 

11 15 

elements to be printed (1615) 
element number to be output 
element number to be output 
element number to be output 

etc. 

(only 1t" NELP > 0) 

• • • • • • • • • • • • • • • * • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • ••••• • • •••••• • •• •• •• ••••• • • 



SCRUBS.MOV 

This file is written in blocked binary form as follows: 

Record 1. (22 words) the first twenty words are the tit l e of the 
problem and the last t wo words are NE, the total number of 
elements, NP. the total number of noda l points. that is, 

T1TLE.NE.NP 

Record 2. (2xNP+SxNE words) the first two lists are the nodal point 
coordinates, the next is the element connectivity , and the 
last 1s the element type. 

~
CORD ~I.l), 1=1.NP), (CORD (I, 2) , I=l, NP) , 
(NOP 4•(K-l)+M),K=l,NE),M=l,4), 
IMAT 1),1=l,NE} 

The following records are repeated for each load increment. 

Record 1'. (1 word) Increcent number, T1NC. 

70 

Record 2'. (3x2xN? words) Nodal point displacements, repeated 3 times. 

{
TD1S{l,Il ,TD1S~2,Il,1:LNPi, TDIS 1,1 ,TDIS 2,1 ,1-1.NP , 
TD1S 1,1 .TDIS 2,1 ,1=l,NP 

Record 3'. (4xNE words} Average element stresses 

((SPLT(I,J),J=1.NE),I=1,4) 

Record 4'. (4xNE words) Average element strains 

((SPLT(1,J) ,J=l.NE} .1=1.4) 
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RUB.MOV 

The records o f this fi l e are written to draw rubbleized groups of subelements to 
effectively display a failed region. 

Record 1 . (2 words,£15.5,15) Increment number,TT. and total number of 
parts, I CNT. 

Record 2. (4 words, 415) Number of "parts", NONE: number of nodal 
points.NUMNP; number of unfailed elements. NP2; number 
of entries in connectivity array, NCON. 

Record 3. (2 words, 215) Beg1ning element number ,NPl: Ending element 
number. NP2. 

Record 4. (3xNUMNP words. 6e12.5) Nodal point coordinates 
(CORD(I,l).CORD(I ,2) .O.O),I=l.NUMNP) 

Record S . (4XNUMEL WORDS. 1615) connectivity array 
(IXAR(I).I=1,NCON) 

The above records pr~vide geometry data for the original mesh. The following 
records a r e wr1tten,for each and every failed or rubble element, to describe the 
rubbleization as a "rubble" region . 

Record 1'. (4 words, 4IS) The variables NONE, NJ, NPT AND NCON. These 
standard descriptors for the group o f rubble s ube l ements as 
used to describe a rubble region {see below). NONE i s the 
number of "parts" for this group (i.e. 1) . NJ 1s the number 
nodes (i.e. 12). NPT is the number of e l ements, (i . e. 5). 
and NCON is the number of entries in the connectivity 
(i.e. 20). 

I 
I 
I I I I I 1---------------------------------------1 
I I I I 
I I I 
I I I I 
I I I 

Record 2 '. (2 words, 215) The variables NPl and NP2 which are the 
smallest and largest element numbers associated with the 
subelement group. 

Record 3'. (36 words, 6£12.5) the coordinates of the subelement group. 
(RN(J) .ZN(J) .0 .0) .J=l.12) 
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SCRUBS.RST 

This file is the restart file that i s used to both restart from and write 
subsequent restart files. A f ile i s a utomatically written after each converged 
increment. To restart a run, the fo llowing lines of SCRUBS.DAT, along vith the 
proper SCRUBS.RST file, are a ll that are requi red. 

1. Croup 1. line 1. 
2 . Croup 3, a ll l i ne s 
3. Croup 6, lines 10,11.12.and 13 . 

Note: Croup 6. line 10 (NINC) must be changed to the number of remaining load 
incremen~! ~• •• • •••• ••• •• •• • ••• • • •••••• •• •• • •• • •• •• • •• • ••• •• •• •• • •• •• • ••• •• • • • • ••• 



SCRUBS.LIS 

This file contains input and output data formatted into a readable 
form . The input data is first written in its entirety, and includes a 
nodal mapping for the node numbers changed due to the slip plane addition. 

After the i nput data is written, convergence information is output for 
each iterat i on. This i nformation i ncludes run times at various points in 
the program, and i nformation on current loads. residuals, displ acements, 
and plastic work. Convergence is reached when the normal of the res idual 
su.m ratio reaches the convergence percentage specified by the user. The 
flag NCHECK will be zero when convergence is attained. 

The last portion of this fi le contains the output 
Output includes displacements and reactions for a ll boundary 
displacements for all nodes if specified , and all stresses at 
point of any elements specified. 

information . 
nodes, noda l 
each gauss 

SCRUBS also has several checks for err·ors or incomplete solution 
which halt execution before the solution is obtained . For each of these 
an error message is output to the SCRUBS.LIS file. The following is a 
list of each of t hese stops, including a descr iption and poss ib l e cause of 
the error . 

NO CONVERGENCE ON INCREMENT I 
Solution could not be 

specified. This ls usually due t o 
corrected by reducing the loads. 

reached in the number of iterations 
too much plastic flow and can often be 

NEGATIVE DET STOPPED AT ELEMENT NO = I 
Xl. Yl= X ' y 
X2.Y2= X • y 
X3,Y3= X • y 
X4,Y4= X ' y 

This indicates a e l ement is improper l y deformed as shown 
1 3 1 4 

) ( 
2 2 3 

Usually caused by too large of deformations. 

PROGRAM HALTED IN SET STFFNESS SPACE EXCEEDED 
Bandwidth is too high and stiffness dimensioning is exceeded, 

bandwidth must be decreased . 

PROGRAM HALTED IN SOLVE 
NEGATIVE OR ZERO DIAGONAL STIFFNESS 

Stiffness matrix is not positive definite, error in materia l 
parameters or problem has rigid body modes . 

ERROR-- FRACTURE SCPACING (DELTA) MUST BE POSITIVE & NONZERO 
Fracture spacing has been input improperly 

ERROR-- HALTED IN SLIPP. ERROR I N CONNECTIVITY 
When slip plane is being added, improper slip 

leads to this e rror. Caused by improper mesh generation 
slip plane along a free edge. 

ERROR-- NODE I NOT FOUND IN CONNECTIVITY ARRAY 

node numbering 
or adding of a 

Program cannot find new node number of a node in the nodal 
mapping. Caused by error in mesh generation . 

......................................................................... 
•• •• ••••••••••••••••••••••••••••••• ••• •• •••• •• ••• •••••• •• ••••••••••••••• 
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APPENDIX C 

SCRUBS CODE LISTING 

The following appendix contains the program listing of the computer 
code SCRUBS. This listing is included since SCRUBS was greatly updated in 
both logic and programming as this thesis was conducted. The subroutines 
will be found in a lphabetical order. A summary of these subrout ines with 
thei r descriptions can be found in appendix A. 



Subrou~1 nt BSUB 

Co nducta system&tic b.1clc-subst.i~ution &nd solvea for boundary 

d1splacemenu and reaction trausformatious. 

Wriueu: 

Last modified:JU L 24 I 984 

·----·---------------------
•---··-------·------.--·----·-----

·---------·--··----·------------·-
·-------.. ·--------·----

SUBROUTINE BSUB 

IMPLICIT DOUBLE PRECISION (A-H.O-Z) 

DIMENSION DIS(2.SOO) 

COM.~ION/CONTR/TITLE{20),NP,NE,NB,NDF', :-ICN,NSFR,:-ISZF, LV.NPP, ICS. 

NCORD,NSK,NSIZ.NL,NBUF,NT,ND,NNP,ILD,NLD,NM.AT,IT,NIT,INC,!\1NC. 

2 NSTORE,MPR,LDTYPE,F ACTOR,OMEGA,CONF AC,NY!ELD,!STS, NA LGO,PWO RK, 

3 TPWORK 

COMMON/ GEP/ FAC{40),NOUT(40),0RT(IO,IO),NOPR(30),10NARY(IOOO) 

COMMON/80UN/ NBC(400),NFJX(400),U(800),ANG(iOO),TRC(800), 

US(400,2 ) 

l'OMMON/ LDS/R t( :!OOO),RL(2000),RT{2000) 

COMMON/SCR/SK(20000) ,R 

EQU IVALENCE (SK(l),DIS(l,l)) 

REWIND 3 

BACKSPACE 1 

ND= ND-1 

KJ = NDr• NP 

DlS(NOr,NP)= R l(KJ) 

Rl(KJ)=O 

1= 1'\DF 

L= NP 

NDU F=NDUF -2 

IF(:o-"NP EQ I) BAC KSPACE 4 

GO TO 40 

l5 



St ~,., 3ystem~tic back substitution. 

10 l-=lr1 

20 1= 1·1 

NNP=SK(NBUF) 

IF(NNP EQ. 1) BACKSPACE 1 

NDUF= NBUF-1 

NSZ=SK(NBUF) 

IA- NBVF-NSZ 

NDUF=IA·3 

KJ= NDF •(lr1)+1 

GASH=R1{KJ) 

Rt(KJ)=O 

DO 30 J= l ,NSZ 

LJ- L+ (J+I· 1)/NDF 

K= l+ J-{LJ-L)•NDF 

GASII= GASH-SK(lA)•DlS(K,LJ) 

30 lA= lA+1 

DIS(l ,L)= GASH 

~ 0 IF(SK(NBUF+:!) GT 0) GO TO 50 

R1(KJ)= DIS{l ,L) 

DIS(l,l-}= U(ND) 

ND= ND-1 

50 CONTINUE 

IF(l -. l,-2) 60,00,60 

60 IF(NNP NE. 1) GO TO 70 

READ(4) NBUF,(SK(ll),li= NSK,NBUF) 

BACKSPACE 4 

70 IF( I NE 1) GO TO 20 

80 I • NDF+ 1 

GOTO 10 

00 CONTINUE 

Oounduy dllpl~cem~nu nd ru ct1on trao3form~roo 

·--------

NOSII= O 

DO 110 M= l ,NB 



100 

MOSH= NOSH+ I 

NOSH,..,MOSH+ I 

N= NBC(M) 

NASH= 2•N 

MASH:~NASH- 1 

RX= RI(MASH) 

RY= RI(:'-JASH) 

lF(ANG(M) EQ.O ) GOTO 100 

GASH= ANG(M)• 017453202 

CS=COS(GASH) 

TN= TAN(GASH) 

DXC= DIS( I ,N)•CS 

DYC= DIS(2,N}•CS 

DIS( I ,N)= DXC-DYC•TN 

DIS(2,N)= DYC+ DXC•TN 

RXC= RX•CS 

RYC= RY•CS 

RX= RXC-RYC•TN 

RY= RYC+RXC•TN 

TRC(MOSH)=TRC(MOSH)+RX 

TRC(NOSH)= TRC(NOSH)+RY 

RT(MASH)=RT(MASH)+RX 

RT(NASH)= RT{NASH)+ RY 

110 CONTINUE 

RETURN 

END 

., .. 
' I 



Subroutene CONRUB 

ThiS subrout1o~ cht-<b for rubbl~/cont.iouum 1oter~tioo ~od 

comput~ th~ hydro3Ut1C fore~ io t.h~ rubble if ~ 

coououum elemeot. 13 eo cooh.ct.. 

Wntteo 

Lut modi6~d .JUL HI I 984 

·--------·-······---···-----··----··------
· ··-·--------·--~-----····,..--··-----·-----.. -------

Ca.lled by: RESIDUE 

·--------··-------

SUBROUTINE CONRUB(SIGRES,M) 

IMPLICIT DOUBLE PRECISION (A-H,O-Z) 

COMMONf CONTR/ TITLE{20),NP,NE,NB,NDf,NCN,NSfR, NSZf,LV,NPP,IPS, 

NCORD,NSK,NSIZ,NL,NBUF .NT.ND,NNP,ILD,NLD,NMAT,IT,NIT,lNC,NINC. 

2 NST OR E,MPR,LDTYPE,f ACTOR,OMEGA,CONF AC,NYIELD,ISTS,NALGO,PWORK. 

3 TPWORK,KNE 

COMMON/ FG/ FLAG(tOOO),BULK(t000,2),MJNE(tO,.SO),NME(t O),GAMMA 

COMMON/SCR/ DIS(2, 1000),TDIS(2,IOOO),DISN(2,1000),CORD(t000,2) 

,NOP( 1000),1MA T( 1 OOO),TSTS(S, <tOOO),EPSTN( 5,1000) 

COMMON/G EP / F AC( 10),NOUT( 10),0RT(IO,IO),NOPR(30),10NAR Y( 1000) 

S IGRES=.OOOI 

·--·-····-----------------··-------

Co mpute3 uu of rubble elemeot. 

Kl - (M· I)•4•NSFR+ I 

KZ = Kl + NSFR 

K3= KZ+ NSFR 

K•= K3 ;.NSFR 

Jt - NOP(Kl) 

J2= NOP(K2) 

78 



J3=NOP{K3) 

J1 = NOP(K<t) 

C081 =CORD(J2, I ).CORD{Ji,l) 

COE2=CORD(J3,2)-COR D( J 1,2) 

C'OB3=CORD(J3. l)-CORD{Jl , l) 

COE-t - CORD(J4,::l}-CORD(J2,2) 

AR EA= .S• (C0El•COE2+COB3•COE4) 

IF(AREA.OE.BULK(M.2)) RETURN 

•-----.. ----····--------·· 

10 

Computes bydrost i!.tic compaction force since c~nta.ct 1s esta.blished. 

BSTN={A REA-BULK(M,2))/ BU LK(M,2) 

SIGRES= BSTN•ABS(ORT(NMAT,l)) 

WRITE(6, 10) M,AREA,BULK{M,2),SIGRES 

FO RMAT(' M,AREA,BULK(M,2),SIGRES !'1!!!!!',1~,3El3.3) 

RET URN 

END 

•--------------------
•--------------"' 

S ubroutine CONVG: 

D~term10e3 the perc~nt convergence. 

Wntteo 

L~t mod1fied:JUL 10 1081 

•---

Ca. lled by: SCRUBS 

··------·· 

SUBROUTINE CONVG(NCHECK) 

IMPLIC IT DOUBLE PRECISION (A·H.O-Z) 

DIMENSIO N RAB(2) 

79 



c 

c 

COM.\iON/ CONTR/ TITLE{20),NP,l\'E,NB,NDF.NCN,NS F'R,NSZF,LV.NPP,ICS, 

NCOR D, NSK,NSIZ,NL,NBUF' ,NT ,ND,NNP,ILD ,NLD,NMA T ,IT,NIT,rNC,NlNC, 

2 NSTORE,MPR,LDTYPE,F ACTO R,OMEGA,CONF AC,NYlELD,ISTS,MALGO,PWORK, 

3 TPWORK 

COl\ 1M ON / LDS/ R I (2000),RL(2000),RT(2000) 

COt-~!ON / SCR/ 015(2,1 000), TDIS(2,1000).D ISN(2, t000),CORD( 1000,2) 

.NOP(4000),1M.AT( IOOO),TSTS{.S, 4000),EPSTN(b.4000) 

2 ,STRS(4),STRN(4),R(3),RMAX(2),RTOT(3) 

COMMON/ FG/ FLAG( IOOO),BUlK(l 000,2),M1NES(JO,.SO),NME(tO),GAMMA 

MASH= NCHECK= O 

MASH=O.O 

NCHECK=O.O 

R(l)= R(2)= RMAX(l)= RMAX(Z)= RTOT(I)= RTOT(2)=SUMD=SUMTD= O. 

R( t )= O.O 

R(2}=0.0 

RMAX( t )= O.O 

RMAX(2)= 0.0 

RTOT( l )=O 0 

RTOT(~)=O.O 

SUMD=O.O 

SL'MTD=O.O 

DO 20 l= t ,NP 

DO 20 K=1.2 

MASH= MASH+ I 

GISH= RT(MASH) 

GOSH=DIS(K.l) 

GESH= DISN(K,I) 

GASH= G ISH-R !(MASH) 

C IF (I.GE.I.AND.I.LE.7) WRITE (6,10) I,K,RT(MASH), 

C RI(MASH),GASH 

C IF (I.GE 12.AND I LE. I8) WRITE (6,10) I.K.RT(MAS H). 

C R t (MAS H).GASH 

10 FOR~1AT(' •• • I,K,RT(MASH),Rl(MASH),GASH.•• ' 2 1~.3Et .S. 5) 

Rl{MASH)= GASH 

R(K)= R(K}+GASH• GASH 

RTOT(K}=RTOT(K)+GISH•GISH 

SUMD=SUMD..-GOSH •GOSH 

SUMTD=SU~ITD+GESH•GESH 

GASH= ABS(GASH) 

IF'(GASH.GT RMAX(K ))RMAX(K)= GASH 

20 CONTINUE 

R(:l )= R(l)+R(2) 

RTOT (3)=RTOT(l )+RTOT(Z) 

DO 10 K= t .3 
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R(K)=SQRT(R(K)) 

RTOT(K)=SQRT(RTOT(K)J 

IF(RTOT(KJ.LT. lE-10) RTOT(K}= l. 

30 R(K)=lOO.•R(K)/ RTOT(K) 

SUMD=SQRT(SUMD) 

SUMTD=SQRT(SUMTD) 

IF(SUMTD.LT. lE-::!0) SUMTD=l. 

IF(SUMO.LT. lE-20) SUMO=!. 

SUM= IOO.•SUMD/SUMTD 

IF(SUM.GT.CONFAC) NCHECK= l 

WRITE(6.~0)(RTOT(K),K=1,3),(R(I), I=1.3) 

40 FORMAT(/SX,'X-NORM OF TOTAL LOADS = ',E18.6/ 

SX.'Y-NORM OF TOTAL LOADS =',E18.6/ 

2 SX,'NORM OF SUM OF TOTAL LOADS ='.El3.6/ 

3 SX,'X-NORM RESIDUAL RATIO =',El8.6/ 

4 SX,'Y-NORM RESIDUAL RATIO =',E18.6/ 

S SX,'NORM OF RESIDUAL SUM RATIO = ',El3.6,SX} 

WRITE{6,SO)SUMD,SUMTD,SUM,NCHECK 

SO FORMAT(/SX,'NORM OF CURRENT INCREMENTED DISPLACEMENT =',E18.6/ 

SX,'NORM OF CURRENT TOTAL INCREMENTED DISPLACEMENT =',El-:!.6/ 

2 SX,'NORM OF DISPLACEMENT RATIO =',E18.6,SX.'NCHECK =',12) 

IF(IT.GT.l ) GO TO 60 

RAO(l )-RMAX(l) 

RA 8(2 )=RMAX(2) 

GO TO 80 

60 DO 70 1= 1,2 

70 RMAX(I)= IOO.•RMAX(I)/ RAB(I) 

80 WRITE{6,00)(RMAX(K),K=1 ,2) 

00 FORMAT(/SX,'MAXIMUM X-RESIDUAL =',E18.6/ 

SX,'MAXIMUM 'I-RESIDUAL = ',El8.6) 

PRATI0=-100. 

TPWORK= TPWORK+PWORK 

IF(TPWORK.NE.O )PRATIO= I OO.•PWORK/ TPWOR K 

WRITE{6, 100 )PWORK. TPWORK,PRATIO 

100 FORMAT(/SX,'ITERATIVE PLASTIC WORK = ',El8.6.2X,'INCREMENTAL' 

I PLASTIC WORK ='.El86/ 

2 SX,'PERCENTAGE PLASTIC WORK =',F7 2) 

RETURN 

END 
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Subroulla t CORNN· 

Tb1s subroutlat dtttnniae3 if aod t [)( is ~ cornu oodt. 

Wnueo: 

L~st modified:JUL 24 1g84 

C~lled by: S LIPP 

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

10 

20 

SUBROUTINE CORNN(NADD,NSFR,NP,IFLAG,IX) 

IMPLIC IT DOUBLE PRECISION (A-H,O-Z) 

COMMON / SCR/ 015(2,1000), TDIS(2,1000),DISN(2, IOOO),CORD( 1 000,~) 

.~OP( -tOOO),IMA T( 1000), TSTS(5, 4000),EPSTN(~. 4000), DUMMY( 1000} 

REAL CORN 

J= O 

J= J + I 

IF(J GT 4000) THEN 

WR ITE(6,20)1X 

FORMAT(' ERROR- NODE ',13.' NOT FOU:--ID IN ' 

'CONNECTIVITY ARRAY') 

STOP 

ELSE 
IF(NOP(J) NE.IX)GOT O 10 

CORN= FLOA T( J-1 ),'FLOAT(NSFR) 

CORN=CORN-IFIX(CORN) 

IF(CORN NE 0 O)RETURN 

NADD- NSFR 

If 1t 11 ~ contr node. !FLAG = I. 

·----- --
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RETURN 

E:-IDIF 

END 

···----------------------------------

Subroutiat DATALST. 

Wn\ea Litle, l1ne number3 for !ilea (pr~enLiy not. 113ed). 

WnLLen: 

Last modilied:JUL 24 I 984 

······---··----·---·---
... ---······--------·---·- ·----------

c 

Called by. SCRUBS 

SUBROUTINE DATALST(IOlN,IOSC,IOPR) 

IMPLICIT DOUBLE PRECISION (A·H,O.Z) 

COMMON/ DLIST / LN.LNCT,TITL(:!tl) 

DIMENSION IA(8) 

DIMENSION IA(20) 

10 LN LNC:T 

WRITE(IOPR ,::!O ) TITL 

C~O F'ORMAT(6X,SA IO// 

~0 F'ORMAT(6X .~OA~/ I 
I t4X, ' t0' .8X ."Z0'.8X,'30',8X. ' 40'.8X. '.S0',8X.'60 '.8X. '70'.8X, 

2 '80'./,6X, '1234.S678001 :?34567890 12345678001234567800 1:?3456 78' 

3 '00123456780012345678001234567800') 

C30 READ(IOIN,40) lA 

30 READ(IOIN,40,EN0=70} lA 

C 40 FORMAT(8AIO) 

40 FORMA T(20A4 I 

C IF(EOF(IOJN)) 70,50 

.SO WRITE(IOSC,40) lA 

WRITE(IOPR,60) lA 

C60 F'ORMAT(6X ,8AIO) 

60 F'ORMAT(6X,:!OM) 
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70 

LN= LN·I 

IF'(L:-J.LE.O) GO TO tO 

GO TO 30 

ENDF'ILE IOSC 

REWIND IOSC 

RET URN 

END 

---- --------- -------
·- --,-----·------·-··--·-

•----·-· 

Subroutine DROP: 

Cb.ecb for elements a.bout to fa.i l a.nd adjusts geometry for 

fc11 lure. 

Wnu~n: 

La.s~ modified.JUL 19 198-4 

Called by: RESIDUe 

··------·-·----·---·-·---- ·--

Subroutines ca.ll~d :RZBASEEXIT 

•-----······------------
··---- ----·-·· ·- --···- - -----

SU BROUT INE DROP(NUMEL,NU~iNP,AK) 

IMPLICIT DOUBLE PRECISION (A·H,O-Z) 

C"OMMON/CONTR/TITLE(~O),NP,NE.NB,NDF',NCN.NSfR,NSZP,LV ,NPP, ICS, 

NCOR D,NSK. NSIZ, NL,NBUF' ,NT ,ND,NNP ,ILD,NLD.NMA T ,IT,NIT. !NC,]>..'lNC, 

2 NSTOR E.Mf'R ,LDT YPE,F' ACTOR,OMEGA.CONF AC,NYIELD ,ISTS,NALGO.?WORK, 

3 TPWOR K. KNE 

COM~10N/FG/ FLAG( I OOO),BULK( I OOO .~).MINES( IO.~O),NM~ IO},r;;U.{MA 

COMMON/SCR/D IS{2, 1 000),TDIS(~. I OOO),DISN(~, IOOO),CORD(t000,2} 

.NOP( i OOO),IMA T( 1000 ), TSTS(5,1000),EPSTN(5,i000), DUMMY( 1000) 

COMMON / BOUN/ NBC( 100},NFIX( 100 ), U(soo),ANG( 100 }, TRC(800), 

IJS( 400 .~) 

COMMON /GEP / F' AC( -tO),NOUT( iO),ORT(tO,t O),NOPR(30),10NAR Y( 1000) 



10 

~0 

OI~IENSION IBTMS(i ),MSN{2,4} 

Cbtclc for elemeot' rtady to f~l. 

DO ~00 l= t ,NUMNP 

FLG=FLAG(I) 

IF(FLG EQ i ) GO TO 20 

IF(FLG.EQ 8.) GO TO tO 

00 TO 200 

CONTINUE 

ZOLD=COR0(1,2}-TDIS(2,1) 

ZNEW= AK 

GO TO 100 

CONTINUE 

·-----··-------------

D1op lo Jutw 

·----··· 

ZOLD=CORO(l .~ )-TDIS(2,1) 

··-··-·-·····---····-.. ·----------· 

F1od bonom eltmeoL oumben. 

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

IBTMS( I)= O 

10TMS(2)= 0 

IBTMS(3}= 0 

IBTMS(4)= 0 

ICNT=O 

L- NSFR •4 

DO 40 N - t,t .. <UMEL 

DO 30 K= 1,4 

KK=(N·I)• NSFR•HK 

IF(NOP(KK} NE.I} GO TO 30 

ICNT = ICNT + t 
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30 

40 

IBTMS(ICNT)=N 

CONTINUE 

CONTINUE 

GO TO (50,60,70,70) ICNT 

ICNT= I, top corn~r node drop. 

•--------·--·--·---··--·-------.------·-------

so IBOT= IBTMS( I) 

MX= fMAT(IBOT) 

IF(MX.GE. IOO) MX=tvOC-100 

AR.EA= BULK(IBOT,2) 

ALPH= ORT(MX,8) 

ANEW= AREA/ ALPH 

IR EF'= (IBOT -I )• NSFR •4 

II = NOP(!REF'+ l) 

12=NOP(IREF+ l +NSFR) 

13= NOP(IREF+ l -t-NSFR• 2) 

I4 = NOP(IREFT l +NSFR• 3) 

CALL RZBASE(I.IBOT ,Il ,I2,13,14,R,Z,RLEN,ZBASE) 

ZJ.EN= ANEW / RLEN 

GO TO 90 

·-------·--·-----

IC NT= 2. 3ide boundary element drop. 

•---·----------------.. ------

60 CONTINUE 

DO 70 K=l,ICNT 

IBOT= rBTMS(K) 

IREF= (IBOT-l )•NSf'R• 4 

ll = NOP{IREF+ I) 

12=NOP(IRI:';F+ l +NSf'R} 

13=NOP(IREF+ l -rNSFR• 2) 

14=NOP(IREf'+I+NSFR•3) 

ZAVG={CORD(11 ,2)+CORD{I2,Z)+CORD(13,2)+CORD(I4,:!))• 25 

ZA VG= ZAVG-.2S•(TDIS(Z.I I )+TDIS(2,12)+ TDI${2,13)+ 

TDIS(2,14 )) 

MX = IMAT(IBOT) 

lf'(MX.GE.IOO) MX= MX-100 
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75 

·- ·----

70 

A LPH=ORT(MX,8) 

A REA=BULK(IBOT,2} 

IF(ZA VG.GT.ZOLD) GO TO 7S 

MX=IMAT{IBOT) 

IF(MX.G£.100) MX= MX-100 

ALPH=ORT{MX,8) 

AREA= BULK(IBOT,2) 

ANEW=AREA/ ALPH 

C ALL RZBASE{I,IBOT, Il ,I2,13,14,R ,Z,RLEN,ZBASE) 

ZLEN=ANEW / RLEN 

CONTINUE 

GO TO 90 

ICNT = 4, interior node d rop. 

CONTINUE 

ZBASET=O.O 

RLENT=O.O 

ALPH= O.O 

AREA=O.O 

ZDST=O.O 

DO 80 K = l,ICNT 

IBOT = IBTMS(K) 

IREF=(IBOT-l}•NSFR• 4 

ll =NOP(IREF+1) 

12= NOP(IREF+ 1 +NSFR) 

I3= NOP(IREF+ l+NSFR•2) 

l4= NOP(!REF+ !+NSFR•3) 

ZAVG=(CORD(I1,:!)+CORD(I2,2)+CORD(13.2)+CORD(l4,2))• :?5 

ZA VG=ZAVG-.::!5• (TDIS{2,11 )+ T DIS(:!,l:!)+ TDIS(:! ,13)1-

TDIS{2.14)) 

IF(ZAVG.GT.ZOLD) GO TO 80 

MX=IMAT(IBOT} 

lF(MX.GE.lOO) MX=Z..-DC-100 

ALPH= ALPH+ORT(MX,8} 

AREA= AREA+BULK(IBOT,2) 

CALL RZBAS E{I,IBOT,Il.l2, 13,14,R,Z,R LEN,ZBASE) 

RLENT= RLENT+ RLEN 

ZBASET=ZBASET+ZBASE 

C I= CORD(I l .Z}-TD!S(2,11} 

C2=CORD{I2,:!}-TDIS(2,12) 
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80 

c 

C3=CORD(I3,2}-TDIS(2,13) 

C1=CO RD(I1 ,2}-TDIS(2,1i) 

ZDI= ABS(C3·CI) 

ZD2= ABS(C2-C1) 

ZZZ= ~·(ZD I +ZD2) 

ZDST ... ZDST + ZZZ 

CONTINUE 

ALPH= .S• ALPH 

AJ'JEW= AREA/ ALPH 

ZLEN- ANEW / RLENT 

... ·-·----·-------·-----·----.--.......... _________ _ 

00 

100 

110 

IZO 

ZLEN i~ r«omputed h~re to circumv~nt errors wh~o sloping elements 

are U!ed, ZLEN i3 computed a3 the a.verag~ of the bulked vertical 

di3taoce between dia.gooa.Js of one of the bottom elements. 

ZLEN= ~ · ZDST 

ZLEN= ZLEN/ ALPH 

ZBASE= ~·ZBASET 

CONTINUE 

ZNEW= ZBASE+ZLEN 

lf(ZNEW GT .ZOLD) ZNEW=ZOLD 

CONTINUE 

FLAG(I)= IO 

DRP= ZNEW-ZOLD 

CORD(I ,Z)= ZNEW 

TDJS(2,1)= DRP 

WRJTE(6,110} I.ZNEW,ZOLD,DRP,AK,ZLEN,ZBASE,ANEW,RLEN, 

ALPH,AREA 

FO RMAT(' l,ZNEW.ZOLD,DRP,AK,ZLEN ,ZBASE,ANEW,RLEN,' 

' ALPH,AREA ' ,/ JS,SEIS.S/ SEIS.S} 

lf(NSFR NE.Z)GO TO HO 

DO 130 IE= 1,1 

N-(IBTMS(IE}- 1)•8 

DO IZO M= l ,7,2 

M:M= M+N 

IF(NOP(~f) NE I)GO TO 1~ 

MSN( t ,JE)= :IIOP(MM+ l ) 

IF'(MM EQ 7)MSN(2.1E)=NOP(MM-6) 

CONTINUE 

IM= MSN(l ,IE) 

ll= MSN(2,1E) 
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130 

·--

CORD(IM,2)=(CORD(I,2)-tCORD(II,2}}/ 2 0 

TDIS{2,1M)=(TDIS(2,1)+ TDIS{2,11))/2.0 

Uoul bulloos IS de6o~ . 6x oodes ut~r faiL 

..... -------·----···-·-----------------

140 

ISO 

160 

170 

180 

NBTOP= NB 

DO 160 KK=t ,:>JB 

ICHECK= NBC(KK) 

IF{ICUECK.EQ.I) NFIX(KK)= 11 

IF(ICHIDCK.EQ.I) GO TO 170 

IF(ICHECK.LE.I) GO TO 160 

NBTOP= NB+ I 

NBCN=I 

NFIXN= Il 

DO 150 JJ= KK,NBTOP 

NBC~iOV=NBC(JJ) 

NFIXMOV=NFIX(JJ) 

NBC(JJ)=NBCN 

NF'IX(JJ}=NFIXN 

NBC N= NBCMOV 

NF' IXN=NF'IXMOV 

CONTINUE 

GO TO 170 

\..ONTL'WE 

NBTOP= NB+t 

NBC(NBTOP)=I 

NF'IX(NBTOP)=tt 

NB.- NDTOP 

IF(NBTOP LE 400) GO TO tOO 

WRITE(6, t80) 

FORMAT(' •••••••• NB EXCEEDS DIMEN!:IONED \'.'\LUE IN ' 

' DROP .. • .. ' ) 

CALL EXIT 

100 CONTINUE 

~o COI\'TINUE 

Fiod bulked ~lements , !et BULK(N,1))=2.0 

··-····-···---
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DO 210 l=l,NUMEL 

IR EF=(l·l )• NSF'R •4 

11 - NOP{IREF'+ l ) 

IZ= NOP{IREF + I +NSFR) 

13- NOP(IREF+ t +NSFR•Z) 

I~=NOP(IREF+I +NSFR•3) 

SCM= FLAG(Il)+FLAG(l2)+FLAG(l3)+FLAG(I4) 

IF(SUM.NE.10.) GO TO 210 

BULK(I,l)=Z.O 

ZIO CONTINUE 

... 

RETURN 

END 

Subrou~u1e FLAGE: 

~akes impac~ node c alcula~aoos a nd new node a3aagomenh. 

Written: 

La.Jt modi6ed:JUL 1g 1g81 

·---·--·-·-·-----

Called by SCRUBS 

·------·-·------------

Subroutioe3 called:NEWNOD EXIT 

SLIBROUTINE FL-AGE (NUMNP,NUMEL-.NTAPE.IIF') 

l~iPLJCIT DOUBLE PRECISION (A-H.O..Z) 

Cm.tMON/ CONTR/TITLE{:!O),NP,NE,NB,NDf',NCN.NSf'R.NSZf'.LV.NPP.ICS, 

NCORD,NSK,NSIZ,NL,NBUF,NT.ND,NNP,ILD,NLD,NMAT,IT,NIT,INC.NINC. 

2 NSTORE,MPR,LDTYPE,F'ACTOR,OMEGA,CONF'AC,NYIELD,ISTS, NALGO,PWORK. 

3 TPWORK,KNE 

CO~L\10N/F'G/ FLAG( I OOO).BULK{IOOO,:!),MINES( IO.SO),NME{ I O),GA~1MA 

C'O~MON / SCRj DIS(2, I 000), TDJS(Z,IOOO), DISl"('!,l OOO),CORD( I 000.2 ) 

90 



,NOP(4000),IMAT(!OOO),TSTS(S,4000),EPSTN(5,4000),DUMMY(l000) 

DIMENSION IBIE{IOO) 

·------------~--------------------

Reads number of impac~ boundary nodes and write:~ i~ t o 

SCf? U BS. LIS 

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

10 

20 

READ(I\'TAPE,IO) NBIE 

F'ORMAT(IS) 

WRITE(6,20) NBIE 

FO RMAT(' NUMBER OF BOUNDARY IMPACT NODES IS', IS) 

IF(NBIE.GT.IOO) GO TO 140 

IF'(NBIE.EQ.O) GO TO 80 

NCARD= I+NBIE/ 16 

•---------------

Writes impact node list after updating. 

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

30 

o!O 

so 
60 

70 

80 

WRITE(6,30) 

. FORMAT(' IMPACT NODE LIST') 

DO 80 K = l ,NCARD 

KSTART=I+(K-1)•16 

KEND=KSTART+ IS 

R EAD(NT APE, 40) ( IBIE{KK), KK= KST ART ,KEND) 

F'ORMJ\.T(t615) 

IF'( IIF GE.O) GOT O 60 

DO SO KK= KSTART,K END 

CALL N"EWNO D(IBIE(KK)) 

WRITE(6,70)(181E(KK).KK=KSTART,KEND) 

F'ORMAT(IX,t615) 

CONTINUE 

Makes impact node calculatio ns. 

·--·------------·--------·------·---··-·--... ·-------------

DO 100 I=l .Nl.IMNP 
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go 

lCOUl'.'T= O 

FLAG(I)= O.O 

I..=NSFR•1 

DO go J=l,NUMEL 

DO go K=l ,L ,NSFR 

KK=NSFR•1•(J· l )+K 

IF(NOP(KK).EQ.l) ICOUNT=ICOUNT+ I 

CONTINU~ 

IF{IC9UNT.EQ.2) FLAG(I}=2.0 

IF'(ICOUNT.EQ.l ) FLAG(l}= 3.0 

100 CONTINUE 

IF'(NSFR.NE.::!) GOTO 120 

NOP8= NUMEL•8 

DO 110 1= 2,NOP8,2 

MDSD= NOP(I) 

11 0 FLAG(MDSD)=20.0 

120 CONTINUE 

DO 130 I= I ,NBIE 

IF IX= IBIE(l) 

IF{F'LAG(IF'IX).EQ.2.) FLAG(IF!X)=6. 

IF(FLAG(IFIX) EQ.3.) FLAG(IF!X)= 7. 

130 CONTINUE 

RETURN 

·- ------------------· 

Error trap for excessive number of booodary oodl's. 

···--·---···------·---·--·---· 

110 WR.ITE(6, 150) NBIE 

ISO FORMAT(' NDIE IS INPUT AS',IS,'BUT CANNOT OE LARGER 

+ 'TIIAN 100') 

CALL EXIT 

END 



··------
···------

Subrout1u GAUSSP lniLia.lues ga.us:~iu con3bnh. 

Wn~tn· 

Lut moda6td·MAR 10 1084 

·------·--·----·--·-·----

Called by: GDATA 

.......... ---··-··--······-····· .. --............. - ........... ________ _ 

............ _____ .. _______________ ·-·--------··---

SUDROUTINE GAUSSP{M,X,W) 

IMPLICIT DOUBLE PRECISION (A·H,O..Z) 

DIMENSION X(6),W(6) 

CO TO (10, 20,30.~0.50,60),M 

10 X( I I= O 

W(l).-1 

RETUR~ 

30 

40 

so 

X{ I 1= ·0 5773502601806'.:!6 

W(l)= l 

GO TO 70 

X( I 1= ·0 .774506669211483 

X{2 )- o. 

VV(l)==O.SSS55SSS555556 

VV(•.:!) - 0.888888888888889 

GO TO 70 

X( I )= ·0 861136311501053 

X('.!)=·O 33008 1043584856 

W(l )""'0 3H8S~84513H51 

VV(2)=0 652U SIS486':!Si6 

CO TO 70 

X{ I )=·0 906 I i081S038661 

X(2)=-0.S3846031010S683 

X(3)-0 

W( I )=0 2360'.:!6885056180 

VV{2)= 0 4786'.:!8670100366 

VV(3 )=0 56888881!88888811 

GO TO 70 
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60 

70 

80 

X( I )= -0 Q32461l3S42031S2 

X(Z)--0 661Z0938616626S 

X( 3 )=·0 238610 1860831 !17 

W(I)=O 17t3::?H Q2379!70 

W(Z)...O 360761573048130 

W(3)=0 46701303457260 1 

N--M/ 2 

DO 80 J = t ,N 

NASH= M+ t-J 

X(NASH)= ·X(J) 

W(NASII)=W(J) 

R£TURN 

END 

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

Subrouteoe GD:\ TA. 

Ru.d' gtomeLncal d aL.1, bouodary cooditioos, ud g.1ussio1o 

IDLt'SDLIOD do1to1 

\Vnttco 

L~L mode6ed JUL 24 1084 

·····--·--·-----·-······---------
•---··----····-·-····----· 

Called by SCRUOS 

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

Subrouuoes co1lltd.SLIPPNODEXY 

NEWNOD GAUSSP 

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

SUOROUTINE GD:\TA 

IMPLICIT DOUBLE PRECISION {A-H,O-Z) 

COMMONiCONTR/TITLE(ZO),NP,NE,NB,NDF,NCN,NSFR.~SZF,LV.~PP, ICS, 

t NCORD.~::>K,NS IZ,NL,NBUF',NT.ND.NNP .ILD. NLD.NMAT,IT,NIT ,lNC,NlNC, 

2 NSTORE,MPR ,LDTYf'E.F ACTOR.OMEGA.CONF AC.NYlELD. lSTS,NALGO, PWOR K, 
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3 T PWO RK 

COMMON/GEP/FAC(~o),NOUT(40),0RT(IO,IO),NOPR(30), 10NARY(IOOO) 

COMMON/ BOUN/ NBC(-400).NFIX(i OO),U(800),ANG(400},TRC(800), 

L'~(iOO Z) 

COMMON/ G ID/ XG(6},CG(6},XMG(6},CMG(6),NGAUS,MGAUS,MC N 

COMMON/SCR/015(~.1000), TDlS(2,1000),DISN(2.1000),CORD( I 000,2) 

NOP( ~OOO),IMA T ( I OOO),TSTS{~.-fOOO},EPSTN(~.-fOOO) 

DIMENS ION NOPE( 12),DX(3),QUID(3),1B( I:!),NOPD( 12) 

REAL CORDDUM(1000,2) 

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

Read! number of ! lip plaoes (NNP), ! ingular point! (NSJNG ), 

boundil.ry point! (NNBB), ! ummed reaction nodes (MPR), 

1ndex•og vecto r (18), ii.Dd writes to SCRUBS.LIS. 

··-··--·-···-------··-

READ(S.S) NNP,NS ING,NNBB,MPR,(IB(1),1=1,12) 

FORMAT( 161~) 

IF(NB GT 0 AND.NNBB.ElQ.O) 1\'NBB=NB 

WRITE(6,7)NNP,NSING,MPR,(IB{I),I= l . l:!) 

i FO RMAT(IX./ 

N UMBER O F SLIP PL.o\NES--',13// 

2 NUMBER O F SINGULAR POINTS---'.13// 

3 1':0 O F SUMMED REACTION NODES-',13// 

18 VECT OR ',1214) 

IF(IB(I) NEO) GO T O 40 

DO :o 1= 1 , 1 ~ 

10 IB{I)- NSFR 

IF(NSFR·2)40,30,ZO 

CZO l['j(~)= ID(6)=1B(Il)= IB(IZ)= I 

20 113(.~) = 1 

10(6)= 1 

18( 11 )= 1 

18(1 2)= 1 

GO T O -10 

C'JO 18{4)=10(8)= 1 

30 18(-t)-1 

18(8)= 1 

40 C'ONTINUE 

DO~ 11 - I ,NP 

DO SO JJ -= 1.::-\CORD 

50 C'ORD(II,JJ) = 0. 
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•------------·------------------

Ruds noda.J poinL dAtA from QMESH9.0AT . 

. _____ , __ 

60 

RBAD(9) (CORDDUM(N,l ),CORDDUM(N,2),N= l ,NP) 

DO 60 N=l,NP 

CORD(N,l)=CORDDUM(N,l) 

CORD(N,2 )=COR DD UM(N, 2) 

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

R~ads element data from QMESH9.DAT. 

·---------·---- -----

70 

IF (NCN.EQ.8) GO TO 70 

REA D(o)(((NOP(NCN•{K-t)+M),M= I,NCN),IMA T(K)),K= I,NE) 

GO TO 80 

REA D(9)({NOP(8•{K-1 )+I ),NOP{S•(K-1 )+3),NOP(8•(K-I )+5 ). 

NOP(8•(K-1 )+7).NOP(8 •(K-1 )+2),NOP(8•(K-1 )+~ ), 

NOP(B•(K·I }T6),NOP(8•(K-1 )+ B),IMA T(K)),K= I ,NE) 

R~ads boundary da.t a. (rom QMESHO.DAT. 

80 IF(NNBB.LE.O) GOTO 100 

DO 90 f= I,NNBB 

90 RE;AD (5,95) NBC(I),NFIX(I), (US(I,J),J=l ,NDFI ,ANG(I) 

95 FORMAT(21S,4FI0.3) 

100 CONTINUE 

·-------- ------------

Adds slip plue if o~ded. 

IF(NNP.GT.O)CALL SLIPP 
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c 

·--·---

Ceoen.tea coord1utea (or intermtdi~Le nodu. 

lf (NSfR C T. I) CALL NODEXY 

tr(NSING EQ 0) GOTO HO 

lf'(NNP GT.O) CALL NEWNOD(NSING) 

Siogulu poioi c~lcul~tions. 

·---··----·-····-

110 

1:!0 

DO 130 K= I,NE 

DO 110 1 .... 1,8 

ICK= NOP((K·l )•8+1) 

lf'(ICK EQ NSING) GOTO 120 

CONTU'lUE 

GOTO 130 

lf'(lf'P EQ·I) IF'P=7 

lf(lf'P EQ 0) lf'P=S 

NfAR- NOP((K·1 )• 8+ 1f'P) 

XQP= O.ZS•CORD(NF AR.l )+0. 7S•CORD(NSJNG,I) 

ZQP- 0.2S•CORD(Nf' AR,2)+0. 7 S•CORD(NSING,Z) 

IQP- 1·1 

lf'(IQP.EQ.O) JQP= 8 

NQP- NOP((K· I )•8+ 1QP) 

CORD(NQP, l)= XQP 

CORD(NQP,2)= ZQP 

lfP- 1+2 

lf'(lfP EQ 0) lf'P= I 

IF(If'P EQ 10) lf'P=2 

Nf'AR=-NOP((K· 1)•8+1FP) 

XQP- 0 2S• CORD(Nf' AR,I )+0.7S• CORD(NSJNG,I) 

ZQP- o 2S•CORD(Nf AR,2)+0.75•CORD(NSING,2) 

IQP- I H 

lf'(IQP EQ 0) IQP= 8 

:>:QP==NOP((K·I )• 8+ IQP) 

CORD(NQP,I )=XQP 

CORD(NQP .~) ""'ZQP 

130 CONTINUE 
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HO CONTINUE 

IF(NB EQ 0) GO TO 180 

Wn~ts fixed bound~ry conditions to SCRUBS.LIS 

·-------------·---

WRITE(6, 1o!S) 

i4S FORMAT(' BOUNDARY CONDITIONS'/ 

' !'!ODE FIX X VALUE Y VALUE ANGLE') 

DO ISO 1= 1 ,NB 

ISO WRITE (6,0S) NBC{I),NFIX(I), (US(I,J) ,J= I ,NDF),ANG( I) 

IF(MPR.EQ.O) GO TO 180 

READ (S,S)(NOPR(I}, I= I,MPR) 

IF(IIF.GE:.o) GOTO 170 

DO 160 I= I,MPR 

160 CALL NEV.'NOD(NOPR(I)) 

170 WRITE(6,S)(NOPR(I),I=I ,MPR) 

180 CONTINUE 

Ruds g<1ussiu iot~n.tion data and writes coost~uh t o SCRUBS.LIS. 

•----------------·------------

WRITE(6,100) 

190 FORMAT(' GAUSSIAN INTEGRATION CONSTANTS') 

CALL GAUSSP(NGAUS,XG,CG) 

DO 210 I= I,NGAUS 

WRITE(6,ZOO)XG(I),CG(I) 

200 F'ORMAT(ZFIS 8) 

210 CONTINUE 

CAl-L GAUSSP(MGAUS,XMG,CMG) 

DO 220 I= I .MGAUS 

220 WRITE(6,::00)XMG(J),CMG(I) 

RETURN 

END 
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·--·--·---,...·--

S ubrouttne INVAR: 

C.1lcul.1tes invari.10t3 and set3 the yield stre" «"<:ord ingly. 

Wntten· 

La3t modilied:JUL 21 lll8i 

•--------·-------------------------
--------------·---

Called by: RESIDUESTIFM 

•-----------··-·----·------------- ·-- -
·-----·····--···--------

SUBROU TINE INVAR (SSS) 

IMPLICIT DOUBLE PRECISION (A-H,O-Z) 

COMMON/ CONTR/ TITLE(20},NP,I\'E,NB,NDF,t-:CN,NSF'R,NSZF,LV,NPP,ICS, 

NCOR D,NSK,NSIZ.NL,NBUF,NT,ND,NNP,ILD,NLD,NM. .. T ,IT,N IT,!NC,!\'lNC, 

'! NSTORE.MPR,LDTYPE,F ACTOR,OMEGA,CONF AC,NYIELD,ISTS,NA LGO ,PWORK, 

3 TPWORK 

COMMON/ INV / SMEAN,ST J2,ST J3,SIGMA,PHI,APNI,STN,CPHI,YIELD 

COMMON/ MA TP / D( 1 .1), YM,PR,GM,HM, PPR,CLAME,ALPHA,YST, 

TABSTN{IO),TABSTR(IO,IS) 

DIMENSION SSS(1) 

·-·--·-······--·· .. ·--·-·-·----... ·------------

Calculatee invariaot.5 . 

. ._ .. ______ __________ .. ,.. .• _______________ _ 

c 

c 

X= SSS( I) 

Y= SSS(2) 

Z= SSS(1) 

XY = SSS(3) 

SMEAN=(X-rY-rZ)/ 3 

SSS( t)= X= X-SMEAN 

TE~tP=X-SMEAN 

X= TEMP 

SSS(I)= TEMP 

SSS(~)= Y = Y -SMEAN 



c 

10 

TEMP=Y-SMEAN 

Y=TEMP 

SSS(2)=TEMP 

SSS(4)= Z=Z-SMEAN 

TEMP=Z-SMEAN 

Z=TEMP 

SSS(4)=TEMP 

ST J2= XY•XY +.S• (X• X+ Y• Y +Z•Z) 

IF(ST J2.EQ.O.O) ST J2= .0000 1 

ST J3=Z•(Z•Z-ST J2) 

SIGMA=SQRT(ST J2) 

STN=-2.5980762113•ST 13/(ST J2•SIGMA) 

IF(STN.LT.l.O.AND.ST~.GT.- 1.0) GO TO 10 

IF(STN.LE.-.9999) STN= -.9999 

IF(STN GE .. QQQQ) STN= _gggg 

CONTINUE 

PHI= ASIN(STN)/ 3. 

CPHI=COS(PHI) 

CON= 1. i320M807 56888 

MYIELD=NYIELD 

IF(NYIELD GT IOO)MYIELD= NYIELD-100 

GO TO (20,30,40,SO),MYIELD 

·------------·----------------

Von Mises yield condition. 

•---·--·------------------------------·------

20 YIELD=CON•SIGMA 

RETURN 

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

Tresca. yield condition. 

·-----------------

30 YIELD=2. •SIGMA •CPH I 

RETURN 

•-------------·-----------·-·--·------·-·-·---

Drucker yield condit100. 

100 

.... 



·----------·-----

40 YIELD= 3 • ALPHA•SMEAN+SIGM.A 

RETURN 

. _____ , __ , _______ _ 
Btltr<Lml y1tld condition . 

. ..... -·----·--------·--.. ·--------------------· 

so YIELD=SQRT((3.+6.•PR)•SMEAN•SMEAN+2.•(1 .-PR)• ST J2) 

RETURN 

Et'-1"0 

·-----·------------·------------

Subroutine JOINTM: 

Calculat ta JDcremental atre3aea and reaiduab. 

Wriueo 

Lalit mod16ed:JUL 19 I 984 

·-----------------~----------··------

Called by: RESIDUE 

•-------------·-----·-----------------
·-----······--····---···-··---

Subrout1nea ca.lled:ROTATE 

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

SUBROUTINE JOII'IIM(L,STRN,STRS,MOSH.YIELD.PSTRN) 

IMPUC!T DOUOLE PRECISION {A-H,O-Z) 

DOUBLE PRECISION K ,MU,LAMB 

COMMO~ / COJ"\TR /TITLE(~O),NP ,NE,NB,NDF .NC:-.1,:-/SFR,NSZF ,LV ,NPP ,lCS, 

NCORD,NSK,NSIZ,:-.'L,NBUF,NT,ND,NNP,ILD,NLD.NMAT,IT,NlT,INC,NlNC, 

2 KSTORE,MPR, LDTYPE.F ACTOR,OM8GA,CONF AC,NYIELD,!STS, NA LGO,PWOR K , 
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3 TPWORK 

COMMON / G EP / F' AC( 40),NOUT( i O),ORT (l 0,1 O),NOPR(30),10NARY(l000) 

COMM0 :-.1 / SCR/ DIS(Z, I 000}, TD!S(2, IOOO},DlSN('l, ! OOO},CORD( 1000,2) 

,NOP(iOOO),IMAT(IOOO),T STS{5,iOOO),EPSTN(5,1000) 

2 ,SIG(i ),PSIG(4),DSIG(4),EP(4},NG(16),NGSTP(16) 

DIMENSION STRN(4),STRS(4),T(4),TT(4),E(4} 

•------· 

A$$tgns matrnal panmr trn. 

·--·-···· .. -··------------··-----------

K= -ORT(L, l ) 

G = -ORT(L,2) 

CO= ORT(L,3) 

MU= O RT(L,i) 

TH = O RT(L,.S) 

F'AIL= O RT(L,7) 

DEL= O RT(L,9) 

GS= ORT(L, IO} 

•--------------------

Checks for delta &od a, equAl to Jtro. 

•-----·------·-·- .. ·--------------------

IF'(GS EQ 0 O}GS= I 0 

IF'(DEL.GT .O) GOTO ~0 

WRITE(6,10} 

10 FORMAT(/,' ERROR- FRACTURE SPACING (DELTA) MUST BE' 

& ' POSITIVE & NONZERO') 

STOP 

z or Y/ I I 
· I I / < ·crack array 

I/ I I 
II 1 I 
I I I 
I I I 
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1/ I 
I/ / <· angle t heta 

·---~> r or x 

Coord1oate system for cn ck array 

·--------·--------

20 CONTINUE 

ST R:"J(3 )= STRN(3)/2. 

CALL ROTATE(STRN,E,TH) 

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

Gets total stress vector and rotates. 

·--·---··-·······-----------·------

DO 30 1= 1 . ~ 

STRS(I)= TSTS(I,MOSH) 

30 CONTINUE 

CALL ROTATE(STRS,TT .TH) 

Solves for incremental stresses. 

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

TRTDOT = (K-2.•G/3.)•( E( I )+E(Z)+E( -t)) 

T(1)= 2.•G•E( t)+TRTDOT 

T(2)= 2. •G•E(2)+ TRTDOT 

C TITOT = TT(I )+T(l) 

T2TOT= TSTS(2,MOSH)+T(2) 

·----------·-----

Tests fo r tcos1 le failure of cnck. 

However, for tb i3 a.pplicatioo allows tensile st rength. 

•---------·-----------

C F'AIL= O.O 

C IF(TITOT.GT F'AIL) THEN 

C WRITE(6. •)' FAILURE ST RESS= ',Tl TOT 
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C T(I)= OO 

C ENDIF 

C f'AIL=OO 

C IF(T2TOT GT FAIL) THE:-J 

C WRITE(6.•)' FAILURE STRESS= ',T:!TOT 

C T STS(2,MOSH)= F'All. 

C T(2)=0.0 

C ENDIF 

T(3)= 2 •G•E(3)/ (I.+G/ DEL/ GS) 

T( 1) =2 •G•E(1)-?"TRTDOT 

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

C'becb for pla~t1c ~ l ip. 

·------------------------·----

C F= DADS(TT(3)+T(3)} .... MU•(TT( I)+T(I)}-CO 

f = DABS(TT(3)+TI3))+MU•(TT(2)+T(2}}CO 

IF(F' I.E 0} GOTO 50 

XX=-(2 •G/ (1 +G/ DEL/ GS)) 

Y -XX •r~:\)+TT(3} 

•-------------------

Solvu for pl;ut1c a~ rain . 

C If (Y l.E 0) l.AMB= E(3)+ (CO-MU •(TT(I)+T(I))+ TT(3))/ X:X 

C IF' (Y GT f)) l.AMB= E(3)-(CO-MU •(TT(I)+T(I))-TT(3))/ XX 

~0 

If (Y LE.O) l.AMB= E(3)+(CO-MU•(TT(2)+T(:! ))+ TT{:I))/XX 

IF' (Y.GT.O) LAMB= E(3)-(CO-MU•(TT(2)+T(:!)} TT(3))/ X:X 

Drt«-nrunes ~hear strtn for pla.!tic condition 

CONTINUE 

ELAS= E(3)-LAMB 

T(l l ~ •G•ELA:i/ (1 ... G/ DEL/GS) 

EPSTN('>.MOSH )=EPSTN(~.MOSH )+LAMB 
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.SO CONTINUE 

C YIELD=DABS(TT( I )+T(I )) • ~iU 

YIELD= DABS{TT(2)+T(2))•MU 

·-----· 

Rotates i ncrement~ stres3 matrilt to global system. 

··-----

CA LL ROTAT8(T,STRS,-TH) 

STRN(3)=STRN(3)•2. 

RETURN 

END 

·----------·------a<-·---· 

Subrout1ne LDATA; Reads load control data.. 

Wmten: 

l.ut modilied:JUL H 1g111 

·---------· 
•---

Called by: SCRUBS 

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

Subroutines called:SFRAUX 

NEWNOD 

Sl: BROUTINE LDATA(IIF) 

IMPLICIT DOU BLE PRECISION (A-H,O-Z) 

DIMENSION R(3) 

DIMENSION NOPL( 4 ). PS( 1,2).PQ(Z),DJ(2). DENS( 10) 

COMMON/ FG/ FLAG( I OOO),BULK(1000,2), MlNES( IO,SO),NME( I O),GA!'"fMA 

COMMON/CONTR/ T ITLE(20),NP,NE,NB,t,1DF,NC::-J,NSFR.NSZF,LV,NPP,ICS, 
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NCORD,NSK ,NSIZ.NL,l\'BUF,NT,ND,NNP,ILD,NLD,NMAT,IT,NIT ,INC,NlNC, 

2 NSTORE,MPR,LDTYPE,FACTOR,OMEGA,CONFAC,NYIELD,ISTS,NALGO, PWORK, 

3 TPWORK 

COMMON/GEP/FAC(40).~0UT(40),0RT(!O,!O),NOPR(30),10NARY( t 000) 

COMMON/ GID/ XG{6),CG(6),XMG(6),C MG(6),NGAUS,MGAUS,MCN 

CO~ON / MA TP / D( ~ .1). YM,PR,GM,HM, PPR,CLAME,ALPHA, YST 

,TASS TN( 10, 1S),T ABSTR( 10,15) 

COMMON/ LDS/ R1 (2000),RL(2000),RT(2000) 

COW-v10N/ NUME/ P(12),DEL(2,12),DET,D1(2,12),DIJ(2,2),XYE(3,12), 

NOPE(12),DIS E{2,12), RP,RPB,XYP(3) 

COMMON/ SCR/ DIS(2.1000),TDIS(2,1000),DISN(2,1000),CORD(IOOO,:Z) 

,NOP( 4000),1MA T( 1000),TSTS(S,4000),EPSTN(S , ~OOO) 

COMMON/GRAY /GRAV 

·--
Read3 and wntes loa.d control da.b. 

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

READ(S, 10)TITLE 

10 FORMA T (20A4) 

READ(S,20)NSTRS.NR E.NRC:.NRPRS.NRT,NRC: 

20 FORMAT(8lS) 

WRITE(6,30)TlT LE.lLD,NSTRS 

30 FORMAT(IX,20A4,5X, 'LOAD CASE=',I3,15) 

WRITE(6,40)NRE.NRG .NRPRS,NRT,NRC 

~0 FORMAT(' NRE=', I3,2X,'NRG=',12,2X,'NRPRS=', I2,2X,'NRT= ', 

l2,2X,'NRC=',I2) 

IF(NRE.EQ 0) GO TO 80 

•----,·------,·--·------

Reads external loa.ds &t nodes. 

WRITE(6,50) 

SO FORt-tAT(' LOADS FROM CARDS ' ) 

DO 70 1= 1,NRE 

READ(5,60) NQ ,(R(K),K= 1,NDF) 

60 FORMAT(I10,3 F10 3) 

•---------··-···-------------·------------
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Cha.nges node no. to new node no. if slip pla.ne ha.:! been a.dded. 

IF'{IIF.LT.O)CALL NEWNOD(NQ) 

\VRITE(6,60) NQ.(R(K),K=l ,NDF) 

DO 70 K=l ,NDF 

IC=(NC} t)•NDF'+K 

RL(IC)= RL(IC)+ R(K) 

70 CONTINUE 

·---· .. -·-·-·--···-------------------

Reads gravity, centrifuga.l and density da.ta.. 

·----·-· 

80 

00 

CONTINUE 

IF((NRC-ti\'RG).EQ.O) GOTO 230 

READ(S,OO)THETA,GRAV,ANGVEL 

F'ORMAT(8Et0.3) 

WRITE(6,100)THETA,GRAV,ANGVEL 

tOO FORMAT( ' ANGLE=',F7.2.' GRAVITY CONSTANT=',E10.4,' ANGULAR VELOC' 

'ITY=',F'IO .• ) 

READ (S,OO)(DENS(I),I= t.NMAT) 

WRITE(6,00)(DENS(l), l= l,NMAT) 

DENSAV=O.O 

DO 110 IA= I,NMAT 

110 DENSAV=DENSAV+ DENS(IA} 

GAMMA= DENSAV•GRAV / NMA T 

GUSH= O. 

IF(NRC.EQ.o) GO T O 1 ~0 

GUS H= ANGVEL•ANGVEL/GRAV 

120 THETA=THETA/57.20S770SH 

C WRITE(6,130) 

130 FORMAT{' DENSITY CONSTANTS FOR VARIOUS ELEMENTS') 

c 

DO 220 M=t .NE 

L= IMAT(M) 

IF(L.GT .NMA T)L= L-1 00 

THICK=ORT(L,6) 

DENSE= DENS{L) 

PQ( I )=PQ(2)=0. 

PQ(t)=O. 

PQ(~)=O. 

IF'(DENSE.EQ.O.)GO TO 220 
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IF{NRC.NE.O)GOTO ISO 

C DO 140 IJ=l ,NMAT 

Cl40 DENS(IJ)=DENS(IJ)•GRA V 

ISO IF(NRG.EQ.O) GO TO 170 

PQ(I)=DENSE•SIN(THETA)•GRAV 

PQ(2)= -DENSE•COS(THETA}•GRAV 

C WRITE(6,160)M,L,PQ(I ),PQ(2).DET 

160 FORMAT(2110,2FIS.5,3X,Dl2.3) 

!iO NASH=NCN•(M·l) 

180 

190 

DO 190 K= t ,NCN 

MASH= NOP(NASli+ K) 

DO 180 1= 1.NCORD 

XYE{I,K)= CORD(MASH,I) 

NOPE(K)= MASH 

DO 210 IGAUS=1,NGAUS 

DO :'! 10 JGAUS= I,NGAUS 

G= XG(IGAUS) 

H=XG(JGAUS) 

CALL SFR(G.H) 

CALL AUX{M) 

DV= DET•CG(IGAUS)•CG(JGAUS) 

IF(NPP.EQ.:'!)DV = DV• RP•6.283I8S30718 

IF(NCORD E:Q.3)DV= DV•XYP(3) 

IF(THICK NE.O.)DV= DV•THICK 

PQ(l)= PQ( t )+DENSE•GUSH • XYP( l ) 

DO 200 l= l ,NCN 

IC=(NOPE(I)-1)•2 

DO:'!OOK= 1,2 

IC= IC+I 

200 RL(IC )= RL(IC)+ PQ(K)•P(I)•DV 

210 CONTINUE 

220 CONTINU E 

230 CONTINUE 

IF(NRPRS EQ.O) GO TO 330 

REA D(5,20)LNE 

WRITE(6,20)LNE 

NLN= NSFR+I 

Ruds pressure dau .. 

·-~---·--··-·------·-----------------

DO 3~0 LNEW= t .LNE 
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··----------

240 

READ (5,20)(NOPL(J),J=l ,NLN) 

Changes node no. to new node no. if slip pla.ne ba.s been 01dded. 

DO 240 J = ! ,NLN 

IF(IIF.LT.O)CALL NEWNOD(NOPL(Jl) 

WRJTE(6,20)(NOPL(J),J= l ,NLN) 

. ... - ...... -............. .,. ______________________ _ 

·----------------------- ----

250 

260 

2i0 

'280 

c 

READ (5.2SO)((PS(I ,J),I= !,NLN},J=l,NDF) 

FORMAT(8F 10.3) 

IF'{PS(3,1).NEO )GO TO 270 

PRT = PS{2,1) 

DO 260 l= l ,NLN 

PS(I,l )=PS( l,l) 

PS(I.2)= PRT 

\\IR ITE(6,250)({PS(I,J),I= l ,NLN),J=I.NDF) 

H= -1. 

DO 280 .l= t ,NLN 

MASH= NOPL(J) 

DO 280 K= ! ,NCORD 

XYE(K,J)= CORD(MASH,K) 

CONTINUE 

DO 310 IGAUS= t,NGAUS 

G= XG(IGAUS) 

CALL SFR(G. H) 

DO 300 I= !,NCORD 

GASH= GOSH= GISH=O. 

GASH=O 

GOSH=O 

GISH=O 

DO 290 K= l ,NLN 

GASH=GASH+XYE{I,K)•P(K) 

JF(I.GT.2) GO TO 290 

GOSH=GOSH+ PS(K,I)• P(K) 

GISH= GISH..,WE(l.K)• DEL(l,K) 
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290 

300 

310 

320 

330 . 
c 
310 

I . 

350 

c 

CONTINUE 

XYP(l)=GASH 

If(! GT.Z} GO TO 300 

PQ(I)=GOSH 

DJ(I)=GISH 

CONTINUE 

DV=CG(IGAUS) 

JF(NCORD.EQ.3}DV= DV•XYP(3) 

IF(NPP. E:Q.:.!)DV = 6.2831 85J072•DV•XYP( 1) 

DV1 = DV•DJ( I) 

DV:!=DV•DJ(2) 

AY= DVI •PQ(1)+DV2•PQ(2) 

AX= DVI•PQ(2}-DV2•PQ(l) 

DO 310 l= l ,NLN 

NASH=2•NOPL(l) 

MASH= NASH-1 

RL(MASH)= RL(MASH)+P(I)• AX 

RL(NASH)= RL{NASH)+P(l)•A Y 

CONTINUE 

CONTINUE 

CONTINU E 

WRITE{6,310) 

1-'0RMAT(' TOTAL NON-ZERO LOADS'/ 2X, 

NODE X VALUE Y VAL UE') 

1= 1 

lf(RL( I).EQ.O.) GO TO 360 

K= (10•1/NDI"+ 9) I 10 

.l= (K-1 )•NDI"+ I 

JND= J+ NDI"-1 

WR IT £(6,60) K, (RL(I), I= J,JND) 

I= JND 

360 CONTINUE 

1= 1+ 1 

If"( I LE.NSZI") GO TO 350 

RET URN 

END 
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Subroutloe LINEAR: 

Wn~teo: 

La!~ modified:JUL 10 1984 

·--------------------------------
·----·-----... ·-·-------·-··-·-----·-·--..... --.. ---·-----

Called by: RESIDUE 

•----------------------------·----
. ............... --·--··---------·----·-·---------- -

10 

::!0 

SUBROUTINE L!NEAR(STRN,STRS,W} 

IMPLICIT DOUBLE PRECISION (A-H,O-Z) 

C'OMMONf CONTR/ TITLE{20},NP,NE,NB,NDF.NCN.NSF'R.NSZF',LV.NPP.IC'S, 

NC'ORD 

COMMON/ NUME/ £'(1:!),DEL{Z, I2),DET,D1(2,1Z),DIJ(2,Z),XYE(3,1Z). 

NOPE( I ::!),DISE{2.1:!), RP,RPB,XYP(3) 

COMMON/ }.fATP/ D(1,1),YM,PR,GM,HM,PPR,CLAME,ALPHA,YST. 

TABSTN(lO),TABSTR( 10, IS) 

DIMENSION STRN(~).STRS(1) 

D0201= 1,:! 

0020 J = 1,:! 

GASH= O 

DO 10 K = I,NCN 

GASH= GASH+ DISE( I,K)•DI(J,K) 

DIJ(I . J)=GASH 

Calcula~e straio at a poiot 

STRN(I)=DIJ(l ,l) 

STRN(2)=DIJ(2,2) 

STRN(3 )= (DIJ( I ,2)+01 J{2,1)) 

STRN(1I= O. 

1. , 
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·-------- - ··-----------

C;a.lculor.~e rotor.tioo , W. 

·- ---·-------·-------

30 

~0 

50 

W= .5•(DIJ(2,1)-DIJ(I ,2)) 

IF'(NPP.NE.2) GO TO 40 

GISH=O. 

DO 30 K= l ,NCN 

GISH= G ISH+ DISE(l .K )• P(K) 

IF(RP.EQ.O.) RP=.OOOOO J 

STRN(i)= G ISH/ RP 

I F'(NPP.EQ. l )STRN( 4)=-PPR•(STRN(l)+STRN(2)) 

GASH= C LAME•(STRN( I )+ ST RN(2)+STRN( 4)} 

DO 50 1= 1.4 

STRS(I)= GM•STRN(I)+GASH 

STRS(3)= (STRS{3)-GASH)• .5 

RETURN 

END 

S ubrouttoe MAKEEL. 

ThiS subroutine 01.dds 01. new element to the connecti"ity cootJ.1ning 

coroer oodes I J.od K. 

Writteo: 

L<Lst mod16ed:JUL Ill 1984 

·---------·---------------
•--------··---·-----.. ·---------------

·--·-

C;a.lled by: SLIPP 

SUBROUTINE MAKEEL(MMM,I,K.IANG) 

IMPLIC IT DOUBLE PREC ISION (A-H,O-Z) 

COMMON/ CONTR/ TITLE(20),NP ,NE,NB,NDF',NCN,NSF'R,NSZF' ,LV,NPP,ICS, 

NCORD,NSK,NSIZ.NL,NBUF',NT,ND,NNP,ILD,NLD,Niv!AT,IT,NIT,INC,NINC, 
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10 

::!0 

2 ~STORE, !IIPR ,LDTYPE,F ACTO R,OMEGA,CONFAC,NYIELD,I:iTS,NALGO,PWORK, 

3 TPWOR K,I\NE 

COMMON 'SCR/01~(2, 1000). TDIS(2,1000},DlSN(2,1000),CORD( 1000,2} 

.NOPiiOOO),IMAT(tOOO),TSTS(5,4000),EPSTN(S,i OOO},DUMMY( IOOO) 

JSTART-=1 

IF(IANG EQ 2)GOTO I 0 

IF'(CORD(1,2).L T CORD(K,2))JSTART=K 

GOTO ~0 

I F'(CORD( 1,1 ).GT .CORD(K,l )}JST ART= K 

CONTINUE 

L- NSF'R •1 

DO 30 M- t,L,NSF'R 

MM- MMM t-M 

IF(NOP(MM ) NE.JST ART)GOT O 30 

JSTRT- MM 

IFLAG = M 

30 CONTINUE 

NEW= NE•L+l 

NOP(NEW)=NOP(JST RT ) 

DO 10 N- t,NSFR 

NEW-NEW~ t 

IF{IF'LAG EQ t )JSTRT=JSTRT .... L 

JSTRT- JSTRT· I 

10 NOP(NEW)=NOP{JSTRT) 

50 

60 

70 

DO 50 N = l ,NSFR 

NOP(NEW+t)-=NOP(NEW)+ I 

NEW= NEW + I 

IX= NS F'R· t 

DO 60 N= l ,IX 

NOP(NEW + N)= NOP(NEW-NSFR-N)+l 

NEW= NEW+ IX 

DO 70 N- NSFR,l ,· l 

NEW-=NEW+ I 

NOP(NEW )= JST ART + N 

NE- NE+ I 

IMAT(NE)= NMAT -NL 

RETVRN 

END 
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•----- ·- - --------
·--------------·---

Subroutine MOD: 

F'orms D mat riX for different stress/ strain cues. 

Wntten: 

La.st modilied:JUL 11 1984 

·---------· 

C!. lled by: RESIDUE STifM 

··----·-------

Sli BROUTil'<'E MOD(L,M) 

IMPLICIT DOUBLE PRECISION (A-H,O-Z) 

COMMON/ CONTR/ TITLE(20),NP,NE,NB,NDf,NCN,NSF'R,NSZF.LY,NPP,ICS, 

NCORD 

COMMON/GEP/FAC{40},NOUT(~o),ORT(IO, I O),NOPK{30},10NARY( t 000j 

COMMON/ MATP/ D(4,4),YM.PR,GM,HM,PPR,CLAME,ALPHA,YST 

YM= ORT(L, l) 

PR= ORT(L,2) 

YST = ORT(L,3) 

HM= ORT(L,4) 

ALPHA= ORT(L,5) 

DEL T A= ORT (L.9) 

GS=ORTtL.tO) 

·---------------------

Allows for bnllc properties. 

IF'{YM.L T.O.O) GO TO 30 

PPR= PR/ (t.-PR) 

GM= YM/ (l.+PR) 

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

il4 



10 

·-----

c 

c 

c 

Notelllllll o ...... GM=2• SHEAR MODULUS ••••••• • 

CLAME- PR•GM/ (1 -2.•PR) 

IF(M EQ ! )RET URN 

0(3 1)- GM• 5 

D(I .3)= D(3,1)=D(2,3)= D(3,2)-0. 

0(1,3)= 00 

0(3,1)= 00 

D(J,"l)= O 0 

0(3,2 )~oo 

IF(NPP.EQ. I) GO TO 10 

YM ... YM/ {1 -PR •PR) 

PR ... PR/ (1 -PR) 

CONTINUE 

For ploaoe atr~'/st n1o c~es . 

CD= YM/ (1 -PR•PR) 

COU= CO •PR 

0(1 t )- 0(2,-:!)=CO 

D(l.l)- CD 

0(2,.!) ..... (' 0 

D(I,2)= D(2,1)= CDU 

D( I ,:!)2"CDU 

0(2.1)- CDU 

IF(NPP.NE.Z) GO TO 20 

D moaHIJI Co r ~~~ymmetnc cil.3e. 

D(4,4}=CD 

D( l1}:a D( 1,l )= D(2.4)= D(1,2)= CDU 

D( J.i).-CDU 

0{4 l )=CDU 

0(2,1)- CDU 

D(C !)= C:DU 
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c 0(3.4)= 0( 4,3)=<1. 

0(3,4)= 0. 

0(4,3)= 0. 

20 COI\'Tll\'UE 

PR = ORT(L,2) 

RETURN 

30 CONIINUE 

BM=-YM 

OM= ABS(PR)• 2. 

·---------·----------

Note!!1!!!! • ...... GM= 2•SHEAR MODULUS •••••••• 

CLAME= BM-GM/ 3. 

PR= 5 

PPR=PR/ (1.-PR) 

IF(M EQ. l) RETURN 

O(I ,I)=CLAME+GM 

D( ·~ .2)=CLA.ME+GM 

0(3.3)=GM/2. 

IF(ORT(L.Z).L T .O) D(3,3)= D(3,3)/ (I.+GM/ 2./0EL TA/GS) 

D( I ,:!)= CLAME 

0( 1,3)=0.0 

0{2, l)= CLAME 

0(2.3)= 0.0 

0(3. 1)= 0.0 

0(3,:!}= 0.0 

IF(NPP.NE.::!) GO TO '10 

0(1.4)=CLAME+GM 

D(l ,1)= CLAME 

0(2.1)= CLAME 

0(3.1)= 0 0 

D( 4.1 )= CLAME 

0(1;.l)= CLAME 

0{4.3)=0 0 

40 RETURN 

END 
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·----------------------------------

Subroutine NEWNOD: 

This subroutine finds the new node number of node N. 

Writ ten: 

La.st modified:JUL 10 1984 

·--------·---·----

C~lled by: FLACEGDATALDATA 

SLIPP 

·---

10 

SUBROUTil\'E NEWNOD(N) 

IMPLIC IT DOUBLE PRECISION (A-H,O.Z) 

COMMON{CONTR / TITLE{20),NP,NE,NB,NDF,NCN,NSFR,NSZF,LV,NPP,ICS, 

NCORD.NSK,NSIZ,NL,NBUF,NT,ND,NNP,Il..D,Nl..D,NMAT,IT,NIT, L"'C,NINC, 

2 NST O R E,MPR,L DTYPE,F ACTOR,OMECA, CONF AC,NYIELD ,ISTS,NALCO,PWORK, 

3 TPWORK,KNE 

COMMON /SCR/ DIS(2, 1000), TDIS(2 , 1000},0 ISN(2, IOOO) ,CORD( 1000,2 ). 

NOP( 4000),1MA T( !OOO},T STS(5,4 000 ),EPSTN(5, 4000},0 UMMY( I 000} 

COMMON/ SLP/ DCOR(l000,2) 

K= O 

DO 10 I= I.NP 

IF(DCOR(N,1 ).EQ.COR D(I.I ).AND.DCO R{N,2) EQ.CORD(1 ,2)) K= l 

N= K 

IF(K NEO) RETUR~ 

WR ITE(6.":!0 ) N 

20 FORMAT(' • ••••• ERROR IN MAPPING: NO 1-."EW NODE FOUND FOR O LD ' 

+ 'NODE ',13,' ....... ) 

STO P 

END 
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Subrout• o~ N F'LOW 

Calcub.tn th~ amouot of yidd which r~sults . 

Wntt~o 

Last modi6ed:MAR 10 !081 

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

Called by: RESID\JESTIFM 

• .. ·----·-- .. -·---------------·---------
·-·-·---·-·-··-···-·-... -----··--···-------·---

SUBROUTINE NF'LOW(SSS) 

IMPLICIT DOUBLE PRECISIO!'I (A·H.O-Z) 

COMMONtCONTR/TITLE(~O).NP,m:,NB,NDF',NCN ,NSF'R.NSZf .LV,NPP,ICS, 

!'ICORD,NSK,NSIZ,NL,NBUf ,NT,ND,NNP,ILD,NLD.NMAT,IT,NIT,INC,NINC, 

:! NSTOR E.MPR.LDTYPE.f:\CTOR,OMEGA,CONF AC.NYIELD ISTS,NA LGO,PWORK, 

3 T PWORK 

COMMON/~1ATP/D( -t .i),YM .PR ,GM,HM,PPR,CLAME.ALPHA,YST, 

TABST:-l( I O, I ~).TAOSTR( IO. I ~) 

COMMON/ INV / SMEAN,ST J2,ST J3,SIGMA,PHI,APHI,STN,CPHI, YIELD 

CO?I.£MON/ FLW/ ABETA,A.A( i ),DD(i) 

DIMENSION SSS( 1 ),AI( i },A:-!(1 ),A3(4) 

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

I nitial ize~ vector AI . 

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

c Al( l).aAI (Z)=AI H )= I 

Al( l )= l 

A l (:!)o=-1 

Al (i )- 1 

A1 (3)- o 

•- - - ·----
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10 

~S.~(3)=:! •SSS(3) 

GA:)H-=:! •SIGMA 

DO 10 1= 1,1 

A~(I)=SSS( I)/GASH 

C~lcu l&tes vector A:l 

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

CON= ST J2/3 

A3{1 )- CON+SSS(Z)•SSS(1) 

A3(':!)= CON+SSS( I )•SSS(1) 

A3(il )..,.SSS(1)•SSS(3) 

A3(1)-=CON+ SSS( 1 )•SSS(:!}- 25•SSS(3)•SSS(3) 

CON 1. i3:!0.S0807 ~1188 

APIII= PH I•S7 :!11Si70S 1308232 

MYIELD= :-IYIELD 

If( :-~'YIELD GT IOO)MYIELD=NYIELD-100 

GO TO (~,30,S0,60),MYIELD 

·---------··-----·-·'· 

Von Mise& yreld cntena . 

.......... -............ -..... _ ....... --........ _ ... ___ ..... __ ,. ........ -- ... --------

20 C l - 0. 

CZ CON 

C3= 0. 

GO TO iO 

·----------------------

•--·· 

30 Cl = O 

AAPIJJ,.,.ABS(APHI) 

IF'(AAPHI L T 29.0) GO TO 10 
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40 

C:!= CON 

C3= 0 

GO TO 70 

SN= SIN(PHl) 

CTS=SQRT(l -STN•ST~) 

C2= 2.•(CPHl +SN•STN/ CTS) 

C3=CON•SN/(ST J2•CTS) 

GO TO 70 

•-------------------

Drucker yidd criteri~ . 

. ............. -................. -..... .......... - .. ---·-······---------------·-- · 

so C t= ALPHA 

C:! = l 

C3= 0. 

GO TO 70 

·-~--------------------------

60 

70 

80 

go 

BtlLra.mi yield criteria . 

CJ = (1.+2 •PR)•SMEAN/ Y1ELD 

C:.!= (l .-PR)•GASH/ Y1ELD 

C3= 0 

CONTINUE 

DO 80 1=1 . ~ 

AA( I)= C 1• A 1(1)TC2 •A~(I)+C3•A3(1) 

IF(N?P.NE. I) GO TO go 

CON= AA(i ) 

AA( 1)= -PPR •(AA(l )+ AA(2)) 

GASH= CLAME•(AA( I )+AA(2)+AA( 4)) 

GISH= HM 

DO 100 1=1,1 

DD(I)= GM• AA(I)+GASH 

IF'(1.EQ.3)DD(I)= .S• AA(I)•GM 

100 ClSH= GlSH+ AA(l)•DD(l) 

ABET:\ = l .fGISH 

IF'(NPP.EQ. l )AA( 4 )=CON 

RJ::T\JRN 
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END 

'--------------·----------

S ubroutant NODEXY. 

Seta x,y Vl.IUt3 o r new intermediate coordinates or qndutac or 

cubic element! 

Wntteo 

La~t modified:MAR 19 198~ 

. ............ _,. _______ ._ ........... ;----------------··-----------· 

Ci!.lled by: GOAT ASLIPP 

·-------------------

10 

·~o 

SUBROUTINE NODEXY(IST ART) 

IMPLICIT DOUBLE PRECISION (A-H,O-Z) 

COMMON/ CONTR/ TITLE(20),NP,NE,NB,NDF,NCN,NSFR,NSZF,LV,NPP ,ICS, 

NCORD 

COMMON /SCR/ 0 18(2,1000), TDIS(2,1000},D ISN(2.1 OOO),CORD( 1000,2), 

NOP( ~OOO),IMA T( 1000), TSTS(5,4000 ),EPSTN(5, 4000) 

ANSF'R= NSFR 

NQ= NSFR-1 

DO 30 N = IST ART,NE 

NASH= NCN•(N-1 ) 

DO 30 NLV= l,NCN,NSFR 

NVI = NOP(NAS ti+NLV) 

NLl= NLV-tNSF'R 

IF'(N Lt.GT NCN) NL1 = 1 

NV2= NOP(NAS H-tNLI) 

D020 l= l .NQ 

M= NLV-tl 

J = NOP{NASH + M) 

GISH=l 

GOSH= ANSF'R-GISH 

DO 10 K = 1,2 

CORD( J,K)=(GOSH •CORD{NV 1 ,K)+CORD(NV2,K)• GISH)/ ANSF'R 

C ONTIN UE 
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30 CONTINUE 

RETURN 

END 

Subroutine OUTPUT: 

Wntes displacements, reactions, st resses and stnins to SCRUBS.IAS 

Last modilied:JUL 19 I 984 

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

Called by: SCRU BS 

·----

10 

SUDROUTJNE OUTPUT 

IMPLICIT DOU BLE PRECISION (A-H,O-Z) 

COMMON/ ELPRNT / NELP,NPEL(SO),NONO DE 

DIMENSION SA VG(6) 

COMMON/CONTR/ TITLE(20),NP,NE,NB,NDF,NCN,NSFR,NSZF,LV,NPP,ICS, 

NCOR D,NSK,NSIZ,I\fL,NBUF ,NT ,ND,NNP ,ILD ,N LD,NMA T, IT ,NIT,INC, NTNC, 

2 NSTORE,MPR,LDTYPE,F ACTOR, OMEGA, CONF AC,NYIELD ,ISTS,NA LGO,PWORK, 

3 TPWORK 

COMMON/ GEP / FAC( iO),NOUT( 40),0RT( 10,10),NO PR(30),10 NARY(I 000) 

COMMON/ BOUN/ NBC(iOO),NFIX(400),U(800),ANG(iOO),TRC{800), 

US(400.2) 

COMMON / LDS/R I (2000),RL{2000),RT(2000) 

COMMON / SCR/ DIS(2,1000), TDIS{2, IOOO),DJSN(2. I OOO),CORD( 1 000,2). 

NOP( i OOO),IMA T( IOOO),TSTS(5, 4000),EPSTN(S,i 000) 

MOUT = NOUT(JNC) 

IF(MOUT.LT.IOO)GO T O 10 

M= MOUT / 100 

MOUT = MOUT-M• 100 

IF(IT EQ.l)MOUT=M 

IF'(MOUT.EQ.O)RETURN 

IF'(NONODE.GT .O) GO TO 50 
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20 

30 

40 

so 

Wri~es x ud y diaploa.cemeoh. 

WRITE(6,20) 

FORMAT(' DISPLACEMENTS' ,SX,'X'.lSX, 'Y'.13X, 'TOTAL X', I IX, 

'TOTAL Y') 

DO 30 N= t,NP 

WRITE(6, 40)N,(DIS(I.N),I=t ,NDF),(TDIS(l ,N),I= l ,NDF) 

FORMAT(Il0,6Et6.6) 

CONTINUE 

IF(MOUT .EQ.t)RETURN 

··--·-------------·---·------

60 

70 

80 

c 

00 

100 

Writes node oumbera &od corresponding d ispl&cemenh and 

ru.ctiona. 

WRITE(6,60) 

FORMAT(6X,'NODE NO',lOX,'DISPLACEMENTS',16X,'REACTIONS') 

NASH= O 

DO 70 l= t ,NB 

N= NBC(I) 

MASH= NASH+l 

NASH= MASH+ l 

WRITE(6,80)N.(TDIS(J,N),J=I,2),(TRC(J),J=MASH,NASH) 

FORMAT(Il0,6E16 6) 

IF(MPR EQ.O)GO TO 130 

SU~O<=SUMY=O.O 

SUMX = O 0 

S UMY=O.O 

DO 110 l= t .MPR 

NASH= NOPR(I) 

DO oo J= t ,NB 

N = NBC(J) 

IF(N EQ.NASH) GO TO tOO 

CONTINUE 

GOTO 110 

~1ASH=·~· J 

SIJMX= SUMX+ TRC(MASH-t) 

SUMY = SUMY + TRC(MASH) 
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110 CONTINUE 

•-------------------

Writes total reactions at specified points. 

•-------------------------------------·-------

WRITE(6, 120)SUMX,SUMY 

120 FORMAT(' TOTAL REACTIONS AT SPECIFIED POINTS ALONG X=', 

E16.6,' ALONG Y=', E16.6) 

130 IF(MOUT.EQ.2)RETURN 

··-----------------------------------

Writes stresses at sampling points. 

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

WRITE(6,140) 

140 FORMAT(' STRESSES AT SAMPLING POINTS'/ 

'GAUSS P',IX,'SIG X',6X,'SIG Y',6X,'TAU XY',6X,' SIG Z',6X, 

ISO 

160 

170 

180 

190 

::!00 

2 ' YIELD',6X,'PL. STRN') 

MCN=NSTORE/NE 

DO 290 M=I,NE 

IF(NELP.LT.O) GO TO 160 

DO ISO K=I,NELP 

IF(M.EQ.NPEL(K)) GO TO 160 

CONTINUE 

GO TO 290 

CONTINUE 

WRITE(6,170) M 

FORMAT(' EL NO ',13) 

K=MCN•(M-1) 

EPS=O. 

DO 190 L=I,MCN 

J=K+L 

WRITE( 6,180 )L,(TSTS(I, J),l= I ,5 ),EPSTN( S,J) 

FORMA T(I2,6(1PE12.3)) 

EPS=EPS+ EPSTN( 5, J) 

CONTINUE 

XMCN=MCN 

EPS=EPS/XMCN 

DO 200 1=1.6 

SAVG(I)=O.O 
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210 

-no 

230 

240 

250 

260 

270 

DO 210 I= I,S 

DO 210 L=l,MCN 

J- K+ L 

SA VG(J)-5A VG(I)+ TSTS{I,J) 

D0220 I= I,S 

SA VG(I)= SA VG(J)i XMC:-1 

SMEAN= (SAVG{l)+SAVG(2)+SAVG{4))/ 3. 

IF'(SAVG(S) EQ.O)GOTO 230 

RATIO=SMEAN/ SAVG(S) 

WRJT£(6,240) (SAVG(I ),1=1 ,S),EPS,SMEAN,RATIO 

FORMAT(' AV',6(1PE12.4)/' SIG MEAN='lPE10.3,' R= ', IPE10.3) 

DO :!SO 1= 1,4 

SAVG(f).,.O.O 

DO 260 1- 1,4 

DO 260 1..- 1 ,MCN 

J= K+L 

SA VG(J)-SA VG(I)+ EPSTN(I, J) 

DO 270 1= 1,4 

SAVG(I)=SAVG(I)/ XMCN 

WnL~s pll.sltc stn~ as. 

WRITE(6,:!80) (SAVG(l),I=U) 

280 f'ORMAT(3X,4E12 1,' (PLASTIC STRAINS) ') 

200 CONTINUE 

lf'(MOU T.EQ.3)RETURN 

............. _ .. _______ ............... _ ............ _ ...... __ .. _________ .,. .. ___ _ 
WnLe! residual forces at tbe nodes. 

·-------·--------

WRITE(6,300) 

300 FOR~iAT(' RESIDUAL FORCES AT NODAL PONTS'/ 

SX.'!'IIODE NO'.IIX,'X VALUE',9X,'Y VALUE') 

DO 3 10 J = I,NP 

3 10 WRITE(6,3:!0)J,Rl(N·l),Rl(N) 

320 F'ORMAT(II0,3E20 6) 
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•----

RETURN 

END 

Subroutine PDISP: 

loit ia.lize' the di,pla.cemul vector according to number of 

loa.diog 1ocremeou. 

Writ ten: 

Last modified:MAR 19 lll8i 

·-----------------------------------
•--------·--·--

Ca.lled by: SCRUBS 

·--------------

10 

'20 

30 

SUBROUTINE PDISP(L) 

IMPLICIT DOU BLE PRECISION (A-H,O-Z) 

COMMON/ CONTR/ TITLE(ZO),NP,NE,NB,NDF',NCN,NSFR,NSZF,LV,NPP,ICS. 

NCORD,NSK.NS IZ,NL,NBUF,NT,ND,NNP,ILD,NLD,NMAT,IT,NIT,INC,NINC, 

2 NST O RE 

COlvtMON/ GEP / FAC( -tO),NOUT( 40),0RT( 10, I O),NOPR(30),JONAR Y( l 000) 

COMMON/ SOU N/ NBC( ~OO),NFIX( 400), U(800),ANG( 400), TRC{800), 

US( 400.'2) 

IF(L-1)10,60,30 

IC= NB•NDF 

DO ·~o l= l ,IC 

U(I)= O. 

RETURN 

FACT = F'AC( L) 

IC= t 

NZ = IO .. (NDF-1 ) 

DO SO l=l ,NB 

JZ= NFIX(I) 

IZ = NZ 

DO SO J= I ,N'DF 

IF'(JZ.L T .IZ) GO TO 40 

U(IC)=US(I,J)• FACT 
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60 

70 

IC- IC+t 

JZ-JZ-IZ 

IZ-IZ/ 10 

CONTINUE 

RETURN 

F ACT- r AC{INC) 

te-o 
DO 70 t- t ,NB 

DO 70 J= I ,NDF 

IC= IC+t 

U(IC)- US(I,J)•F ACT 

RETURN 

END 

... _ ... ______ .., ... _____________ ..,_ ..... 

·------------------

Subroullo~ READF· 

Rrads ~br m•o•os puamdrn· wbicb drmroh, and wb~o 

Wnun 

L~~ mod16~d:JUL 21 1081 

·--------·· 

C'alltd by SCRUBS 

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

SUOROUTINE READF(NRFF) 

IMPLICIT OOUOLE PRECISION (A-H,O-Z) 

COMMON/ FG/ FLAG( l OOO),BULK(tOOO.~).MINES( 10 SO).NME(tO) 

·----- --

10 

Rrads oumbrr of tlrmrou to br mio~ ~r IDCrtmto~ 

READ (S,IO}(NME(I),I= t ,NRFF) 

FORMAT(~SI S) 
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WRITE(6,ZO) 

~0 FORMAT(' LIST OF' F'AILURE(MINU-IC) SEQUENCE '/ 

' INCREMENT NUMBER OF' ELEMENTS ',l.SX,'ELEMENT LIST') 

25 

30 

DO SO l= l ,NRF'F' 

NL=~.'ME(I) 

IF'(NL.GT.25)00TO 30 

READ(S, IO) (MINES(I,K),K= l ,NL) 

WRITE(6,2.S) (I,NL,(MINES(I,K),K=l ,N!.)) 

F'ORMAT(I615) 

COTO SO 

READ(5,10) (MJNES(J.K ),K = l .25) 

READ(S,IO) (MINES(J,K),K=26,NL) 

WRITE{6.:!5) (I,NL.(MINES(J,K),K=l ,11 )) 

IDUM= (NL+ 2)/ 16 

IY= I 

DO <tO IZ- t ,IDUM 

IY= IY+ 14 

IYY=IY+ 13 

IF(IYY CT NL)IYY= NL 

10 WRITE(6,4.S) (MlNES{I,K},K = rY,lYY) 

15 F'ORMAT(!OX,l115) 

50 CONTINUE 

RETURN 

END 
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Subroutine REMLD: 

Remove' gnv1~y lol.d from f1.1led elemeou . 

Written: 

La_,t modi6ed.JU L I 9 1984 

.... ,,. ..... ________ _. ............ -----------.. -----------------·· 
· --··-··--~-·-- .. ------... ------------------

C~lled by: F'TEST 

·--·-····-··-···----------------
•-------····----------------------

Subroutiot3 called:SF'RAUX 

···---·-··---·-··---·-··---------
•------·--··------------

SUBROUTINE REMI..D(M) 

IMPLICIT DOUBLE PRECISION (A-H,O-Z) 

DIMENSION R(3) 

DIMENSION NOPL(4),PS~4 ,2),PQ(2).DJ(2),DENS(l0) 

COMMON / CONTR/ TITLE(20),NP ,NE,NB,!"..'DF',NCN .NSFR,NSZF', LV ,NPP ,ICS. 

NCORO,NSK ,NSIZ,NL,NBUF',NT,ND,NNP,ILD,NLD,NMAT.IT,NIT,INC,NlNC, 

2 NST ORE,MPR,LDTYPE,F ACTOR,OMEGA,CONF AC, NYIELD,IST S,NALGO, !'WORK, 

3 T PWORK 

COMMON;GEP/ F'AC(10),NOUT(40),0RT(IO,JO),NOPR(30),10 NARY(!OOO) 

COMMON/G IDJXG(6),CG(6),XMG(6),CMG(6),NGAUS,MGAUS,MCN 

COMMON/ MA TP / D( ~ .4), YM,PR,GM,HM,PPR,CLAME,ALPHA, YST 

,TABSTN(I0,15),T ABSTR(IO, 15) 

COMMONJLDS/RI(2000),R L(2000),RT(2000) 

CO~IMON / NUME/ P( 12), DEL(2, 12),DET ,01(2,12),01J(2, 2) ,.XYE( 3, 12), 

NOPE( 12),DISE(2,12). RP ,RPB,XYP(3) 

COMMON / SCR/ 0 15(2,1 000), TOIS(2,1000),01SN(2, I OOO),CORD( 1000,2) 

,NOP( 4000},1MA T ( I OOO),TSTS(5, 4000),EPST N(S,4000) 

cm.tMON/ GRAV / GRAY 

GUSII= O.O 

L = IMAT(M) 

IF(L GT NMAT)L=lri OO 
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c 

THICK=ORT(L,6) 

DE~SE=DENS(L) 

PQ( l )= PQ(2)= 0. 

PQ(l)=O. 

PQ(Z)=O. 

IF(DENSE.E:Q 0.)00 TO 60 

10 NASH= NCN•(M-1) 

DCJ30 K= 1,NCN 

MASH=~OP(NASH-+K ) 

DO 20 l= t ,NCORD 

ZO XYE(I.K)=CORD(MASH,I) 

30 NOPE(K)= MASH 

c 

DO SO IOAUS= t .NGAUS 

DO &0 JGAUS- I ,NOAUS 

G= XG(IOAUS) 

H=XG(JGAUS) 

CALL SF'R(G.H) 

CALL AUX(~i ) 

DV= DET• CG(IGAUS)•CG{JGAUS) 

IF'(NPP EQ ':!)DV= DV•RP•6.:!8318S30i18 

IF'(NCORD.EQ.3)DV = DV• XYP(3) 

IF'(THICK NE 0 )DV= DV•TiiiCK 

PQ(t )= PQ( I )+ DENSE•GUSH•XYP(I)•GRAV• F' ACTOR 

DO 40 l= l .NCN 

IC=(NOP~I }-1 )• 2 

DO 40 K= 1,2 

IC=IC+ I 

R~IC)=RL(IC)-PQ(K)•P(I)•DV 

RT(IC)= RT(IC)-PQ(K)•P(I)•DV 

40 CONTINUE 

50 CONTINUE 

60 CONTINUE 

RETURN 

E:-ID 
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·-----------------------------------·------
·----------·----·------------·-------·-----------

S ubroutine RESIDUE: 

Determines element failure, ru bbleiza.tion, and residual. 

Written: 

Lil.'lt modi6ed.JUL 10 1084 

•-------------·-----------------

•--·-··· 
·----

-----------------·---

Ca.lled by: SCRUBS 

Subroutines called:MODSFR 

AUXLINEARJOINTM 

INV ARNFLOWFTEST 

CONRUBDROP 

•-- ---

SUBROUTINE RESIDUE (TIMEI,IFCOUNT,MTGPY) 

IMPLICIT DOUBLE PRECISION (A-H,O-Z) 

COMMON/CONTR/TITLE(20),NP,NE,NB,NDF,NCN,NSFR,NSZF,LV,NPP,ICS. 

NCORD,NSK.NSIZ,NL,NBUF,NT,ND,NNP,ILD,NLD,NlvfAT.IT,NIT,INC,NINC, 

2 NSTORE,MPR,LDTY PE,F AC TO R,OMEGA, CONF AC,l'<'YIELD ,ISTS,NA LGO, PWORK, 

3 TPWORK 

COMMON/GEP/FAC(-40),NOUT(iO),ORT(t0,10),NOPR(30},10NARY(IOOO) 

COMMON/ BOUN/ NBC( 400),NFIX( 400}. U(SOO),ANG( 100), TRC(800), 

US( 400,2) 

COMMON/ LDS/Rt(2000),RL(2000),RT(2000) 

COMMON/BOTTOM/ AK 

COMMON/ FG/ FLAG(!OOO),BULK(1000,2),MINES(10,SO),NME(10),GA.MMA 

CO~flvfON/GIDjXG(6 ),CG(6),XMG(6),CMG(6),NGAUS,MGA US,MCN 

COMMON/ MA TP / D( 4,4),YM,PR,GM,HM,PPR,CLAME,ALPHA,YST 

,TABSTN(to, 15),T ABSTR(IO, IS) 

COMMON/ NUME/ P(t2),DEL(2, 12),DET,Dl(2,12), DIJ(2,2),XYE(3, I Z), 

NOPE{t2),DISE(Z, I2),RP,RPB,XYP(3) 

COMMON / I NV /SMEAN,ST J2,ST J3,SIG~fA.PHI,APHI,STN,CPH I, YIEi.,D 

COMMON/ FLW / ABETA,AA( i},DD(4} 
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COMMON/ SCR/ 0 15(2, 1000}, TDIS(2, IOOO),DJSN(2, I OOO},CORD( 1000,2) 

,NOP( 4000),1MA T( IOOO},TSTS(.S, 1000),EPSTN(5, 1000) 

Z ,SIG(1),PSIG(1),DSIG(4},EP(4},NG(I6},NGSTP(!6) 

DIMENSION STRN(1},STRS(-t ),T SIG(4} 

DIMENSION SAVG(.S) 

REAL TIMEI,TIME2,TIME3 

NECN- NE• NCN 

READ (8)(NOP(J),J= I,NECN),(lMAT(l),I= I ,NE),(((DJSN(K.I), 

TDIS(K,J}),K=-1 ,Z),(COR D(J, J ), J= I ,NCORD },1= l ,NP),(((TSTS(t,J), 

2 EPST N(I,J}},I= l ,.S),J = t ,NST ORE} 

REWIND 8 

IF'COUNT corO 

IF'(IT GT. I) GO TO 20 

F'or 101ti~ •teat1o11 atep 3et iocreme.11~ equ~ to Jero. 

DO 10 1= 1,2 

DO 10 J= I.NP 

10 DISN(J.J)= O 

20 CONTIN\JE 

Upd~te coordiu.tes , tot~! diapl~cemeota, ud diapbcemeot iucremeot. 

·----------------------·---

30 

10 

DO 30 I - I,ND F' 

DO 30 J- t ,NP 

GASH= DIS(l,J) 

COR 0( J , !)= CORD( J,I}+GAS H 

TDIS(l,J}= TDIS(I,J}+GASH 

DISN(I,J} - DISN(I ,J)+GASH 

CONT INUE 

DO 40 J= t ,NSZF' 

RI(J)=O 

PWO RK= O 

WRITE(6 .SO)F"ACTO R,IT 

f O RMAT(' LF'ACTOR ='.F'7.3,ZX,'ITERATION NO =',13) 

~fTGPY-o 
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•----

Cont-rol loop on all elements. 

·--------------

60 

70 

DO 360 Ml~W=1,NE 

MASH= MNEW-1 

NOSH=MASH•NCN 

MOSH= MASH •MCN 

Find coordinates ud connectivity. 

DO 70 K= 1 ,NCN 

MASH=NOP(NOSH+K) 

DO 60 1= 1.NCORD 

XYE{I,K)=CORD(MASH,I) 

IF(I.GT.2) GO TO 60 

DISE(I,K)= DIS(l,MASH) 

CONTINUE 

NOPE(K)=MASH 

CONTINUE 

L=IMA T(MNEW) 

IF(L.GT .NMAT)L= L-100 

Get ela3ticity matrix. 

CALL MOD(L, 1) 

THICK=ORT(L,6) 

IF(THICK EQ.O. )THICK= 1. 

NPLST=O 

IJG=O 

•---------.. ------·-·-·------·-·-----------------

Loop on int~"gntion points. 
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·--------

DO 280 IGAUS=l,MGAUS 

DO 280 JGAUS=I,MGAUS 

IJG= IJG+I 

NG(IJG)=O 

NGSTP(IJG)=O 

G = XMG(IGAUS) 

H= XMG(JGAUS) 

Compute sbape functions and derivatives. 

CALL SFR(G,H) 

CALL AUX(MNEW) 

DV= DET•CMG(IGAUS)•CMG(JGAUS)•THICK 

IF(NPP.EQ.2)DV =DV• RP•6.283!8S30717QS86 

IF(NCORD.EQ.3)DV=DV •XYP(3) 

MOSH = MOSH+l 

·-------------·--···------·--------... -----

Compu~e ela3tic strains and stresses in element. 

•------------·-·----·--------·------------

CA LL LINEAR(STR N,STRS,W) 

BRING=!. 

IF{NL.NE.l) GO TO !10 

• ------------~-----·---·-------------·-----------

If element rubbleiJes, set stresses to zero. 

·---·--··------· .. ----------------·---------------

80 

go 

IF(BULK(MNEW,l) EQ.O.O) GO TO 90 

DO 80 J=I .~ 

STRS(J)= O.OOOOOl 

CONTINUE 

IF'(BULK(~1NEW,I).NE.O.O) GO TO t OO 

!3-t 



·------

F'or JOiDttd m~ll ibat(nal 6od iocrem~ntal ~Lre"t' and re,iduab 

10 3ubroutaoe JOINTM 

•--------------- ---

IF{ORT(L,2).GE.O) GOTO 100 

CALL JOINTM(L,STRN,STRS,MOSH, YIELD.PSTRN) 

•----------·--- -------

Set iocremenl.al 3tr~3c>S equal to elastic strain, . 

·--··--.. ··-··-------··-------

100 DO 11 0 1= 1.4 

DSIG(I)= STRS(I) 

EP(I)= EPSTN{I.MOSH) 

Cl i O TSIG(I)=SIG(I)= TSTS(I,MOSH) 

110 

TEMP= TSTS{I,MOSH) 

TSIG{I)=TEMP 

SIG(I)=TEMP 

CONTINUE 

IF" {NALGO EQ.O) GO TO 2~0 

PSTRN= EPSTN(b,MOSH) 

PSTY= TSTS(5,MOSH) 

Add incremental st.re~s to total stres3. 

•----••••-•-••oo•·•-·----··---••••-·-·-·---••-••..___ .. __ _ 

120 

DO 120 1= 1,1 

TSIG(I)=TSIG(I)+STRS(I) 

IF'(ORT(L.2) L T 0) GOTO 240 

CALL I:WAR (TSIG) 

RD= t. 

DF=YST-PSTY 

IF'(DF'J,E.O 0) GO TO 130 

DF' I= YIELD-YST 

IF'{DF'l.LE 0 0) GO TO 210 

RD = DF'I / (DF"+ DF'I ) 

GO TO 140 
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130 DF' l= YIELD-PSTY 

IF( Dr I LE 0 0) GO TO 240 

Compuu pluttc st~p 

··----··-----
140 

c 

MSTEP= Drt •8 0/ YST+I. 

ASTEP= MSTEP 

RDl = l -RD 

DO 160 1= 1,1 

TSIG( I)= PSIG( l)=SIG(I)+RDl •STRS(l) 

TEMP= SIG(I )+RD! •STRS(l) 

TSIG(I)= T EMP 

PSIG(l)=TEMP 

ISO STRS(l)= RD•STRS(I)/ ASTEP 

TLEMDA= O. 

NG(IJG)=MOSH 

NGSTP(IJG )= MSTEP 

:-JPLST=NPLST~t 

DO ~ ISTEP- I,MSTEP 

CALL INVAR (TSIG} 

·------ ·---;·---··-· 

Find pO!ItiOO oo ~fftctive curve . 

........... _ ............ __ ......... _ ....... _ .. _,. __ .. __ ............ __ .... _ ....... --........ _ .. 

160 

170 

·- - - -

MASH= O. 

MASH= MASH-t l 

IF' (PSTRN LT TABSTN(L,M.ASH)) GO T O 170 

GO TO 160 

NA~Ii =~iASH 

MASH= NASH-t 

ET AB= TABSTN(L,NASH}-TABSTN(L.MASH) 

HM= (TABSTR(L.NASH}-T ABSTR(L.~iASII )), ETAS 

Compu~e ,o\A,ABETA,PD,TSIG . 

............... - ............. --···-·--·-----·------------····----
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180 

C!90 

IQO 

zoo 

210 

220 

CALL NFLOW(TSIG) 

GASH=O. 

DO 180 1=1,4 

GASH = GASH+AA(l)•STRS(I) 

DLEMDA=GASH •ABETA 

IF(DLE:MDA.L T.O.) DLEMDA=O. 

GASH=O. 

DO 190 1= 1.4 

GASH=GASH+AA(I)•PSIG(I) 

EP(I)= EP(I)+ AA(I)• DLEMDA 

TSIG(I)= PSIG(I)= PSIG(I)+STRS(I}-DLEMDA•DD(I) 

TEMP= PSIG(I)+STRS(I}-DLEMDA•DD(l) 

PSIG(I)= TEMP 

TSIG(l)= TEMP 

CONTINUE 

GASH=GASH •DLEMDA 

PSTRN=PSTRN+GASH/YIELD 

PWORK=PWORK +GASH • DV 

TLEMDA=TLEMDA+DLEMDA 

CONTINU E 

DO 210 1=1,4 

GASH= TSIG(I}-SIG(I) 

PSIG(l }=DSIG(J)-GASH 

DSIG(J)=GASH 

CALL INV AR (TSJG) 

MASH=O 

MASH= MASH+ 1 

IF(PSTRN.LT.TABSTN(L,MASH)) GO TO 230 

GO TO 220 

230 NASH= MASH 

240 

MASH= NASH-1 

ET AB= TABST N(L,NASH)-T ABSTN(L,MASH) 

GASH= (PSTRN-TABSTN(L,MASH))/ETAB 

MASH= MASH-1 

CYIELD=TABSTR(L,MASH+1)•( 1.·GASH)+GASH• 

TABSTR(L,MASH+2) 

IF( YIELD.GT .CYIELD)BRING=CYIELD/ YIEL D 

Add JAumADD str~ss Lo OSIG. 

CONTINUE 
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DSJG( I )=DSIG( I )+2. • W •TSTS( l ,MOSH) 

DSIG(Z)= DSJG(2)-2 • W•TSTS{Z,MOSH) 

DSIG(3 )= DSJG(3 )+ W • (TSTS{2,MOSH)-TSTS( l ,MOSH)) 

Add tocremeo~ to total ' tru,. 

DO 250 1= 1,1 

GASII= BRING •(SJG(I)+DSJG(I)) 

EPSTN(I,MOSH)= EP(I) 

C250 STRS(I)= TSTS(I,MOSII)= GASH 

250 

~60 

STRS(I)= GASH 

TSTS( I,MOSH)= GAS H 

CONTINUE 

YIELD- BRING• YIELD 

EPST N(S,MOSH)=PSTRN 

TST S{S,MOSH)=YIELD 

DO ~60 1- 1 ICS 

STRS{J)=DV•STRS{I) 

Compute re3 tdual 

·- - ----·-··-·-- --------

DO 270 K= I ,NCN 

GAS H==O. 

IF(NPP .EQ.2)GASti= P(K)•STRS( ~ )/RP 

MAS H - 2 • NOPE(K )- I 

NASH= MASH+ l 

R !(MAS H )=R !(MASH )+DI(t ,K}•STRS( 1 )+ 

DI(2,K)•STRS(3)+GAS H 

R !(NASH )=R t(NAS H)+DI(l ,K)•STRS{3)+ 

DI(2,K ) •STRS{~) 

270 CONTINUE 

ZSO CONTINUE 

IF(NL NE I) GO T O 3&0 

.. 
Rubble h.tlur~ logtc 
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300 

310 

3ZO 

DOZ90 1= 1 .~ 

SAVC{n- oo 

JJ:cMCN•(MNEW-1) 

DO 300 I= I .MCN 

JJI = JJ+ l 

DO 300 J= l .~ 

SAVC(J)=SAVC(J)+ TSTS(J,JJl ) 

DO 310 1= 1,5 

SAVC(I)=SAVC(J)• :!5 

MATNO= IMAT(MNEW) 

IF'(MATNO CT .l OO) MATNO=MATNO.lOO 

CALL F'TEST(MNEW,SA VG,MA TNO,JF'LF'G) 

IFCOUNT.,.JF'COUNT+IF'LFC 

IF'(IFLFC EQO) CO TO 350 

If (l(meot ba' failed, adjurt Rl uny and 3et coordio.ate3, 

dl!placemuu aod 'trr,,e, 

F'1nt cbtc lc for coouoaom/ rubble iolenctioo 

CALL CONR UB(SIGRES,MNEW,NMA T) 

INDEX -=(MNEW- I )•MCN 

0 0310 ICAUSc:J,MGAUS 

00340 JCAUS= t,MGAUS 

C= XMC(IGAUS) 

H= XMC(JCAUS) 

CALL SFR(C,H) 

CALL AUX(MN EW) 

DV= DET•CMC(ICI\US)•CMG(JGAUS)•THICK 

IF(NPP EQ.2)DV = OV • RP•6.28318M071 i0~86 

IF(NCORD.EQ.3)DV=DV•XYP(3) 

INDEX= INDE.'<+t 

DO 3ZO l = t ,ICS 

ST RS{ I)=DV •TSTS(I,ll\'DEX) 

TST S(I,INDEX)= SICRES 

TST S(3,1NDEX)= O.O 

TSTS(~.INDEX)= t 73Z05•SICRES 

DO 330 K= I ,NCN 
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330 

340 

350 

GASH= O. 

IF(NPP.EQ.~)GASH=P(K)•STRS( 4)/ RP 

MASH=~•NOPE{K)-1 

NASH= MASH+ l 

Rl(MASH)=Rl(MASH}-DI(l ,K)•STRS(l}-

DI(2, K)•STRS(3}GASH 

R I (NASH)=R l (NASH)-Dl( l ,K)• STRS(3 }-DI(~,K) •STRS(2) 

CONTINUE 

CONTINUE 

CONTINUE 

}.ITGPY = MTGPY + NPLST 

360 CONTIN1J E 

IF(NL.EQ. l) CALL DROP(NE,NP.AK) 

WRITE(8)(NOP( J) ,J = I .. NECN),(IMA T(I),I= l ,NE),(((DISN(K, l), 

TDIS(K,I )),K= 1,2),( COR D(I,J ), J= l ,NCORD ), I= I,NP),({(TSTS(I,J), 

2 EPST N(I,Jl),I= I,5),J= l ,NSTORE) 

REWIND 8 

WRITE(6,370)MTGPY ,IFCOUNT 

370 FORMAT(' TOTAL GAUSS POINTS YIELDED DURING IT ERATION =',15/ 

' T OTAL NUMBER OF ELEMENTS RUBBI-EIZED DURING ITERATION = ',15) 

TIME4=SECNDS(TIMEI) 

WRITE(6,380}TIMB4 

380 FORMAT(' RESUl-TANT FORCES OBTAINED AT',FIO 3) 

RET URN 

END 

•---.. ·-·----- -------
·- ·-·-·---·-

Subroutine RESOLV: 

Updates 3ti ll'oess equation solution. 

WriUf'n: 

L~t modi6ed:JU L 18 t 084 

·------------------

Called by: SCRU BS 

·---
•----------·------

SUBROUTINE RESOLV 
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10 

30 

~ 0 

IMPLICIT DOUBLE PRECISION (A-H,O-Z) 

COI\iMON/ CONTR/ TITLE{20),NP,NE,NB,NDr,NCN ,NSrR,NSZr ,L V,NPP,ICS, 

NCORD,NSK,NSIZ,NL,NBUF ,NT ,ND.NNP.ILD ,NLD.NMA T ,IT,NIT,INC,NINC, 

2 NSTOR E,MPR,LDTY PE,r ACTOR,OMEGA, CONF AC,NYIELD ,ISTS,NA LGO,PWORK, 

3 TPWORK 

COMMON/ BOUN/NBC(400),NFIX(400),U(800),ANG(100),TRC(800), 

US(400,2) 

COMMON/ LDS/R1(2000).RL(2000),RT(2000) 

COMMON/ SCR/ SK(ZOOOO) ,R 

READ(1) NT P ,(SK{I),I=NSK,NTP) 

NBUr=NSK-1 

ND= l 

NNP=l 

DO 60 L=I,NP 

DO SO I=I ,NDF 

IC=I+NDr•{L-1) 

R=Rl(IC) 

NBUF=NBUF+ I 

NSZ=SK(NBUr) 

NBUF=NBUF+I 

IF(SK(NBUF) GT.O. ) GO TO 10 

RS=-R 

R~U(ND) 

ND=ND+I 

R I ( IC)=SK(NBU F)• R + RS 

GOT020 

CONTINUE 

R t(IC)=SK(NBUF)• R 

CONTINUE 

Ir(L+I-NP-NDF) 30,70,30 

NBUF=NBUF+ I 

DO 40 J= I ,NSZ 

IK=IC+J 

Rl(IK)=R l(IK}-SK(NDU r }• R 

NBUF=NBUF+ I 

NBUF=NDUF+I 

IF(NBUF.L T .NTP) GO TO SO 

READ(4) NTP ,(SK{II),II= NSK,NTP) 

NBUF=NSK- 1 

NNP=O 

SO t-.'NP= NNP+ I 

60 CONTINUE 

70 RET URN 
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END 

Subroutine ROSB: 

Adju3'3 3till'oe33 matrix. 

Wntteo· 

Lia3t modi6ed.JUL I ~ IQ8~ 

·---.. ------
•--------------------------- ---

10 

Called by: STIFM 

S UBROUTINE ROSS 

IMPLICIT DOUBLE PRECISION (A-H.O-Z) 

COMMON/ CONTR/ TITLE(!!O),NP.NE,NB,NDF,NCN,NSFR,NSZF,LV,NPP,ICS, 

NCORD 

COMMON/BOUN/N13C(~OO),NFIX(400), U(800),ANG(~OO),TRC(800), 

US(~00,2) 

COMMON/ NUME/ P( 12), DEL(2,12),DET ,DI(2,12),DIJ(2,2),XYE(3,12), 

NOPE( 12),DISE(2,1 2), RP,RPB,X'YP(3) 

COMMON/ SCR/ DIS(2, 1000), TDIS(2,1000),DISN(Z, IOOO),CORD( I 000,2) 

,NOP( 4000),1MA T( IOOO),T ST S(5, 1000),EPSTN( 5, 1000) 

2 ,COJ(2 ,2),COJ IN(2.".!),D( 1 .Z~).ESTIFM(24 ,21 ),DVD( 1, 1),DVDD( ~ ) 

DO 60 I= I,NCN 

DO 10 M= l.NB 

IF{NOPE(I) EQ NBC(M)) GO TO 20 

CONTINUE 

GO T060 

IF(ANG(M) EQ 0 ) GOTO 60 

GASH= ANG(M)• 017453202 

CS=COS{GASH) 

T N= T AN(GASH) 

MAS H= 2• 1·1 

NAS U= MAS H+ I 

D030 K= I ,LV 

STFUC= ESTIFM(MASH,K)•CS 
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30 

iO 

so 
60 

STF'VC=ESTIFM(NASH,K)•CS 

ESTIFM(MASH,K)=STF'UC+STFVC•TN 

ESTIF'M(NASH ,K}=STF'VC-STFUC•TN 

CONTINUE 

DO iO K= MASH,NASH 

STFUC=ESTIFM(K,MASH)•CS 

STF'VC=ESTIFM(K,NASH)•CS 

ESTIF'M(K,MASH)=STF'UC+STFVC•TN 

ESTIFM(K,NASH)=STFVC-STFUOTN 

CONTINUE 

DO SO J= MASH,NASH 

DOSO K= l,LV 

ESTIFM(K,J)=ESTIFM( J,K) 

CONTINUE 

CONTINUE 

RETURN 

END 

·-----------------------------------

Subroutine ROTATE: 

This subroutine rotiltes 20 stress or stra.in vector by ~ogle THETA. 

Wnuea: 

L~st modi6t!d:MAR 10 108i 

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

C~ll ed by: JOINTM 

• 
·----------

SUBROUTINE ROT ATE(A,B,THET A) 

IMPLICIT DOUBLE PREC ISION (A-H,O-Z) 

DIMENSION A( 4),B(4) 

C= DCOS(THETA) 

S= DSIN(THETA) 

6( I )=A( I )•C•C+A(:!)•S•S-2.• A(3)•C •S 

0(2)= A( l )•S•S+A(2)•C •C+2.• A(3)•C•S 
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B( 3 )= A( 1 )•C •S+A(2)•C•S+A(3 )•C•C+ A(3)•S•S 

B(i)=A(4) 

RETURN 

END 

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

Subroutine RUBDRAW: 

Writes the rubble file RUB.MOV. 

Written: 

La.st modified:JUL 10 198-t 

·-·------------
·-----------

Ca.lled by: SCRUBS 

SUBROUTINE RUBDRAW(NUMEL,TT,NUMNP) 

IMPLICIT DOUBLE PRECISION (A-H,O-Z) 

COMMON/CONTR/ TITLE(20),NP,NE,NB,NDF',NCN,NSF'R,NSZF',LV,NPP,ICS, 

NCORD,NSK,NSIZ,NL,NBUF,NT,ND,NNP,ILD,NLD,NMAT,IT,NIT,INCONINC, 

2 NSTOREOMPR,LDTYPEoF' ACTOR,OMEGAOCONFAC,NYIELD,ISTS.NALGO.PWORK, 

3 TPWORKOKNE 

DIMENSION EPX4('20,1)oR(I),Z(l),IX(Sol) 

COMMON/GEP / FAC( 10),NOUT( 40),0RT(l0,10),NOPR(30),10NARY( I 000) 

COMMON/FG/ FLAG(IOOO),BULK(IOOO,Z),MINES(IO,SO),NME(IO),GAMMA 

COMMON /SC R/ DIS(2o I 000), TDIS(2o lOOO)oDISN(~ . I OOO)oCORD( I 000.~) 

ONOP( 4000)o1MA T( IOOO),TSTS(So 1000)oEPSTN(S,4000),DUMMY( 1000) 

DIMENSION IXAR(<tOOO) 

DIMENSION IXN(20),RN( 1 2), ZN(12},ZETA(I~)oETA(I2) 

REAL TIMEI .TIMEZoTIME3 

DIMENSION IDUM(t:!) 

REAL CORDDUM( 1 000,2).Rl ,R2,R30R~.z I OZZ,Z3.Z4,ZERO 

DATA !XN/ 1,2.6o· 4.Zo3o8o-6.4.S, IO,-Oo5.7, 11 0-10,7 o8o1Zo·ll / 

DATA ZF:rA/ -1 0 0 , I ,-1 .- 5, 0., .5, 1.0-1.0- S, S, 1 / 

DATA ETA/-1 o·l ,- 1 0 0 0 0.0 0., 0.0 0 .. 1., 1.0 1. , I I 
DATA !DUM/ 8, 16,21.31 039,47,55,62,70,78,86,94/ 
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·-

10 

20 

30 

60 

NPI = I 

NP2-=NUMEL 

IBEGIN= NUMEL 

ICNT= I 

Elim1utea plottins of boundary uound rubble 

IRI=O 

DO 20 I= I,NUMEL 

IF'(BlJLK(I,l).EQ.O.O) GO TO 10 

NP2= NPZ-1 

ICNT=ICNT+I 

GO T020 

CONTINUE 

IRZ- 4• NSfR•(l-I ) 

!XAR(IRI +l)=NOP(JRh l ) 

IXAR(IR1+2)=NOP(IR2+ 1+NSFR) 

J.)C.-\R(IR1+3}=NOP(IR2+ 1 +NSFR•2) 

IXAR(IR1+4)=-NOP(IR2-I+NSFR•3) 

IR l = IRI +4• NSFR 

CONTINUE 

WRITE(l 1,30) TT,ICNT 

FO RMAT (EIH,l.S) 

NONE= I 

NCON= 4•NP2•NSFR 

WRITE( t4 ,60) NONE,NUMNP,NP2,NCON 

WRITE (1 4,60) NPt ,NP2 

ZERO o:::O.O 

DO 40 I= I,NUMNP 

CORDDUM(I ,l )=SNGL(CORD(I,l )) 

COkDDl1M(I,Z)=SNGL(C'ORD{I;!}) 

WRITE( 14,50) ((CORDDlJM(I,l ),CORDDUM(l,Z),ZERO).J = t ,NUM.NP) 

FORMAT (6E12.S) 

WRITE( 11 ,60) (IXAR(I),I= l ,NCON) 

FORMAT (1615) 

ICNT = O 

NPI = NPZ 

DO 100 1=1 , :-.nJ~iEL 

If (BU LK(l.l) EQ 0 0) GO TO 100 

IC NT - ICNT+I 

NPI = NP2+1 
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70 

·--· 

c 
c 
c 
c 
c 
c 

NP2= NPI + 4• NSFR 

lNDEX= 4 •(1- I)•NSFR 

ll = NOP(INDEX+ l) 

12= NOP(INDEX+ I -t-NSFR) 

I3= NO P(INDEX+ I + NSFR•2) 

14= NO P(INDEX+ I + NSFR•3) 

ZI=SNGL(CORD(Il ,2)) 

Z2= SNGL(CORD(12,2)) 

Z3= SNGL(CORD(I3,2)} 

Z4=SNGL(CORD(l4,2)) 

R t =SNGL(C'ORD(ll ,l )) 

R2=SNGL(CORD(I2,1)) 

R3= SNGL(CORD(I3,1)) 

R4=SNGL(CORD(I4,1)} 

ISWSW = O 

IF'(ISWSW.8Q.O) GO TO 80 

IF(BULK{I,l).EQ.2.0) GO TO 80 

DO 70 KK= 1,12 

IF(! EQ.IDUM(KK)) ISWSW=l 

CONTINUE 

Le;avu g;ap for uncon~olid;ated rubble. 

ZMAX= AMAXI(Zl ,Z2,Z3,Z4) 

ZMIN= AMINI(Zl ,Z2.Z3,Z4) 

IELE= IMAT(I) 

ALPH= ORT(IELE,8) 

RMAX = AMAX l(R I ,R2 ,R3,R1) 

RMI:-.l= AMINI(Rt ,R2,R3,R4) 

RDEL= RMAX-RMIN 

AR EA= BULK(1,'2) 

ANEW=AREA/ Al.PH 

ZDEI.= ANEW / RDEL 

ZNEW= ZMIN + ZDEL 

ZAVG=(ZI + Z2+Z3+Z4)• 25 

C'I = CORD{I1 ,2 ).. T DIS{2, 11 ) 

C2= CORD(I2,2} TDIS(2,12) 

C3= CORD( 13,2 ).. TDIS(2, 13) 

C 4= CORD(I4,'2}TDIS(2, 14) 

ZD I = ABS(C'3-C I) 

ZD'.!= ABS(C4-C2) 
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80 

00 

ZDST=.S•(ZD1+ZD2) 

ZLE>l= ZDST / ALPH 

ZNEW = ZMIN+ZLEN 

ZNEW=SNGL(ZNEW) 

JF(Zl.GT.ZAVG.AND.FLAG(Il).GT.l .O) Z1 = ZNEW 

IF(Z2.GT.ZAVG.AND.FLAG(I2).GT. l.O) Z2= ZNEW 

IF(Z3.GT.ZA VG.AND FLAG(I3}.GT. t.O) Z3=-ZNEW 

IF(Zi GT.ZAVG AND.FLAG{I-i).GT. l.O) Zi= ZNEW 

CONTINUE 

Computt' ooda.J coordioatts for iotra-dtmtot rubblt. 

DO DO INDEX= 1,12 

F l = 1.-ZETA(INDEX) 

F'Z- l.+ZET A(INDEX) 

Gl = l .-ETA(INDEX) 

G2= l.+ETA(INDEX) 

R:-J(INOEX)= ~5•(FI•G1 •R J +F2•GI•R2+F~•G2•R3+FI•G2•R1) 

ZN(JNDEX)= .25•(F'1 •G 1•ZI +F'2•G1 • Z2+F2• G2• Z3+ F1 •G2• Z1) 

CONTINUE 

NJ= 12 

NPT=S 

NCON=20 

WRITE{ 11,60) NONE.NJ,NPT,NCON 

WRITE{11,60) NPI ,NP2 

WRITE (11,50) ((RN(J),ZN(J),ZERO),J= I, 12) 

WRITE (11,60) {IXN{J),J= I.20) 

100 CONTINUE 

RETURN 

END 
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·-------
·-·----

Subroutine RZBASE: 

Tbi3 3ubroutioe 6o<b the ba3e R and Z dime1uioos £or £all 

calculatiou. 

Wriueo: 

Last modi6ed:MAR 19 !984 

•----------.. ·---------------------------
·----·---------·---------··----------------------------

Called by: DROP 

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

S ubroutioe3 called:EXlT 

----------·----
·-------------

SUBROUTINE RZBASE(l,IBOT,Il ,I2,13,14,R,Z,RLEN,ZBASE) 

IMPLIC IT DOUBLE PRECISION (A-H,O-Z) 

COMMON /SCR/ DIS(2, 1000), TDIS(2,1000),D ISN(2, !OOO).CORD( I 000,~) 

.NOP( 4000),1MA T( I 000), TSTS(S, 4000),EPSTN(5,4000),DUMMY( 1000) 

Rl =CORD(l l.l) 

R2= CORD(I2. 1) 

R3= CORD(l3,1) 

Ri = CORD{I4,1) 

ZI =CORD{ Il ,2) 

Z2= CORD(I2,2) 

Z3= CORD(l3,2) 

Z4= CORD(H,2) 

RA VG={Rl + R2-tR3 +R4)• .2S 

ZAVG= (ZI + ZZ+Z3+Z4)• .2S 

RMX= O.O 

IF(RI.GT RAVG)RMX=RMX+Rl 

IF'{R2 GT.RAVG)RMX=RMX+R2 

IF'(R3 GT.RAVG)RMX=RMX+R3 

IF'(R4.GT.RAVG)RMX= RMX+R4 

RMX= RMX• .S 
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RMN= O.O 

IF{Rl .LT.RAVG)RMN=RMN+ Rl 

IF(RZ L T.RAVG)RMN=RMN+R2 

IF(R3.L T.RAVG)RMN=RMN+R3 

IF(RU T.RAVG)RMN=RMN+R• 

RMN= RMN•.S 

RLEN= RMX-RMN 

·-------·----------·· .. --------------------·-----

Determrne~ ZBASE node . 

..... -.... -............... -........... --------------·--------·---

10 

20 

30 

40 

so 

60 

IF(I.NE.Il) GO TO 10 

ITESTI = I2 

ITES1'2=1• 

GO TO 60 

IF'(I.NE.l2) GO TO 20 

ITESTI = ll 

ITEST2= 13 

GO TO 60 

IF(I.NE.13} GO TO 30 

ITEST1 = 12 

1TEST2= 1i 

GO TO 60 

IF{I.NE.I4) GO TO 40 

ITESTI = I3 

1TEST2 = 11 

GO TO 60 

WRITE{6,SO} I,IBOT 

FORMAT(' NODE NUMBER ', IS,' IS NOT OF ELEMENT ', IS/} 

CALL EXIT 

CONTINUE 

1F{CORD(ITEST1,2).LT.CORD(ITEST2,2)) GO TO 70 

1TEST2 is ZBASE node. 

·~-------------- ·------

ZBASE= CORD(ITEST2,2) 

RET URN 
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·-----···-·-···---------------

70 

!TEST ! is ZBASE node. 

ZBASE=CORD(ITEST1,2) 

RET URN 

END 
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•----------.--------------------

M~u SCRUBS: Program d<:!~igued to comput<:! th~ f~lu~. collaps~ • 

.1ud re3ultiug subsideoc~ of geologic m.1teri.1b. 

Elut1c PI&.Stic .1ulysis of plane st~s/str~o and u1symmetric 

problems for lioe.ar, parabolic, and cubic ~lemeots. 

Written by: 

G. NA YAJ<.. ........ U oiversity College of Swuse.1 

Compiled for CDC 7600 by: 

C ANDERSON ... .. .. Los Alamos Scientific Lo1boratory 

RV BROWNING ....... Los Alamos Scientific Laboratory 

Modified to treat finit e stniu, large deformation, .1ud 

geotecbn•cal rubble format1ou by: 

S.E. BENZLEY ... Brigb.1m Young Univmity 

•------------·-----------
·------------------------

C.1lled by·SCRUBSV (.1 file driver} 

·--------·-------

Subrout1 De3 called:SOLVEREADF 

ZONEOUTPUTLDATA 

GDATASETPDISP 

F'LAGETF'ORMRESIDUE 

RESOLVBSUBSTIFM 

CONVGRUBORAWDATALST (not used o1t present) 

•-----------------------

SUBROUTINE SCRUBS 

IMPLICIT DOUBLE PRECISION (A-H,O-Z) 

COMMON / ELPRNT / NELP ,NPEL( SO ),NONODE 

COMMON/ DUMM/ SAVG( i),SPL T( 1, 1000) 

COWAON / CONTR /TITLE(~O),NP.NE,NB.NDF' ,NCN .NSFR .NSZF, LV ,NPP ,ICS, 

NCOR D,NSK,NSIZ,NL.NBUF',NT,ND,NNP.ILD,NLD,NMAT,IT,NIT,INC,NINC, 
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c 
c 
c 

2 NSTOR E.MPR,LDTYPE,F ACTOR,OMEGA,CONF AC,NY IELD ,ISTS,NALGO,PWORK, 

3 TPWORK,KNE 

COMMON/ GEP/ F'AC(iO}.NOUT{iO),ORT( IO, IO},NOPR(30}.10NARY(IOOO) 

CO~tMON/BOUN/NBC(100},NFIX(100),U(800},ANG(100},TRC(800}, 

US{100,:!} 

COMMON / LDS/ R I (2000),R L(2000),RT(2000) 

COMMON/GID/XG(6},CG(6))CMG(6},CMG(6~NGAUS,MGAUS,MCN 

COMMON/ MATP/ D(1,1},YM,PR,GM,HM,PPR,CLAME,ALPHA,YST 

,TABSTN( IO,IS),TABSTR(IO,lS) 

COMMON/SCR/ DIS(2, 1000}, TDIS(2, 1000),DISN(~. 1000), 

CORD(I000,2) 

,NOP( 1000),1MA T( 1000), TSTS(S,1000),EPSTN(S,.IOOO), 

2 DUMMY(I OOO) 

COMMON/ DLIST/ LN,LNCT,TITL (20) 

COMMON/ FG/ FLAG{IOOO),BULK(l000,2),MlNES( IO,SO),NME(10), 

GAMMA 

COMMON/ BOTTOM/ AK 

COMMON/ QMESH/ NEL 

DIMENSION IRA Y(2) 

REAL TINC.U DUM(2,1000),SPL TDUM( 4, IOOO),CORDDUM( 1000,~) 

REAL TIMEI ,TIME2,TI.ME3,TITLD(20} 

DATA LNCT / SS/ 

DATA IRAY(I),IRAY(2)/10,12/ 

CALL F'TNBIN( l ,2,1RAY) 

REWIND 12 

CALL DATALST(l2,S,6} 

NRS- 0 

·----------··----
Opens and reads data rrom Q.)dESH9.DAT 61e 1n subroutine ZONE. 

·------·--··--------

CALL ZONE(NRS) 

IF(NRS.NE 1) GO TO 20 

Ruda reHart &leo, SCRUBS.RST. 

REWIND(~) 
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READ(2) (TITLE(l) ,l=t,57),(F AC(I),I=1 ,1210),(NBC(l),l= 1,1800), 

1 (R 1(1),1= 1,6000),(XG(I),I= l ,27),((D(I,J),I=1,4),1= 1,i), 

2 ((OlS(I,J },I= I ,!!),J= I, IOOO),LN,LNCT ,(TITL (1), 1=1 ,20), 

3 (FLAG(I),I=1,3510),AK,NELP,(NPEL(I),I=1 ,51) 

NECN= NE• NCN 

REA 0(2) (NOP( J),J= l ,NECN),(IMA T (l),l= l ,NE),(((DISN(K,l), 

TDIS(K,l)),K= 1,2),(CORD(l,J),J= t ,NCORD ),1= l ,NP),(((TSTS(I, J), 

2 EPSTN(l,J)),l=l,S),J=l ,NSTORE) 

3 ,((TABSTN(I,J ),I=t,IO),J=I, IS),((TABSTR(l,J ),I= t , tO),J= 1,1 S) 

REWIND (8) 

WRITE(8)(NOP(J),J=t ,NECN),(IMAT(I), I= l ,NE),(((DISN(K.l), 

T DIS(K.l)),K= 1,2),(CORD(I,J),J= l ,NCORD ), l= l ,NP),(((TSTS(l,J), 

2 EPSTN(I,J)),I= l ,5),J=t,NSTORE) 

REWIND (8) 

·------

Wmes the solutiou coutrols to SCRUBS.LIS. 

WRITE(6, IO) (TITLE(1),1=!,20) 

10 ~'ORMAT(' ',20A1 .//' •••• THIS PROBLEM HAS BEEN RESTARTED ..... '/ ) 

15 

2 

3 

• 
5 

6 

7 

8 

0 

A 

B 

c 
D 

E 

f' 

G 

WRITE(6,15) NP,NE,NB,NLD,NDF,NMAT,NSFR,NGAUS,NALGO,NPP, 

NYIELD,NT,NL,NSIZ,NCORD,MGAUS 

FORMAT(' CONTROL PARAMETERS'/ 

NUMBER OF NODAL POINTS--',13// 

NUMBER OF ELEMENTS ',131 I 
NUMBER OF BOUNDARY POINTS--'. 131/ 

NUMBER OF LOAD CASES---',121 I 
NUMBER OF DEGREES OF FREEDOM- ',IZ/ I 
NUMBER OF MATERIALS---',121/ 

ORDER OF THE E.LEMENTS---',1:!1/ 

NUMBER OF GAUSS POINTS--' ,12// 

SOLUTION ALGORITHM---',12/ / 

GEOMETRY NUMBER ' ,12/l 

YIELD CONDITION NUMBER--',12/ I 
NUMBER OF ARBITRARY STIFF - ', IZ// 

BLANK ',12// 

BAND WIDTH (NOT NEEDED)--',12// 

NUMBER OF COORDINATES--',12// 

GAUSS PTS f'OR. RES. CALC.--',12) 

CALL OUTPUT 

GO TO 30 
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20 CONTINUE 

Reads NPROB, t he number of problems, from SCRUBS.DAT, and 

writts NPROB ud the starting time to SCRUBS.LIS. 

·---·---

25 

:!6 

READ(S,2S) NPROB 

FORMAT(161S) 

DO 760 NPR= l ,NPROB 

TIMEl = SECNDS(O.O) 

WRITE(6,26) NPR,TIMEl 

FORMAT(' PROBLEM NO.',I3 ,3X,'EXECUTION STARTED AT', 

F10.3) 

•----------------------

• Ruds tb t title from SCR UBS.DAT and wmes it to SCRUBS.LIS . 

READ(S,:!7) (TITLE(l),l= l,:?O) 

27 F'ORMAT(20A 4) 

WRITE(6,27) (TITLE(I),I=1,20} 

•---- -----------·-----

Reads solution cootrol data from SCRUBS.DAT. 

•-----------------··----------------

f'ACTO R= O. 

REAC (S,ZS)NP,NE,NB,NLD,NDF,NMAT,NSFR,NGA US, NALGO,NPP, 

NYI ELD,NT.NL.NSIZ,NCORD.MGAUS 

O peos RUB MOV file ,r robbl~ fbg is set equ a.l to 1. 

·------- ---

IF'(NL EQ.J)OPEN(UNIT=I i ,T YPE='NEW',ACC ESS= 'SEQUENTIAL' , 

NAME= ' RUB.MOV' ) 
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c 

R~.1ds comment header from 6nt line of QMESHO.DAT, 

then the number of d ements (NE) ud Lhe 

number of nodal poiou (NP). 

REWlND 0 

READ(O) KOMT 

IF(NEL.EQ.O) READ(O) KOMT 

READ(O) NE,NP 

·------·--

·--
Writes the solutio11 controls to SCRUBS. LIS. 

IF(NCORD EQ 0) NCORD=2 

IF(~fGAUS EQ O)MGAUS=NGAUS 

WR ITE(6,15 )NP.NE,:\ffi,NLD,NDF.NMA T ,NSFR.NGA US,NALGO,NPP. 

NYIELD.NT .NL,NSIZ.NCORD,MGAUS 

Re.1ds ma.Leria.l propertie3. 

·---·-------·-·--··--------

30 

3,; 

40 

50 

60 

CONTfNUE 

DO ~0 L- t ,NMAT 

READ (b,35)N,(ORT(N.I),I= t ,6) 

FORMAT(I10,6GIO -t) 

lf(ORT(N.~) L T 0 0) READ (5,50) (ORT(N,I).I= II, IO) 

FORMAT(:!GI:! 5) 

WRITE(6.60) 

F'ORMAT(' MATERIAL PROPERTIES'/ 

MATL YOUNGS MOD POlS RAT 

2 HARD MOD ANGLE THICK ') 

DO 00 N = t .N'MAT 

IF(NYIELD 1\'E 3) GO TO 70 

YIELD' 

·------------·----------

J 5.) 



70 

80 

00 

100 

110 

AdJvaU ~b~ )'leld st~" ~od lb~ yidd ugl~ for VoD Miscs 

fA~lll~ CTil~ri~ 

C=ORT (N,3) 

T HETA=ORT(N,.S) 

SN=SIN(THET A) 

DNOM- 1. 7320.S0807.S7 •(3.-SN) 

O RT(N,3 )= 6. •C•COS(THET A)/ DNOM 

ORT(N,.S )=2. •SN / DNOM 

WRITE:{6,80)N,(ORT(N,I),I= l ,6) 

FORMA T(IIO,Gl 2.1 ,GI2:t,2Gl2.1,3GIU) 

IF(ORT(N,2).L T O.O)WRITE{6,100} (ORT(N,I),I= O,IO) 

FORMAT(' JOINTED MEDIA MATERIAL- DELTA=- ',F8.1, 

'GS=',E10.1) 

WRITE{6,110) 

FO RMAT(' TABULATED PLASTIC STRAIN-STRESS DATA ') 

DO 180 N= I,NMAT 

T ABSTR(N,l )=0RT (N,3) 

IF(ORT(N,4).LT.O.) GO TO 120 

NTAD""2 

TABSTN(N,2)= 1. 

T t\BSTR(N,2)= T t\BSTR(N,I)+ORT(N,1) 

GO TO 140 

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

120 

130 

140 

READ(.S,35) NTAB 

READ(.S, t30KT ABSTR(N,1),1=2,NT AB) 

FORM.AT(IOFS 0} 

R EAD(.S,t30) (T ABSTN(~.I), I=2 ,NT AB) 

CONTINUE 
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ISO 

160 

170 

180 

100 

T ABSTN(N, l )=1>.0 

Write! L&bul&t ed stress/ 3tra.iu d&h. to SCRUBS. LIS . 

WRITE(6,150) 

FORMAT(' TABU LA TED STRESS VALUES') 

WRITE(6,160) (TABSTR(N,l),l= !,NTAB) 

FORMAT( ' ', 15E9.3) 

WRITE(6,170) 

FORMAT(' TABU LA TED STRAIN VALUES' ) 

WR ITE(6,100) (TABSTN(N,I),I= l ,NTAB) 

FORMA T(tX,t 5E0.3) 

IF(NRS EQ. l ) GO TO 290 

·-------------·-----·-----

200 

210 

220 

230 

Reads ;and sets bulloug parameters. 

IF'(NL.EQ.O) GO TO 260 

DO 200 L=t ,NMAT 

READ(S,35) N,(ORT(N,1).1= 7,8) 

WRITE(6,210) 

FORMAT(' BULKING PRO PERTIES'/' MATL FAILURE ' 

'STRESS ALPHA'/ ) 

DO 220 N=t ,NMAT 

WRITE:(6,80},N .(ORT(N, I),1= 7 ,8) 

READ(S,230) AK 

FORMAT(Et0.3) 

WRITE(6,240) AK 

FORMAT('++++++++ LOWER BOUNDARY INDICATO R, AK =', EISA) 

Reads faalure parameters, l'I"RFF = oumber of load steps witb defined 

element removal. 

·-·------·------------------
READ(S,25) NRFF 
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'250 

'260 

WR!TEf6,'2SO) NRFF 

FORY!J T(' F AlLURE READ FLAG (I.E. NUMBER OF LOAD ' 

'STEPSJ = ',15) 

!F(NRFF NE.O) CALL READF(NRFF) 

CONTINUE 

Pre~et discs. 

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

270 

'2 

REWlND 3 

REWlND 4 

REWlND 8 

!CS=3 

IF(NPP EQ.2)!CS=1 

NCN=4•NSFR 

MCN=MGAUS•MGAUS 

NSZF=NP•NDF 

LV= NCN•NDF 

NSTORE=MCN•NE 

WRITE(6,270)NCN,MCN,LV,NSZF,!CS,NSTORE 

FORMAT(' NODES/ ELEMENT= ' ,I'2,2X,' GAUSSIAN PO!NTS=',I3, 

2X, 'UNKNOWNS/ ELEMENT=',I3,2X, 'TOTAL UNKNOWNS=',I4,2X, 

'DMATRIX SIZE=',I2,2X,'STRESS STORE=',l4) 

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

Recomputes NSTORE 1£ slip pl~oe is ~dded . 

•-------------------------

IIF= l 

IF(NNP.GT.O)IIF= -1 

CALL GOAT A (IIF) 

··--------·--···------------·-------
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Sec, IDitll.l &I''U-' 

·-------

IF'(NL EQ O) GO TO 290 

DO ~80 N= I,NE 

KI = (N-I)• NSF'R•1+ 1 

K2- KI +NSF'R 

K3= K2+NSF'R 

Ko~-K3+NSFR 

JI = NOP(KI) 

J2- NOP(K2) 

J3- NOP(K3) 

J 4- NOP(K 4) 

COE I =CORD( J2. I )-C'OR D( H ,I) 

COE2=CORD(J3,::! )-CORD(J 1,2) 

COE3=CORD(J3, 1 )-CORD(J I, I) 

COE-4=CORD( J4, 2)-CORD( J2,2) 

AREA= ~·(COEI •COE2~COE3•COE1) 

BIJLK(N,I )=-=0. 

BULK(N,2)= AREA 

CONTINUE 

CONTINUE 

·------

Writta 6nt record for plot t ape output (SCRUBS.MOV). 

··--·---·-·-·---·-.. ···--·-·-----·--------- -

300 

310 

DO 300 1= 1,:!0 

TITL,D(I)= TITLE(I) 

WRITE{IO) Tl'rLD,NE,NP 

DO '1 10 I= I,NP 

CORDDUM(I, I)=SNGL(CORD(l,l)) 

CORDDUM(I,:!)= SNGL(CORD{1,2)) 

W'R ITE{ IO)(COR DDUM(I, I ),1= I,NP),(CORDDUM(I,Z),J'"" I ,NP), 

I((NOP(NC N •{K-1 i+ M),K= t ,NE),M= l,NCN),(lMA T(I),!= I,NE) 

lf(:-IRS EQ I) GO TO 360 

S~t' dtrntD~ .! p&CID& &Dd checks budwitb ud !ti frot.!l dimtUIODiliS 
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•--... --···-··-----... -------------

CALL SET 

·---·-------------

320 

c 

330 

340 

3SO 

360 

loputs loa.da. 

DO 750 ILD= l ,NLD 

TTWORK= O. 

READ(S,2S)ISTS,LDTYPE 

WRITE(6,320}1STS,LDTYPE 

FORMAT(' INITIAL STRESS COUNTER = ',I2,2X,'LOAD TYPE' 

COUNTER=',I2) 

NASH=O 

DO 330 J= l ,NP 

DO 330 l = l ,NDF 

NASH=NASH+I 

330 TDIS( I,J)=RL(NASH)=DlSN(l,J)=RT(NASH)=R t(NASII}= O> 

T DIS(I,J)=O 

RL(NASH}= O 0 

DIS:-i(I,J)=O 0 

RT(NASH)=O 0 

Rt(NASH}=O.O 

CONTINUE 

DO 340 J= I,NSTORE 

DO 3o!O l = l.S 

EPSTN( I,J)= O. 

TSTS(I,J)= O. 

NECN= NE•NCN 

WRITE(S)(NOP( J),J.= l,NECN),(IMA T( 1),1 = l,NE),((( D ISN(K,I), 

TD:S(K,I)),K= l ,:?),(CORD(I,J),J=I ,NCORD ),l= l ,NP), 

2 ((( TSTS(I,J),EPSTN(I ,J)),I= l ,S),J=l ,NSTORE) 

REWIND 8 

1\ASH=O 

00 3SO l= t ,NB 

DO :ISO K= t ,2 

NASH= NASH+l 

TRC(NASH)=O 

lr(LDTYPE EQ 2) GO TO H O 

C.o\LL LDATA(IIF} 

CONTINUE 

READ (S,ZS)NINC 
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370 

380 

300 

400 

HO 

~20 

430 

WRITE(6,370) NINC 

FORMAT(' NO. OF INCREMENTS =',12/ 

' LNCREMENT OUTPUT LD FACTOR') 

READ (S,380)(FAC(I},I=t,NINC} 

FORMA T(16FS.3} 

READ {S,2S)(NOUT{I),I=l,NINC) 

DO 300 l= l ,NINC 

WRJTE(6,400)1,NOUT(J),FAC{I) 

FORMAT{:?IIO,FI 0.3) 

GO TO 120 

FACTOR= I. 

CONTINUE 

READ (S,3S)NIT,CONFAC 

WRITE(6.~30)NIT,CONF AC 

FORMAT(' NUMBER ITERATIONS=',I2,5X,'CONVERGENCE' 

'FACTOR = ',F!0.2) 

IF(NL.EQ. I.AND.NRS.NE.l) CALL FLAGE(NP,NE,S,IIF) 

•---... -----

HO 

150 

160 

470 

·-----

Sets print controls. 

READ(S,H O) NELP,NONODE 

FORMAT(t61S) 

IF(NELP.LE.O) GO TO HO 

READ{S,HO) (NPEL{K),K= l ,NELP) 

WRITE(6,450) 

FORMAT(' ELEMEN'TS TO BE PRINTED') 

WRITE(6,160) (NPEL(K),K=l ,NELP) 

FORMAT( I X,2615/2615) 

CONTINUE 

Begtns loop for each tncrement. 

DO 710 INC= l ,NINC 

TPWORK= O. 

WRITE{ 6,480 )INC 

180 FORMAT(' LOAD INCREMENT NO. =',13) 

IF(LDTYPE.EQ.2) GO TO 500 
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190 

500 

510 

GASH=FAC{INC) 

FACTOR= FACTOR+GASH 

NASH=O 

DO 400 J= l ,NP 

DO ~00 l=l ,NDF 

NASH= NASH+ l 

GOSH = RL{NASH)• GASH 

RT(NASH)=RT(NASH)+GOSH 

R l(NASH)=R l(NASH)+GOSH 

CONTINUE 

CALL TFORM 

GO TO 510 

CALL LOA T A{IIF) 

IF(INC.GT. I .AND. NALGO.NE.l) GO TO 530 

CALL PDISP(l ) 

CALL STIFM 

TIME3=SECNDS(TIME1} 

WRITE(6,S20}TlME3 

520 FORMAT(' STIFFNESS FORMULATION FINISHED AT', Ft0.3} 

CALL SOLVE 

GO TO 510 

530 CALL PDISP(INC} 

CALL RESOLV 

5~0 CALL BSUB 

IF(NALGO.EQ.O} CALL RESIDUE (TlMEt ,IFCOUNT,MTGPY) 

IF(NALGO EQ.O) GO TO 600 

CALL PDISP(O) 

·------------------ - -

Begins loop for each iteration. 

·-----

550 

DO 580 IT= l ,NIT 

CALL RESIDUE (TIMEl, IFCOUNT,MTGPY) 

CALL CONVG(NCHECK} 

CALLTFORM 

IF'{IT .EQ. l .AND. NOUT{INC}.GT. IOO}CALL OUTPUT 

IF(NCHECK.EQ.O} GO TO 600 

IF(NALGO.L T .Z)GO TO 560 

IF(NALGO.GT.2)GO TO 550 

IF(IT .NE. l )GO TO 560 

CONTINUE 
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560 

570 

580 

If no elemeui.s b~ve yielded or ruhbli1ed, do bol ~form rtiiJii~SS 

IICK= IFCOUNT+MTGPY 

JF(JJCK.EQ.O) GO TO 560 

CALL STIFM 

TIME3=SECNDS(TIME1) 

WR ITE(6,520)TIME3 

CALL SOLVE 

GO TO 570 

CALL RESOLY 

CALL BSUB 

CONTINUE 

IT= NlT+l 

CALL RESIDUE (TIMEl ,IFCOUNT,MTGPY) 

CALL CONVG(NCHECK) 

WRITE(6,500) INC 

590 FORMAT(' NO CONVERGENCE ON INCRE~ENT NO',I3) 

6{)0 

GO TO 76{) 

CONTINUE 

CALL OUTPUT 

----------- ·--------

Write mt&rt tape (SCRUBS.RST). 

REWIND(Z) 

WRITE(Z) (TITLE(I).l=l .57),(F AC(l ), l= l ,t ZIO).(NBC(l), 

1= 1, t800) .(R I (1),1= 1 ,6000),(XG(I),I=l,Z7 ).((D(I.J), 

2 1= 1.4),J= 1.4).((DIS(l.J),I= 1,2),J=l , IOOO),LN,LNCT. 

3 (TITL (l).l= l ,:!O).(FLAG(I),I=l ,3510),AK,NELP, 

(NPEL(I).I= l ,SI) 

NECN= NE•NCN 

WRITE(2)(NOP(J),J=I ,J'..'ECN),(IMAT(I),I= l ,NE). 

((( DISN(K.I),TDIS(K,l)),K=l,:!),(COR D(l,J).J= l ,NCORD ), 

2 I= I,NP),(((TSTS(l.J),EPSTN(I.J)J,I=l ,S).J=t .NSTORE), 

3 ((TABSTN(I,J},l=l , IO).J= t ,tS}.((T ABSTR(l,J}, l=l , IO), 

J= l.l 5) 

WRITE(6,610) 
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610 

620 

630 

FORMAT(' • • • • RESTART FILE HAS BEEN' 

'WRITTEN • • • • ') 

IF(NALGO EQ.O) GO TO HO 

TTWORK=TTWORK +TPWORK 

WRITE(6,620)1NC, TTWORK 

FORMAT(' INC NO ',12,SX,'TOTAL PLASTIC WORK = ',Et2.4) 

TlME2=SECNDS(TIME1) 

WRITE(6,630) TIME2 

FORMAT(4X.'EXECUTION FINlSHED AT ',F10.3) 

Computes <lVera.ge stre3s in each element. 

·---------·-... ·- --------------

6i0 

650 

660 

670 

XMCN= MC;.J 

DO 670 M= I ,NE 

K=MCN•(M-1) 

DO 610 1= 1.1 

SAVG(I)=OO 

DO 650 1= 1,4 

DO 650 L= I ,MCN 

J=K+ L 

SAVG(I)=SAVG(I)+TSTS{I.J) 

DO 660 1= 1,4 

SAVG(I)= SAVG(I)/ XMCN 

SPLT(I ,M)=SAVG(l) 

SPLT(2,M)=SAVG(Z) 

SPL T{3,M)= SAVG( 4) 

SPL T( 4,M)= SAVG(3) 

CONTINUE 

• ------·---·-~-------------------------------------

SCRUBS.MOV. 

•- --------------------·----

680 

TINC=INC 

WRITE( 10) TINC 

DO 680 1= 1 ,NP 

UDUM( t .t)= SNGL(TDIS(t ,l)) 

UDUM(:!,I)= SNGL(TDlS(2,1)) 
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600 

DO 1500 J= I,NE 

DO 600 1= 1,1 

SPL TDUM(I,J)=SNGt,{SPL T( I,J)) 

WRITE( IO) {UDUM(l.I).UDUM{:?,I),I=l ,NP). 

{UDUM(I ,l),UDUM{2.1),l=l,NP), 

:? {UDUM(I ,I),UDUM(2.1}.1=1 ,NP) 

WRITE{IO) ({SPLTDUM(l,J),J=l,NE),l=l,4) 

Writes rubble file {RUB.MOV). 

·----·-····-·· .. ·------·-·-------·----------

·-·---

iOO 

710 

720 

730 

IF(NL.EQ.I ) C Al-L R UBDRA W(NE, TINC ,NP) 

Co mputes average strain in each element. 

DO 730 M= l ,!li"E 

K=MCN•(M-1) 

DO 700 1= 1,4 

SAVG(I)=O 0 

DO 710 1= 1,4 

DO 710 L= l,MCN 

J= K-tL 

SAVG(I)=SAVG(l)+EPSTN(l,J) 

DO 720 1= 1.4 

SAVG(I)=SAVG(I)/ XMCN 

S PLTDUM(I,M)= SNGL(SAVG(l)) 

SPL TDUM( '2.M)=SNG L(SAVG(:?)) 

SPL TDUM(3,M)=SNGL(SAVG( 4)) 

S PL TDUM( ~ .M)=SNGL(SAVG(3)) 

CONTINUE 

WRITE(IO) ((SPL TDUM(I,J),J= I,NE),I= 1.4) 

HO CONTlNUE 

750 CONTINUE 

760 CONTINUE 

RETURN 

END 
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·- ·----·--

S ubroutine SCRUBSV: This subroutine opens ud closes t he files 

used by the m~oio prognm, SCR UBS. The files: 

UNITNAME 

2SCRUBS.RST 

3scratch file 

1scratch file 

SSCRUBS.DAT 

6SCRUBS.LIS 

8scra.tcb file 

QQMESHQ.DAT 

IOSCRUBS.MOV 

14R UB.MOV 

Written: 

LMt modified:MAR 10 1081 

Subrou~i nes c~olled :SCRUBSEXIT 

·-----···------------

PROGRAM SCRUBSV 

IMPLIC IT DOUBLE: PRECISION (A-H,O-Z) 

COMMON/CONTR/ TITLE(20),NP,NE,NB,NDF,NCN,NSFR,NSZF,LV,NPP,ICS, 

NCORD,NSK,NSIZ,NL,NBUF,NT,ND,NNP,ILD,NLD.NMAT,IT,NIT,INC,NlNC. 

2 NST OR E:, MPR,LDTYPE,F ACTOR,OMEGA,CONF AC,NYIELD,ISTS,NA LGO,PWORK, 

3 TPWORK,KNE 

COMMON / Q.MESH / NEL 

The files ue opened. 

•------------·---

OPEN(UNlT =:!,TYPE='UNKNOWN',ACCESS='SEQUENT!AL', 

N AME= 'SCRU BS.RST',FORM= 'UNFORMATTED') 

OPEN(U NlT =3,TY PE= 'SCRA TCH',ACCESS= 'SEQUENTIAL', 
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FORM= 'UNFORMATTED') 

OPEN(UNIT = 4,TYPE='SCRATCH',ACCESS='SEQUENTIAL', 

FORM= 'UNFORMATTED') 

OPEN(UNIT= S,TYPE='OLD',ACCESS= 'SEQUENTlAL',NAME= 'SCRUBS.DAT') 

OPEN( UNIT = 6, TYPE= 'NEW' ,ACCESS= 'SEQU ENTIAL',NAME='SCR U BS LIS') 

OPEN( UNIT= IO,TYPE= 'NEW',ACCESS= 'SEQUENTIAL',NAME='SCRUBS.MOV', 

FORM= 'UNFORMATTED') 

OPEN( UNIT = II, TYPE='UNKNOWN' ,ACCESS= 'SEQUENTIAL', 

NAME= 'QMESHO.DA T ',FORM='UNFORMA TTED') 

OPEN(UNIT= S,TYPE='SCRATCH',ACCESS='SEQUENTIAL', 

FORM='UNFORMATTED') 

•------------------- ------

·-

The maio program, SCRUBS, is ca.Jled. 

---------------
CALL SCRUBS 

The 61ea ue closed, aod the sy~tem call EXIT '' used. 

CLOSE(UNIT= 2) 

CLOSE(UNIT= 3) 

CLOSE(UNIT= 4) 

CLOSE(UNIT= S) 

CLOSE(UNIT= 6) 

IF(NEL EQ 0) CLOSE(UNIT=O) 

IF(NEL.NE.O) CLOSE(UNIT=o.DISPOSE= 'DELETE') 

IF(NL.EQ. I )CLOSE( UNIT = I 0} 

CLOSE( UNIT= 8) 

CALL EXIT 

STOP 

END 
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Subrouuo~ SET: 

Sets demeoi spacing and determines bandwidth a.od resulting 

sti!roess storage requ ired. 

Written: 

L~t modified:MAR 10 1984 

·--------·--------------------

Called by: SCRUBS 

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

SUBROUTfNE SET 

IMPLICIT DOUBLE PRECISION {A-H,O-Z) 

COMMON/ CONTR/ TITLE(20},NP ,NE,NB,NDF,NCN,NSFR,NSZF,LV,NPP,ICS 

,NCORD,NSK,NSIZ,NL,NBUF,NT,ND,NNP,lLD,NLD,NMAT,IT,NIT,INC,:-llNC, 

2 NSTORE 

10 

COMMON/ GEP/ FAC(40},NOUT(10),0RT(10,10),NOPR(30),10NARY(1000) 

COMMON / SCR/ DIS(2,1000), TDIS(2,1000),DISN(Z, IOOO),CORD( 1000,2} 

,NOP( 4000),1MA T( 1000),10N(6,1000) 

DO 10 J= t ,6 

DO 10 l=l,NP 

ION(J,I)= O 

··----·-··-------... ·-·--------------

Selects spacing. 

DO SO L= l,NE 

NAS H= NCN• (L-1) 

IST = NOP(NASH+l) 

MAX= IST 

}..fiN= IST 

DO 20 N= 2,NC N 

NTH= NOP(NASH+N) 
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20 

30 

40 

.50 

60 

;o 

IF (NTH .EQ. 0) GO TO 30 

IF ( MAX .LT. NTH) MAX=NTH 

IF ( MIN .LE. NTH) GO TO 20 

MIN=NTH 

CONTINUE 

IF (NSIZ .LT. (MA.X-MIN}• NDF} NSIZ=(MA.'<-MlN)•NDF 

I= MIN 

DO 40 M= 1,6 

IF(ION(M,l).NE.O} GO TO ~0 

ION(M,I)=L 

GO T0 .50 

CONTIN UE 

CONTINUE 

L= l 

DO 70 l= l ,NP 

DO 60 M= l ,6 

IF{ION(M,l).EQ.O} GO TO 70 

IONARY(L}=ION(M,I} 

L= L+ l 

CONTINUE 

IONARY(L)=O 

Determine' if bandw•dth i3 too high and 3tilrne33 dimeo3iODIDit 

ia exceeded. 

·-----·--··----------·-----

80 

NSK= ((NSIZ+NDF}•(NSIZ+ NDF+l))/2+1 

IF(NSK.LT.NSZF+l) NSK= NSZF+ l 

IF(NSK.LE.OOOO) RETURN 

WRITE(6,80) 

FORMAT(' PROGRAlvl HALTED IN SET,' 

1 'STIFFNESS SPACE EXCEEDED') 

STOP 

END 
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·----· 

Subrouti11e SFR: 

Seu sbpe fooct1o11s a.ccordi11p; to eleme11L type. 

Wntteo: 

l.a.!t modilied:JUL H Ul84 

C.~olled by: LDATAREMLDRESIDUE 

STIFM 

SUBROUTINE SFR(G,H) 

IMPLICIT DOUBLE PRECISION (A·H,O-Z) 

COMMON/ CONTR/ TITLE(20),NP ,NE,NB,NDF',NCN,NSFR,NSZF, L V,NPP,ICS, 

NCORO 

COMMON / NUME/ P( I 2), DEL(2,12), D ET ,01(2 ,12), Dl J(2. 2 ),XYE( 3,12), 

NOPE( 12),DISE{2, t2), RP,RPB,XYP(3) 

G aod H de11ote the xi ud eh v.!.lues .~ot the point coo!ldered. 

··---·-··----·-·· 

GG = O •G 

GH = G• H 

HH = H•H 

GG H ""GG •H 

GHH = G•HH 

JF(NSFR-2}10,20,30 

L•oeu !hpe fuoctiOIIS a.od t beir first derintiYes for 

four 11oded ubitra.ry qua.drila.tenl. 

·-·---------·-··--·· 
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10 P(I)=( I.-G-H +GH)/ <1 . 

P(2)={ 1.+G-H-GH)/ 4. 

P(3)=( i.+G+H+GH)/ 4. 

P( 4)=( 1.-G+H-GH)/ 4. 

DEL{ 1,1)=(-I.+ H)/4. 

DEL(1,2}=-DEL( l ,l) 

DEL(1,3)=(1.+H)/4. 

DEL{ I, 4)=-DEL(1,3) 

DEL(:!, I )=(·l .+G)/ 1. 

DEL,(2,2)=(·1.-G)/ 4. 

DEL(2,3)=-DEL(2,2) 

DEL(2,4)=-DEL(2,1) 

RETURN 

·-----------------

·-

Puabolic eh&pe fuoctton& aod their 6nt derivat ives for 

curved 8-ood~ arbttrary quadrilateral. 

20 G2 = G• 2. 

H':! = H•2. 

GH2 = GH •2. 

P( 1) = (-I.+GH+ GG+HH-GGH-GHH)/ 4. 

P{ 2) = ( 1.-H-GG+GGH)/2. 

P( 3) = (-t.-GH+GG+HH-GGH+GHH)/ 4. 

P( 4) = ( I.+G-HH-GHH)/ 2. 

P( 5) = (-I.+ GH+GG+HH+GGH+GHH)/ 4. 

P( 6) = (I + H-GG-GGH)/ 2. 

P( 7) = (-1.-GH+GG-t- HH+ GGH-GHH)/ 1. 

P( 8) = ( 1.-G-HH+GHH)/2. 

DEL(t, l)= ( H+G2-GH2-HH)/4. 

DEL( I,:!)= -G+G H 

DEL( 1,3)=(-H +G2-GH2+ HH )/ 4. 

DEL(1,4)=( 1.-HH )/ 2. 

DEL(l ,S)=( H+G2+ GH2+HH)/ 4. 

DEL(t.6)= -G-GH 

DEL{l,7)=(-H+G2+GH2-HH)/4. 

DEL( 1,8)=(-l . + H H)/ 2. 

DEL(2,1)=( G+HZ-GG-GH2)/ 4. 

DEL(2.2)=(-t t-GG)/ 2 

DEL{2,3)=(-G+H2-GG+GH2)/ 4. 

DEL-(2,4)= -H-GH 

DEL(2,5)= ( G+H2+GG+ GH2)/4. 
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30 

DEL(2,6)=( 1.-GG)/ 2. 

D£1.(2, 7)=(-G+H2+GG·GH2)/ 4 

DEL(2,8)= -H+CH 

RETURN 
CONTINUE 

GGG = GG•G 

HHH = H• HH 

GOGH= GGG•H 

GHHH = G •HHH 

Cubic shpe functions ud their 61'llt derivatives for 

curved 12-ood&l a.rbitr&ry quadril&tera.l. 

Gll c:o G•ll. 

GIO = G•IO. 

018 = 0•18. 

027 = 0 •27. 

HO ..,. H•ll. 

HIO = H• IO 

HIS .., H•18. 

HZ7 = H•27. 

GGll = GG •O. 

0027 = 00• 27. 

GOB I = GG• SI. 

OH IO= GH•tO 

GH18 = GH • t8 

Gli27 = GH•:n. 

HIIO = HH• Q. 

HH27 = HH•27. 

Hll8 1 = HH •81 . 

GGGO = GGG •ll 

GGG27 = GGG• 27 

GG IIO = GGH •O. 

GGII27 = GG H•27. 

GGIISI = GGH •81. 

GIIIIO = G HH •ll. 

GHII27 = GHH•~n 

G illiS I = GHH •81. 

HHIIO = HHH• Q. 

Hllll27 = HHH •27. 

GGGHQ = GGGH •O 



40 

so 

GGGH27 = GGGH•27. 

GHHH9 = GHHH•9. 

GHHH27 = GHHH •27. 

P(l)= -10.+GIO+HIO+GG9-GH10+HH~GGG9-GGH9-GHH~HHHII+GGGH9+GHHH9 

P(2)= 9.-G27-H9-GG9+DH27 +GGG27 +GGH~GGGH27 

P(3)= 9.+G27-H~GG9-GH27-GGG27+GGH9+GGGH27 

P(4)= -10.-G10+HIO+GG9+GH10+HH9+GGG~GGH9+GHH9-HHH~GGGH~GHHH9 

P(S)= 9 .+G~H27-GH27-HH~GHHO+HHH27+GHHH27 

P(6}= 9 .+G9+H27+GH27-HH~GHH~HHH27-GHHH27 

P(7)= -10.-G 10-H IO+GG~GH 10+H H9+GGG9+GGHO+GHH9+H HHO+GGGHll-rGH HH9 

P(8)= O .+G27+H~GGO+GH27-GGG27-GGH~GGGH27 

P(O)= O .-G27+H~GGO-GH27+GGG27-GGHO+GGGH27 

P( I 0)=-10. +G 1 0-H I O+ GGO+GH lO+H H~GGG9+GGH9-GH HO+ HH HO-GGGH9-GH HHO 

P( 11)= 9.-G9+H27-GH27-HHO+ GHHO-HHH27+ G HHH27 

P(12)= O.-G~H27+GH27-HH9+GHHO+HHH27-GHHH27 

DEL(!, l )= l0.+G 18-Ht0-GG27-GH18-HH9+GGH27+HHHO 

DEL(l , 2)~27 .-G18+H27 +GG81+GH18-GGH81 

DEL(!, 3)= 27.-G18-H27-GG8 l +GH18+GGH81 

DEL( l , 4)=-IO.+G18+ HIO +GG27-GH 18+HH~GGH27-HHHO 

DEL(!, 5)= 9 .-H27-HHO+ HHH27 

DEL(!, 6)= 9.+ H27-HHO-HHH27 

OEL(I, 7pl0.+G 18-HIO+ GG27+GH18+ HHO+GGH27+HHH9 

DEL(l, 8)= 27.-G18+ H27-GG8t-GH18-COH81 

DEL(l,IO)= IO.+Gt8+HIO-GG27+GH18-HHO-GGH27-HHHO 

DEL(!, 9)~27 .-G18-H27+GG81-GH18+GGH81 

DEL(l,ll)=-9.-H27+ HH9+HHH27 

DEL(l,12)=-0.+ H27+ HHO-HHH27 

DEL(2, 1)= 1 0.-GIO+H18-GG~GH18-Hti27+GGG9+GHH~ 

DEL{2, 2)~0.+G27 +GGO-GGG27 

DEL(2, 3)~o -G2i+GGO+GGG27 

DEL(2. 4)= !O.+GIO+ H18-GG9+GH18-HH27-GGGO-G HH27 

DEL(2, S)=-27.-G27-H 18-G Ht8+ HH81 +GHH81 

DEL(2, 6)= 27 .... G27-Ht8-GH18-HH8t-GHH81 

DEL(2, 7)=-10 -GJO+ H 18+GG9•GH 18+ HH27 ~GGGO+GHH27 

DEL(2. 8)= O.+G27-GGO-GGG27 

DEL(2. 0)= 0 -G27-GG9+ GGG27 

DEL{2, 10)=-IO.+GIO+ H 18+GGO-Gtlt8+H1127-GGG9-GHH:!7 

DEL(2, 11)= 27.-G27-H18+GH 18-HH81 +GHII81 

DEL(2.12)=-27. + G27-H 18+ GH18+HH81-GHH81 

DO SO J= t , l2 

DO 40 1=1,2 

DEL(l,J)=DEL(I,J)/32. 

CONTINUE 

P( J)=P( J)/32. 

CONTINUE 
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RETURN 

END 

·------·-----------

• 

Subroutine SLIPP: 

ThiS subroutine rea.ds the slip plue da.ta., adjusts the geometry 

aocl elements accordingly, a.od then records the adjusted 

information. 

Written: 

La.st modilied:MAR 19 198~ 

•----------·-------------------------
·-----------·-----------------------

Called by: GDATA 

·-------

Subrou\ioe3 called·NEWNODCORNN 

MAKEELNODEXY 

·------·-----------.--------
·-·---------·------------------

SU BROUTINE SLIPP 

IMPLIC IT DOUBLE PRECISION (A-H,O-Z) 

COMMON/CONTR/TITLE(~O),NP,NE,NB,NDF,NCN,NSF'R,NSZF', LV,NPP, I CS, 

NCORD,NSK ,NSIZ,NL,NBUF,NT,ND,NNP,ILD,NLD,NMAT,IT,NIT,INC.NINC, 

2 NST ORE,MPR,LDTYPE,FACTOR,OMEGA,CONFAC, NYIELD.ISTS,NALGO,PWORK. 

3 TPWORK,KNE 

COMMON/BOUN/NBC(100).NFIX(~OO),U(800),ANG(-tOO),TRC(800) , 

US( ~00 ,2) 

COMMON / SCR/ DlS(2.1000), TDlS(2,1000},DISN(2,1 OOO),CORD( 1000,2) 

,NOP( 1000),1MA T( 1000), TSTS( ~. -IOOO),EPSTN( 5.1000), DUM-'vtY( 1000) 

COMMON/ SLP / DCOR( 1000,2) 

DIME~SION MAP(lOOO,:?) 

INTEGER SLIP(500.Z),CORNER(500),EL 

NSP= IABS(NNP) 

174 



·----·-----

Savu old inJorma,ion. 

NEOLD=NE 

NPOLD= NP 

DO 10 N=t ,NP 

DCOR(N,t)=CORD(N, t) 

10 DCOR(N,!:!)=CORD(N,:!) 

20 

30 

WRITE(6,20) 

FORMAT(///, tX,tO('• '),' SLIP PANE BOUNDARY DATA ', 10(' • ')) 

WRITE(6,30) NSP 

FORMAT(// .' NUMBER OF SLIP PLANES = ',12) 

•------·----... ---------

·---

40 

Loops on number of slip planes. 

DO 340 INSP= I ,NSP 

Reads in slip plane data. 

READ(5,40) NSLIP,IANG,DEL TA 

FORMA T(ZIS,G 10.3) 

K=(NSLIP-t)/ 16 + I 

J= l 

DO 60 l= t .K 

JJ=J+ t5 

JF(JJ.GE !'ISLIP)JJ=NSt.IP 

RE,\D(5,50) (SLIP(N, t ),N=J,JJ) 

50 FORMAT(l615) 

60 J= J+ t 6 

IF(DEt. TA.LE O)DEL TA= (DABS(CORD(l ,l }-CORD(:!, I ))+ 

+ DABS(CORD{t,2}-CORD(2,2)})/ 50. 
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·----
Chogu slip oodt array Lo ntw oodt oumbe~. 

·- ·- ··-· 

IF(INSP LE.l) GOTO 80 

DO 70 N=l ,NSLIP 

70 CALL NEWNO D(SLIP(N,l )) 

80 CONTINUE 

L= 4•NSFR 

NECN= NCN•NE 

.............. _ ... ___ ..... _,. ___________ .. ______ .,. ... __________ _ 

Loops on number of slip plane nodes. 

•--·----------------··----·-----------

DO :! 10 l= l ,NSLIP 

NADD= t 

IX=SLIP(I,I ) 

SUP(I ,2)=0 

CORDN=CORD(IX,IANG)+DEL TA 

·------------

Determines if node is a corner node. 

·-------.......... ______________________ _ 
CALL CORNN(NADD,NSFR,NP,SLIP(1,2),1X) 

·- ·---·---------

Adds NADD to all numbers in connect ivity greater than IX 

·-----·----------------

90 

DO 1 ~0 J= I,NECN 

IXX= NOP( J}-IX 

JF( JX:X) t20,00, 110 

EL={J + lr l )/ L 

X= O.O 

MMM= L•(Elrl) 
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DO 100 M=1 ,L,NSFR 

MM= MMM+M 

100 x .... X+CORD(NOP(MM),IANG)/1. 

IF(X.LT.CORDN)GOTO 120 

110 NOP(J)=NOP(J)+NADD 

120 CONTINUE 

•-----------------·--------------------

Updat~s r~IDA.iniog shp piau nod~ numb~n 

DO 130 N= 1,NSLIP 

130 IF(SLIP(N,l).GT.SLJP(J,I ))SLIP(N, 1)=SLIP(N,1)+NADD 

Updat~s coordiut~ array numb~n {add NADD to thos~ < IX). 

•----------------------------
DO HO J=NP,IX,-1 

IJ=J+NADD 

CORD(JJ,1 )=CORD(J,1) 

140 CORD(JJ,2)=CORD(J,2) 

Assigns coordina~ to n~w nod~ cru.ted. 

··-----

CORD(IJ,IANG)=CORDN 

NP=NP+NADD 

NUMDUM=O 

JJ=NB 

Updates boundary arrays, giving new nodes ume boundary conditions 

u corresponding 1lip plane nodes. 

·-·-----·------------------------------,---

,-
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DO 200 JJJ= 1,JJ 

J- JJJ+NUMDUM 

IXX=NBC(J)-IX 

IF(IXX)200,150,100 

150 DO 180 ll= 1,NADD 

NB=NB+ 1 

IJ=J+ ll 

DO 170 N= NB,IJ,-1 

NBC(N)= NBC(N· I) 

NFIX(N)=NFIX{N-1) 

DO 160 NN= I,NDF 

160 US(N,NN)=US((N·I),NN} 

170 ANG(N)= ANG(N-1) 

180 NDC(IJ)= NBC(IJ)+1 

NUMDUM= NADD 

GOTOWO 

100 NBC(J)=NBC(J)+NADD 

200 CONTINU E 

210 CONTINUE 

• Adds row of slip elemeaLs to conaedivity. 

220 

Seta up ~rny of corner nodes. 

NCORN=O 

DO 220 l= l ,NSLIP 

lf(SLIP(1,2).EQ O)GOTO 220 

NCORN=NCORN+ I 

CORNER(NCORN)=SLLP(I.I ) 

CONTINUE 

IQUIT= I 

K= O 

I= I 

F1nds coruer aode in connectivity uny. 

·----·-·"'·--··-----------··--------

230 J=O 
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210 J= J+ I 

IF(J.GT NECN )GOTO 290 

IJO(NOP(J) NE.CORNER(I))GOTO 240 

Dfterminu element oum~r or element contilininc node. 

EL= (J+ t,.l)/L 

•--------------- -------···-- --

Find• other corner node cont.Uoed in nme element 

r.iM.\i= L•(Et,-1) 

DO 260 Ms:al ,L,NSFR 

MM= MMM+ M 

DO 250 N= l ,NCORN 

IF(N EQ I)GOTO 250 

IF'(NOP(MM).EQ.CORNER(N))K=N 

250 CONTINUE 

Z60 CONTINUE 

··--- -----·-

Prints error 1f oo ~uch node exists. 

···-···----..... ___ .., ___ .... , ..... ___________________ _ 

270 

280 

fF' (K.GT O)GOTO 280 

WRITE(6,270) 

FORMAT(' ERROR- HALTED IN SLIPP, ERROR IN CONNECTIVIT Y') 

STOP 

Millets new element 

lf'(K EQ KJ<)GOTO 210 
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CALL MAKEEL(MMM.CORNER(I},CORNER(K},IANG) 

·----------·--

Checks to ~ee bow muy elements are mot.de. 

··-·------------·------

IQUIT=IQUIT+l 

IF(IQUIT.CE NCORN)COTO 300 

KK=I 

IF'(I.EQ.l )KK.K= K 

I= K 

·----------------------

~00 

Brucbes ~o next element 

COTO 230 

1= 1 

KK= KKK 

COTO 230 

Wntes slip plue dot.tot.. 

··-·----------·--------

300 

310 

CONTINUE 

WRITE(6.310} INSP. DEL T A,IA..'IC 

FORMAT(// .' SLIP PLANE ' ,12, 

+ /.' THICKNESS= ',C10 3, 

+ / .' ANGLE F'LA0=',12. 

+ / .' NODE LIST ') 

KNIJM= (NSLIP-1)/ 16.+ 1 

KSTART= 1 

DO 330 ITT- I .KNUM 

KEND= KSTART+:5 

IF'( KENO GT NSLIP)KEND=NSLIP 

WRITE(6,320) (SLIP(J,1 ),J= KSTART.KEND) 

'JZO F'ORMAT(1615) 

180 



330 KSTART= KSTART+ I6 

340 CONTINUE 

Writes m~oppiog of old to uew nodes into scru~.lis. 

J= O 

DO 350 1= 1 ,NPOLD 

N= l 

CALL NEWNOD(N) 

IF{N.EQ.I)GOTO 350 

Jz=J+ t 

MAP(J,I)=I 

MAP(J,2)=N 

350 CONTINUE 

WRITE(6,360} 

360 F'O RMAT{/,' • •••••• NODE NUMBERS WERE C HANGED DUE TO SLIP PLANE' 

+ ' ADDITION ••••••• './/.' NODAL MAPPING OF NODES CHANG ED:',// 

+ ,4X.4('0RIGINAL NEW ')./,SX,4('NODE# NODE# ')) 

K= J/ 4 

KK= K•4·J 

Kt = O 

IF(KKLE · I)KI = I 

K2= Kt 

IF(KKLE ·2)K2= K2+1 

K:I= K2 

lf'{KKLE.·3)K3= K3+1 

DO 380 M= I,K 

WRITE(6,370) MAP(M.l).MAP(M,2),MAP(M+K+Kt ,I),MAP(M+ K + KI,'2), 

+ MAPIM+2• K +K2. 1 ),MAP(M+2•K+ K2,2},MAP(M+ 3• K+K3.1 ),MAP(~h-3•K + K3,Z) 

370 F'ORMAT(6X,4(13.6X,I3,7X)) 

380 C'ONTINUE 

WRITE(6,370) (MAP(N, l ),MAP(N,2),N=K+ l ,K3•(K+ I ),K+ t) 

WRITE{6,300} 

390 F'ORMAT(//,' SLIP PLANE ELEMENTS C REAT ED:'./,7X,'ELEMENT #' 

+ ,6X.'CONNECTIVITY'./) 

ISTART= L• NEOLD+I 

DO 41 0 N= NEOLD·..t.NE 

IJ::"'"D= ISTART- L·l 

WRITE(6,100) N,(NOP(I),I= ISTART,IEND) 

400 F'OR~T(lOX , I3, 1X , t 2 1S) 

41 0 ISTART= IENO+ l 
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Numbers new mid-side oodes. 

N=NEOLD+l 

IF(NSFR.GT. l }CALL NODEXY(N) 

RETURN 

END 

Subroo~ine SOLVE: 

Solves stilroesa equations, modifies loads. 

Written: 

Laat modilied:JUL li 1084 

Called by: SCRUBS 

·---------------------
·-·--------... ---------------------

SUBROUTINE SOLVE 

IMPLICIT DOUBLE PRECIS IO N (A-Ii,O-Z) 

COMMON/ CONTR/ TITLE(20),NP,NE.NB,NDF.NCN,NSFR.NSZF.LV,!'JPP,ICS. 

NCORD,NSK,NSIZ,NL,NBUF,NT,ND,NNP,ILD,NLD,NMAT,IT,NIT,lNC,NlNC, 

2 NSTORE,MPR,LDTYPE,FACTOR,OMEGA,CONF AC,NYIELD,ISTS,NALGO, PWO RK, 

3 TPWORK 

COMMON / BOU N/ NBC(400),NF' IX{ 100), U{800),ANG( 400 ), TRC(800}. 

US(400,2) 

COMMON/ LDS/Rt(2000),RL{2000),RT(2000) 

COM-\40N/ SCR/ S K(20000) ,R 

,ESTIFM(24,24 ),NN( lZ),SKS( t200),NOPS(21),ACT( 18) 

1'.1W=IOOOO 

NS IZ=O 

NNP=O 

18~ 



NBUF=NSK-1 

NZ=l 

ND=1 

L= O 

IF (NT) 10,60, 10 

10 WRITE (6,20) 

20 FORMAT(' ELASTIC STIFFNESSES READ IN') 

READ(.S,30}NPSP 

30 FORMAT(1611i) 

NACT =NDF•NPSP 

NSKS=NACT •(NACT+1)/2 

READ(.S,30)(NOPS(I), I = 1 ,NPSP) 

READ(.S,40)(ACT(I},l= l ,NACT) 

40 FORMAT(4E20.13) 

READ(5,.40)(SKS(I),l= t ,NSKS) 

MASH=O 

DO .SO l= l ,NPSP 

NASH=(NOPS(I)-t)• NDF 

DO .SO J=I,NDF 

MASH= MASH-t-1 

NASH = NASH+ l 

50 R1(NASH)= Rt(NASH)+ACT(MASH) 

GO CONTINUE 

DO 70 N= 1,NBF 

70 SK(N)=O. 

NC= I 

READ(3} 

N,(NN(I),I= t ,NCN),((ESTIFM(I.J),J=t ,LV ), l= l ,LV) 

80 L= L+1 

110 

100 

DO 140 M= l ,6 

IF{N.EQ.O) GO TO 150 

DO llO l= t ,NCN 

IF (NN(I) EQ L} GO TO 100 

CONTINUE 

GO TO I .SO 

NC=NC+ I 

DO 130 l= i ,NCN 

IF(NN(I).EQ.O) GO TO 130 

II= (NN(I}-L)•NDF 

DO 120 J= l ,l\'CN 

IF(NN(J).EQ.O) GO TO 120 

JJ= (NN( J)-L}• NDF 

DO 110 IL= I,NDF 

IA= II+ IL 

IC=(l-I )• NDF+ IL 
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110 

120 

130 

DO 110 JM,..l ,NDF 

JB= JJ+JM 

lf(IA.GT JB) GO TO 110 

JD= (J- t )• NDF+ JM 

IA B=((JB-1 )• JB)/2+1A 

SK{IAB)=SK(IAB)+ ESTIFM(IC,JD) 

CONTINUE 

CONTINUE 

NX= (NN(J)-L)•NDF 

JF(NSIZ.LT.NX) NSIZ= NX 

CONTINUE 

READ(3) 

N,(NN(I),I= l ,NCN),((E;STIFM(I,J),J=t ,LV).I= l .LV) 

140 CONTINUE 

·---------------------

Sets up Ind. 

·--------·; .. ---·---------·---

150 CONTINUE 

IF (NT) 200,200,160 

160 DO 170 ll = t ,NPSP 

IF(L F:Q NOPS(Il ))CO TO 180 

170 COI'<IINUE 

GO TO 200 

180 IJ= (Il -1 )• NDF' 

DO 100 12= 1,:'-SDF 

II = IJ+ I2 

DO 100 JJ= li ,NACT 

13= ( IO • JJ / NDF+0)/ 10 

15= JJ •(JJ- 1)/ 2-t- ll 

JB=NDF'• (NOPS(I3)-J.,..I3+ 1)+JJ 

1.4, = JB•( JB- t )/ 2+12 

SK(IA)=SK(IA)-t-SKS(I5) 

tOO CONTINUE 

200 CONTINUE 

NSZ=NSIZ+NDF 

JZ=O 

IF(NZ EQ.NB+l) GO T O 210 

IF(L NE NBC(NZ)) GO TO 210 

JZ= NFIX(NZ) 

IZ= IO••(NDF-1) 

NZ=NZ~ I 
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210 DO 300 l=t ,NDF 

2'20 

230 

2~0 

'250 

260 

NSZ=NSZ-1 

IC=I+ NDF•(I..-t) 

R ... Rl(IC) 

NBD=O 

JF(JZ.EQ.O) GO TO 230 

IF(JZ.L TJZ) GO TO ~0 

LZ= (NZ-2)•NDF+I 

U(ND) = U(LZ) 

RS= -R 

R= U(ND) 

ND=ND+l 

NBD= l 

JZ=JZ-IZ 

IZ= IZ/ 10 

CONTINUE 

IF (SK(t) .GE 0) GO TO '250 

WRITE (6,240) L,I,SK( I) 

FORMAT (' NODE NO ',15.110,' D.F. ','SK(l) =',EIS.6) 

SK(l) = 0. 

CONTINUE 

NBLK=NSZ+4 

JF((NBUF+NBLK).LE NBF) GO TO 260 

WRITE( .f) NBUF.(SK(J),J=NSK,NBUF) 

NBUF=NSK-1 

NNP=O 

NNP= NNP+ I 

NBUF= NBUF'+ I 

SK(NBUF)= NSZ 

NBUF=NBUF+I 

IA= NBUF+t 

•------··-----------------···----

lnvtrt d1a.gona.J term 

·--------··-··--

270 

lf'(NBD EQ I) GO T O 300 

IF'(SK( I ).NE 0.) GO TO 280 

WRITE(6,270)L,I 

FORMAT(' PROGRAM HALTED IN SOLVE'/ 

'NEGATIVE OR ZERO DIAGONAL STIFFNESS'/ 

2 NODE NO.',Ii,IIO,' D.F'.') 

STOP 
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::!80 

zoo 

300 

310 

320 

330 

340 

350 

360 

CONTINUE 

XK= l / SK(t) 

SK(NBU F)=XK 

Modify loAds ud oiJ-d•agool.! tel'lllS. 

Rl(IC)= XK•R 

GO TO 310 

SK(NBUF)=-SK(l) 

Rl(IC)= SK(l)•R-i-RS 

XK= l . 

R= -R 

CONTINUE 

IF(L+ I-NP-NDF) 320,100,320 

NBUF- NBUF+ t 

KJ:r l 

DO 330 J= t ,NSZ 

KJ= KJ+J 

SK(NBUF)=XK•SK(KJ) 

IF(NBD EQ.l) SK(NBUF)=-SK(NBUF) 

NBUF= NBUF-i-1 

SK(NBUF)=NSZ 

NBUF= NBUF+I 

SK(NBUF)= NNP 

DO 360 J= t,NSZ 

IF(SK(IA).eQ.O.) GO TO 360 

IF(NBD.EQ.l) GO TO 350 

JB= (J• (J+l ))/2+ 1 

KJ- t 

DO 310 K=J ,J 

KJ = KJ+K 

IJ= JB+K 

SK(IJ)=SK(IJ)-SK(KJ)•SK(IA) 

JB= IC+ J 

R l (JB)= Rt(JB)-SK(!A)•R 

IA= !A+ l 

DO 370 J= L,NSZ 

IKa:(J•(J-t))/ 2 

IJ= IK+ J+ t 

DO 370 K= l ,J 

IA= IK+ K 
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370 

JB=IJ+K 

SK(IA)=SK(JB) 

IJ=(NSZ•(NSZ+l ))/ 2+1 

IK- IJ+NSZ 

DO 380 K= IJ,IK 

380 SK(K)=O. 

300 CONTINUE 

NSJZ ... NSIZ-NDF 

CO TO 80 

400 WRJTE(4) NBUF,(SK(J),J=NSK,NBUF) 

IF(NSIZ.EQ.O) NSIZ= NDF 

RETURN 

END 

·------------------

Subroutine STIFM: 

Forms ud upd~tes st ilfo"' m~trix, ud c~cul~tes lxxiy forcts 

Writtn: 

L~t modi6ed:JUL 14 1084 

··- ------

C~lled by: SCRUBS 

·-
·------------
• 

Subroutines c~lled:MODSFR 

AU XI NV ARNFI..OW 

ROSB 

SUBROUTiNE STIFM 

IMPLICIT DOUBLE PRECISION (A·H,O-Z) 

COMMON/ CONTR/ TITLE{20),NP,NE,NB,NDF,NCN,NSFR,NSZF,LV,NPP,ICS. 

NCOR D,NSK,NSIZ,NL,NBUF,NT ,ND,NNP,ILD ,NLD,NMA T ,JT,NIT, INC, :-.'I~C. 

2 NSTORE,MPR,LDTYPE,F ACTOR,OMECA,CONF AC,NYIELD,ISTS,NALCO,PWORK, 
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·-

10 

3 TPWORK,LNEW 

COMMON/GEP/F'AC(~O),NOUT(~o),ORT( IO,IO),NOPR(30), 10NARY{ IOOO) 

COMMON /BOUN/NBC(~OO),NFIX( 400 ), U{SOO),ANG( ~00 ), TRC(800), 

US( 400,2) 

COMMON/ GID/ XG(6),CG(6),XMG(6),CMG{6),NGAUS,MGAUS,MCN 

COMMON/MATP/D(~ .~).YM,PR,GM,HM,PPR,CLAME,ALPHA,YST 

,TABSTN(IO, lS),TABSTR(lO,lS) 

COMMON/NUME/ P(l2),DEL(2,12),DET,DI(2,12),DIJ(2,2),XYE{3,12), 

NOPE{l2),DISE(2,12).RP,RPB,XYP(3) 

COMMON/ INV / SMEAN,ST J2,ST J3,SIGMA,PHI,APH I,STN,CPHI, YIELD 

COMMON/F'LW/ABETA,AA(~).DD(~) 

COMMON/ SCR/ DIS(2,1000), TDIS(2,1000),DISN(2, IOOO),CORD( 1000,2) 

,NOP( 4000),1MA T( l000),T STS(S,4000),EPSTN(5,4000) 

2 ,COJ(2,2),COJ JN(2,2),B( 4 ,2~).ESTIFM(24 ,24 ),DVD( ~ . 4),DVDB( 1) 

COMMON/ FG/ F'LAG(IOOO),BULK{1000,2),MJNES( IO,SO),NME{IO),GAMMA 

DrMENSION ST RS(4) 

NECN=NE•NCN 

READ (8)(NOP( J),J..,.I ,NECN),(IMA T{l),l= I ,NE),(((DISN(K,l), 

TDIS{K,I)},K '""l ,2),(COR D(l,J),J=I,NCORD }.1= 1 ,NP),(({TST S{l,J), 

2 EPSTN(l,J)),I= l ,S),J- I ,NST ORE) 

REWIND 8 

DO 170 M= I,NE 

LNEW=IONARY(M) 

NASH=NCN•(LNEW-1) 

NG= MGN•(LNEW-1) 

L=lMA T(LNEW) 

U3cs new 3tilfness for fa.iled ma.teria.J. 

IF(NL.NE.I) GO TO 10 

rF(BU LK(LNEW, l).NE 0.) L= NMA T 

CONTINUE 

Note ma.teria.l oo. of element ;~.long 3loping bounduy is gre;~.ter 

tho NMA T by 100 

•---· 
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30 

40 

JF(L.GT.NMAT) L- L-100 

DO 30 K= l .NCN 

MASH= NOP(NASH+K) 

DO 20 l = l ,NCORD 

XYE(J,K)=CORD(MASH,J) 

CONTINUE 

NOPE(K)=MASH 

CONTINUE 

CALL MOD(L,O) 

Sets mit i;LI v;LI Qes ;LS aeroes. 

DO 40 l= l ,LV 

DO 40 J= t ,LV 

ESTIFM(J,J)= O. 

IF(I.LE.4) B(J,J)= O. 

CONTINUE 

THICK=ORT(L.6) 

JF(TiiJCK.EQ.O )THICK= I. 

•-------------------
• 

DO 160 IGAUS=1,NGAUS 

DO 160 JGAUS"'" .NGAUS 

G= XG(IGAUS) 

H= XG(JGAUS} 

CALL SFR(G li} 

CALL AUX(M) 

DV= DET•CG(IGAUS)•CG(JGAUS)•THJCK 

JF(NPP.EQ 2)DV = DV•RP•6.Z8318S3071701i86 

IF'(!I:CORD.EQ 3)DV=DV• XYP(3) 

·---------------------------

Calcu(;Lte~~ 8 mat nx from OJ m~ruc 

----------------
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50 

·--·----

NASH= O 

DO 50 l = l ,NCN 

MASH=NASH+l 

NASH=MASH+ l 

B(l,MASH)=Dl( l ,l) 

8(2,NASH)= Dl(2,1) 

B(3,MASH)=DI(2,1) 

B(3,NASH)=Dl(l,l) 

IF(NPP.EQ.2) B( 4,MASH)=P(l)/ RP 

CONTINUE 

C&lculates DVD matri.'( . 

·--------·-··-------------

60 

iO 

80 

DO 60 l= l ,ICS 

DO 60 J=l ,ICS 

DVD(I,J)= DV•D(I,J) 

CONTINUE 

NG= NG + l 

PSTY = TSTS(S,NG) 

PSTRN=EPST N(S,NG) 

IF'(ORT(L,2).L T .OO) GO TO 110 

IF'(PSTRN.EQ.O.) GO TO 110 

MASH= O 

MASH- MASH-t- 1 

IF'(PSTRN.LT TABSTN(L,MASH)) GO TO 80 

GO TO 70 

NASH- MASH 

MASH=NASH-1 

ETAB=TABSTN(L,NASH)-TABSTN(L,~tASH) 

GASH={PSTRN-TABSTN(L.MASH))/ ETAB 

CYIELD=TABSTR(L,MASH )•(I -GASH}+GASH •TABSTR(L NASH) 

lf"(PSTY L T Qllllll •CYIELD) GO TO 110 

HM=(T ABSTR(L,NASH)-TABSTR(L,MASH))/ET AB 

DO 00 1= 1 . ~ 
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00 

100 

110 

120 

130 

140 

ISO 

160 

STRS(I)=TSTS(I,NG) 

CALL lNV AR (STRS) 

CALL NFLOW(STRS) 

CON=DV•ABET A 

DO 100 l= l ,ICS 

DO 100 J = l ,JCS 

DVD(I,J)=DV-CON• DD{I)•DD(J) 

DO ISO J=l,LV 

DO 130 K= l ,ICS 

GASH=O. 

DO 120 l= l ,ICS 

GASH =GASH+ DVD(K,l)•B(I,J) 

DVDB(K)= GASH 

DO ISO I= J,LV 

GASH = ESTIFM(J, J) 

DO H O K= l,ICS 

GASH =GASH + B(K,I)• DVDB(K) 

ESTIFM(J,I)=GASH 

ESTIFM(I,J)=GASH 

CONTINUE 

IF(IMAT(LNEW)GT.NMAT) CALL ROSB 

WRITE(3) 

LNEW,(NOPE(I) I= l ,NCN).((ESTIFM(I,J),J=I .LV), I=l.LV) 

170 CONTINUE 

A= O. 

N= O 

WRITE(3)N,(N,I= l ,NC N).((A,J=l,L V),I=!,LV) 

REWIND 3 

RETURN 

END 
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Subroutine SWITCH: 

Switches coordiute.s. 

Wriueo: 

Lut modi6ed:JUL 10 1084 

•----·-·----
•----------·-----------------------------

Called by: FTEST 

•--·-----------------·---------.. --------------

SUBRO UTINE SWITC H(J,K) 

I= K 

K = J 

J=l 

RETURN 

END 

. __________________ .. _______________________ _ 

Subroutine TFORM: 

Makes adju!tments for inclined boundary !Jtuatioos. 

Written: 

La.st modified:JUL 1-1 1984 

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

Called by: SCRUBS 

·-----------------·----------
•- ---··-··-----------

SUBROUTINE TFORM 
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£MPLICIT DOUBLE PRECISION (A-H,O-Z) 

COMMON/ CONTR/ TITLE{ZO),NP,NE,NB,NDF',NCN,NSFR,NSZF ,LV,NPP,ICS, 

NCORO 

COMMON / BOUN/NBC( ~OO),NFIX( 400 ), U(800),A NC( 400 ), TRC(800), 

US(400,2) 

COMMON/ LDS/Rl(2000),RL(2000),RT(2000) 

DO IOM=l,NB 

IF(ANG(M) EQ 0 ) GOTO 10 

N=NBC(M) 

MASH=NASH-1 

GASH=ANC(M)• OIHS3:?Q2 

CS=COS(GASH) 

TN=TAN(GASH) 

RXC=R1(MASH)•CS 

RYC=R1(NASH)•CS 

R1(MASH)aeRXC+ RYC•TN 

R1(NASH)- RYC-RXC•T N 

10 CONTINUE 

RETURN 

END 

193 



·---------

S ubrouuoe AUX 

Crutu coortllute J~cobt~D 0 toterpolue X; YOCOJ(I ,J),XY(I ),XY(2) 

ue respecttvdy the coordio~te j~cob1u m~tnx, the X 

coordaode nd the Y coordinate. 

Wnttn 

Lut modalied:MAR 16 1984 

·--------------------· 
.............. ____________ .. ____ .............. _ .. .,. _________________ __ 

10 

C.alled by: LDATAREMLDRESID UE 

ST IF'M 

SUDROUTINE AUX(M) 

IMPLICIT DOUBLE PRECISION (A-H,O-Z) 

COMMON/CONTR/ TITLE(20),NP,NE,NB,NDF,NCN,NSFR,NSZF,LV,NPP.ICS. 

NCORD,l'\SK,NSIZ,NL,t•.rBUF,NT,ND,NNP,lLD,NLD,NMAT,IT.NIT,JNC,l\1NC, 

2 NSTORE,MPR,LDTYPE,F' ACTOR,OMEGA,CONF' AC,NY IELD ,ISTS, NALGO,PWO RK, 

3 TPWORK.LNEW 

COMMON / NUME/ P( 12), DEL(2,12),DET,DI(2,12), DIJ(2, 2), X YE( 3,12), 

NOPE( 12),01SE(2, 12), RP,RPB,XYP(3) 

COMMON/SC R/ DIS(2,1000),TDIS(2,JOOO),DISN(2,1000),CORD(IOOO,Z) 

,NOP( 1000),1MA T( 1000), T STS(5,1000),EPSTN( 5,1000) 

2 ,COJ(2,2),COJIN(2,2) 

0020 1 - 1,2 

DO 20 J = 1,2 

GAS H = 0 

DO 10 K .. I ,NCN 

GASH = GASH~XYE{l,K)• DEL(J,K) 

CONTINUE 

COJ(l,J) = GASH 

CONTINUE 

00 10 I '"'" I ,NCORD 

GASH = 0 

DO 30 K = I,NC:-.1 

GASH = GASH+XYE{l,K)• P(K) 
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30 

iO 

CONTINUE 

XYP(J) = GASH 

CONTINVE 

RP = XYP(l) 

C~olcul~otes the detenniuot aod iovl'n«' or the coordiu te Jacobiu . 

DET ud COJIN(l,J ) ue dl'tl'nniout ~ood i.nvene coordio ~otl' 

j&cobiao, respKtivl'ly. 

·--------

DET = COJ( t ,t )•COJ(2,2}-COJ(l ,2)•COJ(2,1) 

IF(DET).S0,70,00 

50 CONTINUE 

C WRITE(6,60)M,((XYE(JJ,II),JJ = 1,2),11 = U ),DET,COJ{l, l ), 

C + COJ(2,2),COJ( t ,2),COJ{2, 1) 

60 FO RMAT{' NEGAT£VE DET STOPPED AT ELEMENT NO =', 

c 

70 

80 

go 

+ 13./ ,' Xl ,Y1 ',2F8.2./,' X2,Y2',ZF8.2./ ,' X3, Y3 ',2F8.2, 

+ f,' X•.Y• ',2F8.2./,' DET',Dt2.4./,' COJ{l ,I ),COJ(2,2)' 

+ .~D1H ,/,' COJ(1 ,2),COJ(2,1)',2Dt2.4) 

STOP 

DET = 000001 

WRITE{6,80)M 

FORMAT(' ZERO DETERMINENT EL NO ' ,13) 

CONTINUE 

COJJN(t, l ) = COJ(2,2)/ DET 

COJIN(2,2) = COJ(i , t)/ DET 

COJIN(I,2) = -COJ(t,2)/ DET 

COJJN(2,1) = -COJ(2, 1)/ DET 

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

100 

C&l rul&tl'! cutl'siao dl'rinttves of shape fuoc tioos DI(I,K), I= X,Y. 

DO 120 I = 1,2 

DO 110 K = 1,NCN 

GASH = 0. 

DO 100 J = 1,2 

GASH = GASH+ DEL(J,K)•COJIN(J, l) 

CONTINUE 

DJ(l,K) = GASH 
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110 

120 

CONTINUE 

CONTINUE 

RETURN 

END 

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

·-

Subrou Li oe ZONE· 

Th13 subroutine ruds me3hinp; card3 a-3 done in the C HILES2 

program. It 13 provided bert only a-3 u interim c~p~bihty. 

This subroutine is called by the main program. 

Written: 

Lut modi6ed:JUL 10 1084 

Called by: SCRUBS 

SUBROUTINE ZONE (NRS) 

IMPLICIT DOUBLE PRECISION (A-H,O-Z) 

COMMON/ SCR/ R(2000),Z(2000),1X(S,2000),CODE(2000) 

COMMON / QMESH / NEL 

•-------------------------

10 

20 

30 

Re~od3 elemeM prop~rtlts from SCRUBS DA T 

READ(S, 10) NEL,NODES,NUMPC 

FORMAT (615) 

IBOMB= O 

IF(NEL.NE.O) GO TO 30 

WRITE(6,20) 

FORMAT(' oo•ooMESH GENERATOR QMESH USED FOR GRID INPUT• .... ') 

RETURN 

CONTINUE 

196 



40 

so 
60 

70 

80 

oo 
100 

110 

120 

WRITE(6,40) NEL,NODES,NUMPC 

FORMAT (4X,'NUMBER OF ELE.\.fENTS (NELt----

'--',IS/ 4.X,'NUMBER OF NODAL POINTS (NODES}--' 

2 ', IS/ 4.X,'NUMBER OF PRESSURE CARDS ' 

3 '(NUMPC ',IS) 

NEL = 0 ror me~b geuen.tor, NEL = -1 ror resb.rt . 

IF (NEL.LT.O) NRS=l 

IF{NRS.EQ. t) RETURN 

NFORCE= NUMPC 

NUMSC= NUMPC 

N= O 

READ(S, IO) M,(LX(I ,M),I=l,S) 

N= N+ I 

IF (M-N) 100,80,70 

IX( l,N)= IX(t ,N-1)+1 

IX(2,N)=IX(2,N-t )+ I 

IX(~.N)=IX(~.N-1 )~I 

IX(4,N)= IX(4,N-t)+l 

IX(S,N)= IX(S,N-1) 

IF (M-N) 100,00,60 

IF {NEL-N) 120,120,50 

WRITE{6,110) M 

FOR MAT(' .. •FATAL ERROR ELEMENT CARD, M= ' ,IS) 

IBOMB= l 

CONTINUE 

Rea.d ooda.l poiut dab. 

N= O 

130 READ (5,140) M,CODE(M),R(M),Z(M) 

140 FORMAT (IS,FS 0,4El0.0) 

NNL= N+ I 

IF (NNL EQ I) GO TO 150 

ZX= FLOAT{M-N) 

DR = (R(M)-R(N))/ ZX 
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DZ=(Z{M}-Z(N))/ ZX 

150 N=N+l 

IF (M·N) 180,170,160 

160 IF (CODE(NN!--l).EQ.CODE(M)) CODE(N)=CODE(M) 

R(N)= R(N·l)+DR 

Z(N)=Z(N· l )+ DZ 

GO TO ISO 

170 IF (NODES-M) 180,200,130 

180 WRITE (6,190) M 

190 FORMAT {' ••• FATAL ERROR NODAL POINT CARD, M=',IS) 

180MB= I 

200 CONTINUE 

·--

210 

220 

230 

240 

250 

260 

WRITE(9) NEL,NODES 

WRITE{9) (R(I),Z(l),l= l ,NODES) 

WRITE(9)((1X(I,M),I= I ,5 ),M=l ,NEL) 

REWIND 9 

Output mesh. 

MPRINT= O 

DO 230 1= 1,NEL 

IF (MPRINT .NE.O) GO TO 210 

MPRINT=SO 

MPRINT= MPRINT·I 

WRITE(6,220) I,(IX(J,I),J=l,S) 

FORMAT(ll13,416,17) 

CONTINUE 

MPRINT = O 

DO 260 1= 1 ,NODES 

IF(MPRINT.NE.O) GO TO 2-40 

MPRINT= SO 

MPRINT=MPRINT-1 

WRITE:(6,250) I,R(I),Z(I} 

FOR)I..iAT(6X,I6,~F12.3) 

CON1'1NUE: 

RETURN 

END 
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199 

APPENDIXD 

ADDITIONAL SUBSIDENCE RESULTS 

The following appendix contains additional resul ts from running SCRUBS on 
th e s ubsidence prediction problem found in chapter four. These three runs 
have been left out of the main report since they were results obtained during 
the course of trying to find good test parameters and were not considered to 
be as important to the conclusions as t.he tests included in the body of the 
report . However, it was thought that some re:1ders may obtain va luable 
ins ights and information from them, so they have been in cluded here. The 
test parameters varied in t hese tests were the failure stress. The failu re stress 
used is listed in the figure heading. 
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c. Five s upports removed. 
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F'igu re 17 a-d. Join ted media skewed mesh. Failure st ress was 0.1 
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Rl: 

a . One suppor t r~movcd . 

b. Three supports removed. 

c. Five supports removed. 

~ H 
Hi: 

d. Seven supports removed. 

Figure 18 a-d . Discrete slip plane st raight mesh. Failu re ~ t rt:>~~ ''' :l~ 0. 1 

g i) 

10 dynes/c tw. 
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b. Three supports removed. 
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c. Five supports removed. 

d. Seven supports removed. 

Figure 10 a-d. Discrete slip plane skewed mesh. Failure s tress was O.l 

~ ') 

lO" dynes/ c m-. 



APPENDIX E 

SELECTED FILES 

The following appendix contains typical files used in subsidence 
prediction with SCRUBS.BYU. First is the file FTEST, which is compiled 
with scrubs but is user-supplied (the one in t his ap pendix is the one used to 
obtain our results), next are the two QMESH card input files used to create 
t he meshes, and last is a typical SCRUBS.BYU data fi le used to obtain the 
combined skewed mesh model. To read the QMESH card files , the reader 
should consult reference 8. To read the SCRUBS.BYU data file, t he user 
should consu lt appendix B, the SCRUBS.B'r1J user' s manual. The 
SCRU13S.BYU subroutine FTEST is written in standard fortran and contains 
comments to show what is done. 



CARD DESCRIPTIONS 

Th~ 3ubrout1oe f'TEST. 

S ubrout1oe FTEST: 

Th11 is " user supplied subroutine to determioe the £&ilure o( 

elemeot M. 

Writteo: 

Lut modi6~d :JUL 19 1981 

·-·-·--------·--------·------··,·-----------

C~olled by: RESIDUE 

Subrouhoes c~olled:REMLDSWITCH 

SUBROUTINE FTEST(M,SAVG,MA TNO,IFLFG) 

IMPLICIT DOUBI.E PRECISION (A-H,O-Z) 

COMMON/CONTR/ TITLE(20),NP,l\'E,NB,NDF,NCN,NSFR,NSZF, LV,NPP,ICS, 

I NCORD,NSK,NSIZ,NL,NBUF,NT,ND,NNP ,ILD,NLD,NMAT,IT,NIT,INC,NINC, 

2 NSTO RE,MPR,LDTYPE.f' ACTOR,OMEGA,CONF AC,NY !ELD ,!STS,NA LGO,PWORK, 

3 T PWO RK,KNE 

COMMON/ FG/ FLAG(IOOO),BULK(1000,2),MJNE( J0,50),NME(l0) 

COMMON/ GEP/ FAC(10),NOUT(40),0RT(!O,IO),NOPR(30),10NARY(IOOO) 

DIMENSION SAVG(5),NM(1),MB(l000) 

CO MMON/ SCR/ DIS(2,1000),TDIS(2,1000),DISN(2, lOOO),CORD(1000,2) 

I ,NO P(1000),1M.4.T(IOOO),TST S(5,1000),EPSTN(S,1000},DUMMY( IOOO) 

COMMON / GID/ XG(6 ),CG{6},XMG{6},CMG(6),NGAUS,MGA US,MCN 

IFLFG = O 

·-----··------· 



On 6r3t iteration, cycle I, detenninn if element below 

element M hl-3 fa iled a.nd crea.tn MB(M) where MB(M) 

is the element oum~r of t he element below M. 

IF {INC .GT.l ) GO TO 70 

IF (IT.GT. t ) GO TO 70 

Finds four nodes usoc1ated with element M. 

·---.. -·--·--·-·------- .. ----·-

10 

Nt = NCN•(M-t) 

DO 10 l= l ,NCN,NSFR 

IX- I+Nl 

NM(I)= NOP(IX) 

F'1nds two lowest nodes of element M. 

·-----------------· 

DO 30 1= 1,3 

DO 20 11 = 1,3 

12=11 + 1 

20 IF(CORD(NM(II),2).QT .CORD(NM(12),2))CALL SWITCH(NM(Il ), 

& NM(12)) 

30 CONTINUE 

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

F1nds element below element M (this is the element which ha.s the 

two bottom uodc~ of elemeot M a.s its t wo top oode3). 

MB(M)=-1 

DO 60 l= t .NE 

IF(M.E;Q.l) GO TO 60 

KKK= NCN•(I-1) 

!M= O 
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40 

so 
60 

70 

··----

DO SO IG= I ,NCN,NSFR 

KK=KKK+IG 

lf(NOP(KK) EQ-<'lM(l).OR.NOP(KK).EQ.NM(2})GOTO -40 

GOTOSO 

IM= IM+l 

IF(IM.EQ :!)MB(M)=I 

CONTNUE 

CONTINUE 

CONTINUE 

For 61'3t iteration, checlcs for min~ out or specifi~ 

element failure. 

·- --------· 

80 

IF( IT NE I) GO T O QO 

NMEL- NME(INC) 

IF'(NMEL EQ 0) GO TO QO 

DO 80 1- l ,NMEL 

IF'(MJ:-.!E(INC, I) EQ M) GO TO 170 

CONTINUE 

·-------------------

•---·---------------

00 SIGF' Al t..= ORT(MA TN0,7) 

IF(BULK(M,I ).NE 0.0) RETURN 

·----·-··---

·-------

U bouom ~l~mnl MB(M) h<l3 b1 l~d . .ud d~m~ol (M) ., a 311d~ hoc. 

lh~n fa1ls lhe shde lane d1r~tly. 

MBTEST=~fB(M) 

If (NNP EQ 0} GO TO 110 

IF' (MOT EST L T 0) GO T O 110 

IF'(BULK(MBTEST,I ).EQ 0) GO TO 110 
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110 

If (MATNO EQ NMAT-1 ) GO TO 170 

CONTINUE 

MSTRT=(M-1 )•MCN 

DO 160 1=1 ,MCN 

INDEX=MSTRT +I 

•----------·--··-----

Compa.res th~ h.1lure criteri& with th~ curren~ st&tt o( 

stress &t this point in the logic for & failure test. 

In this specific application, the failure me&sure is 

taken &s either the vertical stress or the horisonta.l stress. 

Al~o. no dement is allowed to f&il if the element below 

it bas not failed, nor if it has oo elements below it . 

if the element is a slide line, fail with no s tress check. 

TSTS(t ,INDEX)= HORIZONT AL STRESS 

TSTS{2,1NDEX)= VERTICAL STRESS 

BIJLK(M,t }=O OELEMENT HAS NOT FAILED 

BULK(M.l)= l OELEMENT HAS FAILED 

•--··--··-··-·-----·-·-·-·-··---

STRI = TSTS(t ,INDEX) 

STR2=TSTS(~ .INDEX) 

IF(MBTEST L T 0) RETURN 

lf((STRI .GT ,SIGF AIL.AND.BULK(I\IBTEST, I ).NE.O.O}.OR. 

& (STR2.GT .SIGFAIL.AND.BULK(MBTEST ,I).NE.O.O)) GOTO 170 

160 CONTINUE 

RETURN 

•----------·-------

Staus that el~ment bas fa.iled , and 1ncreases value o( Oa.g 

by I on each node 

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

tiO CONTINUE 
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IF'LFG= l 

WRIT~6,180) M 

180 FORMAT(' • • • • • ELEMENT ',IS.' HAS BECOME RUBBLE ' 

&. ' • ••• • ') 

DO Jgo 1= 1,1 

KK = 1• (M-1 )+I 

NODE=NOP(KK) 

I go F'LAG(NODE)= F'LAG(NODE}+ t.O 

Set~ BU LK(M, I ) = I 0 for failed element. 

·---·-------·--------------

BULK(M,l ) = 1.0 

Removes gnv1ty load1ng from failed element . 

............ -................. _ ..... _ ___ ,. __ ........... ____ .. _________ .., ____ .., ______ _ 

CA LL REMLD(M) 

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

Computes tlement aru j us t prior to failure. 

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

Kl = (M-I )•H I 

~=K I + I 

K3= K2+ 1 

K~=K3 r- 1 

JI = NOP(KI) 

J2= NOP(K 2) 

J3= NOP(K3) 

J4= NOP(K1) 

COE I =CORD(.J2,1)-CORD(J4,1) 

COE2=CORD(J3,'.:!)-CORD(J I ,:!) 

COE3=CORD(J3,1 )-CORD(J 1,1) 

COEi =CORD(J 1.2)-CORD(J2,2} 

AREA= S• (COE1• COE'.:!+COE3•COE-1 ) 

AOLD=BULK(~t .2) 
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BULK(M,2)= AREA 

200 WRITE(6,210) AOLD,AREA 

210 FORMAT(' AOLD ANEW ',2EIS.S) 

RET URN 

END 

This is the QMESH input card fi le used to create t he skewed mesh (again, 
for t hose readers not familar with QMESH, see reference 8) : 

COMMEN SKEWED MESH 

POINT 1/ 1.6500 62.4500 0 

POINT 38/ 21.2000 62.'1500 0 

POINT 45/ 30.8000 62.4500 0 

POINT 30/ 68.0000 62.i500 0 

POINT 40/ 00.0000 62.4500 0 

POINT 2/ 118 3500 62.i500 0 

POINT 3/ I 6500 56.1000 0 

POINT i/ 21 2000 56.1000 0 

POINT 46/ 30.8000 56.1000 0 

F'0 1NT S/ 68 0000 56 1000 0 

POINT 6/ 00 0000 56 1000 0 

Pt 'i.' T 7 I 118.3500 56 .1000 0 

POINT 8/ 00.0000 52.1000 0 

POINT 9/ Q 0000 51.1000 0 

POII'T 1 o/ 1 n:· ~.ooo 50.1000 0 

POINT l l 1 ll nooo 42.1000 0 

POINT I ~/ ? ; '·1)0 H .lOOO 0 

POINT 11/ t . ' •1'\00 43.1000 0 

POINT H/ I fi .500 35 1000 0 

POINT 15/ 16.(1000 35.1000 0 

POINT 16/ (;:\ : .. )00 35.!000 0 

POINT \7 / : : •1•100 35.1000 0 

POINT 18 / 00 0000 35.1000 0 

POI."'T I 9/ I 01.0000 35.1000 0 

POINT 20/ 118 3500 35.1000 0 

POINT ?.I / 12 0000 31 1000 0 

POINT ':.~ , 00.0000 25.1000 0 

POINT 23/ 82 0000 21.1000 0 

POINT 'H/ I 6500 18.1000 0 

POINT 25/ 28 0000 18.1000 0 

POINT 47/ 33 0000 18.1000 0 

POINT 26/ 60.0000 18.1000 0 

POINT 27/ 65 0000 18 1000 0 
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POINT 

POL.'ff 

POINT 

POINT 

POINT 

POINT 

POINT 

POINT 

POINT 

POINT 

POINT 

POINT 

POINT 

28/ 81.0000 18 1000 

20/ 100.5000 18.1000 

30/ 118.3500 18.1000 

31/ 1.6500 

32/ H . IOOO 

41 / 2U OOO 

33/ 5~ .0000 

12/ 05.7000 

34/ 07.5000 

5 .1000 

5.1000 

5.1000 

5.1000 

5 1000 

5 1000 

35/ 118.3500 s 1000 

36/ 1.6500 0 .0000 

43/ 24.3000 0.0000 

H/ 05.7000 0.0000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

POINT 37/ 118.3500 

LINE STR 138/ I 38 

0 .0000 0 

0 2 1 0000 0 

LINE ST R 13/ I 3 0 1.0000 100 

Ll>ffi STR 345/ 38 ~5 0 2 1 0000 0 

LINE ST R ~ 30/ 45 30 0 6 1 0000 0 

LINE STR 340/ 30 10 0 8 1 0000 0 

LINE ST R 402/ 40 ::: 0 3 1.0000 0 

LINE STR 27 I 2 7 0 1.0000 100 

LINE ST R 34/ 3 0 2 1.0000 40 

LINE ST R 3 H / 3 11 

LINE STR H 6/ 1 46 

[;INE ST R 49/ 1 0 

LINE S T R 16S/ -16 S 

LINE S TR 56/ S 6 

LINE S TR 512/ S 12 

LINE S T R 6i / 6 7 

LINE ST R 68/ 6 8 

LINE ST R 720/ 7 20 

LINE ST R 810/ 8 10 

Ll l"E STR 011 / o 11 

LINE ST R 113/ 10 13 

LII\'E 5 T R l iS/ II IS 

Lll\'E ST R IIi I 12 17 

Ll l\'E ST R 110/ 13 IQ 

LINE STR 415/ 11 IS 

LINE STR 124/ 11 24 

LI:--JE ST R 116/ 15 16 

LINE STR 121/ IS 21 

LINE ST R 617 I 16 17 

LINE S T R 1~6/ 16 26 

LINE S TR 118/ 17 18 

LI:--JE S TR 810/ 18 19 

0 7 

0 2 

0 2 

0 6 

0 8 

0 

0 3 

0 

0 7 

0 

0 3 

0 2 

0 2 

0 3 

0 3 

0 2 

0 s 
0 7 

0 

0 

0 s 
0 3 

0 s 

I 0000 100 

1.0000 10 

I 0000 SO 

1.0000 10 

I 0000 40 

1.0000 60 

I 0000 40 

I 0000 00 

1.0000 100 

1.0000 90 

1.0000 so 
1.0000 90 

1 0000 50 

I 0000 60 

I 0000 QO 

1.0000 30 

1.0000 100 

1.0000 30 

I 0000 50 

I 0000 30 

I 0000 70 

I 0000 30 

I 0000 30 
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Lll'I'E STR t~2/ t8 22 

LINE STR 1'20/ 19 20 

LlNE STR 230/ 20 30 

LINE STR 2251 21 25 

0 3 

0 3 

0 5 

0 4 

LINE STR ~231 22 23 0 

LlN'E STR Z~81 23 28 

LINE STR ;,25/ 24 25 

LINE STR ~3t/ 24 31 

LINE STR 247 I 25 47 

LINE STR 232/ 25 32 

LINE STR ~-.:!6,' H 26 

LINE STR 227 I 26 27 

LINE STR 728/ 27 28 

LINE STR 233/ 27 33 

LINE STR 220/ 28 20 

LINE STR 030/ '29 30 

LINE STR 234/ 20 34 

LINE STR 335/ 30 35 

LINE STR 332/ 31 32 

LI:-;'E STR 3:l6 / 31 36 

LI:'-.'E STR 341 ; 32 41 

Lll'-'E STR 4331 H 33 

LINE ST R 342/ 33 42 

LINE STR 434/ 42 34 

LINE STR 435/ 34 35 

0 

0 2 

0 4 

0 2 

0 4 

0 5 

0 

0 3 

0 4 

0 6 

0 2 

0 

0 • 

0 2 

0 

0 2 

0 6 

0 8 

0 

0 2 

1.0000 110 

1.0000 30 

1.0000 100 

1.0000 so 

1.0000 110 

1.0000 110 

1.0000 20 

1.0000 100 

1.0000 20 

1.0000 so 
1.0000 20 

1.0000 20 

1.0000 20 

1.0000 80 

1.0000 20 

I 0000 20 

1.0000 120 

1.0000 100 

1.0000 10 

1.0000 100 

I 0000 10 

1.0000 10 

1.0000 10 

1.0000 tO 

1.0000 tO 

LINE STR 337/ 35 37 0 1.0000 100 

LLl\'E STR 343/ 36 43 0 1.0000 200 

LINE STR 4HI 13 H 0 14 t 0000 200 

LINE STR 437 I H 37 0 3 t 0000 200 

SIDE 12 / 138 34S 439 340 102 

SIDE 37 / 34 H6 465 56 67 

SIDE 1·5/ 416 465 

SIDE 415/ 49 911 11 5 

SIDE 517/ 512 tli 

SIDE 6 HI/ 68 810 l13 tlO 

SIDE 11 7/ t16 617 

SIDE 118/ 617 118 

SIDE 110/ 118 819 

SIDE 120/ 810 120 

SIDE 125/ 121 225 

SIDE 128/ 1 '~2 223 228 

SIDE 226/ 2H 126 

SIDE 2~7/ 247 426 227 

SIDE 2281 ~27 728 

SIDE 220/ 728 220 
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SIDE '230/ ~:!9 030 

SIDE 333/ 3~1 133 

SIDE 334/ 34:! 434 

SIDE 335/ 332 311 133 312 134 

SIDE 337/ 343 4H 437 

REG ION I 1/ 1 ~ -27 37 - 13 

REGION 2 :!/ 15 517 117 H 5 

REGION 2 3/ -116 -126 226 125 

REGIO!\' 2 i / 227 -233 333 -~32 

REGION 2 5/ -56 610 110 517 

REGION '2 6/ 118 128 228- 126 

REGION 2 7/ 229 -234 334 -233 

REG ION 3 8/-34 H S -41 5 -3 H 

REG ION 3 9/-41 5 125 -125 -121 

REGION 3 10/ -425 -232 -332 -231 

REG ION 3 11/ -67 -720-120 619 

REGION 3 12/ 120-230 230 128 

REGION 3 13/ -030 -335 -435 -234 

REGION 1 14/ 335 -337 337 ·336 

SCHE~fE 1M 

SC H ElitE 2MS2S 

SCHEME 3MS2SoS 

SC HE!vfE 1MS 

SCHEME SMS 

SC HEME 6MS2SSS 

SCHEME i~1S 

SCHEr-..lE 8MS 

SCHEME OMS2S 

SCHEME ! OMS 

SCHEME llMS 

SCHEME 12MS 

SCHEME 13MS 

SCHEME 14.MS 

END 

435 

P-lr 36 343 13 H 4 H 437 37 

END 

This is t he QMESH input card file used to create the s traight mesh (again , 
for t hose readers not familar with QMESH, see reference 8) 

C OMJvfEN 

POINT 

POINT 

POE\'T 

STRAIGHT MESH 

1/ 1 6500 62.1500 

8/ 15.0000 62.4500 

20/ 70.0000 62.1500 

0 

0 

0 



:!13 

POl :-IT 9/ 100 0000 62.~500 0 

POINT 2/ 118.3500 62 .4500 0 

POINT 3/ I 6500 56.1000 0 

POINT 4/ 15.0000 56. 1000 0 

POINT 5/ 70 0000 56.1000 0 

POINT 6/ 100.0000 56.1000 0 

POINT 7/ 118 3500 56.1000 0 

POINT 10/ I 6500 35.1000 0 

POINT 11/ 15 .0000 35.1000 0 

POINT lZ/ 60.0000 35.1000 0 

POINT 13/ 70 0000 35.1000 0 

POINT H/ 85 .0000 35.1000 0 

POINT 15/100.0000 35.1000 0 

POINT 16/1183500 35.1000 0 

POINT 17! 1.6500 18.1000 0 

POINT 18/ 15 .0000 18.1000 0 

POINT 19/ 60.0000 18.1000 0 

POINT 2 1/ 85.0000 18.1000 0 

POINT 22/ 100 0000 18.1000 0 

POINT 23/ 118.3500 18.!000 0 

POINT 24/ 1.6500 5.1000 0 

POINT 25/ 15.0000 5.1000 0 

POINT 26/ '24 3000 5.1000 0 

POINT 27/ 60.0000 5.1000 0 

POINT 28/ 95.7000 5.1000 0 

POINT Z9i 1oo.oooo 5.1000 0 

POINT 30/ 1183500 5.1000 0 

POINT 31;' 1.6500 0.0000 0 

POINT 32/ 21.3000 0.0000 0 

POINT 33/ QS.7000 0.0000 0 

POINT 31/ 118.3500 0.0000 0 

l-INE STR 18/ I 8 0 3 1.0000 0 

l-INE STR 820/ 8 :!0 0 12 1.0000 0 

l-INE STR 200/ zo 0 0 6 I 0000 0 

LINE STR 02/ 9 2 0 4 1.0000 0 

LINE STR 13/ I 3 0 I 0000 100 

1.11\.'E STR 27/ 2 7 0 1.0000 100 

LINE STR 34/ 3 .. 0 3 1.0000 iO 

LINE STR 310/ 3 10 0 6 I 0000 100 

LINE STR 45/ .. s 0 1::! 1.0000 40 

LINE STR 411/ .. II 0 6 1.0000 50 

LINE STR 56/ 5 6 0 6 1.0000 40 

l-INE STR 513/ s 13 0 6 1.0000 60 

U NE STR 67/ 6 7 0 1.0000 40 

LINE STR 615/ 6 15 0 6 1.0000 go 



LINE STR 716/ 7 16 0 6 1.0000 100 

LINE STR Ill / 10 II 0 3 LOOOO 30 

LINE STR I 17/ 10 17 0 1 1.0000 100 

LINE STR 11?./ II 1?. 0 10 1.0000 30 

Lli\"'E STR 11 3/ 12 13 o 2 1.0000 30 

LINE STR 110/ 12 10 0 4 1.0000 80 

LI:-.'E STR 111/ 13 11 0 3 1.0000 30 

LINE STR li S/ 11 16 0 3 1.0000 30 

LINE STR t?.t / 14 21 0 4 1.0000 130 

LINE STR 116/ IS 16 0 1 1.0000 30 

LINE STR 123/ 16 Z3 0 1 1.0000 tOO 

LINE STR 118/ II 18 0 1 1.0000 SO 

LINE STR 718/ 17 18 0 3 1.0000 20 

LINE STR 1:!1/ 17 21 0 3 1.0000 tOO 

LINE STR 810/ 18 10 0 10 1.0000 20 

LINE STR 125/ 18 :!5 0 3 1.0000 so 
LINE STR 0?.1 / 10 ?.1 0 S 1.0000 20 

LINE STR 127/ 10 ?.7 0 3 1.0000 80 

LI:-.'E STR ~/ Zl ?.'2 0 3 1.0000 20 

LINE STR 2?.3/ ?.2 23 0 1 1.0000 20 

LINE STR ~/ Z?. Z9 0 3 1.0000 140 

LI:-."'E STR ?.30/ ?.3 30 0 3 1.0000 100 

LINE STR 'r.!>/ 24 25 0 3 1.0000 10 

Lll\'E STR 2?.6/ 2S 26 0 3 1 0000 10 

LINE ST R 2?.7 / ?.6 Z7 0 7 1.0000 10 

LINE STR 231/ :!1 31 0 1.0000 tOO 

LINE STR 2~8/ 27 28 0 7 1.0000 10 

LINE STR 829/ 28 20 0 1.0000 tO 

LINE STR 030/ 29 30 0 1 1.0000 10 

LI!'.'E STR 331/ 30 31 0 1.0000 100 

LINE STR 332/ 31 32 0 6 1.0000 ZOO 

LINE STR 333/ 32 33 0 I 1 I .0000 200 

LINE STR 133/ 33 31 0 5 1.0000 200 

SIDE 12/ 18 820 200 02 

SIDE 37 I 31 15 56 67 

SIDE I 13/ I 1?. 113 

SIDE IH/ 11 3 11 4 

SIDE IIS/ 114 11 5 

SIDE 116/ ttS 116 

SIDE 122/ 021 2?.2 

SIDE 223/ 222 223 

SIDE 230/ 2:.!5 2?.6 2?.7 228 820 030 

SIDE :!27/ 226 ';?:!7 

SIDE 229/ 2:!8 829 

SIDE 331/ 332 333 133 
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REGION I 1/ 12 -27 37 -13 

REGION '2 2/ - ~5 -513 113 -~II 

REGION '2 3/ -112 ·110 -810-118 

REGION 2 -t / -8 10 -127 227 -125 

REGION '2 5/-56-615 115-513 

REGION 2 6/ 114 -121 -021 -11 9 

REGION '2 11 122 -zzo 220 -t27 

REGION 3 8/ -34 -H 1 · Ill -310 

REGION 3 0/ -111 -118-718-117 

REGION 3 10/-718-125 -225 -124 

REGION 3 11/ -67 -716 -116 -615 

REGION 3 12/ 116-123 223 -121 

REGION 3 13/-223 -230 -ll30 -220 

REG ION 4 11/ 230 -334 331 -231 

SCHEME tM 

SCHEME 2~ 

SCHE!o.fE 3M 

SCHE}..{£ -tM 

SCHEME SM 

SCHEME 6M 

SCHEME 7 M 

SCHE:>.fE SM 

SCHEME llM 

SCHEME IOM 

SCHEME liM 

SCHEME 12M 

SCHEME 13M 

SCHEME HM 
END .. 
P-L- 3 1 332 32 333 33 433 34 

Et-<1) 

This is t he SCRUBS .B)lJ data file used to create th e failu re and subs idence of 
Figure 15 a-d: 

0 

JOINTED MEDIA WITH HORIZONT AL SLIP - SK EWED MESH 

0 0 5 8 2 6 2 3 0 0 0 2 2 

I· 6000E;. Il 0.6000£.+060 IOOOE..-21 1.000 O.OOOOE+OOO.OOOOE+ OO 

2- 5500E t 12- 2700E-..120 I OOOE + 21 1.000 O.OOOOE-tOOO.OOOOE+OO 

10.000 O. IOOOOE+ 09 

3- SS00f:+ l2-.2700E+ I ZO I OOOE+~ 1 1.000 O.OOOOE+OOO.OOOOE+ OO 

10 000 0 !OOOOE-09 
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40.2000E + 130 3000 O. IOOOE+21 1.000 O.OOOOE+OOO.OOOOE+OO 

5-.34SOE+ 1 20. 3 ~50E+ 120.1000E+32 1.000 

6-.6000&t080.6000ET060. 1000E-t21 1.000 

IO.IOOOE....070.0800 

20.1 OOOE+070. 9800 

30.1 000£+ 070. 9800 

~O .OEJOOE+OO 60.00 

50.0000E+00 1.000 

60.0000E+OOO.OOOOE+00 

O.OOOOE+OO 

5 

0 • 8 8 8 

:!2~ 228 368 360 

HO I H :)32 236 366 367 370 371 

132 136 240 2H 364 365 372 373 

124 I 28 248 252 362 363 374 375 

4 0 58 0 

I 11 O.OOOE+OO O.OOOE+OO O.OOOE + OO 

2 1 O.OOOE-tOO O.OOOE-tOO O.OOOE+OO 

3 I O.OOOE+OO O.OOOE+OO O.OOOE+OO 

4 I O.OOOE+OO O.OOOE+OO O.OOO E+OO 

5 I 0 0001':+00 0 OOOE+OO 0 OOOE+OO 

6 I O.OOOE+OO O.OOOE+OO O.OOOE+OO 

7 I 0 OOOE+OO O.OOOE+OO O.OOOE+ OO 

8 I O.OOOE+OO 0 000E'T'00 O.OOOE+OO 

II I O.OOOE+OO O.OOOEt-00 O.OOOE+OO 

10 I OAlOOE+OO O.OOOE+ OO O.OOOE+OO 

II I O.rOOOE+OO O.OOOE+OO O.OOOE+OO 

12 I O. OOOE:+ OO O.OOOE+ OO O.OOOE+OO 

13 I O: OOOE+ OO 0 OOOE+OO O.OOOE-tOO 

14 I OAlOOE+ OO 0 OOOE+OO O.OOO E t-00 

IS I O.,OOOE.,-00 O.OOOE-tOO O.OOOE+OO 

16 I O.OOOE+OO 0 OOOE ... OO 0 OOOE:+OO 

17 I O.<lOOE+OO 0 OOOE+OO O.OOOE+OO 

18 I O.OOOE+OO O.OOO E+OO O.OOOE+OO 

Ill I O.()OOE+OO O.OOOE+OO O.OOOE+OO 

20 I O.OOOE+ OO O.OOOE+OO O.OOOihOO 

21 I O.OOOE+OO 0 OOOE+ OO O.OOOE-tOO 

22 II 0 OOOE +OO O.OOO E +OO O.OOOE +OO 

23 10 O.OOOE+ OO O.OOOE +-00 0 OOOE+OO 

41 10 0 OOOE+OO 0 OOOE+OO 0 OOOE+OO 

45 10 0 OOOE..-00 0 OOOE..-00 0 OOOE +OO 

66 10 0 OOOE ~00 0 OOOE-..00 0 OOOE+OO 

67 10 0 OOOE+OO 0 OOOE+ OO 0 OOOE +OO 

O.OOOOE+OOO.OOOO E+OO 

O.OOOOE-tOOO.OOOOE-tOO 
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88 10 0.000£+00 0.000£+00 0 .000£+00 

80 10 0.000£+00 O.OOOE+OO 0.000£+00 

110 10 O.OOOE+OO O.OOOEi'OO O.OOOE+OO 

Ill 10 0.000£+ 00 0.000£+00 0.000£ + 00 
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ABSTRACT 

This thesis presents an application of a numerical formulation 
incorporating the effects of joints, cracks, and fractures to a soil 
subsidence prediction problem, and the extension of that formulation to 
combined discrete slip planes and jointed media continua formulations. 
The results obtained are compared to each other and to a physical 
centrifuge simulation performed previously on the same problem. 
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