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ABSTRACT

This puper presents a microcomputer program system for the three-dimensional non-linear linite element

method (FEM). which is developed for applications in mining engineering. such as excavation. filling. caving.

damming. etc Our attention is focused on some of the key aspects of the programing techmques for an applicu-

ble microcomputer program. such as the structure of the program. data processing in the core. communication

between the core and mass storage, input and output systems, et¢. ln the lasl part of this paper. two test examples

are presented verifying the computational accuracy of this programing system and illustrating its applicabilily

practical engineering.
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1 INTRODUCTION

Microcomputers have been applied exten-
sively in many engieering fields. In recent years.
numerical modelling using microcomputers n
geotechnical engineering has been paid a great

A3t is not only convenient (o

deal of attention'"”
the user, e.g. the computation can be carried out
at all times. but also cuts down the compultation
costs greatly as the main expense is merely on
electric power and printer paper. In addition. the
calculation results can be expressed objeétively
and vividly, utilizing the powerful graphic pur-
pose of microcomputers. Hence. microcomput-
ers have provided a substantial base for the tur-
ther development and application of numerical
methods in geomechanics. As pointed out by Liu

HuaihengI ", with the development and populari-

zation of microcomputers. numerical methods in
geomechanics will make a break through i themr
advance and practical engineering applications in
the foreseeable future. Therefore. the develop-
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ment of applicable microcomputer programs tor
geomechanical numerical methods is essential to
the advancement of computational geomecha-
nics.

By comparision with large or mid-sized com-
puters, the main disadvantages of microcom-
puler are limited memory. and low operation
speed. Hence. the key to developing an applica-
ble microcomputer program is to improve the
structure of the program and algorithims so as to
adapt it to the above characteristics ol a mic-
rocompufer program system for the 3—D nonli-
near finite ¢lement method (3—D FEM). which
was recently developed for applications in mining
engineering by the authors. The focus here 1s on
some of the key aspects of the programming
techniques for an applicable microcomputer
program. since the basic theory. formulas. algor-
ithms. and procedures for the three-dimensional
non-linear finite glement method can be found mn

the relevant lite- ratures™ ™.
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2 STRUCTURE OF THE PROGRAM

The chain program structure that used to be
employed in traditional computer programs for
the finite element method(FEM)” ¥ is shown in

Fig. 1. From here, it can be seen that when a
program is run. all modules performing the vari-
ous basic FEM steps need to be loaded onto the
computer at the same time and occupy the mem-
ory of computer while it 1s running. However. as
the program usually consists of thousands of
-statements. and it 1s often necessary to carry out
the computation on over a thousand elements in
practical engineering applications. an applicable
multiuse program employing that structure is
hardly possible to compile and run on a mi-

crocomputer.
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Fig. 1 The chain structure of a traditional program

As shown in Fig. 2. a parallel block struc-
ture program, in which each basic FEM proce-
dure may be designed into an independent block
program with input and ouiput. has been ado-
pted in our program system. While it is running.
the block program makes data exchanges with
the mass storage (e.g. fixed disk) by means of du-
ta files. Before the program terminates control
information is returned to the CCM(Command
Control Manager) which decides the next step.
All the functional block programs performing
the basic FEM steps and subsidiary processing
such as preprocessings. post processing. drawing.
etc, form an organic system. which may be sys-
tematically managed by a CCM.

Fig. 2 shows the parallel block structure of
the program From Fig. 2. it can be seen that as

the parallel block program system needs only one
program block at a time to be loaded and run.
the memory of the computer can be used much
more efficiently than in program employing a
chain structure. The paraliel block program sys-
tem 1s a the solution limitations posed by micr-
ocomputer practical engineering problem.

[ ] DATAINPUT] — ——

| I—

-
E ——
;E: | —sTiIF FORMATI% 3 . |
o B -
£ & ~—{LOAD FORMATION[H © =
=l - I B
D Zz - ‘ {‘
Z < L] EQUATION SOLV | E |
\ s 2| - | 23,
2 L sTRS oUTPLT | 2

T

CONTROLLED BY CCM_J

Fig. 2 The parallel block structurc of the program

[n addition, this program system is highly
flexible. conveniently debugged and eusily ex-
panded according to the user’s requirements. If
necessary. it i1s easy to add a new independent
program block to it.

3 DATA PROCESSING IN THE CORE

To improve the problem solving capacity of
a program. it is also important to optimize the
data processing in the core. Generally. the fol-
lowing reguirement need (o be met.

{1} Make maximal use of core memory tor
a block program.

(2) Improve the efficiency of data exchange
within a block program.

(3) Avoid using too many common state-
ments.

(4) Delete temporary arriays automatically.

In the master segment of a block program.
set a no-name common block in that a one-
dimensional mass 1s stored. The form is:

PROGRAM MAIN

COMMON MT. NP. IA(100000)

MT = 100000
in which 1A s a one-dimensional mass array and

its dimension is adjustable according to the user’s



<12 TRANSACTIONS OF NFsoc Febh. 1992

needs.

All operational arrays in the block prog-
ram will be stored in [A. and their locations in 1A
are determined by using the statements below

CALL DEFINIKINAME. LC, M. N)

CALL DEFINR(NAME, LC, M. N)

CALL DEFINH(NAME. LC. M, N)

Here, NAME is the name of an integer,
real. or character array to be stored. M and N
are respectively the row and column number of
the array. LC is the first position that the array
will occupy in IA. and it 1s calculated by the
above three subroutines. The array name is
sequentially recorded at the end of IA to form
the array directory. The relative positions of the
stored arrays are shown in Fig. 3.

The temporary arrays can be deleted using
the below call:

CALL DELETE(NAME)

The purpose of this subroutine is 1o free the
core memory occupied by the "Name” array so
that other arrays can be stored.

4 DATA COMMUNICATION BETWEEN
THE CORE AND MASS STORAGE

In a parallel block program system. because
the data exchanges between any two independent
program blocks have to use the mass storage as a
medium. communication between the core and
mass storage is the key for realizing the success of
the parallel block program system. For tlus pur-
pose. the tollowing problems need to be resolved.

(1) Data must be transmitted from the core
O Mass sitorage.

(2) Data must be transmitted from in mass
storage to the core. o

(3) Connections between the core and mass
storage must be established |

In our program., the tollowing subroutines
are used for the transmission of data from the
core to mass storage. their call forms are:

CALL FILEI(IL EXTN. LUN. M. N)

CALL FILER(RR.EXTN. LUN. M. N)

CALL FILEH(HH. EXTN. LUN, M. N)

Here, lI. RR. and HH are respectively the
names of the integer. real and character arravs to
be transmitted. EXTN 1s the extension name of
the data files in mass storage. LUN is the channel
number of the files. M and N are the row and
column number of'the array respectively.

Conversely transforing data from the mass
storage to the core may be carried out by the fol-
lowing subroutines, the call forms of which are

CALL RFILEIIL EXTN. LUN, M. N)

CALL RFILER(RR, EXTN, LUN. M. N)

CALL RFILEH(HH. EXTN, LUN. M. N}
in which the meanings of the parameters are the
same as above.

Before those calls are carried out. the chan-
nels between the core and mass storage must be
established. This can be done through a number
of related calls CALL ROSET. the tfunction of
which is to define the number of channels. and
the byte number of an integer. real and character
variable. CALL POPEN (LUN. EXTN. I'T). the
function of which is to open the formatied
sequential file, if 1T =0. the file is old. if IT=1. it
is new. CALL FOPEN(LUN. EXTN. IT). open
a new (IT=0) or old (IT=1) unformatted se-
quential file. CALL DOPEN(LUN. EXTN. Ml1.
MR. MH. IT). open a new (IT=0) or old
(IT=1) direct file, ML. MR. MH ure respe-
ctively the nummbers of integer, real and character-
istics variables. CALL FCLOSE(LUN). close
the file channel so that it may be used by the oth-
er files.

1t can be seen the above approach to data
communication between the core and muss sto-
rage is clear. simple. and efficient. A program
written by using these calls is easy to read and
free of errors and confusion resulting from too
many inconsistent statements. It the subroutines
frequently called in a program system are assem-
bled into a separate. common aid block. the etti-
ciency of FEM programming can be improved

greatly.
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Fig. 3 Dynamic location for operational ayrays in A

5 INPUT AND OUTPUT

Large amounts of data preparation and the
resuting processing have greatly restricted the
practical engineering applications of 3—D FEM.
The most traditional FEM programs with a

3910 :
1 ! generally require

fixed-format input system
the user to prepare the input data carefully and
strictlv in accordnce with the formats fixed by the
user instructions. Such work is cumbersome and
uninteresting. while mistakes are easily make and
espectally dilticult tor a beginner. Although more
recent free-format input systems have avorded
some of the shortcomings of the fixed-format
input system. they are still unable to give the user
“true free dom”. Because most traditional pro-
grams usually just yield output data such as
stress. strain and displacement. to obtain more
interesting results the user carry out further pro-
cessing. or put the output data files into a com-
puter again for drawing. Despite having cut
down much of the manual work. the amount of
working 1s still quite large. In order to improve
the input and output. a character-data input sys-
tem and a user-compuler output system have

been employed in our program.
5.0 Input Svstem

In the character-data input system. the input
data are divided into many data sections in light
of their purposes. Each duta section is led by a
characteristic name (a character string) given by
the user. When some section is required. the
program will automatically seek the characteri-
stic name from beginning to end in the input data
file and then read in the data following it. The
call forms are as foliows.

CALL FIND(NAME. KN) searches for a

leading character string "NAME” in the input
data file. If not found. return KN=1. and the
program stops to check for an error. Otherwise.
return KN =0. and carry out some or all of the
following calls are carried out
CALL REASIHHHEAS. IFL. NI 1. 2. 13,
- }yCALL READR(HEAD. IFL. NR, R1,
R2. R3, - ) CALL READH(HEAD. IFL,
NH. HI. H2. H3. - ) read the data behind
"HEAD". and respectively assign them to the in-
teger variables 11. 12, 13, -+ the real vana-
bles R1. R2. R3.
ables HI. H2, H3. - .
CALL READIA(HEAD. [FL. NI. IARR)
CALL READRA(HEAD. IFL. NR. RARR)
CALL READHA(HEAD. TFL. NH. HARR)
read the data behind "HEAD”, and respectively
assign them to the mteger array IARR and the
real array RARR: the character array HARR.
The following points should be noted (1)

: and the character van-

This data input system has no restrictions nput
data type (¢.g.. integer. real). Data will be auto-
matically transformed into the required torms on
execution: thus it is convenient to the user. (2) It
has no restriction of “column format” and “row
sequence” to the input data file. which may be
formed by the assembly of many data sections:
hence it is able to improve the efficiency of input
data. (3) The input data file is sell-explanatory. so
that the meanings ot various variables and data
sections are clear at a glance. This will greatly de-
crease the probability of making a mistake in
preparing input data. If unfamiliar with this
program. the user can prepare mnput data for
his(her) problems at all times with no user in-

structions.

3.2 Ouwput Systein
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According to the control parameters given
by the user from the keyboard or mass storage.
this user-computer output system can immediate-
ly search for the results of interest to the from the
unformatted data files recording such basic re-
sults as stresses, strains, displacements, equiva-
lent node forces and coordinates. and display or
plot their drawings after transformation and in-
terpolation. If subsidiary results such as energy
released safety factor, plastic zone, tensile zone
etc., are required. the program evaluates them
based on the related formulas and the above
data, then display to plot them.

This output system. an independent prog-
ram block. consists of five basic modules. i.e.,
search module, transformation module, interpo-
lation module. view module. and plot module,
which are called by the master segment.

6 FUNCTIONS AND RUN ENVIRONME-
NT

6. 1 Functions of Program

It is well known that mine rock mass is a
nonlinear. heterogeneous geomedium in that
there exist large numbers of discontinuities such
as fracutures. cracks, fissures. and faults: and
mining 1s a dynamic technological process. in-
cluding stoping. caving. filling. dumping. etc. It
was 1n light of the above features that our pro-
gram system was developed for applications in
mining engineering. Using this program system,
these features can be simulated: mechanical
properties such as elasticity, plasticity, the ab-
sence of tension. or low antitension: geometrical
discontinuities such as joints and faults: and en-
gineering activities such as excavation. filling,
caving. dumping or damming. Comprehensively,
it can be applied to the analysis of the stability of
mining structures. the mechanical optimization
of mining systems. the selection of minmg sch-
eme, etc.

Considering the basic FEM procedures and

pre and postprocessing, our progriam system has
been designed in ten independent block progra-
ms. Their functions are briefly described as fol-
lows:

(1) TMDATI automatically generates the
geometrical data ot a 3—D FEM model. e.g..
mesh. node numbers. element numbers. boun-
dary conditions. etc;

(2) TMPLOT displays or plots the mesh
drawing with node and element numbers. in-
cluding sectional drawing. three dimensional per-
spective drawing;

(3) TMDAT2 automatically generates the
material data of a 3—D FEM model. and assigns
initial stresses to the elements:

(4) TMBAND minimizes the band width
re-numbers the nodes:

(5) TMORDE pre and processing necessi-
ry to solve large coupled equations, and checks it
the size of the array has exceeded the value speci-
fied in block TMSOLYV;

(6) TMLOAD generates the load data for
the model and loops over load steps:

(7) TMSTIF assembles element stiffness
and load terms into an overall stifthess matrix
and load vector. and checks if the equilibrium
condition is statistied:

(8) TMSOLY solves equations;

(9) TMSTRS computes stresses and str-
ains and checks to see if an element. or part of an
element, has yielded:

(10) TMOUTP outputs of the results to a
display. printer or plotter with drawings. if need-
ed first evaluating subsidiary quantities such as.
safety factor. etc.

6.2  Run Enviroment of the Prograim

All program of this system are written in
FORTRAN 77, and can be run on IBM—PC

"AT. 286. 386 series microcomputers which have

a 640K B memory. a fixed disk drive with more
than 20M B, and a math co-processor. It is prac-
tically shown that the run time is acceptable for
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the solution of a medium of large problem. For

example. the run time 1s about three hours for-

the solution of a problem of 500~ 6000 degrees

of freedom! .

7 TWO EXAMPLES

In order to verify the accuracy of this pro-
gram system and illusirate its applicability two
examples are presented in this section.

The first example 1s a linearly elastic half n-
finite body subjected to a normal concentrated
force, the analytical solution of which is given in
Ref. 12. Fig. 4 is 2 3—D FEM mesh of quarter of
this problem (because of symmetry). The com-
parisons of the numerical solution and the ana-
Iytical solution are shown i Fig. 5. from which 1t
1s evident that there is a good agreement with the
relative error below 3%

7

v E=200GPa
Li ] u=072
* p=392 kN

Fig. 4  FEM mesh for example one

The second example is concerned with the
stability of 2 stope roof of an iron mine in
Northern China. The orebody
depth of 150~ 200 m dips at approximately 12
to the southwest. and 1s 500~ 600 m long in the
strike and 300~ 400 m wide in the dip. and is 12

m high. The rocks contain limestone. lime rud-

1s locatd at a

yte. Skarn and diorite. with no large faults near
the orebody.

The 3-D model was divided into 16808—
node isoparametric elements with a sum of 2145
nodes. The run time was about 4~ 5 hours. The
final distribution of the maximum tensile stress
on the immediate roof is presented in Fig. 6.

From this example. it can be shown that this

microcomputer program system is applicable to

the solution of medium or large practical engi-

neering problems. In addition to the great eco-

,
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(To be contimued on page Ne 26)
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5 CONCLUSIONS

(1) Dry HGMS technique which includes
vibration system and a new kind of disperser is
effective for the purificiation of kaolin powder:

(2) The vibration of matrix propels the par-
ticles through the matrix and assists cleaning;

(3) The disperser can break down particle
clusters and enable ultrafine powder to be com-
pletely dispersed:

(4) Under appropriate conditions, a pro-
duct containing 0.90 % Fe,O;. can be produced
from a koalin powder originally as sayed to
contain 2.2 wt.—% Fe,0,. There is a recovery
of 70 % of the iron free kaolin powder.
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