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ABSTRACT A recently developed three dimensional (3 D) elastoplastic finite ele ment program soft ware on
microcomputer was introduced , which finds effective application in mining engineering ,such as multi-stage ex-
cavation ,back-filling ,caving ,construction ,etc . A symbol-identified input data system, parallel module struc-
ture and mesh auto generation are some of the characteristics of the program . Two test examples are presented

to verify the program software .
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1 INTRODUCTION

In recent thirty years, with the develop-
ment of computer technique , it becomes possible
to simulate such complicated processes as mining
engineering. The finite ele ment method( FE M)
is now firmly established as an engineering tool
of wide applicability . Scholars from home and
abroad have developed many FEM softwares,
some of which have greatly contributed to nu-
merical method aplication in practical engineer

(.21 However, as known to all, those soft-

lng
wares that can correctly simulate dynamic pro-
cess in mining engineering are difficult to find.
It is not only because that mining’ object —rock
owns various properties and complex physical en-
vironment , but also because mining process comn
sists of such complicated activities as excavation
and back-filling. A new 3D elastoplastic finite
ele ment program is recently developed by the au-
thors to simulate multistage excavation, back-
filling , caving , construction, etc in mining engi-
neering , with characteristics of a symbol-identi-
fied input data system, parallel module program

structure , and mesh auto generation .

2 SYMBOL-IDENTIFIED INPUT DATA
SYSTEM

Fixed form data input system used to be
employed in traditional computer programs’ in-
put data files . Consequently , users need to know
much numerical knowledge and the input data
files are not easily understood. Now some pro-
grams boast of vivid pre- process ability[l], but
usually the users have only the rights to use , and
such program often cannot correctly simulate ex-
cavation and back-filing . A sy mbol-identified in-
put data system is adopted in our program soft-
ware. As a result, FEM data input file with
such character can be easily understood and ad-
justed. If the plot module is loaded, errors in
such data files can be easily found on the com-
puter screen .

Some typical subroutines employed to read
data file are listed as follows :

CALL FIND(“ NAME” , KEY)

CALL READI (“ NAME”, IFLAG, N,

@ Project 59625408 supported by the National Natural Science Foundation of China

Received Jun. 29, 1998 ; accepted Jan. 18,1999



.« 418 - Trans . Nonferrous Met. Soc. China

Jun. 1999

Kl s K2 s R K22)

CALL READR(“ NAME” , TFLAG, N,
Rl > R2 s Tt R22)

CALL READIA(“NAME” , IFLAG, TAR-
RAY, N)

CALL READRA (“ NAME”, IFLAG,
RARRAY, N)
where subroutine FIND searches for a leading

character string “ NAME” , KEY is a flag, if
KEY =1 indicates ‘ not found” , if KEY=0, in-
READI and READR are vari-
able input subroutines( Integer and real type , re-
spectively) . READIA and READRA are array
input subroutines( integer and real type , respec-
tively) . NAME is the leading character string,
IFLAGis a flag, Nis the number of variables ,
K;and R;(i =1, ..., 22) stand for integer and
real type variable names respectively . TARRAY
and RARRAY are the names of integer and real

dicates‘ found’ .

names respectively .

3 PARALLEL MODULE PROGRAM
STRUCTRURE

The chain program structure that used to be
employed in traditional computer programs for
the finite element method is shown in Fig.l .

Fig.1 The chain structure of program

When a program is running , all subroutines need
to be loaded onto computer me mory at the same
time, and so occupy the me mory all the time,
which greatly confine the capability of the pro-
gram. On the other hand, modifing just one al-
gorithm means modifying the whole program .

In order to adapt microcomputer memory
and to allow our program software to be rapidly
developed or modified in a very short period of
time with a minimum cost, the parallel module
program structure which is shown in Fig.2 is
adopted. One program module is not a subrou-
tine in traditional program, but such a small in-
dependent program, which owns its own main
program and subroutines , and can run freely on
microcomputer. Program module is loaded onto
me mory and covers former module on the com-
mand of command control manager( CCM) . All
of the program modules are linked with each oth-
er by data files on the disk, and can not be load-
ed on each other. Any module can not only get
information from disk data files , but also output
necessary data information to disk files used in
later modules . As a result, a complete problem
solution process and a logic complete program
software is integrated .

Fig.2 The parallel structure program
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It is self-evident that the parallel module
program structure and dynamic location of array
dimension are characterised by and noted for be-
ing highly flexible , conveniently debugged and
easily expanded according to the user’ s require-
ments .

4 3D MESH AUTO GENERATION

FEM mesh auto generation is a vigorous re-
search direction in numerical analysis . Because
3D model is less vivid and less directly perceived
than 2D, its geometry is often complex and cor
responding errors are difficult to be found. Ow-
ing to rock variability and process complexity in
mining engineering , 3D mesh auto- generation is
especially important .

Twenty nodes or eight nodes per isopara-
metric ele ment is adopted to simulate mining en-
gineering variable boundaries. 3D mesh is auto
generated by image technique, which can be
used to generate arbitrary fine mesh by inputing
little original data. This method’ s essence is to
use isoparametric ele ment consistency between
natural coordinates and Catesian coordinates :

8
x = = N,-x,-
i=1
8
y = = Nixi (1)
8
z = Z Nizi
i=1
where  Njis shape function; x;, y, z(i=1,

8) are Catesian coodinates of corner nodes, x,
y, zare coordinates which are to be calculated .
It is evident that if corner nodes’ and fe w special
nodes’ coordinates have already known, struc-
ture geometry and node coordinates can be auto
generated .

5 EXCAVATION AND BACKFILLING SI M
ULATION

Rock’ stress and deformation are greatly in-
fluenced by surrounding pressure and loading

history[s]

. Excavation and backfilling in mining
engineering both belong to mechanical response
for structural alteration, which will lead to stress

relief or increment. Consequently, middle or

final stress and displace ment are directly influ-
enced by structural deformation history, e. g.
excavation and backfilling activities . So it is very
important to correctly simulate excavation and
backfilling in mining engineering. Excavation
simulation has been paid a great deal attention by

lots of scholarst® 77,

However, traditional nu-
merical difficulties have been encountered in fi-
nite ele ment simulation of excavation'’!. Numer
ical simulation of backfilling is rarely discussed.
In our program, simulation of excavation and
backfilling is treated as a nonlinear proble m . The
source of nonlinearity is the change of geometry .
Therefore , a general solution sche me for nonlin-
ear proble ms can be used:

K, AU, = R,- I, (2)
where K is structural stiffness matrix; U is
vector of incre mental displacement, R is load
vector, Iis the vector of internal resisting forces
computed from stresses for the previous step #n -
L,

I,.,==[] B'0, dv (3)
where B is strain displace ment matrix and
0, is the stress vector within each ele ment .
Displace ment , strain, and stress are calculated as
follows :

u,=u, ,+AlU,

& =&.11tAg (4)

0,= 0, |+ A0,

At step n - 1, elements in excavation area
are activated, their contributions to the stiffness
matrix , ele ment load vector, and internal resist-
ing force vector are assembled, while from step
n, these elements are deactivated. Backfilling
simulation involves a procedure exactly opposite
to that just describled.

6 TEST EXAMPLES

In order to verify the accuracy and reliabili-
ty of the elastoplastic finite ele ment program
software, its numerical solutions are compared
with corresponding theoretical results or those
from other literature .

The first numerical exa mple considered is il-
lustrated in Fig .3 . It is an excavation problem to
test the program’s simulation of excavation in
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Fig .3 Test excavation simulation model
( Dimension unit : m)

mining engineering . The supposed stratum ma-
terial’ s elastic modulus E =100. 031 MPa, pois-
sons ratio x=0.25, body weight density p=
19 .614kN/ m* , cohesion C=117 .684kPa, fric-
tion angle ¢ = 40°, strain hardening parameter
H' =0.0 MPa. Initial stress is only caused by
gravity, lateral pressure parameter ;= g/ (1 -
) =0.3333 . The Mohrcoulomb yield criterion
and plane strain condition are assumed. Numeri-
cal solutions are compared with Ref.[ 6], listed
in Table 1 , in which load case 1 ~ 5 are calculat-
ed by various excavation model simulation. Load
case 6 is our results . According to Ref .[ 6], load
case 1 is more correct than the other 4 cases.
From Table 1, results of load cases 1 and 6 are
similar. The main difference is the displace ment
of point 18 . It seems that negative result more
corresponds to the practical situation .

Table 1

The second example is a thick cylinder sub-

(8] It is a theoretical

jected to internal pressure
problem to verify the program’ s elastoplastic
simulation. Fig.4 is a 3D FEM mesh of quarter
of this problem ( because of symmetry) . Fig.5
shows the circumferential ( hoop) stress distribu-
tions, and good agree ment between the numeri-

cal and analytical solutions is evident .

i
p

iy

Pr—

=/ | 100 mm |

Fig.4 Thick cylinder model

Fig .5
stress distribution

Thick cylinder hoop

Test 1 main node displace ment

Specific nodes

Load
case 11 12

14 18

Vertical disp/ m

Vertical disp/ m

Vertical disp/ m Vertical disp/ m

1 - 0.346221E- 2
0.117041E-1
-0.151663E-1
-0.117041E- 1
- 0.388269E- 2
- 0.3409E- 2

(= N B N )

- 0.922820E- 2
0.103447E-1
-0.195726E- 1
- 0.103447E- 1
-0.103787E-1
-0.7035E- 2

0.927288E- 2
0.741 769E - 2
0.185521E- 2
-0.741 767E - 2
0.149130E-1
0.4229E- 2

0.110428E- 2
0.211 669E - 4
0.108312E- 2
- 0.211 669E- 4
- 0.859066E- 2
-0.2477E- 2
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7 CONCLUSIONS

A 3D elastoplastic finite ele ment program,
which is recently developed, is introduced. Our
attention is focused on the program structure,
input and output system, mesh autogeneration,
and numerical simulation of excavation and back-
filling . The program is correct and reliable after
tested by examples. Parallel structure make the
program easily understand and low-costly ex-
panded or developed. Symbolidentified input
data system is advanced and mesh autogeneration
greatly reduces the volume of data file . Excava-
tion and backfilling are treated as a nomlinear
problem, which makes it possible to correctly
simulate such complicated dynamic process in
mining engineering .
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