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FEM Procedures: Program

Initialization

— Control Data

— Node, Connectivity of Elements (N: Node#, NE: Elem#)
— Initialization of Arrays (Global/Element Matrices)

— Element-Global Matrix Mapping (Index, Item)

Generation of Matrix

— Element-by-Element Operations (do icel= 1, NE)
e Element matrices
« Accumulation to global matrix

— Boundary Conditions

Linear Solver
— Conjugate Gradient Method

Calculation of Stress
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testl input_cntl

main Input of control data

input_grid

find_node
Input of mesh info searching nodes
MSORT
sorting

mat conO

onnectivity of matri

mat conl

onnectivity of matri

mat ass main

coefficient matrix

jacobi
Jacobian

mat_ass_bc
boundary conditions
solve33 cg_3
tontrol of linear solve CG solver
Stru cture Of recover_stress jacobi
stress calculation Jacobian
output_ucd
visualization
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Some Features of “fem3d”

« Non-Zero Off-Diagonals o
— Upper/Lower triangular ..
components are stored ..
separately. H
L
e Stored as Block

— Vector: 3-components per node
— Matrix: 9-components per block

— Processed as “block” based on 3
variables on each node (not each
component of matrix)
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Storing 3x3 Block (1/3)

e Less memory requirement
— Index, Item

| J
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Storing 3x3 Block (2/3)

« Computational Efficiency
— Ratio of (Comptation/Indirect Memory Access) is larger

— >2X speed-up both for vector/scalar processors
e Contiguous memory access, Cache Utilization, Larger Flop/Byte

do i= 1, 3xN do i=1, N
Y(i)= D(i)*X(i) X1= X(3*i-2)
do k= index(i—-1)+1, index(i) X2= X (3*i-1)
kk=item (k) X3= X (3*i)
Y(i)=Y(i) + AMAT (k) *X (kk) Y (3%i—2)= D (9%i—8) *X1+D (9%i—7) kX2+D (9% i—6) *X3
enddo Y (3*i—1)= D (9*i-5) *X14D (9%i—4) *X2+D (9*i-3) *X3
enddo Y(3*I )= D(9%i-2)*X1+D (9%i—1) *X2+D (9% )*X3
do k= index(i-1)+1, index(i)
kk= item(k)

X1= X (3%kk-2)

X2= X (3%kk-1)

X3= X (3*kk)

Y (3%i-2)= Y (3*i—2) +AMAT (9%k—8) *X1+AMAT (9%k-7) X2 &
+AMAT (9%k—6) *X3

Y (3%i—1)= Y (3*i—1) +AMAT (9%k—5) *X1+AMAT (9%k—4) X2 &
+AMAT (9%k-3) *X3

Y(3%I )= Y(3*I )-+AMAT (9%k—2) *X1+AMAT (9%k—1) *X2 &
+AMAT (9%k ) *X3

enddo
enddo
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Storing 3x3 Block (3/3)

« Stabilization of Computation (StEDZEIL)

— Instead of division by diagonal components, full LU
factorization of 3x3 Diagonal Block is applied.

— Effective for ill-conditioned problems
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Global Variables: pfem_util.h (1/3)

Name Type Size 1/O Definition
fname C [80] I Name of mesh file
N, NP | I # Node
ICELTOT I I # Element
NODGRPtot I I # Node Group
XYZ R [N]1[3] 1 Node Coordinates
ICELNOD | [ICELTOT][8] | Element Connectivity
NODGRP__INDEX I [NODGRPtot+1] I # Node in each Node Group
NODGRP_ITEM I gsggg_lf_g?il;l_g :Ii XIN | Node ID in each Node Group
NODGRP_NAME C80 gsggﬁgﬂﬁ :Ii XIN I Name of NodeGroup
NL, NU I 0 # Upper/Lower Triangular Non-Zero Off-Diagonals
at each node
NPL, NPU I O | # Upper/Lower Triangular Non-Zero Off-Diagonals
D R [9*N] 0 Diagonal Block of Global Matrix
B,X R [3*N] 0 RHS, Unknown Vector
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Global Variables: pfem util.h (2/3)

Name Type Size Definition

ALUG R [9*N] O | Full LU factorization of Diagonal Blocks D
AL, AU R [9*NPL] , [9*NPU] 0 Iéiog)]gl/lizzzreirxﬁiangular Components of
indexL, indexU I [N+1] O | # Non-Zero Off-Diagonal Blocks
itemL, itemU [ [NPL], [NPU] O | Column ID of Non-Zero Off-Diagonal Blocks
INL, INU I [N] O | Number of Off-Diagonal Blocks at Each Node
IAL, TAU | [NJINL], [N]INU] O | Off-Diagonal Blocks at Each Node
TWKX | IN]TI[2] O | Work Arrays
METHOD I I | Iterative Method (fixed as 1)
PRECOND I I Eﬂi;%?iilﬁsogﬁi Zi’\)/[ethod (0: SSOR, 1: Block
ITER, ITERactual 1 I | Number of CG Iterations (MAX, Actual)
RESID R I | Convergence Criteria (fixed as 1.e-8)
SIGMA DIAG R I Coefficient for LU Factorization (fixed as

- 1.00)
pfemlarray I [100] O | Integer Parameter Array
pfemRarray R [100] O | Real Parameter Array
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Global Variables: pfem_util.h (3/3)

10

TAU_N

Name Type Size I/O Definition
08th R I =0.125
PNQ, PNE, PNT | R | [21[21[8] 0 %Nf %’j? ‘ZN[ (i=1~8ht each Gaussian Quad. Point
POS. WEI R 2] 0 qurdinates, Weighting Factor at each Gaussian Quad.

Point

NCOL1, NCOL2 I [100] O | Work arrays for sorting
SHAPE R [21[2]112]][8] 0 N; (i=1~8) at each Gaussian Quad Point
PNX, PNY, PNZ | R | [21[21[21[8] 0 5{; ,aaNyi ,aaNzi (i=1~8) at each Gaussian Quad. Point
DET.J R (21021121 0 gz‘::(;rrggiarit of Jacobian Matrix at each Gaussian
EIC_)?ggC’)N R I Young’s Modulus, Poisson’s Ratio
SIGMA_N, R IN1L3] O | Normal/Shear Stress at each Node
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Definitions of Terms

Block (Node):
JAvyY (BiR) :

@00

g Component (DOF):

11
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Towards Matrix Assembling

e In 1D, it was easy to obtain information related to
index and item.
— 2 non-zero off-diagonals for each node
— |ID of non-zero off-diagonal : i+1, i-1, where “I” is node ID

* |n 3D, situation is more complicated:

— Number of non-zero off-diagonal “blocks” is between 7
and 26 for the current target problem

— More complicated for real problems.

— Generally, there are no information related to number of
non-zero off-diagonal “blocks” beforehand.

movie
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Towards Matrix Assembling

e In 1D, it was easy to obtain information related to
index and item.
— 2 non-zero off-diagonals for each node
— |ID of non-zero off-diagonal : i+1, i-1, where “I” is node ID

* |n 3D, situation is more complicated:

— Number of non-zero off-diagonal “blocks” is between 7 and
26 for the current target problem

— More complicated for real problems.
— Generally, there are no information related to number of
non-zero off-diagonal “blocks” beforehand.
e Count number of non-zero off-diagonals using
arrays: INL|N], INU|[N], TAL[N][NL], TAU|N][NU]
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Main Part

#include <stdio. h>

#include <stdlib. h> 139—Q19—(19—19
FILEx fp_log;

#tdefine GLOBAL_VALUE_DEFINE 7 8 9
#include “pfem_util.h” AL o =
extern void INPUT_CNTLOQ) ; é\ 10 ’i\\ fi
extern void INPUT GRID() ; CJ p LY \2
extern void MAT_CONO() ;

extern void MAT_CON1 () ; 4 5 6

extern void MAT_ASS MAINQ) ;
extern void MAT_ASS BC() ; <5\
extern void SOLVE33() ;

extern void RECOVER_STRESS () ;
extern void OUTPUT_UCD() ;

int main()

S

&
&
©,

=
IN
[é%]

@
&)
)
®

/*x Logfile for debug **x/
if( (fp_log=fopen(“log. log”, “w”)) == NULL) {
fpr{q%f(stdout,"input file cannot be opened!¥n”) ;
exi ;

INPUT_CNTL () ;
INPUT_GRID () ;

AT CON00 MAT CONO: generates INL,INU, IAL, IAU
WATCONTO: MAT CONI: generates index, item

MAT_ASS_MAINQ) ;
MAT_ASS_BC(O

SOES0: Node ID starting from “1”

RECOVER_STRESS () ,
OUTPUT_UCD () ;

14
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MAT_CONO: Overview

do icel= 1, ICELTOT (~1,41,4+1) (+1,41,4+1)
generate INL, INU, IAL, IAU
according to 8 nodes of hexahedral element
(FIND_NODE) (~L-L+1) (+1,-1,+1)
enddo
(+1,+1,-1)
/ /
10, )=(-1-1,-1 +1,-1,—-1
&) an @ @ (&n.¢)=( ) ( )
7 8 <)
AN 7\ 1
O—W—1)—
4 5 6

@
®
O
©,

[—
IN
[¢8)

15
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Generating Connectivity of Matrix
MAT CONO (1/4)

#include <stdio.h>

#include “pfem_util.h”

#include “allocate. h”

extern FILE *fp_log;

extern void mSORT (int*, int*x, int);
static void FIND_TS _NODE (int, int);

¥oid MAT_CONO ()
int i, ], k, icel, in;
int in1,in2, in3, in4, in5, in6, in7, in8;
int NN;
N2= 256: not in use
NU= 26;
NL= 26;

INL=(KINT* )al locate_vector (sizeof (KINT),N) ;

IAL=(KINT**) a| locate_matrix (sizeof (KINT), N, NL) ;

INU=(KINT* )al locate_vector (sizeof (KINT), N)

IAU=(KINT**)a|Iocate_matrix(sizeof(KlNT),N,NU):

for (i=0; i<N;i++) INL[i]=0;

for (i=0; i<N; i++) for (j=0; j<NL;j++) IAL[i]1[j]=0;

for (i=0; i<N;i++) INULi]=0;

for (i=0; i<N; i++) for (j=0; j<NU; j++) TAU[i]1[j]=0;

NU, NL:

Number of maximum number
of connected nodes to each
node (number of upper/lower
non-zero off-diagonal blocks)

In the current problem,
geometry is rather simple.
Therefore we can specify NU
and NL in this way.

If it's not clear -> implement
that in Report #2.
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Generating Connectivity of Matrix

MAT_CONO (1/4)

#include <stdio.h>

17

#include “pfem_util.h”

#include “allocate. h” - it
A tern FILE *]ng |§g; Array Size Description
extern void mSORT (int*, intx, int);
static void FIND_TS_NODE (int, int); Number of connected
‘{Oid MAT_CONO () INL, INU | [N] nodes to each node
int i,jk icel, in; lower/upper
in% &H1,in2,in3,in4,in5,in6,in7,in8: ( ppen)
int NN Corresponding
N][NL],
N2= 256: not in use IAL, IAU [N] [NU] connected node ID
N %6. INJINUT+ (column D)

INL=(KINT* )al locate_vector (sizeof (KINT),N) ;
IAL=(KINT**) al locate_matrix (sizeof (KINT), N, NL) ;
INU=(KINT* )al locate_vector (sizeof (KINT),N) ;
IAU=(KINT*x*) al locate_matrix (sizeof (KINT), N, NU) ;

for (i=0;i<N;i++) INL[i]=0;
for (i=0: i<N:i++) for (j=0; j<NL: j++) IAL[i1[j]=0;
for (i=0; i<N;i++) INULi]=0;
for (i=0; i<N;i++) for (j=0; j<NU; j++) TAU[i][]j]=0;
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Generating Connectivity of Matrix
MAT _CONO (2/4). Starting from 1

for ( icel=0;icel< IGELTOT; icel++) {
in1=ICELNOD[icel] [0];
in2=1GELNOD[icel]
in3=IGELNOD[icel ]
in4=IGELNOD[icel]
inb=IGELNOD[icel ]
in6=IGELNOD[icel]
in7=IGELNOD[icel]
in8=ICELNOD[icel]

] (- 141,+1) (+1,41,+1)

(-1-1+1) (+1,-1,+1)

SeTE W

ND_TS_NODE (in1, in2):
D_TS_NODE (ini. in3): / /
TS_NODE (ini. ind):

TTSNODE (in 1n6) (Ene)=(1m1-1) (+1.-1-1)

TS_NODE (int, in7):
TS_NODE (int, in8):

TS_NODE (in2, inl):
TS_NODE (in2, in3):
TS_NODE (in2, ind) :
TS_NODE (in2, inb) :
TS_NODE (in2, in6) :
TS_NODE (in2, in7):
TS_NODE (in2, in8):

TS_NODE (in3, inl):
TS_NODE (in3, in2) :
TS_NODE (in3, ind) :
TS_NODE (in3, inb) :
TS_NODE (in3, in6) :
TS_NODE (in3, in7):
TS_NODE (in3, in8):
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FIND TS NODE: Search Connectivity
INL,INU,IAL,IAU: Automatic Search

static void FIND_TS_NODE (int ip1, int ip2)

int kk, icou;
ifCipl > ip2){
for (kk=1;kk<=INL[ip1-1]; kk++) {
if(ip2 == IALLip1-1] [kk-11) return;

}

icou=INL[ip1-1]+1;
IAL[ip1-1][icou-1]=ip2;
INL[ip1-1]=icou;
return,;

if( ip2 > ipl ) {
for (kk=1,kk<=INU[ip1-1]; kk++) {
if(ip2 == TAU[ip1-1] [kk-1]) return;

}

icou=INU[ip1-1]+1;
IAULip1-1] [icou-1]=ip2;
INU[ip1-1]=icou;
return,;

Array Size Description

Number of connected nodes to
INL, INU | [N] each node (lower/upper)

IAL IAU [N]J[NL], | Corresponding connected node
’ [N][NU] | !D (column ID)
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FIND TS NODE: Search Connect|V|ty
INL,INU,IAL,IAU: Automatic Search

static void FIND_TS_NODE (int ip1, int ip2) If the target node is already included
1t Kk icou. in IAL, TAU, proceed to next pair of
In IGOU.,

if( ipl > ip2 )| nodes
for(kk 1;kk<=INL[ip1-1];kk++) {
|f(|p2 == IAL[|p1 11 [kk-1]) return:

}

icou=INL[ip1-1]+1;
IAL[ip1-1][icou-1]=ip2;
INL[ip1-1]=icou;
return,;

J

if( ip2 > ip1 ) {
for (kk=1;kk<=INU[ip1-1]; kk++) {
if(ip2 == IAULip1-1] [kk-1]1) return;

}

icou=INU[ip1-1]+1;
IAULip1-1] [icou-1]=ip2;
INU[ip1-1]=icou;
return,;
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FIND TS NODE: Search Connectivity
INL,INU,IAL,IAU: Automatic Search

static void FIND_TS_NODE (int ip1, int ip2)

int kk, icou;
if(Cipl > ip2 ){ .
for (kk=1;kk<=INL[ip1-1]; kk++) {
if(ip2 == IALLip1-1] [kk-11) return;

}
icou=INL[ip1-1]+1;

Lo = If the target node is NOT included in
} return: IAL, IAU, store the node in IAL/IAU,
and add 1 to INL/INU.
if( ip2 > ipl ) {
For T 2 L AU T kD) return: oy S
i i == Ipl- = return,
. 13—4 15 16

}

icou=INU[ip1-1]+1;
IAU[ip1-1] [icou-1]=ip2;
INU[ip1-1]=icou;
return,;
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Generating Connectivity of Matrix
MAT_ CONO (3/4)

FIND_TS_NODE (in4, ini
FIND_TS_NODE (in4, in2
FIND_TS_NODE (in4, in3
FIND_TS_NODE (in4, inb

(-1,+1,+1) (+1,4+1,+1)

FIND_TS_NODE (in4, in6
FIND_TS_NODE (in4, in7
FIND_TS_NODE (in4, in8

FIND_TS_NODE (in5, ini
FIND_TS_NODE (in5, in2
FIND_TS_NODE (in5, in3

(-1-1+1) (+1,-1,+1)

FIND_TS_NODE (inb, in4

FIND_TS_NODE (in5. in6 - /
FIND_TS_NODE (in5. in7

FIND_TS_NODE (in5. in8 (&m.8)=(-1,-1-1) (+1,-1,-1)

FIND_TS_NODE (in6, ini
FIND_TS_NODE (in6, in2
FIND_TS_NODE (in6, in3
FIND_TS_NODE (in6, in4
FIND_TS_NODE (in6, in5
FIND_TS_NODE (in6, in7
FIND_TS_NODE (in6, in8

FIND_TS_NODE (in7, inl
FIND_TS_NODE (in7, in2
FIND_TS_NODE (in7, in3
FIND_TS_NODE (in7, in4
FIND_TS_NODE (in7, inb
FIND_TS_NODE (in7, in6
FIND_TS_NODE (in7, in8



FEM3D-Part2

Generating Connectivity of Matrix
MAT_ CONO (4/4)

for (in=0; in<N; in++) {
NN=INL[in];

for (k=0;k<NN;k++) {
NCOL1[k]=IAL[in] [k];

}
mSORT (NCOL1, NCOL2, NN) ;
for (k=NN; k>0;k—) {

TS_NODE (in8,
TS_NODE (in8,
TS_NODE (in8,
TS_NODE (in8,
TS_NODE (in8,
TS_NODE (in8,
TS_NODE (in8,

inl);
in2) ;
ind);
ind) ;
ind);
in6) ;
in7);

Sort IALJ[i][k], IAU[i][k] in ascending order
by “bubble” sorting for less than 100
components.

TAL[in] [NN—k]= NCOL1[NCOL2[k-1]1-1];

NN=INU[in];

for (k=0;k<NN;k++) {
NCOL1[k]=IAU[in] [k];

}
mSORT (NCOL1, NCOL2, NN) ;
for (k=NN; k>0;k—) {

TAU[in] [NN—-k]= NCOL1[NCOL2[k-1]1-1];

23
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MAT_ CON1: CRS format

#include <stdio.h>
#include “pfem_util.h”
#include “allocate. h”
extern FILEx fp_log;
%oid MAT_CON1 ()

int i,k kk;

indexL=(KINT*)al locate_vector (sizeof (KINT), N+1) ;
indexU=(KINTx) al locate_vector (sizeof (KINT), N+1) ;

for (i=0; i<N+1;i++) indexL[i]=0;
for (i=0; i<N+1;i++) indexU[i]=0;

for (i=0; i<N; i++) {
indexL[i+1]=indexL[i]+INL[i];
indexULi+1]=indexULi]+INULi];

}
NPL=indexL[N];
NPU=indexU[N] ;

itemL=(KINT*)a
i temU=(KINT*) a

for (i=0; i<N; i++) {
for (k=0;k<INL[i];k++) {
kk=k+indexL[i];
itemL[kk]=IAL[i][k]-1;

#or(k:O;k<INU[i];k++){
kk=k+indexU[i];
itemU[kk]=IAU[i] [k]-1;

deal locate_vector (INL
deal locate_vector (INU
deal locate_vector (IAL
deal locate_vector (IAU

)
)
)
)

locate_vector (sizeof (KINT), NPL) ;
locate_vector (sizeof (KINT), NPU) ;

C

indexL[i +1] = ZI: INL[K]

k=0
indexU[i +1]= > INU[K]
k=0

indexL[0] =1ndexU[0] =0
FORTRAN

indexL[i] = ZI: INLJK]

indexUJ[1] = 2 INU[K]

indexL[0] =indexU[0] =0

24
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MAT_ CON1: CRS format

#include <stdio.h>
#include “pfem_util.h”
#include “allocate. h”
extern FILEx fp_log;
void MAT_CON1 ()

{ int i,k kk;

indexL=(KINT*)al locate_vector (sizeof (KINT), N+1) ;
indexU=(KINTx) al locate_vector (sizeof (KINT), N+1) ;
for (i=0; i<N+1;i++) indexL[i]=0;
for (i=0; i<N+1;i++) indexU[i]=0;
for (i=0; i<N; i++) {
indexL[i+1]=indexL[i]+INL[i];
indexULi+1]=indexU[i]+INU[i];

%‘IPL= indexL[N];
NPU=indexU[N];

itemL=(KINT) al locate_vector (sizeof (KINT), NPL) ; —
Eoml= (INT) al looate-veotor (o1 zaof (KINT) . NP : NPL=indexL[N]
Size of array: itemL

for (i=0;i<N; i++) {

for (k=0;K<INL[i] k++) | Total number of lower non-zero
kk=k+indexL[i]; .
} i teml [kk]=TALTi] [k]-1; off-diagonal blocks
for(k:O;EEIEU[ié;kGE2}
=K+ , .
temU [kk]=1AUT ] [k] 1 NPU=1indexU[N]

Size of array: itemU
o) e e e Total number of upper non-zero
)
)

deal locate_vector (INU) ;
deal locate_vector (IAL) ; Oﬁ_dlagonal blocks

deal locate_vector (IAU) ;
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MAT_ CON1: CRS format

#include <stdio.h>
#include “pfem_util.h”
#include “allocate. h”
extern FILEx fp_log;
void MAT_CON1 ()

{ int i,k kk;

indexL=(KINT*)al locate_vector (sizeof (KINT), N+1) ;
indexU=(KINTx) al locate_vector (sizeof (KINT), N+1) ;
for (i=0; i<N+1;i++) indexL[i]=0;
for (i=0; i<N+1;i++) indexU[i]=0;

for (i=0; i<N; i++) {
indexL[i+1]=indexL[i]+INL[i];
indexULi+1]=indexU[i]+INU[i];

}‘IPL= indexL[N];
NPU=indexU[N];

itemL=(KINT*) al locate_vector (sizeof (KINT), NPL) ;
i temU= (KINT*) al locate_vector (sizeof (KINT), NPU) ;

for (i=0; i<N; i++) {
for (k=0;k<INL[i];k++) {

et it oy, MtemL, atemU |
bor (0 kCINU k) | store node ID starting from O

kk=k+indexU[i];
itemU[kk]=IAU[i][k]-1;

deal locate_vector (INL) ;
deal locate_vector (INU) ;
deal locate_vector (IAL) ;
deal locate_vector (IAU) ;
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MAT_ CON1: CRS format

#include <stdio.h>
#include “pfem_util.h”
#include “allocate. h”
extern FILEx fp_log;
void MAT_CON1 ()

{ int i,k kk;

indexL=(KINT*)al locate_vector (sizeof (KINT), N+1) ;
indexU=(KINTx) al locate_vector (sizeof (KINT), N+1) ;
for (i=0; i<N+1;i++) indexL[i]=0;
for (i=0; i<N+1;i++) indexU[i]=0;

for (i=0; i<N; i++) {
indexL[i+1]=indexL[i]+INL[i];
indexULi+1]=indexU[i]+INU[i];

}
NPL=indexL[N];
NPU=indexU[N] ;

itemL=(KINT*) al locate_vector (sizeof (KINT), NPL) ;
itemU=(KINT*) al locate_vector (sizeof (KINT), NPU) ;

for (i=0; i<N; i++) {
for (k=0;k<INL[i];k++) {
kk=k+indexL[i];
itemL[kk]=IAL[i][k]-1;

#or(k:O;k<INU[i];k++){
kk=k+indexU[i];
itemU[kk]=IAU[i] [k]-1;

deal locate_vector (INL) ;

deal locate_vector (INU) ; .
deal locate_vector (IAL) ; Not requlred any morc

deal locate_vector (I1AU) ;

27
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Main Part

#include <stdio. h>

#include <stdlib.h>

FILEx fp_log;

#tdefine GLOBAL_VALUE_DEFINE
#include “pfem_util.h”

extern void INPUT_CNTLOQ) ;
extern void INPUT GRID() ;
extern void MAT_CONO () ;
extern void MAT_CON1() ;
extern void MAT_ASS MAINQ) ;
extern void MAT_ASS BC() ;
extern void SOLVE33() ;

extern void RECOVER_STRESS() ;
extern void OUTPUT_UCD() ;

int main()

/#x Logfile for debug **x/
if( (fp_log=fopen(“log. log”, “w”)) == NULL) {
fpr{q%f(stdout,"input file cannot be opened!¥n”) ;
exi ;

INPUT_CNTL () ;
INPUT_GRID () ;

MAT_GONO () ;
MAT_CON1 () ;

MAT_ASS_MAINQ) ;
MAT_ASS_BCO

SOLVE33 () ;

RECOVER_STRESS () ;
OUTPUT_UCD () ;
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lew

Overv

Its derivative on natural/local coordinate is also defined.

enddo
enddo
enddo

Define Shape Function at Gaussian Quad. Points (8-points)

MAT ASS MAIN

do kpn=1, 2
do ipn=1, 2

do jpn=1, 2

ICELTOT
Jacobian and derivative on global coordinate of shape functions at

Gaussian Quad. Points are defined according to coordinates of 8 nodes. (JACOBI)

do icel= 1,
do ie= 1, 8

© kk

“itemL, itemU”

ip

ip,
integration on each element

coefficients of element matrices
accumulation to global matrix

enddo
enddo
enddo
enddo
enddo
enddo

do jpn=1, 2
do ipn=1, 2

Global Node ID:
Address of A;, ;, in
do kpn=1, 2

do je= 1, 8
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Storing 3x3 Block
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MAT ASS MAIN (1/7)

#include <stdio. h>
#include <math.h>
#include "pfem_util.h”
#include “allocate. h”
extern FILE *fp_log;
extern void JACOBI()
%0|d MAT_ASS_MAIN()

int i,k kk;

int ip, jp, kp;

int ipn, Jpn kpn;

int icel;
int ie, je;

int 1S, iiE;

int in1,in2, in3, in4, in5, in6, in7, in8;
double valA, valB, valX;

double QP1, QM1, EP1, EM1, TP1, TMT1;
double X1, X2, X3, X4, X5, X6, X7, X8;
double Y1,Y2,Y3, Y4, Y5,Y6,Y7,Y8;
double 71,72,73,174,175,176,1717,18;

double PNXi,

double VOL;

double coef;

PNYi, PNZi, PNXj, PNYj, PNZj;

double all, al2, al3, a21, a22, a23, a31, a32, a33;
KINT nodLOCAL[8];

AL= (KREALx)
AU= (KREALx)
B =(KREAL%)
D =(KREAL%)

= (KREALx*)

al locate_vector (sizeof (KREAL), 9xNPL) ;
al locate_vector (sizeof (KREAL), 9xNPU) ;

al locate_vector (sizeof (KREAL), 3N ) ;
al locate_vector (sizeof (KREAL), 9*N) ;

al locate vector(sizeof(KREAL),3*N):

for (i=0; i<9*NPL;i++) AL[i]=0.0;

for (i =0; | CO*NPU; i++) AULi]=0.0;
for (i=0;i<3*N ;i++) B[i]=0.0;
for (i=0;i<9%N ;i++) D[i]=0.0;
for (i=0; i<3*N :i++) X[i]=0.0;

Lower Triangle Blocks
Upper

RHS

Diagonal Blocks
Unkonws
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32

MAT ASS MAIN (2/7)

WEI[0]= 1.0000000000€0;

WEI[1]= 1.0000000000€0;

POS[0]= -0 577350260260; T O
POS[1]= 0.5773502692¢0:  \\E] -
INIT.

PNQ -

PNE -

PNT -

valA= POISSON /

valB= (1.e0-2. e0*POISSON) /
valX= ELAST* (1. e0-POISSON)

valA= valA * valX;
valB= valB * valX;

for (ip=0;ip<2; ip++) {
for (jp=0; jp<2; jp++) {
for (kp=0;kp<2; kp++) {

QP1=1.e0 + POS[ip];
QM1= 1.e0 - POS[ip];
EP1=1.e0 + POS[jp]:
EM1= 1.e0 - POS[jp]:
TP1=1.e0 + POS[kp]:
™= 1.

SHAPE[ip] [jp] [kp]
SHAPE[ip] [ jp] [kp]
SHAPE[ip] [ jp] [kp]
SHAPE[ip] [ jp] [kp]
SHAPE[ip] [ jp] [kp]
SHAPE[ip] [ jp] [kp]
SHAPE[ip] [ jp] [kp]
SHAPE [ip] [Jjp] [kp]

e0 - POS[kp];

e

(1. e0-POISSON) ;
(2. e0% (1. e0-POISSON) )
/ ((1. e0+POISSON) * (1. e0-2. e0*POISSON) ) ;

08th
08th
08th
08th
08th
08th
08th

* QM1
* QP1
* QP1
* QM1
* QM1
* QP1
* QP1
* QM1

* X X ¥ ¥ X X %

EM1
EM1
EP1
EP1
EM1
EM1
EP1
EP1

Quad. Point
Weighting Factor

1st-order derivative of shape function by QSI
1st-order derivative of shape function by ETA
1st-order derivative of shape function by ZET

* M1
* M1
* M1
* M1
* TP1;
* TP1;
* TP1;
* TP1;

]
(=11 (51

(=1, =1 R 2

BHSE+ a BEAHEHW
0.57735 02692 1.00000 00000
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MAT ASS MAIN (2/7)

WEI[0]= 1.0000000000e0;

WEI[1]= 1.0000000000€0;

POS[0]= -0.5773502692¢0;

POS[1]= 0.5773502692¢0;
/%K

INIT.

PNQ - 1st-order derivative of shape function by QSI

PNE - 1st-order derivative of shape function by ETA

y PNT - 1st-order derivative of shape function by ZET

sokk

valA= POISSON / (1. e0-POISSON) ;
valB= (1.e0-2. e0*+POISSON) / (2. e0* (1. e0-POISSON)) ;
valX= ELAST* (1. e0-POISSON) / ((1. e0+POISSON) * (1. €0-2. e0*+POISSON)) ;

valA= valA * valX;
valB= valB * valX;

for (ip=0;ip<2;ip++) {
for (jp=0; jp<2; jp++) {
for (kp=0; kp<2; kp++) {

QP1=1.e0 + POS[ip];
QM1=1.e0 - POS[ip];
EP1= 1.e0 + POS[jp];
EM1= 1.e0 - POS[jp];
TP1=1.e0 + POS[kp];
T™M1=1

.€0 - POS[kp];

SHAPE[ip] [jp] [kp][0]= 08th * QM1 * EM1 % TM1:
SHAPE [ip] [jp] [kl [11= 08th * QP1 * EMi * TMi:
SHAPE[ip] [ip] [kp][2]= 08th * QP1 % EP1 % TMI:
SHAPE[ip] [ip] [kp][3]= 08th * QM1 * EP1 % TMi:
SHAPE[ip] [ip] [kp][4]= 08th * QM1 * EMi * TPi:
SHAPE[ip] [ip] [kp][5]= 08th * QP1 * EM{ * TP1:
SHAPE[ip] [ip] [kp][6]= 08th * QP1 % EP{ * TPi:
SHAPE[ip] [Jp] [kp][7]= 08th * QM1 % EP1  TPi:

SEEEESECE
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Strain-Stress Relationship

l-v v 1% 0 0 0
v 1-v v 0 0 0
1—v 0 0 0
o 0 0 l(1—21/) 0 0
(I+v)1-2v) |
0 0 0 0 5(1—21/) 0
0 0 0 0 0 %(1—21/) \
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MAT ASS MAIN (2/7)

WEI[0]= 1.0000000000e0;

WEI[1]= 1.0000000000€0;

POS[0]= -0.5773502692¢0;

POS[1]= 0.5773502692¢0;

INIT.

PNQ - 1st-order derivative of shape function by QSI
PNE - 1st-order derivative of shape function by ETA
PNT - 1st-order derivative of shape function by ZET

valA= POISSON / (1. e0-POISSON) ;
valB= (1.e0-2. e0*+POISSON) / (2. e0* (1. e0-POISSON)) ;
valX= ELAST* (1. e0-POISSON) / ((1. e0+POISSON) * (1. €0-2. e0*+POISSON)) ;

vl i vl valx = E0=Y)
for (ip=0; ip<2; ip++) { (1+v)1-2v)
for Qe e v E(-v)

GP1= 1.0 + POS[ip]: vValA =
QMi= 1.e0 - POS[ip] ' (1-v)(1+v)1-2v)
EP1§ 1.e0 i POS[ jp];
TPI= 1760 + POS[KD] vap= 1=2) E(~v)
M= 1.€0 - POS[kp]: 2(1—v) (1+v)(1—2v)

SHAPE [ip] [jp] [kp]

SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]

1= 08th = QM1 * EM1 * TM1;
= 08th * QP1 * EM1 * TM1;
= 08th * QP1 * EP1 * TM1;
= 08th * QM1 * EP1 * TM1;
= 08th * QM1 * EM1 * TP1;
= 08th * QP1 * EM1 * TP1;
= 08th * QP1 * EP1 * TP1;
= 08th * QM1 * EP1 * TP1;

SEEEESECE
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MAT ASS MAIN (2/7)

WEI[0]= 1.0000000000e0;

WEI[1]= 1.0000000000€0;

POS[0]= -0.5773502692¢0;

POS[1]= 0.5773502692¢0;

INIT.

PNQ - 1st-order derivative of shape function by QSI
PNE - 1st-order derivative of shape function by ETA
PNT - 1st-order derivative of shape function by ZET

valA= POISSON / (1. e0-POISSON) ;
valB= (1.e0-2. e0*+POISSON) / (2. e0* (1. e0-POISSON)) ;
valX= ELAST* (1. e0-POISSON) / ((1. e0+POISSON) * (1. €0-2. e0*+POISSON)) ;

e vl oo vaix = E0=v)
gL, R
ki dy vala =X
Q1= 160 — POS[ip]’ (T +v)1-2v) (1+v)i-2v)
i 10+ Fokpn) i
}mz } e0 + POS[kp]; valB = —

€0 - POSTkp]: 20-V) (1+v)1=27) 2(1+v)

SHAPE[ip] [jp] [kp][0]= 08th * QM1 % EMI % TM1:
SHAPE [ip] [jp] [kl [11= 08th * QP1 * EMi * TMi:
SHAPE[ip] [ip] [kp][2]= 08th * QP1 % EP1 % TMI:
SHAPE[ip] [ip] [kp][3]= 08th * QM1 * EP1 % TMi:
SHAPE[ip] [ip] [kp][4]= 08th * QM1 * EMi * TPi:
SHAPE[ip] [ip] [kp][5]= 08th * QP1 * EM{ * TP1:
SHAPE[ip] [ip] [kp][6]= 08th * QP1 % EP{ * TPi:
SHAPE[ip] [Jp] [kp][7]= 08th * QM1 % EP1  TPi:

SEEEESECE
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Strain-Stress Relationship

o] [valX valA valA 0 0 0 |[&
o, valA valX wvalA O 0 0 &,
o, valA valA wvalX 0 0 0 || ¢
le,[7l 0 0o o vaB o o [
Ty, 0 0 0 0 wvalB 0 ||y,
T ) 0 0 0 0 0 valB||y,]
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MAT ASS MAIN (2/7)

WEI[0]= 1.0000000000e0;

WEI[1]= 1.0000000000€0;

POS[0]= -0.5773502692¢0;

POS[1]= 0.5773502692¢0;

INIT.

PNQ - 1st-order derivative of shape function by QSI
PNE - 1st-order derivative of shape function by ETA
PNT - 1st-order derivative of shape function by ZET

valA= POISSON / (1. e0-POISSON) ;
valB= (1.e0-2. e0*POISSON) / (2. e0* (1. e0-POISSON) ) ;
valX= ELAST* (1. e0-POISSON) / ((1. e0+POISSON) * (1. e0-2. e0*xPOISSON) ) ;

valA= valA * valX;
valB= valB * valX;

for(%p(g lp(<)2 lg’zﬁ) {++){ QPl(i)=(1+§i), QMI(I) ( _fi)
or %fir(gépc_) l;ég(z) ol EP1(j)=(1+77j), EMI(j)=(1-7,)
THi= 190 < BXtins: TPI(k)=(1+¢,), T™MI(k)=(1-¢,)
EM1= 1.e0 - POS[jpl;
TP1= 1.e0 + POS[kp];
TM1= 1.e0 - POS[kp];

SHAPE [ip] [jp] [kp] [
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]
SHAPE [ip] [jp] [kp]

= 08th * QM1 *x EM1 * TM1;
= 08th * QP1 * EM1 * TM1;
= 08th * QP1 * EP1 * TM1;
= 08th * QM1 *x EP1 * TM1;
= 08th * QM1 *x EM1 * TP1;
= 08th * QP1 * EM1 * TP1;
= 08th * QP1 * EP1 * TP1;
= 08th * QM1 * EP1 * TP1;

:\'::°’::C"'::4>::°~’::'\>::—‘::C>.
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MAT ASS MAIN (2/7)

WEI[0]= 1.0000000000e0;

WEI[1]= 1.0000000000€0;

POS[0]= -0.5773502692¢0;

POS[1]= 0.5773502692¢0;

INIT.

PNQ - 1st-order derivative of shape function by QSI
PNE - 1st-order derivative of shape function by ETA
PNT - 1st-order derivative of shape function by ZET

valA= POISSON / (1. e0-POISSON) ;
valB= (1.e0-2. e0*POISSON) / (2. e0* (1. e0-POISSON) ) ;
valX= ELAST* (1. e0-POISSON) / ((1. e0+POISSON) * (1. e0-2. e0*xPOISSON) ) ;

(—1,+1,+1)

valA= valA * valX;
valB= valB * valX;

for (ip=0; ip<2; ip++) { (L.-1+1) (+1.-1+1)
for (jp=0; jp<2; jp++) {
for (kp=0; kp<2; kp++) {

QP1= 1.e0 + POS[ip];

AE ot
=1.e0 + jpl;

EMi= 1,60 — POS[jp] " / /

TM1= 1.0 - POS[kp]: (&n,8)=(-1,-1,-1) (+1,-1,-1)

[0]= 08th * QM1 * EMI * TMI1;
[1]= 08th * QP1 * EM1 * TM1:
[2]= 08th * QP1 * EP1 * TMI:
3]= 08th * QM1 * EP1 * TM1:
[4]= 08th * QM1 * EM1 * TP1:
[5]= 08th * QP1 * EMI * TP1:
[6]= 08th * QP1 * EP1 * TP1:

1= 08th * QM1 * EP1 * TP1:

»

=

5>

)

m

=

{ -
1 1 IUI 1 1 1 1
A A A ACADACRS,
O UIAWN—O



FEM3D-Part2

/%K
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WEI
WEI

POS
POS

0
1

0
1

/i /i

INIT.
PNQ
PNE
PNT

valA=
valB=
valX=

valA=
valB=

| I N— | I N—

MAT ASS MAIN (2/7)

1.0000000000e0;
1. 0000000000€0;

~0. 577350269260 N,(£,1,¢) =l(1—§)(1—77)(1—§)

0.5773502692¢0;

N, (E,7.8) =~ (1+5)( n)1-¢)

1st-order derivative of shape function by QSI
1st-order derivative of shape function by ETA
1st-order derivative of shape function by ZET

POISSON / (1. €0-POISSON) - Ns(5.7m.6) =+ 0+§)(1+77)(1 $)

(1. e0-2. e0*POISSON) / (2. 0% (1. €0-POISSON) ) ;
ELAST=* (1. e0-POISSON) / ( (1. e0+POISSON) * (1. €0-2. e0*POIS¢

valA * valX; N4(§,77,é’)=§(I—§)(1+77)(1—§)
valB * valX;
for(%p ? |p32 |25+){ Y 1
o R0 ka5 ) | N, (&,1,¢) 2—(1—5)(1—77)(”5)
QP1=1.e0 + POS[ip];
e
EMI= 1 60 - POS[]p]" No(&,m,8)=— (1+f)( —n)1+¢)
TP1= 1.e0 + POS[kp];
TM1= 1.e0 - POS[kp];

gt NGO =gl lenig)

= 08th * QP1 * EP1 * TM1;

S E RN LYt X+ 0)

= * * * ; —_(1— + n

= 08th * QP1 * EM1 * TP1; 8(597795) 3 § n é/
08th * QP1 * EP1 * TP1;

= 08th * QM1 * EP1 * TP1;

SHAPE[ip] [ip] [kp]
SHAPE[ip] [jp] [kp]
SHAPE[ip] [jp] [kp]
SHAPE[ip] [jp] [kp]
SHAPE[ip] [jp] [kp]
SHAPE[ip] [jp] [kp]
SHAPE[ip] [jp] [kp]
SHAPE[ip] [ip] [kp]

SR TN —O
|

40



FEM3D-Part2

PNQ[ jp] [
PNQ[jp] [
PNQ[jp] [
PNQ[jp] [
PNQ[jp] [
PNQ[jp] [
PNQ[jp] [
PNQ[jp] [
PNELip] [
PNELip] [
PNELip] [
PNELip] [
PNELip] [
PNELip] [
PNELip] [
PNELip] [
PNTLip] [
PNTLip] [}
PNTLip] [}
PNTLip] [}
PNTLip] [}
PNTLip] [}
PNTLip] [}
PNT[ip] [

J

X
O
R o o O P T A et P o (e A e et

J

for ( icel=0;
in1=ICELNOD[
in2=I1CELNOD
in3=I1CELNOD
in4=1CELNOD [
inb=1CELNOD[ i
in6=I1CELNOD
in7=1CELNOD
in8=I1CELNOD

[icel]
[icel]
[icel]
[icel]

41

ASS MAIN (3/7)

- 08th * EMI
+ 08th * EM1
+ 08th * EP1
- 08th * EP1
- 08th * EM1
+ 08th * EMI
+ 08th * EP1
- 08th * EP1
- 08th * QM1
- 08th * QP1
+ 08th * QP1
+ 08th * QM1
- 08th * QM1
- 08th * QP1
+ 08th * QP1
+ 08th * QM1
- 08th * QM1
- 08th * QP1
- 08th * QP1
- 08th * QM1
+ 08th * QM1
+ 08th * QP1
+ 08th * QP1
+ 08th * QM1

icel< ICELTOT; |ce|++){
icel][
[icel]
[icel]
[icel]

SoECeras

* TM1;

* TM1;
* TM1;
* TM1;
* TP1;
* TP1;
* TP1;
* TP1;
* TM1;
* TM1;
* TM1;
* TM1;
* TP1;
* TP1;
* TP1;
* TP1;
* EM1;
* EM1;
* EP1;
* EP1;
* EM1;
* EM1;
* EP1;
* EP1;

PNQ(j,k) = 5' E=&n=1,{ =¢0)

PNE(i,k)=%—I\TI7'(§=§iJ7=77,-,§=§k)

PNT(i,j)=2—'?(§=§i,n=n,-,4=:k>
5(5.,77,-,@):—%( (e
S5 G Go=rgli-n)i-¢)
T Gt =rglam)i-6)
TGt =g lem)i-c)

First Order Derivative
of Shape Functions at

(Si57;>S%)
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}
for ( icel=0;

PNQ[ jp] [kp]
PNQ[jp] [kp]
PNQ[jp] [kp]
PNQ[jp] [kp]
PNQ[ jp] [kp]
PNQ[ jp] [kp]
PNQ[ jp] [kp]
PNQ[ jp] [kp]
PNE[ip] [kp]
PNE[ip] [kp]
PNE[ip] [kp]
PNE[ip] [kp]
PNE[ip] [kp]
PNE[ip] [kp]
PNE[ip] [kp]
PNE[ip] [kp]
PNT[ip] [jp]
PNT[ip] [jp]
PNT[ip] [jp]
PNT[ip] [jp]
PNT[ip] [jp]
PNT[ip] [jp]
PNT[ip] [jp]
PNTLip]l [jp]

J

—HeOEwNSO SR ol SO TN =S

ASS MAIN (3/7)

- 08th * EM1
+ 08th * EMI
+ 08th * EP1
- 08th * EP1
- 08th * EM1
+ 08th * EMI
+ 08th * EP1
- 08th * EP1
- 08th = QM
- 08th = QP1
+ 08th * QP1
+ 08th = QM1
- 08th = QM
- 08th = QP1
+ 08th * QP1
+ 08th = QM1
- 08th = QM
- 08th = QP1
- 08th = QP1
- 08th = QM1
+ 08th * QM1
+ 08th * QP1
+ 08th * QP1
+ 08th = QM1

icel< ICELTOT; |cel++){

in1=IGELNOD [

in2=]GELNOD
in3=IGELNOD
in4=IGELNOD
in5=IGELNOD
in6=IGELNOD
in7=I1GELNOD
in8=ICELNOD

[icel][
=!ce|=
=!ce|=
=!ce|=
=!ce|=
=!ce|=
=!ce|=
[icel]

Z~4kﬁkﬁ#€b€h€-{C>

* TM1;

* THI:
* TM1;
* TM1;
* TP1;
* TP1;
* TP1;
* TP1;
* TM1;
* TM1;
* TM1;
* TM1;
* TP1;
* TP1;
* TP1;
* TP1;
* EM1;
* EM1;
* EP1;
* EP1;
* EM1;
* EM1;
* EP1;
* EP1;

(—1,+1,+1)

(=1=1,+1)

(&.1.4)=(-1-1-1)

42
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MAT ASS MAIN (4/7)

*x* JACOBIAN & INVERSE JACOBIAN

nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [
nodLOCAL [

[in]-1]
[in2-1]
[in3-1]
[in4-1]
[in5—1]
[in6-1]
[in/-1]
[in8-1]

[in]-1]
[in2-1]
[in3-1]
[in4-1]
[in5—1]
[in6-1]
[in/-1]
[in8-1]

[in]-1]
[in2-1]
[in3-1]
[in4-1]
[in5—1]
[in6-1]
[in/-1]
[in8-1]

X1=XYZ
X2=XYZ
X3=XYZ
X4=XYZ
X5=XYZ
X6=XYZ
X7=XYZ
X8=XYZ

Y1=XYZ
Y2=XYZ
Y3=XYZ
Y4=XYZ
Y5=XYZ
Y6=XYZ
Y1=XYZ
Y8=XYZ

Z1=XYZ
£2=XYZ
£3=XYZ
Z4=XYZ
£5=XYZ
£6=XYZ
L1=XYZ
£8=XYZ

SNoUIRwN—O

jn s s e Jen S R Jen
O~ OIRhWN—

CEEEEEES

| e | e | s | sy | s | s | ey | ey |
RS W QT W G QN G —y
[N | WY | NN | WO | NN | SN | WO | B |

SISISISISISISIS

Node ID (Global) ~ ++)

(~1-1+1) (+1,-1,+1)
(+1,4+1,-1)
X-Coordinates / /
of 8 nodes (&)= (1-1-1) (+1,-1,-1)

Y-Coordinates

of 8 nodes

| Coordinates:
Z-Coordinates Node ID - 1
of 8 nodes

JACOBI (DETJ, PNQ, PNE, PNT, PNX, PNY, PNZ, X1, X2, X3, X4, X5, X6, X7, X8,
Y1, Y2, Y3, Y4, Y5, Y6, Y7, Y8, Z1, 72, 73, 74, 15, 16, 71, 18);
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#include <st
#include <ma
#include “pr
#include “al
/%K

skx JACOBI
sokk /

void JACOBI (

dio. h>
th. h>
ecision. h”
locate. h”

KREAL DETJ[2][2][2],

JACOBI (1/4)

KREAL PNQ[2] [2] [8], KREAL PNE[2][2][8], KREAL PNT[2][2][8],

KREAL PNX[2][2][2][8], KREAL PNY[2][2][2][8], KREAL PNZ[2] [2][2] [8],

KREAL X1, KREAL X2, KREAL X3, KREAL X4, KREAL X5, KREAL X6, KREAL X7, KREAL X8,
KREAL YT, KREAL Y2, KREAL Y3, KREAL Y4, KREAL Y5, KREAL Y6, KREAL Y7, KREAL Y8,
KREAL Z1, KREAL 72, KREAL Z3, KREAL 74, KREAL 75, KREAL Z6, KREAL Z7, KREAL Z8)

calculates JACOBIAN & INVERSE JACOBIAN
dNi/dx, dNi/dy & dNi/dz

int ip

. Ip, kp;
double dXdQ, dYdQ, dZdQ, dXdE, dYdE, dZdE, dXdT, dYdT, dZdT;

double coef;

double all, al2, al3, a21, a22, a23, a3l, a32, a33;

for (ip=0; ip<2; ip++) {

for (jp=0; jp<2; jp++) {

For (kp=0; kp<2:k
PNX[ip] []

X[ip] [

PNXLip] []
PNXLip] []
PNXLip] []
PNXLip] []
PNXLip] []
PNXLip] []
PNX[ip] [}

p++) {
[Kp]

e e

[ ON, oN, ON, |
“1an S ',(m,y“zJ(I:
| 0 On 0g
(ON, N, oN,
’ ” 9dt‘J
Output | 757257 et|J)

Values at each Gaussian Quad.

Points: [ip][jp](kp]
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Partial Diff. on Natural Coord. (1/4)

« According to formulae:

ON,(£,7,6) _ N, ox N, &y 0N, o7
0  OX OF Oy O 01 OF
oN,(&,7,6) _ N, ox N, &y 0N, &

45

on OXx on oy on 07 On
oN;(&,n,8)  ON; ox . ON. oy +(’5Ni 0z
o¢ ox 0 oy 0 o0z 0¢
ON. ON. ON. _ _ _ .
6E " on o can be easily derived according to definitions.
ON. ON. ON. . .
-, —L,—21 | are required for computations.
ox oy oz
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Partial Diff. on Natural Coord. (2/4)

e |In matrix form:

N | [ox oy azffen,]  [eN,
0 d0c 0 0g || ox OX
ON. oXx oy oz ||ON, ON,
S— ¢ = ] >:[J]<—>
on on dn 0n || oy oy
ON; OXx oy oz ||oN. ON;
o¢ | |o¢ o¢ oc|lor . | 0z

[J] : Jacobi matrix, Jacobian
[J]: Jo Jn Jy
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Partial Diff. on Natural Coord. (3/4)

 Components of Jacobian:
X 0 ~ON; oy 0 N,
‘Jll_ag_ag(;l\lixl — 8§ le_@f_ﬁf(;l\liyij Z yl

i=1 aé:
8 8
JB _ 0Z _ %) (Z Nizi _ %Zi
O  0O¢ \iT - 0S

8 8 8 8
Jy = x — 0 ZNiXi — %Xi, Jy = 2 = 0 ZNiyi :Z%yia
on  0n - on on  on\‘3 o on
8 8
23 = o = 0 ZNiZi = %Zi
on  on\iS o On
X 0 (< 5. ON 0 (< 5. ON
31— = ZNIXI = —II 32— 8y (Z i |j Z—yM
0¢ 0¢\'i5 o 0¢ oc oc\5 - 0¢
8 8
Jy = 52 0 ZNiZi = %Zi
¢ 55 = - 0¢
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/%

%k /

DETERMINANT

JACOBI (2/4)

PNYLip] [}
PNY[ip] []

PNY[ip] []

PNY[ip] [J

PNY[ip] [J

PNY[ip] []

PNY[ip] [J

PNY[ip][J

PNZLip] [
PNZ[ip] []

PNZ[ip][]

PNZ[ip] []

PNZ[ip] []

PNZ[ip][]

PNZ[ip] [J

PNZ[ip][J

of the JACOBIAN

dXd@ = PNQ[jp] [kp]
+ PNQ

+ PNQ[j
+ PNQ[
dYdQ = PNQ[jp] [kp]
+ PNQ

+ PNQ[
+ PNQ[j
dZdQ = PNQ[jp] [kp]
+ PNQ

+ PNQ[ j
+ PNO[j
dXdE = PNE[ip] [kp]
+ PNE

+ PNE[i
+ PNE[i

SEHEENTS Hﬁﬁ%ﬁﬁ?ﬁ

1xX1 + PNQ[ jp] [kp]
1[kp] [2]*X3 + PNQ[
[kp] [4]*X5 + PNQ[j
[kp] [6]*X7 + PNQ[
*Y1 + PNQ[jp] [kp]
[kp] [2]*Y3 + PNQL
[kp] [4]*Y5 + PNQ[j
[kp] [6]*Y7 + PNQ[
*Z1 + PNQ[jp] [kp]
[kp] [2]*Z3 + PNQL
[kp] [4]*Z5 + PNQ[j
[kp] [6]%Z7 + PNQ[j
*X1 + PNE[ip] [kp]
[kp] [2]*X3 + PNE[
[kp] [4]*#X5 + PNE[i
[kp] [6]1*X7 + PNE[i

Ol ~NOIW NI ~OTW

1kX4
1xX6
1xX8;

1xY4
1%Y6
1%Y8;

1*Z4
1%Z26
1%Z8;

1xX4
1xX6
1%X8;

48

'Jll JIZ 'J13

‘]21 ‘]22 ‘]23
_J31 J32 J33
dXdQ="1=1,,
dydQ=2=1J,
dZdQ="2=1J,
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/%

INVERSE JACOBIAN

%k /

JACOBI (3/4)

dYdE = PNE[lp][kp 0]*Y1_+ PNE[ip] [kp] [1]*Y2
PNETip] [kp] [2]*Y3 + PNELip] [kp] [
+ PNEzlpzzkp==4=*Y5 + PNE[ip] [kp]
+ PNE[ip] [kp] [61%Y7 + PNE[ip] [kp]
dZdE = PNE[ID][kp=[0=%Z1_ﬁ PNE[lp][kp_[1 1%72
PNE[ip] [kp] [2]*Z3 + PNE[ip] [kp]
+ PNEzlpzzkp==4=*Z5 + PNE[ip] [kp]
+ PNE[ip] [kp] [61%Z7 + PNE[ip] [kp]
dXdT = PNT[ID][JD=[0=%X1_ﬁ PNT[lp][Jp_[1 1xX2.
PNT[ip] [jp] [2]+X3 + PNT[ip] [jp]
+ PNTzlpzsz==4=*X5 + PNT[ip] [Jp]
+ PNT[ip] [jp] [61#X7 + PNT[ip] [jp]
dYdT = PNT[lp][Jpz[Oz*Y1_ﬁ PNT[lp][Jp.[1 *Y2_
PNTLip] [jp] [2]*Y3 + PNT[ip] [jp]
+ PNT=|p= [jp] [4]*Y5 + PNT[ip] Jp=
+ PNT[ip] [jp] [61*Y7 + PNT[ip] [jp]
dzdT = PNT[lp][Jpz[Oz*Z1_ﬁ PNT[lp][Jp.[1 *22_
PNT[ip] [jp] [2]*Z3 + PNT[ip] Jp=
+ PNTzlp_ [Jp] g_*Z5 + PNT[ |p

DETJ[Ip][Jp][kp]

LIP
dXdQ*(deE*dZdT dZdE*deT
dYdQ* (dZdE*dXdT-dXdE*dZdT)

dZdQ* (dXdE*dYdT-dYdE*dXdT) ;

coef=1.0 / DETJ[ip] Ljp] [kp];

all= coef *
al2= coef *
al3= coef *

a21= coef *
a23= coef *
a31= coef *

a32= coef *
a33= coef *

( dYdExdZdT - dZdExdYdT
dZdQ*dYdT - dYdQ*dZdT
dYdQ+dZdE - dZdQ*dYdE

)
( )
( )
( dZdExdXdT - dXdExdZdT ) ;
a22= coef * ( dXdQxdZdT - dZdQdXdT ) ;
( dZdQ*dXdE - dXdQ*dZdE ) ;
( )
( )
)

dXdExdYdT - dYdExdXdT
dYdQ*dXdT - dXdQ*dYdT
( dXdQ*dYdE - dYdQ*dXdE

DETJ[ip] [jp] [kpl=fabs DETJ[ip] Ljp] [kp]) ;

ol o ol ~ole LJhﬁho

1*Z7 + PNT[i 5)

1xY4
1xY6
1%Y8;

1xZ4
1%Z6
1%Z8;

1%X4
1xX6
1%X8;

1xY4
1xY6
1%Y8;

1%Z4
1%Z6
1%Z8;
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Partial Diff. on Natural Coord. (4/4)

« Partial differentiation on global coordinate system
IS Introduced as follows (with inverse of Jacobian

matrix (3 X 3))

(N | | Ox oy oz
OX 0 0O 0¢g
) ONi | _|ox oy oz
oy on 0n 07
ON; ox oy oz
0z 0 04 0¢
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/%

INVERSE JACOBIAN

%k /

JACOBI (3/4)

dYdE = PNE[ID][kD

PNELip] [kp]
LIPS L

ip]
[0]

+ PNE
+ PNE[i

dZdE = PNE[lp][kp: k
PNE[ip] [
LID] L

ip]
[0]*
PNT[ip] [
=Ip==

[oj
PNT [ip]
=|p=

[oj
PNT [ip]
=Ip_

+ PNE
+ PNE[i

dXdT = PNT[.p][JpZ

+ PNT
+ PNT[i

dYdT = PNT[.p][JpZ

+ PNT
+ PNT[i

dzdT = PNT[.p][JpZ

+ PNT

0]*Y1 + PNE[ip] [kp]

*Y1:
L P
Jp=

*Z1:
LJP.
Jp=

1+ 1 1+ 1 1+ 1

1+

c»;S%o OREN_ OAN_ ORN cﬁhﬁho

[2]%Y3 + PNEL
1%Y5 + PNE[
Y7 + PNE[i

1%23 + PNE[
1%Z5 + PNE[
*Z7 + PNE[i

1%X3 + PNT[
1%X5 + PNT[
X7 + PNT[i

1%Y3 + PNT[
1%Y5 + PNT[
Y7 + PNT[i

1%23 + PNT[
1%Z5 + PNT[
*Z1 + PNT[i

PNE[ip] [kp]

PNT[ip][jp]

PNT[ip][jp]

PNT[ip][jp]

[1]

[ip] [
Ip L

U

[ip] [
lp [

U

[ip] [
lp .

*Y2:
L P
Jp=

*zzj
L P
Jp=

U
[ip]
Ip

U
[ip]
Ip

[3]*Y4
1xY6
1%Y8;

1xZ4
1%Z6
1%Z8;

1%X4
1xX6
1%X8;

1xY4
1xY6
1%Y8;

1%Z4
1%Z6

;Jhﬁhd ol doiw  —oTw LJhﬁho

1xZ8;

DETJ[ID][JD][kp]— dXdQ*(deE*dZdT dZdE*deT)'+

coef=1.0 / DETJ[ip] [jp] [kp]:
all= coef * ( dYdE*dZdT — dZdExdYdT

al2= coef *
al13= coef *

a21= coef
a23= coef

a31= coef *
a32= coef *

dZdQ*dYdT - dYdQ*+dZdT
dYdQ*+dZdE - dZdQ*+dYdE

)
( )
( )
* ( dZdExdXdT - dXdExdZdT );
a22= coef * ( dXdQ*dZdT - dZdQ*dXdT );
* ( dZdQ*dXdE - dXdQ+dZdE ) ;
( )
( )
)

dXdExdYdT - dYdExdXdT
dYdQ*xdXdT - dXdQ*dYdT

a33= coef * ( dXdOxdYdE - dYdQ+dXdE
DETJLip] [jp] [kp]=fabs (DETJ[ip] [jp] [kp]) :

dYdQ* (dZdExdXdT-dXdExdZdT) +
dZdQ* (dXdE*dYdT-dYdExdXdT) ;

p]" =

a11
a21

a31

a12
a22

a32

a13
a23

a33
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/%

%k /

set the dNi/dX,
PNX [

PNX
PNX
PNX
PNX
PNX
PNX
PNX
PNY
PNY
PNY
PNY
PNY
PNY
PNY
PNY
PNZ
PNZ
PNZ
PNZ
PNZ
PNZ
PNZ
PNZ

dNi/dY &

[ip] [}
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip] [J
[ip][

NOTTRWN = OJDTTRWN = O ~JD TR LWN — O

JACOBI (4/4)

dNi/dZ components

1=al1+PNQ[]
J=al1+PNQ[]
J=al1+PNQ[]
J=al1+PNQ[]
J=al1+PNQ[]
J=al1+PNQ[]
J=al1+PNQ[]
J=al1+PNQ[]
1=a21+PNQ []
1=a21+PNQ []
1=a21+PNQ []
1=a21+PNQ []
1=a21+PNQ []
1=a21+PNQ []
1=a21+PNQ []
1=a21+PNQ []
1=a31+PNQ []
1=a31+PNQ []
1=a31+PNQ []
1=a31+PNQ []
1=a31+PNQ []
1=a31+PNQ []
1=a31+PNQ []
_:a31*P?0_'

=
©
e e e e Lo e e et i e

1+a12xPNE

1+al2xPNE[ip] [

J+al2+PNE[ip] [
J+al2+PNE[ip] [
J+al2+PNE[ip] [
J+al2+PNE[ip] [
J+al2+PNE[ip] [
T+l 2+PNE [ ip] [
1+a22+PNE [ ip] [
1+a22+PNE [ ip] [
1+a22+PNE [ ip] [
1+a22+PNE [ ip] [
1+a22+PNE [ ip] [
1+a22+PNE [ip] [
1+a22+PNE [ ip] [
1+a22+PNE [ ip] [
1+a32+PNE [ ip] [
1+a32+PNE [ ip] [
1+a32+PNE [ ip] [
1+a32+PNE [ ip] [
1+a32+PNE [ ip] [
1+a32+PNE [ ip] [
1+a32+PNE [ ip] [

1+a32xPNE[ip] [

OX

[ip] [

T N = T I S S =N T e ey

1+al3*PNT

1+al13*PNT [ip] [jp]

J+a13+PNT[ip] Lip.
J+a13+PNT[ip] Lip.
J+a13+PNT[ip] Lip.
1+a13+PNT[ip] Lip.
J+a13+PNT[ip] Lip.
J+a13+PNT[ip] Lip.
1+a23+PNT [ p] Lip.
1+a23+PNT[ip] Lip.
1+a23+PNT[ip] Lip.
1+a23+PNT[ip] Lip.
1+a23+PNT[ip] Lip.
1+a23+PNT[ip] Lip.
1+a23+PNT[ip] Lip.
1+a23+PNT[ip] Lip.
1+a33+PNT[ip] Lip.
1+a33+PNT[ip] Lip.
1+a33+PNT[ip] Lip.
1+a33+PNT[ip] Lip.
1+a33+PNT[ip] Lip.
1+a33+PNT[ip] Lip.
1+a33+PNT [ip] [jp]

1+a33+«PNT [ip] [jp] [

ol

0z

[ip] [ip]

05
OX

05
0z

on
OX

on
0Z

e

oG

e e e T P L S e P P A o s P

a11
a’21

a‘31

a'12
a22

a32

al 3
a23

a33 _
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MAT ASS MAIN (5/7)

/%
y CONSTRUCT the GLOBAL MATRIX
Kk 5
for (je=0; ie<8; ie++) | Non-Zero Off-Diagonal Block
ip=nodLOCAL[ie]: ) i
o in Global Matix
for (je=0; je<8; je++) {
jp=nodLOCAL[ je]; /\
ip, jp

kk=0: ~
if(jp > ip){
HiS=indexUlip-1]; e »
iiE=indexU[ip 1: kk: address in “itemL”, “item
for ( k=iiS;k<iiE;k++) {
if(itemUlk] = jp-1)

29

kk=k;
break;
| o ip= nodLOCAL[ie]
A T T jp=nodLOCAL[je]
iiS=indexL[ip-1];
iiE=indexL[ip 1.

for ( k=iiS:k<iiE:k++) { 5O
A Ttenl Ik = Jp-1) | Node ID (ip,jp)

kk=k;
preak - starting from 1

}

PNXi= 0. e0;
PNYi= 0. e0;
PNZi= 0. e0;
PNXj= 0. e0;
PNY j= 0. e0;
PNZj= 0. e0;

VOL= 0. e0;
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Element Matrix; 24 X 24

(u,v,w) components on each node are physically
strongly-coupled: these three components are treated in
block-wise manner: 8 X 8 matrix

(-1,+1,+1) (+1,+1,+1)

0
X0
coo

¢:¢. 9
<<

00
000]®

X0
GO0 500|000

(~1-1,+1) (+1,-1,+1)

0

o0)®
o0ll®

<

000)®
000]®

’

oo
e

(XX
(X
OO0

oo
<>

5 Q C 900
. o s LX)

OO0 O C 000
[Cee][@e0) oo0 [G00)[C0e][000) 000 [600)
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Global Matrix
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/%

%k /

56

MAT ASS MAIN (5/7)

CONSTRUCT the GLOBAL MATRIX

for (ie=0;ie<8;ie++) {
ip=nodLOCAL[ie];

for (je=0; je<8; je++) {
jp=nodLOCAL[je];

K=0:
if(jp > ip){
I iS=indexU[ip-1]+1;
iiE=indexUlip 1
for ( k=iiS;k<=iiE;k++) {
if(kitﬁmU[k_1] == jp ) {

break; |
}
}

if( jp<ip){
I iS=indexL[ip-1]+1;
iiE=indexL[ip 1
for ( k=iiS;k<=iiE;k++) {
if(kitﬁmL[k_1] == Jjp )|

break; |
}
}

PNXi= 0. e0;
PNYi= 0. e0;
PNZi= 0. e0;
PNXj= 0. e0;
PNY j= 0. e0;
PNZj= 0. e0;

VOL= 0. e0;

Element Matrix (i.~j.) : Local ID
Global Matrix (i ~j,): Global ID

kk :address in “itemU”, “itemL”
starting from “0”

k: starting from “0”

1p,jp: starting from “1”
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MAT ASS MAIN (6/7)

all= 0.0e0; al2= 0.0e0; al13= 0.0e0;
a21= 0.0e0; a22= 0.0e0; a23= 0. 0e0;
a31= 0.0e0; a32= 0.0e0; a33= 0. 0e0;

for (ipn=0; ipn<2; ipn++) {
for (jpn=0; jpn<2; jpn++) {
for (kpn=0;kpn<2; kpn++) {

coef= —fabs (DETJ[ipn] [jpn] [kpn]) *WEI [ipn]*WEI [ jpn]*WEI [kpn];

VOL+=coef;,
PNXi= PNX[ipn] [jpn] [kpn] [ie];
PNYi= PNY[ipn] [jpn] [kpn] [ie];
PNZi= PNZ[ipn] [jpn] [kpn] [ie];

PNXj= PNX[ipn] [jpn] [kpn] [je]:
PNY j= PNY[ipn] [jpn] [kpn] [je];
PNZj= PNZ[ipn] [jpn] [kpn] [jel;

all+= (valX*PNXi=*PNX j+va|B* (PNYi*PNY j+PNZi*PNZj) ) *coef;
a22+= (val|X*PNYi*PNY j+va|B* (PNZi*PNZ j+PNXi*PNX]) ) *coef;
a33+= (valX*PNZi*PNZ j+va|B* (PNXi*PNX j+PNYi*PNY j) ) *coef;

al2+= (valAxPNXi*PNYj + valB*PNXj*PNYi)*coef;
al3+= (valAxPNXi*PNZj + valB*PNXj*PNZi)*coef;
a21+= (valAxPNYi*PNXj + valB*PNY j*PNXi) *coef;
a23+= (valAxPNYi*PNZj + valB*PNY j*PNZi) *coef;
adl+= (valAxPNZi*PNXj + valB*PNZ j*PNXi) *coef;
a32+= (valAxPNZi*PNYj + valB*PNZj*PNYi)*coef;

+ + + 4+ + +
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MAT ASS MAIN (6/7)

all= 0.0e0; al2= 0.0e0; al13= 0.0e0;
a21= 0.0e0; a22= 0.0e0; a23= 0. 0e0;
a31= 0.0e0; a32= 0.0e0; a33= 0. 0e0;

‘j< oN, ON;  (oN, ON; aN NG| coef =W, W, ‘W, -detl(£.7,.£, ]
oX OX oy ay az 0z
- pn] [kpn]) *WEI [ipn]*WEI [ jpn]*WEI [kpn] ;
. 8N . 8N 8N
—j j< | L+Db N 8N dxdydz = 1lie]:
"7 ox Ox oy ay 82 0z :zﬁg;
+1+1+10( aN aN ~ON. dljel;
({7 p N &) b(aN + N ’}det\a\dgdndg; ol
A oX ax oy ay az 0z Sk
al1+= (valXxPNAxPNA J+va | B (PNY i #PNY j+PNZi*PNZ j) ) *coef;
a22+= (valXxPNYi*PNY j+va|B* (PNZi*PNZ j+PNXi*PNX ) ) *coef;
* a33+= (valXxPNZi*PNZj+valB* (PNXi*PNXj+PNYi*PNYj))*coef;

a12+= (valA*PNXi*PNY ]
f(&,n,¢) al3+= (val A*PNX i %PNZ]
a21+= (valA*PNY | %PNX]
a23+= (val A+PNYi*PNZ]
1 41 41 a31+= (valAxPNZi*PNXj

| :J‘ J‘ Jf(ganaé/) dfdﬂdé/ a32+= (valAxPNZi*PNY

-1 -1 -l
M

val|B*PNX j*PNY i) *xcoef;
va|B*PNX j*PNZ i) *coef;
va|B*PNY j*PNX i) *coef;
va|B*PNY j*PNZ i) *coef;
va|B*PNZ j*PNXi) *coef;
val|B*PNZ j*PNY i) xcoef;

+ + + 4+ + +

ZN:Mi 'Wj ‘W, - f(é:i’njvgk)]

i=l  j=1 k=l
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MAT ASS MAIN (6/7)

for (ipn=0; ipn<2; ipn++) {
for (jpn=0; jpn<2; jpn++) {
for (kpn=0; kpn<2 kpn++) {

0
0
0

1

0
0
0

J

[valX valA
valA valX
valA valA

coef=
PNXi=
PNYi=
PNZi=

PNX j=
PNY j=
PNZ j=

all+=
a22+=
a33+=

al2+=
al3+=
a2l+=
a23+=
adl+=
a32+=

valA 0 0
valA 0 0
valX 0 0

0
0
0

—fabs(DETJ[lpn][Jpn][kpn])*WEI[lpn]*WEI[Jpn]*WEI[kpn]
PNXLipn] [jpn] [kpn] [
PNY=|pn==Jpn==kpn==|e :
PNZLipn] [jpn] [kpn] [ie];

PNX[ipn] [jpn] [kpn] [je];
PNY[ipn] [jpn] [kpn] [je]:
PNZLipn] [jpn] [kpn] [je]l;

(valX*PNXi*PNX j+va |B (PNYi*PNY j+PNZi*PNZ j) ) *coef;
(valX*PNY i*PNY j+va |B* (PNZi*PNZ j+PNXi*PNX]) ) *coef;
(valX*PNZi*PNZ j+va |B* (PNXi*PNX j+PNY i #PNY j) ) *coef;

(valAxPNXi*PNYj + valBxPNXj*PNYi)*coef;
(valAxPNXi*PNZj + valBxPNXj*PNZi) *coef;
(valAxPNYi*xPNXj + valB*xPNY j*PNXi) *coef;
(valAxPNYi*PNZj + valB*PNY j*PNZi) *coef;
(valA*PNZi*PNX] + valB*PNZj*PNXi)*coef
(valAxPNZi*PNYj + valB*PNZ j*PNYi) *coef:

+++ +++

= N

o o O O
M

valB 0
0 wvalB 0 ||y,
0 0 wvalB||y,]




Equilibrium Egn’s in X-dir.

fine: _ (l—V)E _ VvE :L
J N () (R M () (o) M (R

o, =DIN, Juj+alN, Jvi+alN, jw

Txy — bN’y{U}—I_bN,x{\/}

7, =B[N, JU 3+ B[N, w}

(o, T, b, T, I TN v v}
D0, ool T Do - [T, oo T Jovi)
[[NT {X}dv =0




Equilibrium Eqn’s in Y-dir.

JiolN, TN, J+b

il T Joof

+[INT{rjdv =0

NN,
NN ]

v U

J+ [N TN, Dlav v

-] N, TN, JebIn T, Jov dw)

Equilibrium Eqn’s in Z-dir.

flolv. T e
[l T0u ool T

H[INT iziav =0

NN,

+[N,

[N, Diav fw}
v {u}-

[l b, T v



FEM3D-Part2

62

Elem. Matrix: 1-) component, X-dir (1/3)

T

&,

_ai131

valX=D: valA=a; valB=b

i,

&,

aii 32

- (-1,+1,+1) (+1,+1,+1)
g - .. (-1-1+1) (+1,-1,+1)
a; [ v| (i,j=1...8)
aij33_ _W_ . p, (+1,+1,-1)

[{valX-N;,-N,, +valB-(N,,-N,, +N,,-N, )jdv

\valA-N,,-N, +valB-N, -N,, fdV

—[{valA-N,,-N,, +valB-N,,-N,  fdv
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Elem. Matrix: 1-) component, X-dir (1/3)

= - _ (~1,41,+1) (+1,+1,+1)
aijn a‘ij12 a‘ij13 . o (C1-1,+1) et
a; & a |v| (i,j=1..8)
1411
_aijsl Aijs, aij33__W_ J . (+1+1,-1)
valX=D; valA=a; valB=b (Em¢)=-1m1) tr1-1-1)

- JoN TN oo, TN JeIn TN Dlev o)
- [laln TN Jeoln, TN Jlov iv)
- JlalN LT N JeolN TN, Jav i)
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Elem. Matrix: I-] component, Y-dir (2/3)

- - (-1,+1,+1) (+1,+1,+1)
a.. a.. a.. u
ij11 ij12 ij13 o (C1-1+1) 1ol
aijzl aijzz aijz3 v (I’ )= 1"'8)
1411
_aijsl Aijs, aij33__W_ J . (+1+1,-1)

valX=D: valA=a; valB=b

a, =—[{valA-N,,-N, +valB-N, -N, jdV

\Y

a, =—[{valX-N, -N; +vaB:(N,,-N,,+N, -N;, Jidv

8, =—[valA-N,, -N, +valB-N,, -N,, jdV
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Elem. Matrix: I-] component, Y-dir (2/3)

& |

&,

_ai131

Aj
&,

aii 32

Aij

a; [ v| (i,j=1...8)

aij33__ i

valX=D: valA=a; valB=b

[N, TN, b
[oIN, TN, b
[N, T[N, J+b[N

(-1,+1,+1) (+1,+1,+1)
(-1-1:+1) (+1,-1,+1)
(+1,+1,-1)
- /
Em¢)=(1,-1,-1) (+1,-1,-1)

N, TN Dlaviu)

INLTIN T+ NG TN, Dav v
N, T[N, Jov iw}
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Elem. Matrix: 1-) component, Z-dir (3/3)

- - (-1,+1,+1) (+1,+1,+1)
aiju aihz aiJ'13 - (C1-141) (1ote)
aijzl aijzz aijz3 Y (I’ )= 1"'8)

+1,+1,—-1
_aijsl Aijs, aij33__W_ J . ( )
valX=D; valA=a; valB=b (Em¢)=-1m1) tr1-1-1)
&, == {ValA- Ni’Z - Nj’X + valB- Ni,X : Nj’ZhV

a;,, =—[ valA-N,, N, +valB-N, N, , faV

V
a;, =—[vaD-N,, N, +valB-(N,, N, + N, -N; )idv
V
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Elem. Matrix: 1-) component, Z-dir (3/3)

- - (-1,+1,+1) (+1,+1,+1)
aiin a‘ij12 a‘ij13 . o (C1-1,+1) et
a; & a |v| (i,j=1..8)

L1

_aij31 Aijs, aij33__W_ J . (+1+1,-1)

valX=D; valA=a; valB=b (Em¢)=-1m1) tr1-1-1)

- [falN TN, b, TN, Dlov U}
- [N, TN, Jeb[n, TN Jov iv)
- [N TN o TN T+ N, TN, Diov i
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MAT ASS MAIN (7/7)

for (icel=0; ice|KICELTOT; icel++) {

for(igzo:ie<8:ie+f)}
ip=nodLOCAL[ie]:

for (je=0; je<8; je++) {
jp:nodﬂOCALtje]:

000 E if (p > ip) { ﬁU:9*kk—9:+:a11:

: U[9%kk-8]+=a12"
P 000 ' AU[9*kk—7]+=a13"
000 AU [Qkk—6] +=a21:
AU [Qkk—5] +=a22:
AU [Qkk—4] +=a23:
AU[9*kk-3]+=a31:
000 E AU[9*kk-2]+=a32;

Jp 000 i AU[9+kk-1]+=a33;}

000
if (jp < ip) { AL[9*kk-9]+=all;
AL [9xkk-8]+=a12;
AL [9xkk-7]+=al3;
AL [9%kk-6]+=a21;
ip Jp AL [9%kk-5]+=a22;
AL [9%kk-4]+=a23;
AL [9%kk-3]+=a31;
AL [9%kk-2]+=a32;
AL [9*kk-1]+=2a33:}

@ Element Matrix (i,~j.) : Local ID
@ Global Matrix (i ~j ): Global ID

kk :address in “itemU”, “itemL”
@ @ @ Startlng frOm “079




FEM3D-Part2 69

Element Matrix; 24 X 24

(u,v,w) components on each node are physically
strongly-coupled: these three components are treated in
block-wise manner: 8 X 8 matrix

(-1,+1,+1) (+1,+1,+1)

0
X0
coo

¢:¢. 9
<<

00
000]®

X0
GO0 500|000

(~1-1,+1) (+1,-1,+1)

0

o0)®
o0ll®

<

000)®
000]®

’

oo
e

(XX
(X
OO0

oo
<>

5 Q C 900
. o s LX)

OO0 O C 000
[Cee][@e0) oo0 [G00)[C0e][000) 000 [600)
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MAT ASS MAIN (7/7)

for (icel=0; ice|<ICELTOT; icel++) {

for(i¢=0:ie<8:ie+f)f
ip=nodLOCAL[ie]:

for (je=0; je<8; je++) {
jp=nod OCALtJe]:

it (ip > ip) { AU[9*kk ]+
AU[9*kk+1]+
AU[9%kk+2 ]+
AU [9*kk+3 ]+
AU[9*kk+4 ]+
AU [9*kk+5]+ :
AU [9*kk+6]+=a31
AU [9*kk+]]+=a32;
AU [9xkk+8]+=a33;}

if (jp < ip) { AL[9%kk ]+=all;
AL [9xkk+1|+=al12;
AL [9xkk+2|=a13;
AL [9xkk+3]+=a21;
AL [ 9xkk+4|+=a22;
AL [9xkk+5]+=a23;
AL [9xkk+6]+=a31;
AL [9xkk+7]+=a32;
AL [9*kk+8]+=a33;}

if (jp == ip) { D[9*ip ]+=all;
[9*ip+] |+=al2;
(9% ip+2|+=al3;
9% p+3 |+=a2] ;
9% ipt+4 |+=a22;
9% p+b | +=a23;
[9%p+6 | +=a3dl ;
(9% ip+] |+=a32;
[9%p+8]+=a33; }

(= Lo e Jow o Lo e L
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MAT ASS BC: Overview

do i=1, N

“Mark” nodes where Dirichlet B.C. are applied (IWKX)
enddo
do i=1, N

if (IWKX(i,1).eq.1) then
corresponding components of RHS (B), Diagonal Block (D) are corrected (row, col.)
do k= indexL (i-1)+1, indexL (i)
corresponding comp. of non-zero off-diagonal (lower-triangular) blocks (AL) are corrected
enddo
do k= indexU(i-1)+1, indexU(i)
corresponding comp. of non-zero off-diagonal (upper—triangular) blocks (AU) are corrected
enddo
endif
enddo

do i=1, N
do k= indexL (i-1)+1, indexL (i)
if (IWKX(itemL(k),1).eq.1) then
corresponding components of RHS and AL are corrected (col.)
endif
enddo
do k= indexU(i-1)+1, indexU(i)
if (IWKX(itemU(k),1).eq.1) then
corresponding components of RHS and AU are corrected (col.)
endif
enddo
enddo
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#include
#include
#include
#include
#include

MAT ASS BC (1/9)

<{stdio. h>
<stdlib. h>
<{string. h>
“pfem_util. h”
“al locate. h”

extern FILE *fp_log;
¥oid MAT_ASS_BC ()

int i,j,k, in,ib, ib0, icel;

int in1, in2, in3, in4, inb, in6, in7, in8;
int iql, 102, 193, iag4, igb, ig6, iq7, ig8;
int iS, iE;

double STRESS, VAL;

IWKX= (KINT**) allocate_matrix(sizeof (KINT), N, 2);
for (i=0; i<N;i++) for (j=0; j<2; j++) IWKX[i][j]=0;

72
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/%

%k /

73

MAT ASS BC (2/9)

for (in=0; in<N; in++) IWKX[in][0]=0;

ib0=-1;

for ( ib0=0; ibOKNODGRPtot; ib0++) {

| if( strcmp (NODGRP_NAME[ibO]. name, “Zmax™) == 0 ) break;

for ( ib=NODGRP_INDEX [ib0] ; ib<NODGRP_INDEX[ib0+1]; ib++) {
in=NODGRP_ITEM[ib];
| IWKX[in-11[0]=1;

for (in=0; in<N; in++) {

i f( IWKX[ln][O] ) { Z 4
=3*|n = B[3*in ] - D[9*in+2]*1.e0;
B[3*in+1]= B[3*in+1] — D[9*in+b]*1.e0;
D[9*in+2]= 0.e0; U,=1
D[9*in+5]= 0. e0; z
D[9*in+6]= 0. e0;
D[9*in+7]= 0.e0;
D[9*in+8]= 1.€0;
B[3*in+2]= 1.¢0;
iS= indexL[in];
|E— indexL[in+1]: NZ
for (k=iS; k<IE k)

AL[9%k+6]= 0. e0;

AL[9%k+7]= 0. e0;

AL[9%k+8]= 0. e0; >
bl . %
iS= indexU[in]; )///{
iE= indexU[in+1]; , NX
for (k=iS;k<iE; k++) { NY

AU[9%k+6]= 0. e0;

AU[9%k+7]= 0. e0; X

AU[9%k+8]= 0. e0;



FEM3D-Part2

/%

%k /

74

MAT ASS BC (2/9)

for (in=0; in<N; in++) IWKX[in][0]=0;

ib0=—1;

for ( ib0=0; ibOKNODGRPtot; ib0++) {

} i f ( strcmp (NODGRP_NAME[ib0]. name, “Zmax”) == 0 ) break;

for ( ib=NODGRP_INDEX[ib0] ; ib<NODGRP_INDEX[ib0+1];ib++) { If the node “in’’ is included in the
in=NODGRP_ITEM[ib];

: IWKXLin-1T[0]=T; node group “Zmax”
for (in=0; in<N; in++) { . _
IR [0] == 1)) | IWKX[in-1][0]=
3*|n 1= B[3*in ] - D[9*in+2]%*
B[3*in+1]= B[3*in+1] - D[9*in+5]+
D[9%in+2]= 0. e0;
D[9%in+5]= 0. eO0;
D[9%in+6]= 0. eO0;
D[9%in+7]= 0. e0;
D[9%in+8]= 1.e0;
B[3*in+2]= 1.¢0;
iS= indexL[in];

|E— |ndexL[|n+1]

for(k=iS:k<iE:k++){
AL[9xk+6]= 0. e0;
AL[9xk+7]= 0. e0;

| AL[9xk+8]= 0. e0;

iS= indexU[in];

iE= indexU[in+1];

for (k=iS; k<iE;k++) {
AU[9xk+6]= 0. e0;
AU[9xk+7]= 0. e0;
AU[9xk+8]= 0. e0;
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MAT ASS BC (2/9)

for (in=0; in<N; in++) IWKX[in][0]=0;

ib0=-1;

for ( ib0=0; ibOKNODGRPtot; ib0++) {

| if( strcmp (NODGRP_NAME[ibO]. name, “Zmax™) == 0 ) break;

for ( ib=NODGRP_INDEX [ib0] ; ib<NODGRP_INDEX[ib0+1]; ib++) {
in=NODGRP_ITEM[ib];
| IWKX[in-11[0]=1;

for (in=0; in<N; in++) {

i f( IWKX[ln][O] )
3*|n = B[3*%in 1 - D[9*in+2]*1.¢e0;
B[3*in+1]= B[3*in+1] — D[9*in+5]*1. e0;
D[9*in+2]= 0. eOz . o .
D[9xin+d]= 0. €0, If the node “in” is included in
lorimal- 0 e Zmax”. displ 7
*in+7]= 0.¢0; ¢ 1 1 -
D[9%in+8]= 1 60 i ma?( R .ISp acement .11'1
B[3*in+2]= 1. €0; direction is equal to 1. i.e.
iS= indexL[in];

|E— |ndexL[|n+1]
for(k=iS:k<iE:k++){

AL [9+k+6]= 0. €0; B[3*in+2]= 1.0 (in= 0~N-1)
AL[9xk+7]= 0. e0;

| AL[9xk+8]= 0. e0;

EE: ingexﬂ%in]i] In FORTRAN

= + ’ . _ . _

For (k=i%: kSIE: ki) | B[3*m-2]= 1.0 (in= 1, N)
AU[9xk+6]= 0. e0;
AU[9xk+7]= 0. e0;
AU[9xk+8]= 0. e0;
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MAT ASS BC (3/9)

for (in=0; in<N; in++) {
iS= indexL[in];
iE= indexL[in+1];
for (k=iS;k<=iE; k++) {

iT (IWKX[itemL[k]1[0] == 1) {
[3xin 1= B[3*in ] — AL[9*k+2]*1.e0;
B[3*in+1]= B[3*in+1] — AL[9%k+5]*1.¢e0;
B[3*in+2]= B[3*in+2] — AL[9*k+8]*1.¢e0;
AL [9#k+2]= 0. e0;
AL [9#k+5]= 0. €0’
AL [9*k+8]= 0. ¢€0;

}
}
iS= indexU[in];
iE= indexU[in+1];

for (k=iS;k<=iE;k++) {

iT (IWKX[itemU[k]1[0] == 1) {
[3xin 1= B[3*in ] - AU[9*k+2]*1.e0;
B[3*in+1]= B[3*in+1] — AU[9*k+5]*1.¢e0;
B[3*in+2]= B[3*in+2] — AU[9*k+8]*1.¢e0;
AUL9#k+2]= 0. e0;
AU[9#k+5]= 0. €0’
AU[9*xk+8]= 0. ¢€0;

76
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(Linear) Equation at x=0

u,= 0 (or uy=0)

.

P—»F

x=0 (Xmin) X= Xmax

* Only deforms in x-direction (displacement: u)
— Uniform: Sectional Area A, Young’s Modulus E
— Boundary Conditions (B.C.)
e« x=0 :u=0 (fixed)

* X=Xqa: F (axial force)

e Truss: NO bending deformation by G-force

77
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Program: 1d.c (6/7)

Boundary Conditions

/%
// 4
// | BOUNDARY conditions |
// 4
*/
/% X=Xmin */
i=0;
jS= Index[i];
AMat[jS]= 0.0;
Diagli 1= 1.0;
Rhs [i 1= 0.0;
for (k=0; k<NPLU; k++) {
if (Item[k]==0) {AMat[k]=0.0;
H
/% X=Xmax */

i=N-1;
Rhs[il= F;

u,=0

Diagonal Component=1
RHS=0

Off-Diagonal Components= 0.

78
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Program: 1d.c (6/7)

Boundary Conditions

/%
// 4
// | BOUNDARY conditions |
// 4
*/
/% X=Xmin */
i=0;
jS= Index[i];
AMat[jS]= 0.0;
Diagli 1= 1.0;
Rhs [i 1= 0.0;
for (k=0; k<NPLU; k++) {
if (Item[k]==0) {AMat[k]=0.0;
H
/% X=Xmax */

i=N-1;
Rhs[il= F;

u,=0

Diagonal Component=1
RHS=0

Off-Diagonal Components= 0.

Erase !

79
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Program: 1d.c (6/7)

Boundary Conditions

/%
// | BOUNDARY conditions |
// Diagonal Component=1
*/ RHS=0
/% X=Xmin */ Off-Diagonal Components= 0.
Eg;lndex[i]; Elimination and Erase
AMat[jS]= 0.0; [ ]
Diagli 1= 1.0; B
Rhs [i 1= 0.0; ]
for (k=0; k<NPLU; k++) { |
if (Item[k]==0) {AMat[k]=0.0; —
H H
/* X=Xmax */ -
i=N-1; 0
Rhs[il= F; -

Column components of boundary nodes (Dirichlet B.C.) are
moved to RHS and eliminated for keeping symmetrical feature of
the matrix (in this case just erase off-diagonal components)
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Program: 1d.c (6/7)

Boundary Conditions

/%
// | BOUNDARY conditions |
// Diagonal Component=1
*/ RHS=0
/% X=Xmin */ Off-Diagonal Components= 0.
Eg;lndex[i]; Elimination and Erase
AMat[jS]= 0.0; [ ]
Diagli 1= 1.0; B
Rhs [i 1= 0.0; ]
for (k=0; k<NPLU; k++) { |
if (Item[k]==0) {AMat[k]=0.0; —
H H
/* X=Xmax */ -
i=N-1; 0
Rhs[il= F; -

Column components of boundary nodes (Dirichlet B.C.) are
moved to RHS and eliminated for keeping symmetrical feature of
the matrix (in this case just erase off-diagonal components)
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B If u# 0

/%
// A :
// | BOUNDARY conditions |
// + :
*/ Column components of boundary nodes
/% X=Xmin */ (Dirichlet B.C.) are moved to RHS and
i=0; ” eliminated for keeping symmetrical feature
jS= Index[i]; :
AMat[jS]= 0.0; of the matrix.
Diagli 1= 1.0;
Rhs [i 1= Umin;

for (j=1;i<N;i++) {
for (k=Index[j]:k<Index[j+1];k++) {
if (Item[k]==0) {
Rhs [j]1= Rhs[j] - Amat[k]*Umin;
AMat [k]= 0.0;
H

Index[ j—1]
Diag u;,+ > Amat, U, = Rhs,
k=Index[ j]
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= If u,#0

/%
// 4
// | BOUNDARY conditions |
// +
*/ Column components of boundary nodes
/% X=Xmin */ (Dirichlet B.C.) are moved to RHS and
i=0; ” eliminated for keeping symmetrical feature
jS= Index[i]; :
AMat [iS]= 0. 0: of the matrix.
Diagli 1= 1.0;
Rhs [i 1= Umin;

for (j=1;i<N;i++) {
for (k=Index[j]:k<Index[j+1];k++) {
if (Item[k]==0) {
Rhs [j]1= Rhs[j] - Amat[k]*Umin;
AMat [k]= 0.0;
H

Index[ j—1]
Diag,u;+ > Amat, Uy
k=Index[ j],k=k

= Rhs; — Amat, U, ; = Rhs; —Amat, u_,  where Item[k ] =0
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Global Matrix
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Same Procedure

Corresponding Row:
Diag. Component=1, Other Comp.=0

Iy Ip

000 _
OO0 Ip
000
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Same Procedure

Corresponding Column:
Move to RHS, Off-Diag. Component=0

; Ip

O
Q
OO0
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MAT ASS BC (2/9)

for (in=0; in<N; in++) IWKX[in][0]=0;

ib0=—1;

for ( ib0=0; ibOKNODGRPtot; ib0++) {

} i f ( strcmp (NODGRP_NAME[ib0]. name, “Zmax”) == 0 ) break;

for ( ib=NODGRP_INDEX[ib0] ; ib<NODGRP_INDEX[ib0+1];ib++) { If the node “in’’ is included in the
in=NODGRP_ITEM[ib];

: IWKXLin-1T[0]=T; node group “Zmax”
for (in=0; in<N; in++) { . _
IR [0] == 1)) | IWKX[in-1][0]=
3*|n 1= B[3*in ] - D[9*in+2]%*
B[3*in+1]= B[3*in+1] - D[9*in+5]+
D[9%in+2]= 0. e0;
D[9%in+5]= 0. eO0;
D[9%in+6]= 0. eO0;
D[9%in+7]= 0. e0;
D[9%in+8]= 1.e0;
B[3*in+2]= 1.¢0;
iS= indexL[in];

|E— |ndexL[|n+1]

for(k=iS:k<iE:k++){
AL[9xk+6]= 0. e0;
AL[9xk+7]= 0. e0;

| AL[9xk+8]= 0. e0;

iS= indexU[in];

iE= indexU[in+1];

for (k=iS; k<iE;k++) {
AU[9xk+6]= 0. e0;
AU[9xk+7]= 0. e0;
AU[9xk+8]= 0. e0;



FEM3D-Part2

MAT ASS BC (2/9)

/%
/=7max
%k /
for (in=0; in<N; in++) IWKX[in][0]=0;
ib0=-1;
for ( ib0=0; ibO<KNODGRPtot; ib0++) {
| if( strcmp (NODGRP_NAME[ibO]. name, “Zmax™) == 0 ) break;
for ( ib=NODGRP_INDEX[ib0] ; ib<NODGRP_INDEX[ib0+1]; ib++) {
in=NODGRP_ITEM[ib];
| IWKX[in-11[0]=1;
for (in=0; in<N; in++) { @ @ @
if( IWKX[in][0] == 1) {
B[3*in ]= B[3*in ] - D[9*in+2]*1.e0;
. B[3*int1]= B[3*int1] — D[9*in+5]*1.e0;
Modify: B=8*in+§== 8 eg
5 5 | 9k In+o = el,
B[3*in], B[3*in+1] DEosimel= 0. 50: @ @ +8
D[9*in+7]= 0. e0;
B3ximed1= 1 50"
. *int2]= 1.e0; . .
Then, clear: -E_ 'nﬂext%' ]1] i, i
%3 e iE= indexL[in+
D[9*in+6], D[9*in+7] for (k=iS;K<IE k) |
AL[9%k+6]= 0. e0; , 000
AL[9%k+7]= 0. €0; 'p 099
| AL[9xk+8]= 0. €O0;
iS= indexU[in];
iE= indexU[in+1]; _ 000
for (k=iS; k<iE;k++) { i 000
AU[9%k+6]= 0. €0; 900
AU[9%k+7]= 0. €0;
AU[9*k+8]= 0. €0;
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MAT ASS BC (2/9)

for (in=0; in<N; in++) IWKX[in][0]=0;

/=7max

1b0=-1;

for ( ib0=0; ibOKNODGRPtot ; ib0++) {

i f ( strcmp (NODGRP_NAME[ib0]. name, “Zmax”) ==

J

for ( ib=NODGRP_INDEX [ib0] ; ib<NODGRP_INDEX[ib0+1]; ib++) {
in=NODGRP_ITEM[ib];
IWKX[in-11[0]=1;

J

for (in=0; in<N; in++) {
if( IWKX[ln][O]

)

3*|n 1= B[3*in ] - D[9*in+2]*1.e0;
B[3xin+1]= B[3*in+1] — D[9*in+5]*1.e0;
D[9*in+2]= 0. e0;
D[9*in+5]= 0. €0;
D[9*in+6]= 0. ¢€0;
D[9*in+7]= 0. €0;
D[9*in+8]= 1. ¢€0;
B[3*in+2]= 1.¢0;
iS= indexL[in];

iE= |ndexL[|n+1]

for(k:iS:k<iE:k++)[
AL[9%k+6]= 0. e0;
AL[9%k+7]= 0. e0;
AL[9%k+8]= 0. e0;

]

iS= indexU[in];

iE= indexU[in+1];

for (k=iS; k<iE;k++) {
AU[9%k+6]= 0. e0;
AU[9%k+7]= 0. e0;
AU[9%k+8]= 0. e0;

0 ) break;

Jp

00O
Q00

00O

00O
00O
00O

(D62
(D0
OO
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MAT ASS BC (3/9)

for (in=0; in<N; in++) {
iS= indexL[in];
iE= indexL[in+1];

for (k=iS;k<iE; k++) { ]
if (IWKX[itergL[k]][O= =

}

]
iS= indexU[in];
iE= indexU[in+1];

for (k=iS; k<iE;k++) { ]
if (IWKX[itergU[k]][O= ==

[3*in

B[3%in+1]
B[3%in+2]
AL [9%k+2]
AL [9%k+5]
AL [9%k+8]

[3*in

B[3%in+1]
B[3%in+2]
AU[9%k+2]
AU[9%k+5]
AU[9k-+8]

ocCooWww™ I

ocCooww™w I

3*an[ 1 — AL[9*k+2]*1. e0;

3xin+1] — AL[9%k+5]*1.e0;
3*|n+2] — AL[9*k+8]%1. e0;
%
= Modify RHS,
then clear AL and AU

1) {
3kin ] - AU[9+k+2]*1. e0;
3kint1] — AU[9+k+5]*1. e0;
3*|n+2] - AU[9+k+8]*1. e0;

.e0
eO
.e0;

_ od
Jp 0da
0d

OO0

00O
00O
00O

h=]

@E)E
@G
@@

—
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w=0@Z=Zmin
Corresponding Row:
Diag. Component=1, Other Comp.=0
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MAT ASS BC (4/9)

for (in=0; in<N; in++) IWKX[in][0]=0;

ib0=-1;

for ( ib0=0; ibOKNODGRPtot; ib0++) {

| if( stromp (NODGRP_NAME[ibO]. name, “Zmin”) == 0 ) break;

for ( ib=NODGRP_INDEX [ib0] ; ib<NODGRP_INDEX[ib0+1]; ib++) {
in=NODGRP_ITEM[ib];
IWKX[in-11[0]=1;

w=0@Zmin

J

for (in=0; in<N; in++) {
if ( INKX[in][0] == 1){

D[9*in+2]= 0.e0;
D[9%in+5]= 0. e0;
D[9%in+6]= 0. e0;
D[9%in+7]= 0. e0;
D[9%in+8]= 1.e0;
B[3*in+2]= 0. e0;
iS= indexL[in];
iE= indexL[in+1];
for (k=iS; k<iE;k++) {

AL[9%k+6]= 0. e0;
AL[9%k+7]= 0. e0;
} AL[9%k+8]= 0. e0;
iS= indexU[in];
iE= indexU[in+1];
for (k=iS; k<iE;k++) {

AU[9+k+6]= 0. e0;
AU[9+k+7]= 0. e0;
AU[9+k+8]= 0. e0;
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w=0@Z=Zmin
Corresponding Column:
Move to RHS, Off-Diag. Component=0
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MAT ASS BC (5/9)

for(in:O:in<Néinf+é{ LLin]

19= IndexL|In]; _ g

iE= indexL[in+11; w=0@Zmin
for (k=iS: k<iE;k++) {

if (IWKX[itemL[k]1[0] == 1) {
AL[9%k+2]= 0. e0;

AL[9%k+5]= 0. e0;
\ AL[9%k+8]= 0. e0; @ @
}iS: indexU[in]; @@
iE= indexU[in+1];
for (k=iS; k<iE; k++) {
if (IWKX[itemU[k]I[0] == 1) { @
AU[9%k+2]= 0. e0;

AU[9+k+5]= 0. e0;
AU[9+k+8]= 0. e0;
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u=0@X=Xmin
Corresponding Row:
Diag. Component=1, Other Comp.=0
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MAT ASS BC (6/9) %

X=Xmin u=0@Xmin
for (in=0; in<N; in++) IWKX[in][0]=0;

ib0=-1;

for ( ib0=0; ibOKNODGRPtot; ib0++) {

| if( strcmp (NODGRP_NAME[ibO]. name, “Xmin™) == 0 ) break;

for ( ib=NODGRP_INDEX [ib0] ; ib<NODGRP_INDEX[ib0+1]; ib++) {
in=NODGRP_ITEM[ib];
| IWKX[in-11[0]=1;

Y-
for (in=0; in<N; in++) {
if ( INKX[in][0] == 1){

D[9%in 1= 1.e0;

D[9*in+1]= 0. e0;

D[9*in+2]= 0. e0;

D[9*in+3]= 0.e0;

D[9*in+6]= 0. e0;

B[3%in 1= 0.e0;

iS= indexL[in];
iE= indexL[in+1];

for (k=iS; k<iE;k++) {
AL[9%k ]= 0.e0;
AL[9%k+1]= 0. e0;
} AL[9%k+2]= 0. e0; @ @

iS= indexU[in];

iE= indexU[in+1];

for (k=iS; k<iE;k++) {
AU[9%k ]= 0.€0;
AU[9*k+1]= 0. e0;
AU[9*k+2]= 0. e0;
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u=0@X=Xmin
Corresponding Column:
Move to RHS, Off-Diag. Component=0
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MAT ASS BC (7/9)

for(in:O:in<Néinf+é{ o

9= IndexL|In]; . o

iE= indexL[in+1]; u=0@Xmin
for (k=iS;K<iE; k++) {

if (IWKX[itemL[k1]1[0] == 1) {
AL[9%k 1= 0.e0;

AL [9%k+3]= 0. e0;
| AL [9%k+61= 0. €0 @@
}
iS= indexU[in]; @@
iE= indexU[in+1];
for (k=15 k<iE; k) |
if (IWKX[itemU[k]11[0] == 1) { @
AU[9xk 1= 0.€0;
AU[9%k+3]= 0. e0;

AU[9xk+6]= 0. e0;
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v=0@Y=YmIn
Corresponding Row:
Diag. Component=1, Other Comp.=0
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MAT ASS BC (8/9)

Y=Ymin v=0@Ymin
for (in=0; in<N; in++) IWKX[in][0]=0;

1b0=-1;

for ( ib0=0; ibOKNODGRPtot; ib0++) {
| if( stromp (NODGRP_NAME[ibO]. name, “Ymin™) == 0 ) break;

for ( ib=NODGRP_INDEX [ib0] ; ib<NODGRP_INDEX[ib0+1]; ib++) {
in=NODGRP_ITEM[ib];
| IWKX[in-11[0]=T1;

for (in=0; in<N; in++) {
if( IWKX[in][0] ==
D[9*in+1]= 0.e0
D[9*in+4]= 1.e0;
D[9*in+7]= 0.e0;
D[9*in+3]= 0.e0;
D[9*in+5]= 0.e0;
B[3*in+t1]= 0.e0;

iS= indexL[in];

iE= indexL[in+1];
for (k=iS; k<iE;k++) {
AL[9%k+3]= 0. e0;
AL[9%k+4]= 0. e0;
| AL [9%k+5]= 0 e0" @ @
iS= indexU[in];
iE= indexU[in+1];
for (k=iS; k<iE;k++) {

AU[9+k+3]= 0. e0;
AU[9+k+4]= 0. e0;
AU[9+k+5]= 0. e0;

{

I~

b
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v=0@Y=YmIn
Corresponding Column:
Move to RHS, Off-Diag. Component=0
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MAT ASS BC (9/9)

for (in=0; in<N; in++) { .
iS= indexL[in]; VZO@lel’l
iE= indexL[in+1];
for (k=iS; k<iE;k++) {

if (IWKX[itemL[k]I[0] ==1) {
AL[9%k+1]= 0. eO0;

AL[9%k+4]= 0. e0;
} AL[9xk+7]= 0. e0; @ @
| (+3)(+a)
iS= indexU[in]; @ @
iE= indexU[in+1];
for (k=iS; k<iE;k++) {
if (IWKX[itemU[k]I[0] ==1) { @
AU[9*k+1]= 0. eO0;

AU[9xk+4]= 0. e0;
AU[9xk+7]= 0. e0;



