LISTING PROGRAM ANALISIS STRUKTUR PORTAL 2 DIMENSI

PROGRAM FRAME

c
¢] Program 34- main program
c
c Static Analisis for plane frame system
c
COMMON NRMX,NCMX, NDFEL, NN, NE, NLN, NBN, NDF, NNE, N, MS, IN, IO, E, G
DIMENSION X (100),Y(100),CON(200),PROP(200),IB(80),TK(300,30),
*AL(300) ,REAC(300),FORC (600) ,ELST (6,6),V(30)
C
C INIZIALITATION OF PROGRAM PARAMETERS
C
C NRMX = ROW DIMENSION FOR THE STIFFNESS
C MATRIX
C NCMX = COLUMN DIMENSION FOR THE STIFFNESS
C MATRIX, OR MAXIMUM HALFE BAND WIDTH
C ALLOWED
C NDF = NUMBER OF DEGREES OF FREEDOM PER
C NODE
C NNE = NUMBER OF NODES PER ELEMENT, EQUAL
C TO 2 FOR BAR SYSTEMS
C NDFEL= TOTAL NUMBER OF DEGREES OF FREEDOM
C FOR ONE ELEMENT
C
NRMX=300
NCMX=30
NDF=3
NNE=2
NDFEL=NDF*NNE
C
C ASIGN DATA SET NUMBERS TO IN, FOR INPUT,
C AND IO, FOR OUTPUT
C
IN=5
I0=6
C
C APPLY THE ANALYSIS STEPS
C
C INPUT
C
CALL INPUT (X,Y,CON, PROP,AL, IB,REAC)
C
C ASSEMBLING OF TOTAL STIFFNESS MATRIX
C
CALL ASSEM(X,Y,CON, PROP, TK,ELST, AL)
C
C INTRODUCTION OF BOUNDARY CONDITIONS
C
CALL BOUND (TK,AL,REAC, IB)
C
C SOLUTION OF THE SYSTEM OF EQUATIONS
C

CALL SLBSI (TK,AL,V,N,MS, NRMX, NCMX)



C COMPUTATION OF MEMBER FORCES

¢
CALL FORCE (CON, PROP, FORC, REAC, X, Y, AL)
¢
C OUTPUT
C
CALL OUTPT (CON, AL, FORC, REAC)
C
END
C
SUBROUTINE INPUT (X,Y,CON, PROP,AL, IB, REAC)
C
C PROGRAM 35 - INPUT
C
COMMON NRMX, NCMX, NDFEL, NN, NE, NLN, NBN, NDF, NNE, N, MS, IN, I0,E, G
DIMENSION X (1),Y(1),CON(1),PROP(1),AL(1l),IB(1),REAC(1),W(3),IC(3)
C
¢ ELEMENT PROPERTIES, NODAL LOADS, AND PRESCRIBED
C UNKNOWN VALUES
C IC = AUXILIARY ARRAY TO STORE TEMPORARELY THE CONNECTIVITY
C OF AN ELEMENT, AND THE BOUNDARY UNKNOWNS STATUS
C INDICATORS
¢
C READ BASIC PARAMETERS
C
C NN = NUMBER OF NODES
C NE = NUMBER OF ELEMENTS
C NLN= NUMBER OF LOADED NODES
C NBN= NUMBER OF BOUNDARY NODES
C E = MODULUS OF ELASTICITY
¢
WRITE (I0,20)
20 FORMAT (' ',130('*"))
READ (IN,1) NN,NE,NLN,NBN,E
WRITE (I0,21) NN,NE,NLN,NBN,E
21 FORMAT (//' INTERNAL DATA'//' NUMBER OF NODES 21,15/
NUMBE
*R OF ELEMENTS :',I5/' NUMBER OF LOADED NODES :',I5/' NUMBER
*OF SUPPORT NODES :',I5/' MODULUS OF ELASTICITY :',F15.0//' NODAL
C
*OORDINATES'/7X, 'NODE', 6X, 'X',9X,'Y")
1 FORMAT (4I10,2F10.0)
¢
C READ NODAIL COORDINATES IN ARRAY X AND Y
C
READ (IN,2) (I,X(I),Y(I),J=1,NN)
WRITE (I0,2) (I,X(I),Y(I),I=1,NN)
2 FORMAT (I10,2F10.2)
C

C READ ELEMENT CONNECTIVITY IN ARRAY CO
C AND ELEMENT PROPERTIES IN ARRAY PROP
C
WRITE (I0,22)
22 FORMAT (/' ELEMENT CONNECTIVITY AND
PROPERTIES'/4X, 'ELEMENT', 3X, 'ST
*ART NODE END NODE',5X, 'AREA', 5X,'M. OF INERTIA')



DO 3 J=1,NE
READ (IN,4) I,IC(1l),IC(2),W(1l),W(2)
WRITE (I0,34) I,IC(1l),IC(2),W(1l),W(2)
34 FORMAT (3I10,2F15.5)
4 FORMAT (3I10,2F10.2)
N1=NNE* (I-1)
PROP (N1+1) =W
PROP (N1+2) w
CON (N1+1)=

1
2
1
3 CON(N1+42)=IC (2

—~ o~~~

)
)
)
)

COMPUTE N, ACTUAL NUMBER OF UNKNOWNS, AND CLEAR THE LOAD
VECTOR

Qa0

WRITE (I0,23)
23 FORMAT (/' NODAL LOADS'/7X,'NODE',5X,'PX',8X,'PY',b 8%, 'MZ")
N=NN*NDF
DO 5 I=1,N
5 AL(I)=0.

Q

READ THE NODAL LOADS AND STORE THEM IN ARRAY AL

DO 6 I=1,NLN
READ (IN,8) J, (W(K),K=1,NDF)
WRITE (I0,8) J, (W(K),K=1,NDF)
8 FORMAT (I10,3F10.2)
DO 6 K=1,NDF
L=NDF* (J-1) +K
6 AL (L) =W (K)

READ BOUNDARY NODES DATA, STORE UNKNOWNS ATATUS
INDICATORS IN ARRAY IB, AND PRESCRIBED UNKNOWNS
VALUES IN ARRAY REAC

QOO0

WRITE (I0,24)
24 FORMAT (/' BOUNDARY CONDITION DATA'/27X,'STATUS', 24X, 'PRESCRIBED
VA
*LUES' /19X, ' (0:PRESCRIBED,
1:FREE) '/7X, '"NODE', 8X, 'U', 9%, 'V', 8%, 'RZ"
*, 16X,'U',9%,'V', 8%, 'RZ")
DO 7 I=1,NBN
READ (IN, 9) J, (
WRITE (I0,10) J,
L1l= (NDF+1)* (I-1)+1
L2=NDF* (J-1)
B(Ll)=
DO 7 K=1,NDF
N1=L1+K
N2=L2+K
B (N1)=IC (K)
7 REAC (N2) =W (K)
9 FORMAT (4I10,3F10.4)
10 FORMAT (4I10,10X%,3F10.4)
RETURN
END

IC(K),K=1,NDF), (W(K),
(IC(K),K=1,NDF), (W(K

SUBROUTINE ASSEM(X,Y,CON, PROP,TK,ELST,AL)
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PROGRAM 28
ASSEMBLING OF THE TOTAL MATRX FOR THE PROBLEM

COMMON NRMX, NCMX, NDFEL, NN, NE, NLN, NBN, NDF, NNE, N, MS, IN, I0,E, G
DIMENSION X (1),Y(1l),CON(1),TK (NRMX,NCMX),ELST (NDFEL,NDFEL),
*PROP (1) ,AL (1)

COMPUTE HALF BAND WIDTH AND STORE IN MS

N1=NNE-1

MS=0

DO 7 I=1,NE
L1=NNE* (I-1)
DO 7 J=1,N1
L2=L1+J
J1=J+1

DO 7 K=J1,NNE
L3=L1+K

L=ABS (CON (L2) —CON (L3) )
IF (MS-L)6,7,7
MS=L

CONTINUE
MS=NDF* (MS+1)

CLEAR THE TOTAL STIFNESS MATRIX

DO 10 I=1,N

DO 10 J=1,MS

TK (I, J)=0

LOOP ON THE ELEMENTS AND ASSEMBLE THE TOTAL STIFFNSS MATRIX
DO 20 NEL=1,NE

STIFF COMPUTES THE STIFFNESS MATRIX FOR ELEMENT NEL

CALL STIFF(NEL,X,Y,PROP,CON,ELST,AL)

ELASS PLACES THE STIFFNESS MATRIX OF ELEMENT EL IN THE TOTAL
STIFFNESS MATRIX

CALL ELASS (NEL,CON, TK,ELST)

RETURN

END

SUBROUTINE STIFF (NEL,X,Y, PROP,CON,ELST,AL)

PROGRAM 36

COMPUTATION OF ELEMENT STIFFNESS MATRIX FOR THE CURRENT ELEMENT

COMMON NRMX, NCMX, NDFEL, NN, NE, NLN, NBN, NDF, NNE, N, MS, IN, I0,E, G
DIMENSION X (1),Y(l),CON(1),PROP(1),ELST (NDFEL,NDFEL),AL (1),

*ROT (6,6) ,V(6)

NEL = CURRENT ELEMENT NUMBER



C N1 = NUMBER OF START NODE
C N2 = NUMBER OF END NODE
C AX = AREA OF ELEMENT CROSS-SECTION
C YZ = MOMENT OF INERTIA OF ELEMENT CROSS-SECTION
C
L=NNE* (NEL-1)
N1=CON (L+1)
N2=CON (L+2)
AX=PROP (L+1)
YZ=PROP (L+2)
C
C COMPUTE LENGTH OF ELEMENT, AND SINE AND COSINE OF ITS LOCAL
C X AXIS, AND STORE IN D, SI, AND CO,RESPECTIVELY
C

DX=X (N2) -X (N1)
DY=Y (N2) -Y (N1)
D=SQRT (DX**2+DY**2)

CO=DX/D
SI=DY/D
DO 1 I=1,6
DO 1 J=1,6
ELST (I, J)=0.
¢
C FORM ELEMENT ROTATION MATRIX
C
1 ROT(I,J)=0.
ROT (1,1)=CO
ROT (1,2)=SI
ROT (2,1)=-SI
ROT (2, 2) =CO
ROT (3,3)=1.
DO 2 I=1,3
DO 2 J=1,3
2 ROT (I+3,J+3)=ROT(I,J)
C
C COMPUTE ELEMENT LOCAL STIFFNESS MATRIX
¢
ELST(1,1)=E*AX/D
ELST(1,4)=-ELST(1,1)
ELST(2,2)=12*E*YZ/ (D**3)
ELST (2,3) =6*E*YZ/ (D*D)
ELST (2,5)=-ELST (2, 2)
ELST (2, 6)=ELST (2, 3)
ELST (3,2)=ELST (2, 3)
ELST (3,3)=4*E*YZ/D
ELST (3,5)=-ELST (2, 3)
ELST (3, 6) =2*E*YZ/D
ELST (4,1)=ELST (1, 4)
ELST (4,4)=ELST(1,1)
ELST (5,2)=ELST (2, 5)
ELST (5, 3) =ELST (3, 5)
ELST(5,5)=ELST (2, 2)
ELST (5, 6)=ELST (3, 5)
ELST (6,2)=ELST (2, 6)
ELST (6, 3)=ELST (3, 6)
ELST (6,5) =ELST (5, 6)
ELST (6, 6) =ELST (3, 3)



Q

ROTATE ELEMENT STIFNESS MATRIX TO GLOBAL COORDINATES

CALL BTAB3 (ELST,ROT,V,NDFEL, NDFEL)
RETURN
END

Q

SUBROUTINE BTAB3 (A,B,V,N,NX)
PROGRAM 9

THIS PROGRAM COMPUTES THE MATRIX
OPERATION A = TRANSPOSE (B) *A*B

WHERE A AND B ARE SQUARE MATRICES

N : ACTUAL ORDER OF A AND B

NX ROW AND COLUMN DIMENSIOAN OF AND B
V: AUXILARY VECTOR

DIMENSION A (NX,NX),B (NX,NX),V (NX)

OO0

QO

COMPUTE A*b AND STORE IN A

Q

&
rPUo<<u<guy

COMPUTE TRANSPOSE (B) * A AND STORE IN A

[OCHONON =

=1,N
15 V(I)=V(I)+B (K, I)*A(K,J)
=1,N
20 A(I,J)=V(I)
RETURN
END

Q

SUBROUTINE ELASS (NEL,CON, TM, ELMAT)
PROGRAM 30

THIS PROGRAM STORES THE ELEMENT MATRIX FOR ELEMENT NEL IN
THE TOTAL MATRIX FOR THE PROBLEM

[OCHONOHONONS!

COMMON NRMX, NCMX, NDFEL, NN, NE, NLN, NBN, NDF, NNE, N, MS, IN, I0,E, G
DIMENSION CON (1), TM (NRMX,NCMX),ELMAT (NDFEL, NDFEL)

NEL = CURRENT ELEMENT NUMER
N1 NUMBER OF START NODE
N2 NUMBER OF END NODE

Q000

L1=NNE* (NEL-1)
DO 50 I=1,NNE
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L2=L1+1
N1=CON (L2)
I1=NDF* (I-1)
J1=NDF* (N1-1)
DO 50 J=I,NNE
L2=L1+J
N2=CON (L2)
I2=NDF* (J-1)
J2=NDF* (N2-1)
DO 50 K=1,NDF
KI=1

IF (N1-N2)20,10,30

STORE A DIAGONAL SUBMATRIX
KI=K
STORE AN OFF DIAGONAL SUBMATRIX

KR=J1+K
IC=J2-KR+1
K1=I1+K
GOTO 40

STORE THE TRANSPOSE OF AN OFF DIAGONAL MATRIX

KR=J2+K
IC=J1-KR+1
K2=I2+K

DO 50 L=KI,NDF
KC=IC+L

IF (N1-N2)45,45,46
K2=I2+L

GOTO 50

K1=I1+L

TM (KR, KC) =TM (KR, KC) +ELMAT (K1, K2)
RETURN

END

SUBROUTINE BOUND (TK,AL,REAC, IB)

PROGRAM 31

INTRODUCTION OF THE BOUNDARY CONDITIONS

NO

COMMON NRMX, NCMX, NDFEL, NN, NE, NLN, NBN, NDF, NNE, N, MS, IN, I0,E, G
DIMENSION AL (1), IB(l),REAC (1), TK (NRMX, NCMX)
DO 100 L=1,NBN

= NUMBER OF THE CURRENT BOUNDARY NODE

L1l=(NDF+1)* (L-1)+1
NO=IB (L1)

K1=NDF* (NO-1)

DO 100 I=1,NDF
L2=L1+1
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IF(IB(L2))100,10,100
PRESCRIBED UNKNOWN TO BE CONSIDERED

SET DIAGONAL COEFICIENT OF TK EQUAL TO 1
PLACE PRESCRIBED UNKNOWN TO BE CONSIDERED

KR=K1+I

DO 50 J=2,MS
KV=KR+J-1

IF (N-KV) 30,20, 20

MODIFY ROW OF TK AND CORRESPONDING ELEMENTS IN AL

AL (KV) =AL (KV) -TK (KR, J) *REAC (KR)
TK (KR, J) =0

KV=KR-J+1

IF (KV) 50,50, 40

MODIFY ROW OF TK AND CORRESPONDING ELEMENTS IN AL

AL (KV) =AL (KV) -TK (KV, J) *REAC (KR)
TK (KV, J) =0

CONTINUE

TK (KR, 1) =1

AL (KR) =REAC (KR)

CONTINUE

RETURN

END

SUBROUTINE SLBSI (A,B,D,N,MS,NX, MX)

PROGRAM 15

SOLUTION OF LINEAR SYSTEM OF EQUATIONS

THE GAUSS ELIMINATIONS METHOD, FOR

SYMMETRIC BANDED SYSTEMS

ARRAY CONTAINING THE UPPER TRIANGULAR
PART OF THE SYSTEM MATRIX, STORED
ACCORDING TO THE SYMMETRIC BANDED

SCHEME

ORIGINALLY IT CUNTAINS THE INDEPENDENT
COEFFICIENTS, AFTER SOLUTIONS IT CONTAINS
THE VALUES OF THE SYSTEMS UNKNOWN

ACTUAL NUMBER OF UNKNOWNS
ACTUAL NUMBER OF UNKNOWNS
ACTUAL HALF BANDWIDTH

ROW DIMENSION OF A

AUXILARY VECTOR

DIMENSION A (NX,MX),B (NX),D (MX)
N1=N-1



DO 100 K=1,N1
C=A(K, 1)
K1=K+1
IF (ABS(C)-0.000001)1,1,3
1 WRITE(6,2) K
2  FORMAT ('****SINGULARITY IN ROW',I5)

GOTO 300
C
C DIVIDE ROW BY DIAGONAL COEFICIENT
C
3 NI=K1+MS-2
L=MIN (NI, N)
DO 11 J=2,MS
11 D(J)=A(K,J)
DO 4 J=K1,L
K2=J-K+1
4 A(K,K2)=A(K,K2)/C
B (K)=B(K) /C
C
C ELIMINATE UNKNOWN X (K) FROM ROW
C
DO 10 I=K1,L
K2=I-K1+2
C=D (K2)
DO 5 J=I,L
K2=J-I+1
K3=J-K+1
5 A(I,K2)=A(I,K2)-C*A(K,K3)
10 B(I)=B(I)-C*B(K)
100 CONTINUE
C
C COMPUTE LAST UNKNOWN
C
IF (ABS (A(N,1))-0.000001)1,1,101
101 B(N)=B(N)/A(N,1)
C
C APPLY BACKSUBTITUTION PROCESS TO COMPUTE REMAINING UNKNOWNS
C
DO 200 I=1,N1
K =N-I
K1=K+1
NI=K1+MS-2
L=MIN (NI, N)
DO 200 J=K1,L
K2=J-K+1

200 B(K)=B(K)-A(K,K2)*B(J)
300 RETURN

END
C

SUBROUTINE FORCE (CON, PROP, FORC, REAC, X, Y, AL)
C
C PROGRAM 37
C COMPUTATION OF ELEMENT FORCES
C

COMMON NRMX, NCMX, NDFEL, NN, NE, NLN, NBN, NDF, NNE, N, MS, IN, I0,E, G
DIMENSION CON(1),PROP(1),FORC(1),REAC(1),X(1),Y(1),AL(l),ROT(3,3),
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*U(6),F(6),UL(6),FG(6)
DO 1 I=1,N

REAC (I)=0.

DO 100 NEL=1,NE

NEL = CURRENT ELEMENT NUMBER

N1 = NUMBER OF START NODE

N2 = NUMBER OF END NODE

AX = AREA OF ELEMENT CROSS-SECTION

Y2 = MOMENT OF INERTIA OF ELEMENT CROSS-SECTION

L=NNE* (NEL-1)
N1=CON (L+1)
N2=CON (L+2)
AX=PROP (L+1)
YZ=PROP (L+2)

COMPUTE LENGTH OF ELEMET, AND SINE AND COSINE OF ITS LOCAL
X AXIS, AND STORE IN D, SI, AND CO, RESPECTIVELY

DX=X (N2) -X (N1)
DY=Y (N2) -Y (N1)
D=SQRT (DX**2+DY**2)
CO=DX/D

SI=DY/D

FORM ELEMENT ROTATION MATRIX

ROTATE ELEMENT NODAL DISPLACEMENTS TO ELEMENT LOCAL
REFERENCE FRAME, AND STORE IN ARRAY UL

K1=NDF* (
K2=NDF* (
DO 2 I=1,
J1=K1+I
J2=K2+1
U (I)=AL(
U (I+3)=A
1

)

N1-1
N2-1)
3

J
L

1)
(J2)
3

3
I)+ROT (I,J)*U(J)
L(I+3)+ROT(I,J)*U(J+3)

COMPUTE MEMBER END FORCES IN LOCAL COORDINATES



F(1)=E*AX/D* (UL (1) -UL(4))
F(2)=12*E*YZ/ (D**3) * (UL (2) -UL(5) ) +6*E*YZ/ (D*D) * (UL (3) +UL (6) )

=6*E*YZ/ (D*D) * (UL (2) -UL(5) ) +2*E*YZ/D* (2*UL (3) +UL (6) )
=6*E*YZ/ (D*D) * (UL (2) =UL (5) ) +2*E*YZ/D* (UL (3) +2*UL (6) )

=—F(2)
* (NEL-1)
C
C STORE MEMBER END FORCES IN ARRAY FORC
C
DO 4 I=1,6
I2=I1+1I
4 FORC (I2)=F (I)
C
C ROTATE MEMBER END FORCES TO THE GLOBAL REFERENCE FRAME
C AND STORE IN ARRAY FG
C
DO 5 1=1,3
G(I)=0.
G(I+3)=0
DO 5 J=1,3
FG( )=FG (I)+ROT (J, I) *F (J)
5 G (I+3)=FG(I+3)+ROT(J,I)*F (J+3)
C
C ADD ELEMENT CONTRIBUTION TO NODAL RESULTANTS
C IN ARRAY REAC
C
DO 6 I=1,3
J1=K1+I
J2=K2+1
REAC (J1) =REAC (J1) +FG (I)
6 REAC (J2) =REAC (J2) +FG (I+3)
100 CONTINUE
RETURN
END
C
SUBROUTINE OUTPT (CON, AL, FORC, REAC)
C
C PROGRAM 38 - OUTPUT PROGRAM
C
COMMON NRMX, NCMX, NDFEL, NN, NE, NLN, NBN, NDF, NNE, N, MS, IN, I0,E, G
DIMENSION CON(1),AL(1),FORC(1l),REAC (1)
C
C WRITE NODAL DISPLACEMENTS
C
WRITE (I0,1)
1 FORMAT (//1X,130('*")//"'" RESULTS'//' NODAL

DISPLACEMENTS'/7X, 'NODE"
*,11X,'U',14X,'V',13X, 'RZ")
DO 10 I=1,NN
K1=NDF* (I-1)+1
K2=K1+NDF-1

0 WRITE (I0,2) I, (AL(J),J=K1,K2)
FORMAT (I10, 6F15.4)

QaON

WRITE NODAL REACTIONS



[OON@NN]

I

WRITE (10, 3)

FORMAT (/' NODAL REACTIONS'/7X,'NODE',10X,'PX',13X,'PY',13X, 'MZ")
DO 20 I=1,NN

K1=NDF* (I-1)+1

K2=K1+NDF-1

WRITE (I0,2) I, (REAC(J),J=K1,K2)

WRITE MEMBER END FORCES

WRITE (IO, 4)

FORMAT (/' MEMBER FORCES'/6X, '"MEMBER',5X, '"NODE', 9X,'FX',13X,'FY',
*13X, "MZ")

DO 30 I=1,NE

Kl=6* (I-1)+1

K2=K1+2

N1=NNE* (I-1)

WRITE (IO, 6) I,CON(N1+1), (FORC(J),J=K1l,K2)
K1=K2+1

K2=K1+2

WRITE (IO, 7) CON(N1+2), (FORC (J),J=K1,K2)
FORMAT (I10,F10.0,3F15.4)

FORMAT (' ',F19.0,3F15.4)

WRITE (IO, 5)

FORMAT (//1X,130("'*"))

RETURN

END

Contoh Input dan Hasilnya untuk Program PORTAL

KK R AR AR AR A A A A A A A A A AR A AR A AR A AR A A AR A KRR AR A A A A A A AR A AR A A AR AN A A AR AR A AR A AR Ak, K

* k ok kk kK Kkk

KK A AR A AR A AR A AR A A A A KRR AR A AR A AR A AR A A AR AR A AR A AR A AR ARk K

8,7,4,3,21000000

INTERNAL DATA

NUMBER OF NODES

NUMBER OF ELEMENTS
NUMBER OF LOADED NODES
NUMBER OF SUPPORT NODES
MODULUS OF ELASTICITY

N W 3

1000000.

NODAL COORDINATES

1

NODE X Y

2,,600.
3,1000.,850.
4,2000.,600.
5,2000.
6,3000.,850.
7,4000.,600.
8,4000.

1 .00 .00
2 .00 600.00
3 1000.00 850.00



4 2000.00 600.00
5 2000.00 .00
6 3000.00 850.00
7 4000.00 600.00
8 4000.00 .00

ELEMENT CONNECTIVITY AND PROPERTIES

ELEMENT START NODE END NODE AREA M. OF INERTIA

1,1,2,400.,13333.

1 1 2 400.00000 13333.00000
2,5,4,200.,6666.

2 5 4 200.00000 6666.00000
3,8,7,400.,13333.

3 8 7 400.00000 13333.00000
4,2,3,200.,6666.

4 2 3 200.00000 6666.00000
5,3,4,200.,6666.

5 3 4 200.00000 6666.00000
6,4,6,200.,6666.

6 4 6 200.00000 6666.00000
7,6,7,200.,6666.

7 6 7 200.00000 6666.00000

NODAL LOADS

NODE PX PY MZ

2,30000.

2 30000.00 .00 .00
3,,-40000.

3 .00 -40000.00 .00
6,,-40000.

6 .00 -40000.00 .00
7,-30000.

7 -30000.00 .00 .00

BOUNDARY CONDITION DATA

STATUS PRESCRIBED
VALUES
(0:PRESCRIBED, 1:FREE)
NODE U \ RZ U \
RZ
1
1 0 0
0 .0000 .0000 .0000
5
5 0 0
0 .0000 .0000 .0000
8
8 0 0
0 .0000 .0000 .0000

KK AR A A AR A A A A AR A A A A AR A A A A A A A A AA KA A KA AA KA A IR A A A AR I AR I AR A AR A AR A A I A AR A A XA A KA KK
Kk Kk kK Kk kK Kk

KK AR KA KRR A AR A KR A AR A A A A A A A AR A AR A R A A I A AR A AR A AR A AR A A KAk

RESULTS



NODAL DISPLACEMENTS

NODE U \Y RZ
1 .0000 .0000 .0000
2 -2.0125 -.0015 .0026
3 -1.0058 -4.0819 -.0007
4 .0000 -.0056 .0000
5 .0000 .0000 .0000
6 1.0058 -4.0819 .0007
7 2.0126 -.0015 -.0026
8 .0000 .0000 .0000

NODAL REACTIONS

NODE PX PY MZ
1 19210.1100 20528.7400 -6972570.0000
2 29999.9200 -.0645 .5000
3 .6406 -39999.8700 .2500
4 -.0391 .0684 .0000
5 -.1316 38942.2600 50.9239
6 -.0195 -40000.0100 .0000
7 -29999.9300 -.0254 .0000
8 -19210.5500 20528.9000 6972765.0000

MEMBER FORCES

MEMBER NODE FX FY MZ
1 1. 20528.7400 -19210.1100 -6972570.0000
2. -20528.7400 19210.1100 -4553498.0000
2 5. 38942.2600 .1316 50.9239
4. -38942.2600 -.1316 28.0494
3 8. 20528.9000 19210.5500 6972765.0000
7. -20528.9000 -19210.5500 4553566.0000
4 2. 52719.6800 7980.5540 4553498.0000
3. -52719.6800 -7980.5540 3672669.0000
5 3. 52463.8200 -6954.4890 -3672669.0000
4. -52463.8200 6954.4890 -3495854.0000
6 4. 52463.6400 6954.4760 3495826.0000
6. -52463.6400 -6954.4760 3672684.0000
7 6. 52720.1600 -7980.6340 -3672684.0000
7. -52720.1600 7980.6340 -4553566.0000
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LISTING PROGRAM ANALISIS STRUKTUR RANGKA 2 DIMENSI

PROGRAM TRUSS
c Main program
Static analysis of plane trusses

Q

Common NRMX, NCMX, NDFEL, NN, NE, NLN, NBN, NDF, NNE, N, MS, IN, I0,E, G
Dimension X (100),Y(100),CON(200),PROP(100),IB(60),TK(200,20),
*AL(200) ,FORC(100) ,REAC(200) ,ELST(4,4),V(20)

c
c Initialization of program parameters
c
c NRMX = Row dimension for the stiffness
c matrix
c NCMX = Column dimension for the stiffness
c matrix, OR MAXIMUM HALF BAND WIDTH
C ALLOWED
C NDF = NUMBER OF DEGREES OF FREEDOM PER
C NODE
C NNE = NUMBER OF NODES PER ELEMENT, EQUAL
C TO 2 FOR BAR SYSTEMS
C NDFEL= TOTAL NUMBER OF DEGREES OF FREEDOM
C FOR ONE ELEMENT
C
NRMX=200
NCMX=20
NDF=2
NNE=2
NDFEL=NDF*NNE
C
C ASSIGN DATA SET NUMBERS TO IN, FOR INPUT,
C AND IO, FOR OUTPUT
C
IN=5
I0=6
C
C APPLY THE ANALYSIS STEPS
C
C INPUT
cC
CALL INPUT (X,Y,CON, PROP,AL, IB, REAC)
C
C ASSEMBLING OF TOTAL STIFNESS MATRIX
C
CALL ASSEM(X,Y,CON, PROP, TK,ELST, AL)
C
C INTRODUCTION OF BOUNDARY CONDITIONS
C
CALL BOUND (TK,AL,REAC, IB)
C
C SOLUTIONS OF THE SYSTEM OF EQUATIONS
C
CALL SLBSI (TK,AL,V,N,MS, NRMX, NCMX)
cC
C COMPUTATION OF MEMBER FORCES
C

CALL FORCE (CON, PROP, FORC, REAC, X, Y, AL)
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OUTPUT

CALL OUTPUT (AL, FORC, REAC)

CALL EXIT

END

SUBROUTINE INPUT (X,Y,CON, PROP,AL, IB,REAC)

PROGRAM 27 INPUT PROGRAM

Common NRMX, NCMX, NDFEL, NN, NE, NLN, NBN, NDF, NNE, N, MS, IN, I0,E, G
Dimension X (1),Y(1),CON(1l),PROP(1),AL(1),IB(1),REAC(1l),W(3),IC(2)

W= AN AUXLARY VECTOR TO TEMPORARILY STORE A SET OF
NODAL LOADS AND PRESCRIBED UNKNOWN VALUES

IC=AUXILARY ARRAY TO STORE TEMPORARILY THE CONNECTIVITY

OF AN ELEMENT, AND THE BOUNDARY UNKNOWNS STATUS
INDICATORS

R EAD BASIC PARIMETER

NN=NUMBER OF NODES
NE=NUMBER OF ELEMENTS
MLN=NUMBER OF LOADED NODES
NBN=NUMBER OF BOUNDARU NODES
E=MODULUS OF ELASTICITY

WRITE (I0,20)

FORMAT (' ',80('*"))

READ (IN,1) NN,NE,NLN,NBN,E

WRITE (I0,21) NN,NE,NLN,NBN,E

FORMAT (//' INTERNAL DATA'//' NUMBER OF NODES

FORMAT (4110,F10.0)

READ NODAL COORDINATES IN ARRAY X AND Y
READ (IN,2) (I,X(I),Y(I),J=1,NN)

WRITE (I0,2) (I,X(I),Y(I),I=1,NN)

FORMAT (I10,2F10.2)

READ ELEMENT CONNECTIVITY IN ARRAY CON
AND ELEMENT PROPERTIES IN ARRAY PROP

WRITE (I0,22)
FORMAT (/' ELEMENT CONNECTIVITY AND

PROPERTIES'/4X, 'ELEMENT', 3X, 'ST

*ART NODE END NODE',5X, 'AREA')

DO 3 J=1,NE

READ (IN,4) I,IC(1l),IC(2),PROP(I)
WRITE (I0,34) I,IC(1l),IC(2),PROP(I)
N1=NNE* (I-1)

:',I5/!

:',I5/"' NUMBER

,F15.0//"



CON (N1+1)=IC (1)
3 CON(N1+2)=IC(2)
4 FORMAT (3I10,F10.5)
34 FORMAT (3I10,F15.5)

COMPUTE N, ACTUAL NUMBER OF UNKNOWNS, AND CLEAR THE LOAD
VECTOR

OO NON®!

N=NN*NDF
DO 5 I=1,N
5 AL(I)=0

Q

READ THE NODAL LOADS AND STORE THEM IN ARRAY AL

WRITE (I0,23)
23 FORMAT (/' NODAL LOADS'/7X,'NODE',5X,'PX',8X,'PY')
DO 6 I=1,NLN
READ (IN,2) J, (W(K),K=1,NDF)
WRITE (10,2) J, (W(K),K=1,NDF)
DO 6 K=1,NDF
L=NDF* (J-1) +K
6 AL (L) =W (K)

READ BOUNDARY NODES DATA, STORE UNKNOWNS STATUS
INDICATORS IN ARRAY IB, AND PRESCRIBED UNKNOWNS
VALUES IN ARRAY REAC

Q000

WRITE (I0,24)
24 FORMAT (/' BOUNDARY CONDITION DATA'/23X,'STATUS', 14X, 'PRESCRIBED
VA
*LUES'/15X%, ' (0:PRESCRIBED,
1:FREE) '/7X, '"NODE', 8X, 'U', 9%, 'V',16X, 'U"
*,9%,'V")
DO 7 I=1,NBN
READ (IN, 8) J, (IC(K),K=1,NDF), (W
WRITE (I0,9) J, (IC(K),K=1,NDF), (
L1l= (NDF+1)* (I-1)+1
L2=NDF* (J-1)
IB(L1)=J
DO 7 K=1,NDF
N1=L1+K
N2=L2+K
IB(N1)=IC (K)
7 REAC (N2) =W (K)

(K) ,K=1, NDF)
W(K) ,K=1,NDF)

8 FORMAT (3I10,2F10.4)
9 FORMAT (3I110,10X,2F10.4)
RETURN
END
C
SUBROUTINE ASSEM(X,Y,CON, PROP, TK, ELST,AL)
C
C PROGRAM 28
C ASSEMBLING OF THE TOTAL MATRX FOR THE PROBLEM
C

COMMON NRMX, NCMX, NDFEL, NN, NE, NLN, NBN, NDF, NNE, N, MS, IN, I0,E, G
DIMENSION X (1),Y(1l),CON(1),TK (NRMX,NCMX),ELST (NDFEL, NDFEL),
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*PROP (1) ,AL (1)
COMPUTE HALF BAND WIDTH AND STORE IN MS

N1=NNE-1
MS=0

DO 7 I=1,NE

L1=NNE* (I-1)

DO 7 J=1,N1
L2=L1+J

J1=J+1

DO 7 K=J1,NNE
L3=L1+K

L=ABS (CON (L2) —CON (L3) )
IF (MS-L)6,7,7

MS=L

CONTINUE

MS=NDF* (MS+1)

CLEAR THE TOTAL STIFNESS MATRIX
DO 10 I=1,N

DO 10 J=1,MS

TK (I, J)=0

LOOP ON THE ELEMENTS AND ASSEMBLE THE TOTAL STIFFNSS MATRIX
DO 20 NEL=1,NE

STIFF COMPUTES THE STIFFNESS MATRIX FOR ELEMENT NEL

CALL STIFF(NEL,X,Y,PROP,CON,ELST,AL)

ELASS PLACES THE STIFFNESS MATRIX OF ELEMENT EL IN THE TOTAL
STIFFNESS MATRIX

CALL ELASS (NEL, CON, TK,ELST)
RETURN
END

SUBROUTINE STIFF (NEL,X,Y,PROP,CON,ELST,AL)

PROGRAM 29
COMPUTATION OF ELEMENT STIFEFNESS MATRIX FOR CURRENT ELEMENT

COMMON NMRX, NCMX, NDFEL, NN, NE, NLN, NBN, NDF, NNE, N, MS, IN, I0,E, G
DIMENSION X (1),Y(1l),CON(1),PROP(1),ELST (NDFEL,NDFEL),AL (1)

NEL = CURRENT ELEMENT NUMBER
N1 NUMBER OF START NODE
N2 = NUMBER OF END NODE

L=NNE* (NEL-1)
N1=CON (L+1)
N2=CON (L+2)

COMPUTE LENGTH OF ELEMENT,AND SIN AND COSINE OF ITS LOCAL
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COMPUTE ELEMENT STIFFNESS MATRIX

COEF=E*PROP (NEL) /D

ELST (1, 1) =COEF*CO*CO
ELST (1,2) =COEF*CO*SI
ELST (2,2)=COEF*SI*ST
DO 10 I=1,2

Do 10 J=1,2

K1=I+NDF

K2=J+NDF

ELST (K1,K2)=ELST (I, J)
ELST (I,K2)=-ELST(I,J)
ELST(2,3)=-ELST (1, 2)
RETURN

END

X AXIS, AND STORE IN D,SI, AND CO RESPECTIVELY.
D=SQRT ( (X (N2) =X (N1)) **2+ (Y (N2) =Y (N1)) **2)
CO=(X(N2)-X(N1))/D
SI=(Y(N2)-Y(N1))/D

SUBROUTINE ELASS (NEL,CON, TM, ELMAT)

PROGRAM 30

THIS PROGRAM STORES THE ELEMENT MATRIX FOR ELEMENT NEL IN

THE TOTAL MATRIX FOR THE PROBLEM

COMMON NRMX, NCMX, NDFEL, NN, NE, NLN,
DIMENSION CON (1), TM (NRMX,NCMX),ELMAT (NDFEL, NDFEL)

NEL = CURRENT ELEMENT NUMER
N1 NUMBER OF START NODE
N2 NUMBER OF END NODE

L1=NNE* (NEL-1)
DO 50 I=1,NNE
12=L1+1I
N1=CON (L2)
I1=NDF* (I-1)
J1=NDF* (N1-1)
DO 50 J=I,NNE
L2=L1+J
N2=CON (L2)
I2=NDF* (J-1)
J2=NDF* (N2-1)
DO 50 K=1,NDF
KI=1
F(N1-N2)20,10,30

STORE A DIAGONAL SUBMATRIX
KI=K

STORE AN OFF DIAGONAL SUBMATRIX

NBN, NDF, NNE, N, MS, IN, I0,E, G
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KR=J1+K
IC=J2-KR+1
K1=I1+K
GOTO 40

STORE THE TRANSPOSE OF AN OFF DIAGONAL MATRIX

KR=J2+K
IC=J1-KR+1
K2=I2+K

DO 50 L=KI,NDF
KC=IC+L

IF (N1-N2)45,45,46
K2=I2+L

GOTO 50

K1=I1+L

TM (KR, KC) =TM (KR, KC) +ELMAT (K1, K2)
RETURN

END

SUBROUTINE BOUND (TK,AL,REAC,IB)

PROGRAM 31

INTRODUCTION OF THE BOUNDARY CONDITIONS

COMMON NRMX, NCMX, NDFEL, NN, NE, NLN, NBN, NDF, NNE, N, MS, IN, I0,E, G
DIMENSION AL(1l),IB(1l),REAC(1),TK (NRMX,NCMX)

DO 100 L=1,NBN
= NUMBER OF THE CURRENT BOUNDARY NODE

L1l=(NDF+1)* (L-1)+1
NO=IB (L1)

K1=NDF* (NO-1)

DO 100 I=1,NDF
L2=L1+1
IF(IB(L2))100,10,100

PRESCRIBED UNKNOWN TO BE CONSIDERED

SET DIAGONAL COEFICIENT OF TK EQUAL TO 1
PLACE PRESCRIBED UNKNOWN TO BE CONSIDERED

KR=K1+1I

DO 50 J=2,MS
KV=KR+J-1
IF(N-KV)30,20,20

MODIFY ROW OF TK AND CORRESPONDING ELEMENTS IN AL

AL (KV) =AL (KV) -TK (KR, J) *REAC (KR)
TK (KR, J) =0
KV=KR-J+1



IF(KV)50,50,40

¢
C MODIFY ROW OF TK AND CORRESPONDING ELEMENTS IN AL
¢
40 AL (KV)=AL (KV) -TK (KV, J) *REAC (KR)
TK (KV, J) =0
50 CONTINUE
TK (KR, 1)=1

AL (KR) =REAC (KR)
100 CONTINUE

RETURN

END

Q

SUBROUTINE SLBSI (A,B,D,N,MS,NX, MX)
PROGRAM 15
SOLUTION OF LINEAR SYSTEM OF EQUATIONS

BY THE GAUSS ELIMINATIONS METHOD, FOR
SYMMETRIC BANDED SYSTEMS

b

ARRAY CONTAINING THE UPPER TRIANGULAR
PART OF THE SYSTEM MATRIX, STORED
ACCORDING TO THE SYMMETRIC BANDED

SCHEME

ORIGINALLY IT CUNTAINS THE INDEPENDENT
COEFFICIENTS, AFTER SOLUTIONS IT CONTAINS
THE VALUES OF THE SYSTEMS UNKNOWN

N : ACTUAL NUMBER OF UNKNOWNS
N : ACTUAL NUMBER OF UNKNOWNS
MS: ACTUAL HALF BANDWIDTH

NX: ROW DIMENSION OF A

D : AUXILARY VECTOR

QOO0 0000000000
oY)

DIMENSION A (NX,MX),B(NX),D (MX)
N1=N-1
DO 100 K=1,N1
C=A(K, 1)
K1=K+1
IF (ABS(C)-0.000001)1,1,3
1 WRITE(6,2) K
2 FORMAT ('****SINGULARITY IN ROW',I5)

GOTO 300
C
C DIVIDE ROW BY DIAGONAL COEFICIENT
C

3 NI=K1+MS-2
L=MIN (NI, N)
DO 11 J=2,MS
11 D(J)=A(K,J)
DO 4 J=K1,L
K2=J-K+1
4 A(K,K2)=A(K,K2)/C



C
C ELIMINATE UNKNOWN X (K) FROM ROW
C
DO 10 I=K1,L
K2=I-K1+2
C=D (K2)
DO 5 J=I,L
K2=J-I+1
K3=J-K+1
5  A(I,K2)=A(I,K2)-C*A(K,K3)
10 B(I)=B(I)-C*B(K)
100 CONTINUE
C
C COMPUTE LAST UNKNOWN
C
IF (ABS (A(N,1))-0.000001)1,1,101
101 B(N)=B(N)/A(N,1)
C
C APPLY BACKSUBTITUTION PROCESS TO COMPUTE REMAINING UNKNOWNS
C
DO 200 I=1,N1
K =N-I
K1=K+1
NI=K1+MS-2

L=MIN (NI, N)
DO 200 J=K1,L
K2=J-K+1
200 B (K)=B(K)-A(K,K2)*B (J)
300 RETURN
END

Q

SUBROUTINE FORCE (CON, PROP, FORC, REAC, X, Y, AL)

PROGRAM 32
COMPUTATION OF ELEMENT FORCES

OHONON@!

COMMON NRMX, NCMX, NDFEL, NN, NE, NLN, NBN, NDF, NNE, N, MS, IN, I0,E, G
DIMENSION CON(1),PROP(1),FORC(1),REAC(1),X(1),Y(1),AL(1)

QO

CLEAR THE REACTION ARRAY

Q

DO 1

1,N
1 REAC(I)=

I=
I)=0

NEL = NUMBER OF CURRENT ELEMENT

N1 = NUMBER OF START NODE FOR CURRENT ELEMENT

N2 = NUMBER OF END NODEFOR CURRENT ELEMENT

[ORONONON®!

DO 100 NEL=1,NE
L=NNE* (NEL-1)
N1=CON (L+1)
N2=CON (L+2)
K1=NDF* (N1-1)
K2=NDF* (N2-1)

C COMPUTE LENGTH OF ELEMENT, AND SIN AND COSINE OF ITS LOCAL



C X AXIS, AND STORE IN D,SI,AND CO RESPECTIVELY.

D=SORT ( (X (N2) =X (N1)) **2+ (Y (N2) =Y (N1) ) **2)
CO=(X(N2)-X(N1))/D
SI=(Y(N2)-Y(N1))/D
COEF=E*PROP (NEL) /D
C
C COMPUTE MEMBER AXIAL FORCE AND STORE IN ARRAY FORC
C
FORC (NEL) =COEF* ( (AL (K2+1) -AL (K1+1) ) *CO+ (AL (k2+2) -AL (K1+2) ) *SI)
C
C COMPUTE GLOBAL PROJECTIONS OF MEMBER AXIAL FORCE AND
C ADD TO THE REACTION ARRAY REAC
C
REAC (K1+1)=REAC (K1+1) -FORC (NEL) *CO
REAC (K142) =REAC (K1+2) -FORC (NEL) *SI
REAC (K2+1)=REAC (K2+1) +FORC (NEL) *CO
100 REAC (K2+2)=REAC (K2+2) +FORC (NEL) *S1I
RETURN
END
C
SUBROUTINE OUTPUT (AL, FORC, REAC)
C
C PROGRAM 33-OUTPT PROGRAM
C
COMMON NRMX, NCMX,NDFEL, NN, NE, NLN, NBN, NDF, NNE, N, MS, IN, I0,E, G
DIMENSION AL (1l),REAC(1l),FORC (1)
C
C WRITE NODAL DISLACEMENTS
C

WRITE (I0,1)
1 FORMAT (//1X,130('*")//' RESULTS'//' NODAL
DISPLACEMENTS'/7X, 'NODE'

*,11X'U",14X,'V")
DO 10 I=1,NN
K1=NDF* (I-1)+1
K2=K1+NDF-1

10 WRITE(IO,2) I, (AL(J),J=K1,K2)

2 FORMAT (I10,6F15.4)

C
¢ WRITE NODAL REACTIONS
C

WRITE (10, 3)

3 FORMAT (/' NODAL REACTIONS'/7X, 'NODE', 10X, 'PX',13X,'PY'")

DO 20 I=1,NN

K1=NDF* (I-1)+1

K2=K1+NDF-1

20 WRITE (I0,2) I, (REAC(J),J=K1,K2)

C
C WRITE MEMBER AXIAL FORCES
¢

WRITE (I0, 4)

4 FORMAT (/'MEMBER FORCES'/6X, '"MEMBER AXIAL FORCE')
DO 30 I=1,NE

30 WRITE(IO,2) I,FORC(I)
WRITE (IO, 5)

5 FORMAT (//1X,130("'*"))



RETURN
END
CONTOH INPUT DAN HASIL ANALISIS
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6,10,3,2,21000000

INTERNAL DATA

NUMBER OF NODES : 6
NUMBER OF ELEMENTS : 10
NUMBER OF LOADED NODES : 3
NUMBER OF SUPPORT NODES : 2
MODULUS OF ELASTICITY : 21000000.

NODAL COORDINATES

NODE X Y

1

2,280.,360.

3,280.

4,780.,360.

5,780.

6,1060.
1 .00 .00
2 280.00 360.00
3 280.00 .00
4 780.00 360.00
5 780.00 .00
6 1060.00 .00

ELEMENT CONNECTIVITY AND PROPERTIES

ELEMENT SART NODE END NODE AREA
1,1,3,25.
1 1 3 25.00000
2,3,5,25.
2 3 5 25.00000
3,5,6,25.
3 5 6 25.00000
4,2,4,30.
4 2 4 30.00000
5,1,2,30.
5 1 2 30.00000
6,3,2,10.
6 3 2 10.00000
7,3,4,10.
7 3 4 10.00000
8,5,2,10.
8 5 2 10.00000
9,5,4,10.
9 5 4 10.00000
10,4,6,30.
10 4 6 30.00000

NODAL LOADS
NODE PX PY



2,40000.

2 40000.00 .00
3,,-20000.

3 .00 -20000.00
5,,-20000.

5 .00 -20000.00

BOUNDARY CONDITION DATA

STATUS PRESCRIBED VALUES
(0:PRESCRIBED, 1:FREE)
NODE U v U v
1
1 0 0 .0000 .0000
6,1
6 1 0 .0000 .0000
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RESULTS

NODAL DISPLACEMENTS

NODE U Y
1 .0000 .0000
2 .0865 -.0748
3 .0240 -.0919
4 .0548 -.0490
5 .0536 -.0894
6 .0676 .0000

NODAL REACTIONS

NODE PX PY
1 -39999.9900 6415.0930
2 40000.0000 -.0008
3 .0033 -20000.0000
4 .0014 .0019
5 -.0085 -19999.9900
6 -.0072 33584.9000

EMBER FORCES
MEMBER AXIAL FORCE
44989.5000
31130.6200
26121.5800
-39980.4600
-8127.0350
10021.6100
17077.3800
-6172.3200
23606.5100
-42547.4100
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