APPENDIX F

Program 2DTRUSS for the Analysis of Pin-jointed Plane Trusses
This Program 2DTRUSS written in FORTRAN solves two-dimensional pin-jointed trusses using the direct stiffness approach. The element stiffness matrices are assembled in band form and the solution of equations is carried out using Gaussian elimination method for band matrix.

Limitations

This program (FORTRAN) will analyze any planar truss with the following limitations:

(a) Number of joints < 100

(b) Number of elements < 240

Description of the Program

WILSON'S SIMPLE TRUSS PROGRAM

This program is coded simply, for instructional purposes. The matrix is assembled in band form and the equations are solved using Gaussian elimination (BAND1)

INPUT DATA (SAMPLE DATA IS GIVEN FOR THE EXAMPLE SHOWN IN FIG. F.1)

1. TITLE

2. INPUT CONTROL

   NJ,NE,RHO

   NJ-  NUMBER OF JOINTS

   NE-  NUMBER OF ELEMENTS

   RHO- DENSITY OF THE MATERIAL

3. JOINT CONTROL DATA- ONE FOR EACH JOINT

   M,KODE(M),X(M),Y(M),U(M),V(M)

   M- JOINT NO

   KODE(M) =0 BOTH X AND Y FORCES SPECIFIED

           =10 X DISPLACEMENT AND Y FORCE (ROLLER IN Y DIRN)

           =01 X FORCE AND Y DISPLACEMENT (ROLLER IN X DIRN)

           =11 X AND Y DISPLACEMENT (HINGE)

   X(M)- X COORDINATE OF THE JOINT M

   Y(M)- Y COORDINATE OF THE JOINT M

   U(M)- X FORCE OR DISPLACEMENT DEPENDING ON CODE

   V(M)- Y FORCE OR DISPLACEMENT DEPENDING ON CODE

4. MEMBER CONTROL DATA- ONE FOR EACH MEMBER

   M,NODI(M),NODJ(M),AREA(M),YMOD(M)

   M- ELEMENT NO

   NODI(M)- ITH NODE OF THE MEMBER M

   NODJ(M)- JTH NODE OF THE MEMBER M

   AREA(M)- AREA OF THE MEMBER M

   YMOD(M)- YOUNGS MODULUS OF MEMBER M

OUTPUT

The program outputs displacement of every joint, and bar forces, and stresses for all the members.

TO RUN THE PROGRAM

Copy your data file to t2din.dat. After creating 2dtruss.exe file, type 2dtruss. The computer waits for input. If you want the results to be displayed on the screen type 0 and if you want the output to be stored in the file t2dout.dat type 6. The plot files are stored in t2plo1.dat and t2plo2.dat.  To view the deformed shape, load BASICA and load 2dtplot.bas and if you give the magnification factor the deformed shape of the truss will be displayed.   

PROGRAM 2DTRUSS.FOR

$large

$storage:2

$nofloatcalls

TWO-DIMENSIONAL TRUSS PROGRAM


common a(200,25),s(4,4),area(240),ymod(240),b(240),

     *u(100),v(100),x(100),y(100),

     *  hed(20),

     * kode(100),nodi(240),nodj(240),lm(4),

     * rho,iflag,maxb,maxe,mb,neq,ne,nj 


maxb=25


maxe=200


open(1,file='t2plo1.dat',status='new')


open(2,file='t2plo2.dat',status='new')

      open(5,file='t2din.dat',status='old')

      open(6,file='t2dout.dat',status='new')

      read(*,*)iflag

    
call input


call stiff


call displ

    
call stress


stop


end


subroutine input


common a(200,25),s(4,4),area(240),ymod(240),b(240),

     *u(100),v(100),x(100),y(100),

     *  hed(20),

     * kode(100),nodi(240),nodj(240),lm(4),

     * rho,iflag,maxb,maxe,mb,neq,ne,nj 


read(5,1000)hed,nj,ne,rho


write(iflag,2000)hed,nj,ne,rho

      WRITE(1,777)HED

  777 FORMAT(18A4)

      WRITE(1,778)NJ,NE

  778 FORMAT(2I5)


write(iflag,2001)


do 100 n=1,nj


read(5,1001)m,kode(m),x(m),y(m),u(m),v(m)

      WRITE(1,780)M,X(M),Y(M)

  780 FORMAT(I5,2E15.7)

  100 WRITE(IFLAG,2002)M,KODE(M),X(M),Y(M),U(M),V(M)

 
ndif=0


write(iflag,2003)


do 200 n=1,ne


read(5,1002)m,nodi(m),nodj(m),area(m),ymod(m)


k=iabs(nodi(m)-nodj(m))


if(k.gt.ndif) ndif=k

           WRITE(1,781)M,NODI(M),NODJ(M)

  781 FORMAT(3I5)

 200
write(iflag,2004)m,nodi(m),nodj(m),area(m),ymod(m)


mb=2*(ndif+1)


if(mb.gt.50) goto 999


return

 999
write(iflag,2005)mb,maxb


stop

 1000 
format(20a4/2i5,f10.0)

 1001
format(2i5,4f10.0)

 1002
format(3i5,2f10.0)

 2000
format(/////20a4/' Number of joints        = ',i4/

     1
' Number of elements      = ',i4/

     2
' Unit weight of material = ',f10.0)

 2001
format(////' Joint no.',6x,'Code',14x,'X',14x,'Y',14x,

     *
    'RX',13x,'RY')

 2002
format(2i10,4e15.6)

 2003
format(////'   Element',9x,'I',9x,'J',14x,'A',14x,'E')

 2004
format(/3i10,2e15.6)

 2005 format(' *** Band width of ',i4,' exceeds allowable of ',i4)


end


subroutine stiff


common a(200,25),s(4,4),area(240),ymod(240),b(240),

     *u(100),v(100),x(100),y(100),

     *  hed(20),

     * kode(100),nodi(240),nodj(240),lm(4),

     * rho,iflag,maxb,maxe,mb,neq,ne,nj 


neq=2*nj


if(neq.gt.maxe) goto 999


do 50 i=1,neq


b(i)=0.0


do 50 j=1,mb

 50
a(i,j)=0.0


do 500 n=1,ne


i=nodi(n)


j=nodj(n)


dx=x(j)-x(i)


dy=y(j)-y(i)


xl=sqrt(dx**2+dy**2)


comm=area(n)*ymod(n)/xl

      co=dx/xl

      si=dy/xl

      s(1,1)=co*co*comm

      s(1,2)=co*si*comm

      s(1,3)=-s(1,1)

      s(1,4)=-s(1,2)

      s(2,1)=s(1,2)

      s(2,2)=si*si*comm

      s(2,3)=-s(1,2)

      s(3,1)=s(1,3)

       s(3,2)=s(2,3)

      s(2,4)=-s(2,2)

      s(3,3)=s(1,1)

      s(3,4)=s(1,2)

      s(4,1)=s(1,4)

      s(4,2)=s(2,4)

      s(4,3)=s(3,4)

      s(4,4)=s(2,2)


lm(2)=2*nodi(n)


lm(1)=lm(2)-1


lm(4)=2*nodj(n)


lm(3)=lm(4)-1


do 400 i=1,4


ii=lm(i)


do 400 j=1,4


jj=lm(j)-ii+1


if(jj.le.0) goto 400


a(ii,jj)=a(ii,jj)+s(i,j)

 400 
continue

 500
continue


return

 999
write(iflag,1000)neq,maxe

 1000 format(' *** Number of equations is ',i4,' which exceeds '

     * ' allowable number of ',i4)


stop


end


subroutine displ


common a(200,25),s(4,4),area(240),ymod(240),b(240),

     *u(100),v(100),x(100),y(100),

     *  hed(20),

     * kode(100),nodi(240),nodj(240),lm(4),

     * rho,iflag,maxb,maxe,mb,neq,ne,nj 


do 50 k=1,ne


i=nodi(k)


j=nodj(k)


dx=x(j)-x(i)


dy=y(j)-y(i)


xl=sqrt(dx**2+dy**2)


V(i)=V(i)-xl*area(k)*rho/2.0

 50
V(j)=V(j)-xl*area(k)*rho/2.0


do 100 n=1,nj


nn=2*n


b(nn)=V(n)


b(nn-1)=u(n)

  100 continue


do 500 n=1,nj


nn=2*n


k=kode(n)

 300 
if(k-10.lt.0) goto 400


a(nn-1,1)=a(nn-1,1)+1.0e11


b(nn-1)=b(nn-1)+1.0e11*u(n)


k=k-10

 400
if(k.eq.0) goto 500


a(nn,1)=a(nn,1)+1.0e11


b(nn)=b(nn)+1.0e11*v(n)

 500
continue


call band1


do 600 n=1,nj


nn=2*n


u(n)=b(nn-1)

 600
v(n)=b(nn)


write(iflag,2000)

      WRITE(2,2009)(N,U(N),V(N),N=1,NJ)

 2009 FORMAT(I5,2E15.7)


write(iflag,2008) (n,u(n),v(n),n=1,nj)

 2000
format(////' Nodal displacements')

 2008 format(///4x,' Joint',14x,'U',14x,'V'/(i10,2e15.6))


return


end


subroutine stress


common a(200,25),s(4,4),area(240),ymod(240),b(240),

     *u(100),v(100),x(100),y(100),

     *  hed(20),

     * kode(100),nodi(240),nodj(240),lm(4),

     * rho,iflag,maxb,maxe,mb,neq,ne,nj 


write(iflag,2010)


do 500 n=1,ne


i=nodi(n)


j=nodj(n)


dx=x(j)-x(i)


dy=y(j)-y(i)


xl=sqrt(dx**2+dy**2)


du=u(j)-u(i)


dv=v(j)-v(i)


dl=dv*dy/xl+du*dx/xl


sig=dl*ymod(n)/xl


p=area(n)*sig

 500
write(iflag,2011)n,i,j,p,sig


return

 2010
format(////'El.no.',5x,'I',5x,'J',14x,'P',9x,'Stress')

 2011
format(/3i6,2e15.6)


end


subroutine band1


common a(200,25),s(4,4),area(240),ymod(240),b(240),

     *u(100),v(100),x(100),y(100),

     *  hed(20),

     * kode(100),nodi(240),nodj(240),lm(4),

     * rho,iflag,maxb,maxe,mm,nn,ne 


nl=nn-mm+1


nm=nn-1


mr=mm


do 100 n=1,nm


if(a(n,1).le.0.) goto 700


bn=b(n)


b(n)=bn/a(n,1)


if(n.gt.nl) mr=nn-n+1


do 100 l=2,mr


if(a(n,l).eq.0) goto 100


c=a(n,l)/a(n,1)


i=n+l-1


j=0


do 50 k=l,mr


j=j+1

 50 
a(i,j)=a(i,j)-c*a(n,k)


b(i)=b(i)-c*bn


a(n,l)=c

 100
continue


i=nn


b(nn)=b(nn)/a(nn,1)


do 600 n=1,nm


i=i-1


if(n.lt.mm)mr=n+1


do 600 j=2,mr


k=i+j-1

 600
b(i)=b(i)-a(i,j)*b(k)


return

 700
write(iflag,2000)n

 2000  format(' Zero or negative element on main diagonal of '

     1 ' triangularized matrix for equation ',i5)


end

Input Data File t2din.dat
[image: image1.wmf]SIMPLE TRUSS  SEE FIG. F.1

5,7

1,0,0,0,0,-12.0
2,0,4,3,0,0

3,0,4,0,12,0

4,10,8,3,0,0

5,11,8,0,0,0

1,1,2,1,20000

2,1,3,1,20000

3,3,2,1,20000

4,2,4,1,20000

5,2,5,1,20000

6,3,5,1,20000

7,5,4,1,20000

Output File t2dout.dat

SIMPLE TRUSS  SEE FIG. F.1                                                       

 Number of joints        =    5

 Number of elements      =    7

 Unit weight of material =         0.

 Joint no.      Code           X                         Y                        RX                   RY

       1              0        .000000E+00    .000000E+00    .000000E+00   -.120000E+02

       2              0        .400000E+01    .300000E+01    .000000E+00    .000000E+00

       3              0        .400000E+01    .000000E+00    .120000E+02    .000000E+00

       4            10        .800000E+01    .300000E+01    .000000E+00    .000000E+00

       5            11        .800000E+01    .000000E+00    .000000E+00    .000000E+00

   Element    I         J              A                      E

         1         1         2    .100000E+01    .200000E+05

         2         1         3    .100000E+01    .200000E+05

         3         3         2    .100000E+01    .200000E+05

         4         2         4    .100000E+01    .200000E+05

         5         2         5    .100000E+01    .200000E+05

         6         3         5    .100000E+01    .200000E+05

         7         5         4    .100000E+01    .200000E+05

 Nodal displacements

     Joint              U              V

         1    .880000E-02   -.454667E-01

         2   -.640000E-02   -.168667E-01

         3    .560000E-02   -.168667E-01

         4   -.320000E-09   -.120000E-09

         5    .440000E-09   -.120000E-09

  El. no.     I      J              P                    Stress

     1          1     2    .200000E+02    .200000E+02

     2          1     3   -.160000E+02   -.160000E+02

     3          3     2    .000000E+00    .000000E+00

     4          2     4    .320000E+02    .320000E+02

     5          2     5   -.200000E+02   -.200000E+02

     6          3     5   -.280000E+02   -.280000E+02

     7          5     4    .000000E+00    .000000E+00

Program 2dtplot.bas for Plotting Both Original and Deformed Shapes
100 KEY OFF : SCREEN 0  : WIDTH 80 :  COLOR 11,9 : CLS

110 DIM CH(21), F$(21) : FOR I = 0 TO 21 : READ CH(I) : NEXT

120 DATA 32,205,186,188,200,187,201,202,203,185,204,206,208,210,189,211,183,214

130 DATA 213,184,212,190

140 TR = 3 : LC = 3 : BR = 22 : RC = 77 : GOSUB 590

150 TXT$ = "TWO-DIMENSIONAL TRUSS" : IR = 8 : IC = 10 : GOSUB 760

160 TXT$ = "ANALYSIS" : IR = 12 : IC = 28 : GOSUB 760

170 DEF FNSCR(A,B,C,D) = (A - C) / S.F + .5 * (D - (B-C)/S.F)

180 DEF FNMAX(X, Y) = .5 * ((SGN(X - Y) + 1) * X + (SGN(Y - X) + 1) * Y)

190 DEF FNMIN(X, Y) = .5 * ((SGN(X - Y) + 1) * Y + (SGN(Y - X) + 1) * X)

200 DIM X(100,2),Y(100,2),NODI(100),NODJ(100)

210 OPEN "I",1,"T2PLO1.DAT"

220 OPEN "I",2,"T2PLO2.DAT"

230 LOCATE 18,29 : INPUT "Magnification Factor : ", MAG

240 INPUT #1,HED$ : INPUT #1,DUM$

250 INPUT #1,NN,NE

260 FOR I = 1 TO 2

270 FOR J = 1 TO NN

280 INPUT #I, N, X(N,I), Y(N,I)

290 NEXT J

300 NEXT I

310 FOR I = 1 TO NE

320 INPUT #1, M, NODI(M), NODJ(M)

330 NEXT I

340 FOR I = 1 TO 2

350 XMAX = 0 : YMAX = 0 : XMIN = E+20 : YMIN = E+20

360 FOR J=1 TO NN

370 X(J,I) = X(J,1) + MAG * X(J,2) * (I-1)

380 Y(J,I) = Y(J,1) + MAG * Y(J,2) * (I-1)

390 XMAX = FNMAX(X(J,I), XMAX) : YMAX = FNMAX(Y(J,I), YMAX)

400 XMIN = FNMIN(X(J,I), XMIN) : YMIN = FNMIN(Y(J,I), YMIN)

410 NEXT J

420 S.F = FNMAX((XMAX - XMIN)/300, (YMAX - YMIN)/150)

430 LOCATE 23,29 : PRINT "Strike Any Key to Continue"

440 IF INKEY$ = "" THEN 440 ELSE SCREEN 2 : CLS

450 LINE (0,10) - (639,199),,B : LINE (0,22) - (639,22)

460 LOCATE 1, INT((80-LEN(HED$))*.5) : PRINT HED$

470 FOR J = 1 TO NE

480 II = NODI(J) : JJ = NODJ(J)

490 X1 =    20 + FNSCR(X(II,I),XMAX,XMIN,300) * 2

500 X2 =    20 + FNSCR(X(JJ,I),XMAX,XMIN,300) * 2

510 Y1 = 175 - FNSCR(Y(II,I),YMAX,YMIN,150)

520 Y2 = 175 - FNSCR(Y(JJ,I),YMAX,YMIN,150)

530 LINE(X1,Y1) - (X2,Y2)

540 NEXT J

550 READ TITLE$ : LOCATE  3,34 : PRINT TITLE$

560 NEXT I

570 DATA Original Shape, Deformed Shape

580 END

590 '          SUBROUTINE TO DRAW A BOX

600 L = RC - LC + 1 : H = BR - TR + 1

610 LOCATE TR,LC     : PRINT CHR$(CH( 6))

620 LOCATE TR,LC+1   : PRINT STRING$(L-2,CH(1))

630 LOCATE TR,RC     : PRINT CHR$(CH( 5))

640 LOCATE TR+1,LC   : PRINT CHR$(CH( 2))

650 LOCATE TR+1,RC   : PRINT CHR$(CH( 2))

660 LOCATE TR+2,LC   : PRINT CHR$(CH(10))

670 LOCATE TR+2,LC+1 : PRINT STRING$(L-2,CH(1))

680 LOCATE TR+2,RC   : PRINT CHR$(CH( 9))

690 FOR I = TR + 3 TO BR - 1

700 LOCATE I,LC : PRINT CHR$(CH( 2)) : LOCATE I,RC : PRINT CHR$(CH( 2))

710 NEXT I

720 LOCATE BR,LC     : PRINT CHR$(CH( 4))

730 LOCATE BR,LC+1   : PRINT STRING$(L-2,CH(1))

740 LOCATE BR,RC     : PRINT CHR$(CH( 3))

750 RETURN

760 ' SUBROUTINE TO USE NEW TEXT FONT

770 OPEN "R", 1, "TEXT.RND",51 : C = 0

780 FIELD #1,2ASF$(1),2ASF$(2),2ASF$(3),3ASF$(4),3ASF$(5),3ASF$(6),3ASF$(7),

3ASF$(8),3ASF$(9),3ASF$(10),3ASF$(11),3ASF$(12),3ASF$(13),3ASF$(14),3ASF$(15),  3ASF$(16),3ASF$(17),3ASF$(18)

790 FOR I = 1 TO LEN(TXT$)

800 RN = ASC(MID$(TXT$,I,1)) - 64 : IF RN = -32 THEN C = C + 3 : GOTO 880

810 GET #1, RN : ROW = CVI(F$(1)) : COL = CVI(F$(2)) : STP = CVI(F$(3)) : L = 4

820 FOR J = 1 TO ROW

830 FOR K = 1 TO COL

840 LOCATE IR+J-STP,IC+K+C : PRINT CHR$(CH(CVI(F$(L)))) : L = L + 1

850 NEXT K

860 NEXT J

870 C = C + COL

880 NEXT I

890 CLOSE # 1 : RETURN
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