APPENDIX L

Program TRUSSBUCK for Finding the Buckling Load of Plane Trusses

PROGRAM NAME:  PLTRUSS must run along with JACOBI. This program carries out static and buckling analysis of two-dimensional pin-jointed trusses. The input data can be created in an input file name and to be copied to t2din.dat. The input data is the same as discussed in APPENDIX F except the data for the buckling analysis which is to be given in the second line in the file t2din.dat as shown below.

CONTROL PARAMETERS 2ND LINE

NJ,NE,NBUCK

NJ-   Number of joints

NE-   Number of elements

NBUCK-   
0      
carries out static analysis as shown in APPENDIX F


1      
first carries out static analysis and the elastic stiffness matrix and the geometric                                 stiffness matrix are written in the file in1.dat

While running the program, type 6 to store the output in t2dout.dat.

COMPUTER PROGRAM FOR BUCKLING ANALYSIS OF TWO-DIMENSIONAL TRUSSES

PROGRAM PLTRUSS.FOR

$large

$storage:2

$nofloatcalls

C      TWO DIMENSIONAL TRUSS PROGRAM


common a(150,25),ageo(150,25),s(4,4),gk(4,4),area(240),

     *u(100),v(100),x(100),y(100),p(100),ymod(240),b(240),

     *  hed(20),kodec(100),id(100),

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

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


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')

      open(9,file='in1.dat',status='new')

      read(*,*)iflag

      ite=0

    
call input


call stiff


call displ

    
call stress

      ite=ite+1

      if(nbuck .eq. 0)goto 999

      call stiff

      call displ

 999  stop


end


subroutine input


common a(150,25),ageo(150,25),s(4,4),gk(4,4),area(240),  

     *u(100),v(100),x(100),y(100),p(100),ymod(240),b(240),

     *  hed(20),kodec(100),id(100),

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

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


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

      backspace 5

      read(5,'(i5,3x,2i1)')m,(kodec(i),i=2*m-1,2*m)

      write(*,'(i5,3x,2i1)')m,(kodec(i),i=2*m-1,2*m)

 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)

      do 15 i=1,ne

      p(i)=0.0

  15  continue


mb=2*(ndif+1)


if(mb.gt.50) goto 999


return

 999
write(iflag,2005)mb,maxb


stop

 1000 
format(20a4/3i5,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(150,25),ageo(150,25),s(4,4),gk(4,4),area(240),  

     *u(100),v(100),x(100),y(100),p(100),ymod(240),b(240),

     *  hed(20),kodec(100),id(100),

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

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


neq=2*nj

      write(iflag,2)neq,mb

  2    format(' no of equns=',i5,' band width=',i5)


if(neq.gt.maxe) goto 999


do 50 i=1,neq


b(i)=0.0


do 50 j=1,mb

      ageo(i,j)=0.0

 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)

      d1=p(n)/xl


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)

      gk(1,1)=d1*si*si

      gk(1,2)=-d1*si*co

      gk(1,3)=-gk(1,1)

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

      gk(2,1)=gk(1,2)

      gk(2,2)=d1*co*co

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

      gk(2,4)=-gk(2,2)

      gk(3,1)=gk(1,3)

      gk(3,2)=gk(2,3)

      gk(3,3)=gk(1,1)

      gk(3,4)=-gk(3,2)

      gk(4,1)=gk(1,4)

      gk(4,2)=gk(2,4)

      gk(4,3)=gk(3,4)

      gk(4,4)=gk(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)

      ageo(ii,jj)=ageo(ii,jj)+gk(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(150,25),ageo(150,25),s(4,4),gk(4,4),area(240),  

     *u(100),v(100),x(100),y(100),p(100),ymod(240),b(240),

     *  hed(20),kodec(100),id(100),

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

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


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

      ageo(nn-1,1)=ageo(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

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


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


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

 500
continue

      if(ite.eq.0)goto 888

      kk=0

      do 1 i=1,neq

      if(kodec(i) . eq. 1)id(i)=0

       if(kodec(i).eq.1)goto 2

      kk=kk+1

      id(i)=kk

  2   write(*,*)'id(',i,')=',id(I)

  1   continue

      index=kk


write(*,3)index

Š  3   format(' no of equations after compression=',i5)

      write(*,*)'band width after compression mb=',mb

      nolem=index*mb

      write(*,*)' no of elements after compression',nolem

      do 4 i=1,neq

       ii=id(I)

      ij=0

       if(ii.eq.0)goto 4


  do 5 j=1,mb

       k=j+i-1


  if(k.gt.neq) goto 6


  jj=id(k)


  if(jj.eq.0) goto 7


  
ij=ij+1


  a(ii,ij)=a(i,j)


  ageo(ii,ij)=ageo(i,j)

        goto 5

  6      ij1=ij+1


do 8 it=ij1,mb


a(ii,it)=0.0

       ageo(ii,it)=0.0

  8    continue

      goto 4

  7        if(index.le.mb)ij=ij+1

      if(index.le.mb)a(ii,ij)=0.0


    if(index.le.mb)ageo(ii,ij)=0.0

  5         continue

  4        continue

      write(9,444)((a(i,j),j=1,mb),i=1,index)

      write(9,444)((ageo(i,j),j=1,mb),i=1,index)

  444 format(e15.7)

       if(ite.eq.1)return

  888     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(150,25),ageo(150,25),s(4,4),gk(4,4),area(240),  

     *u(100),v(100),x(100),y(100),p(100),ymod(240),b(240),

     *  hed(20),kodec(100),id(100),

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

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


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(n)=area(n)*sig

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


return

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

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


end


subroutine band1


common a(150,25),ageo(150,25),s(4,4),gk(4,4),area(240),  

     *u(100),v(100),x(100),y(100),p(100),ymod(240),b(240),

     *  hed(20),kodec(100),id(100),

     * 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

The example explained here is the same as that explained in Chapter 12.

Input Data File t2din.dat (see Fig. L.1)

2d truss

3,2,1

1,0,3000,3000,1.0,0

2,11,0,0

3,11,3000,0

1,1,3,100,200

2,1,2,100,200

Output file in1.dat created by 2DTRUSS and this will be the input for the program JACOBI to find the eigenvalue(buckling load) and eigenvector (buckled shape)

Output File in1.dat

 .2357023E+01

 .2357023E+01

[image: image1.wmf]-.2357023E+01

-.2357023E+01

 .0000000E+00

 .0000000E+00

 .9023689E+01

-.2357023E+01

-.2357023E+01

 .0000000E+00

-.6666667E+01

 .0000000E+00

 .1000000E+12

 .2357023E+01

 .0000000E+00

 .0000000E+00

 .0000000E+00

 .0000000E+00

 .1000000E+12

 .0000000E+00

 .0000000E+00

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .1000000E+12

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .1000000E+12

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .0000000E+00

  -.1666667E-03

  -.1666667E-03

  -.1666667E-03

   .1666667E-03

   .3333333E-03

   .0000000E+00

   .1666667E-03

   .1666667E-03

  -.1666667E-03

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .1000000E+12

  -.1666667E-03

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .1000000E+12

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .1000000E+12

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .1000000E+12

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .0000000E+00

PROGRAM NAME: JACOBI.FOR

This carries out eigenvalue analysis of type  Ax  =   (Bx.

This program reads the data from the file in1.dat created by PLTRUSS.

Insert the control parameters in the first line of the in1.dat as shown below.

NN,  IFSS,  IFPR,  IOUT,  MB,  NSMAX

NN-    Number of degrees of freedom ( no. of equations)

IFSS-    0

IFPR-    0  does not print intermediate values

              1  prints the intermediate values. 

IOUT-   0  prints the results in the video screen

             11 prints the results in the out1.dat file.

MB-     Semi band width of the banded matrix

MSMAX -  Total number of sweeps required.

This program computes all the eigenvalues and the eigenvectors. For large

size problems one can use Wilson's subspace iteration method.

COMPUTER PROGRAM :     JACOBI.FOR

$debug


implicit real*8 (a-h,o-z)

c
M A I N   P R O G R A M


common nn,ifss,ifpr,iout,nstif,rtol,mb


common a(75,75),b(75,75),x(75,75),eigv(75),d(75)


open(10,file='in1.dat',status='old')


open(11,file='out1.dat',status='new')


read(10,*)nn,ifss,ifpr,iout,mb,nsmax


write(*,*)nn,ifss,ifpr,iout,mb,nsmax


read(10,'(e15.7)')((a(i,j),j=i,mb+i-1),i=1,nn)


read(10,'(e15.7)')((b(i,j),j=i,mb+i-1),i=1,nn)


rtol=0.0


call jacobi(nsmax)


stop


end


subroutine jacobi(nsmax)


implicit real*8 (a-h,o-z)


common n,ifss,ifpr,iout,nstif,rtol,mb


common a(75,75),b(75,75),x(75,75),eigv(75),d(75)


abs(y)=dabs(y)


sqrt(y)=dsqrt(y)


do 10 i=1,n


if(a(i,i).gt.0.0)goto 4


write(iout,2020)i,a(i,i),b(i,i)


stop

 4
if(b(i,i).eq.0.0)b(i,i)=1.e-20

  
d(i)=a(i,i)/b(i,i)

 10
eigv(i)=d(i)


do 30 i=1,n


do 20 j=1,n

 20 
x(i,j)=0.0

 30
x(i,i)=1.0


if(n.eq.1) return


nsweep=0


nr=n-1

 40
nsweep=nsweep+1


if(ifpr.eq.1) write(iout,2000)nsweep


eps=(0.01**nsweep)**2


do 210 j=1,nr


jj=j+1


do 210 k=jj,n


eptola=(a(j,k)*a(j,k))/(a(j,j)*a(k,k))


eptolb=(b(j,k)*b(j,k))/(b(j,j)*b(k,k))


if((eptola.lt.eps).and.(eptolb.lt.eps)) goto 210


akk=a(k,k)*b(j,k)-b(k,k)*a(j,k)


ajj=a(j,j)*b(j,k)-b(j,j)*a(j,k)


ab=a(j,j)*b(k,k)-a(k,k)*b(j,j)


check=(ab*ab+4.0*akk*ajj)/4.0


if(check) 50,60,60

 50
write(iout,2020)


stop

 60
sqch=sqrt(check)


d1=ab/2.0+sqch


d2=ab/2.0-sqch


den=d1


if(abs(d2).gt.abs(d1)) den=d2


if(den) 80,70,80

 70
ca=0.0


cg=-a(j,k)/a(k,k)


goto 90

 80
ca=akk/den


cg=-ajj/den

 90
if(n-2) 100,190,100

 100
jp1=j+1


jm1=j-1


kp1=k+1


km1=k-1

 
if(jm1-1) 130,110,110

 110
do 120 i=1,jm1


aj=a(i,j)


bj=b(i,j)


ak=a(i,k)


bk=b(i,k)


a(i,j)=aj+cg*ak


b(i,j)=bj+cg*bk


a(i,k)=ak+ca*aj

 120
b(i,k)=bk+ca*bj

 130
if(kp1-n) 140,140,160

 140
do 150 i=kp1,n


aj=a(j,i)


bj=b(j,i)


ak=a(k,i)


bk=b(k,i)


a(j,i)=aj+cg*ak


b(j,i)=bj+cg*bk


a(k,i)=ak+ca*aj

 150
b(k,i)=bk+ca*bj

 160
if(jp1-km1) 170,170,190

 170
do 180 i=jp1,km1


aj=a(j,i)


bj=b(j,i)


ak=a(i,k)


bk=b(i,k)


a(j,i)=aj+cg*ak


b(j,i)=bj+cg*bk


a(i,k)=ak+ca*aj

 180
b(i,k)=bk+ca*bj

 190
ak=a(k,k)


bk=b(k,k)


a(k,k)=ak+2.0*ca*a(j,k)+ca*ca*a(j,j)


b(k,k)=bk+2.0*ca*b(j,k)+ca*ca*b(j,j)


a(j,j)=a(j,j)+2.0*cg*a(j,k)+cg*cg*ak


b(j,j)=b(j,j)+2.0*cg*b(j,k)+cg*cg*bk


a(j,k)=0.0


b(j,k)=0.0


do 200 i=1,n


xj=x(i,j)


xk=x(i,k)


x(i,j)=xj+cg*xk

 200
x(i,k)=xk+ca*xj

 210
continue


do 220 i=1,n


if(a(i,i).gt.0.0)goto 220


write(iout,2020)i,a(i,i),b(i,i)


stop

 220
eigv(i)=a(i,i)/b(i,i)


if(ifpr.eq.0) goto 230


write(iout,2030)


write(iout,2010)(eigv(i),i=1,n)

 230
do 240 i=1,n


tol=rtol*d(i)


dif=abs(eigv(i)-d(i))


if(dif.gt.tol) goto 280

 240
continue


eps=rtol**2


do 250 j=1,nr


jj=j+1


do 250 k=jj,n


epsa=(a(j,k)*a(j,k))/(a(j,j)*a(k,k))


epsb=(b(j,k)*b(j,k))/(b(j,j)*b(k,k))


if(epsa.lt.eps.and.epsb.lt.eps) goto 250


go to 280

 250
continue


 write( iout,2040)

 255
do 260 i=1,n


do 260 j=1,n


a(j,i)=a(i,j)

 260
b(j,i)=b(i,j)


do 270 j=1,n


bb=sqrt(abs(b(j,j)))

        do 270 k=1,n

        x(k,j)=x(k,j)/bb

  270 write( iout,2050)x(k,j)


return

 280
do 290 i=1,n

 290
d(i)=eigv(i)


if(nsweep.lt.nsmax) goto 40


goto 255

 2000
format(' Sweep number in Jacobi =',i4)

 2010   format(6e15.7)

 2020
format(' Error solution-Stop'/'Matrices not positive definite'/

     *
' II= ',i4,' AI= ',e15.7,'GI= ',e15.7)

 2030
format(' Current Eigenvalues in Jacobi are ',/)

 2040   format( ' eigen vectors ',/)

 2050   format( e15.7)


   end

Input  dat
First line to be inserted in the input file in1.dat is given below.

6,0,1,11,6,3

Output (The results are stored in out1.dat)

 Sweep number in Jacobi =   1

 Current Eigenvalues in Jacobi are 

  -.1414214E+05   .1999999E+05   .1000000E+01   .1000000E+01   .1000000E+01   .1000000E+01

 Sweep number in Jacobi =   2

 Current Eigenvalues in Jacobi are 

  -.1414214E+05   .1999999E+05   .1000000E+01   .1000000E+01   .1000000E+01   .1000000E+01

 Sweep number in Jacobi =   3

 Current Eigenvalues in Jacobi are 

  -.1414214E+05   .1999999E+05   .1000000E+01   .1000000E+01   .1000000E+01   .1000000E+01

   .7745966E+02

   .0000000E+00

   .2581807E-12

   .8333523E-27

   .0000000E+00

   .0000000E+00

  -.5477225E+02

   .5477225E+02

   .0000000E+00

   .0000000E+00

   .0000000E+00

  -.1825834E-12

   .3161830E-05

   .0000000E+00

   .3162278E-05

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .3162278E-05

   .0000000E+00

   .1054018E-19

   .3162278E-05

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .3162278E-05

   .0000000E+00

  -.3162436E-05

   .3162436E-05

   .0000000E+00

   .0000000E+00

   .0000000E+00

   .3162278E-05
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