APPENDIX M

Program FRAMDYN for the Dynamic Analysis of Plane Rigid Frames

Introduction  

The algorithm of this program is similar to that of the linear buckling analysis of trusses given in Appendix L. The program can calculate either lumped mass or consistent mass matrix depending on the requirement and the matrices are written in band form. For the stiffness and mass matrices, the eigenvalues (natural frequencies) are calculated using the Jacobi method of subspace iteration depending upon the degree of freedom. Eigenvalues calculated are squares of the natural frequencies and the eigenvector gives the mode shape. The matrices may be kept either in the condensed form or in the full form.

Input: The geometry and the topology are input to the program as given below.

Create input file as input.dat and give data as shown below.

(a)  title

(b) nj,ne,iflag,imass

  nj- number of joints

  ne- number of elements

  iflag- 0 matrices are compressed

           1 uncompressed form

  imass- 0 for lumped mass

             1 for consistent mass

(c) nodal data

   n,kode,x,y

   n- node number

   k- kode depending on boundary conditions as explained in Appendix G

   x,y- X and Y coordinates of the node n

(d) element data

   m,nodi,nodj,area,ri,ymod,dens

   m- element number

   nodi- ith node of the element m

   nodj- jth node of the element m

   area- area of the member m

   ri- moment of inertia of the member m

   ymod- youngs modulus of the member m

   dens- density of the material

The data must be terminated with 0

The program outputs in1.dat which is the input file for JACOBI to calculate

the eigenvalues and eigenvectors as done in Appendix L.

Input.dat (see Fig. M.1)
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PROGRAM FRAMEDY.FOR

$debug

c
PROGRAM PLFRAM

c
program for the dynamic analysis of simple framed structures


 common x(100),y(100),u(100),v(100),r(100),area(200),ri(200),

     *ymod(200), b(300),a(300,30),hed(20),

     * s(6,6),fef(6,200),fq(6),am(300,30),dens(200)

 
 common ne,nj,neq,mb,kode(100),nodi(200),nodj(200),

     * lm(6),in,io,maxe,iflag,kodec(100),id(100),imass

      maxe=100


 open( 1,file= 'input.dat',status='old')


 open( 2,file= 'in1.dat',status='new')

c

c


call input

c

c


call stiff

c


 if(imass.eq.0) call lumass


 if(imass.eq.1) call comass

c

c


 if(iflag.eq.1) goto 25


 if(iflag.eq.0) goto 30

   25 do 1000 i=1,neq


 do 1000 j=1,mb


 write(io,'(e15.7)') a(i,j)

 1000 continue


 do 1010 i=1,neq


 do 1010 j=1,mb

 1010 write(io,'(e15.7)') am(i,j)


write(*,*) 'no. of equations(nn)=',neq


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


 nolem=neq*mb


 write(*,*)'no. of elements in stiffness and mass matrix(nwi&mwj

     *)=',nolem


 goto 1030

   30 kk=0


 do 107 i=1,neq


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


 if(kodec(i).eq.1) goto 108


 kk=kk+1


 id(i)=kk

  108
 write(*,*) 'id(',i,')=',id(i)

  107 continue


 index=kk


 write(*,1879) index


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


 nolem=index*mb


 write(*,*)'no. of elements in stiffness and mass matrix(nwi&mwj

     *)after compressing=',nolem

 1879 format('  no. of equations=',i5)


 do 110 i=1,neq


 ii=id(i)


 ij=0


 if(ii.eq.o) goto 110


 do 157 j=1,mb


 k=j+i-1


 if(k.gt.neq) goto 158


 jj=id(k)


 if(jj.eq.0) goto 152


 ij=ij+1


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


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


 goto 157

  158 ij1=ij+1


 do 159 it=ij1,mb


 a(ii,it)=0.0


 am(ii,it)=0.0

  159 continue


 goto 110

 152
if(index.le.mb) ij=ij+1


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


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

  157 continue

  110 continue


 do 1701 i=1,index


 do 1701 j=1,mb

 1701 write(2,'(e15.7)') a(i,j)


 do 1702 i=1,index


 do 1702 j=1,mb

 1702 write(2,'(e15.7)') am(i,j)

c

c

 1030 continue


end

c

c


subroutine input

c


 common x(100),y(100),u(100),v(100),r(100),area(200),ri(200),

     *ymod(200), b(300),a(300,30),hed(20),

     * s(6,6),fef(6,200),fq(6),am(300,30),dens(200)

 
 common ne,nj,neq,mb,kode(100),nodi(200),nodj(200),

     * lm(6),in,io,maxe,iflag,kodec(100),id(100),imass


 in=1


io=2


njmax=60


nemax=80


mbmax=30

c


read(in,1000) hed,nj,ne ,iflag,imass


if(nj.gt.njmax.or.ne.gt.nemax) go to 999


write( io,2000) hed,nj,ne,iflag,imass

c


write( io,2001)

 
do 100 m=1,nj


read(in,1001)n,kode(n),x(n),y(n)


backspace 1


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


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

 100  write( io,2002) n,kode(n),x(n),y(n)

c


write( io,2003)


ndif=0


do 200 n=1,ne


read(in,1002) m,nodi(m),nodj(m),area(m),ri(m),ymod(m),dens(m)


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


if(k.gt.ndif)ndif=k

 200
 write( io,2004) m,nodi(m),nodj(m),area(m),ri(m),ymod(m),dens(m)


 mb=3*(ndif+1)

      neq=3*nj


write(*,*) 'no. of equations(nn)=',neq


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


 nolem=neq*mb


 write(*,*)'no. of elements in stiffness and mass matrix(nwi&mwj

     *)=',nolem

c

 520  return

c

 999  write( io,1999)


stop

c

c
format statements

1000  format(20a4/4i5)

1001  format(2i5,2f12.0)

1002  format(3i5,4f12.0)

1100  format(2i5,6f10.0)

 2000  format('1',20a4/'  **number of joints     =',i4/

Š     *                '  **number of elements   =',i4/

     *                ' ******iflag*********    =',i4/

     *                '********imass********    =',i4/)

 2001 format(' echo check of joint data'/' joint kode',6x,'x',llx

     *,'y')

 2002  format(2i5,2e12.4)

 2003  format('0',' echo check of element data'/' memb nodi nodj ',7x

     *'area',7x,'inertia',6x,'modulus')

 2004  format(3i5,4e15.5,i5)

 2200  format(3i5,6f11.4)

 1999  format('  *** parameters exceed those permitted by program **')


end



subroutine stiff

c

c


 common x(100),y(100),u(100),v(100),r(100),area(200),ri(200),

     *ymod(200), b(300),a(300,30),hed(20),

     * s(6,6),fef(6,200),fq(6),am(300,30),dens(200)

 
 common ne,nj,neq,mb,kode(100),nodi(200),nodj(200),

     * lm(6),in,io,maxe,iflag,kodec(100),id(100),imass


dimension t(3,6),cm(3,3),temp(3,6)

      data t(1,6),t(2,3),t(3,3),t(3,6),cm(1,3),cm(2,3),cm(3,1),

     *cm(3,2)/8*0.0/,t(1,3),t(2,6)/2*1.0/

c

c
initialize stiffness matrix

      do 50 j=1,mb

      do 50 i=1,neq

   50 a(i,j)=0.0


 do 500 m=1,ne

c

c
form member stiffness matrix


 i=nodi(m)


 j=nodj(m)


 dx=x(j)-x(i)


 dy=y(j)-y(i)


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

      xli=1./xl

      alp=ymod(m)*ri(m)*xli

      beta=ymod(m)*area(m)*xli

      co=dx*xli


 si=dy*xli

      cl=co*xli


 sl=si*xli


 t(1,1)=-sl


 t(1,2)=cl


 t(1,4)=sl


 t(1,5)=-cl


 t(2,1)=-sl


 t(2,2)=cl


 t(2,4)=sl


 t(2,5)=-cl


 t(3,1)=-co


 t(3,2)=-si


 t(3,4)=co


 t(3,5)=si

Š
 cm(3,3)=beta

  110  cm(1,1)=4.*alp


 cm(1,2)=2.*alp


 cm(2,1)=cm(1,2)


 cm(2,2)=cm(1,1)

c

  200 do 300 l=1,6

      do 300 k=1,3


 d=0.0

      do 250 n=1,3

  250   d=d+cm(k,n)*t(n,l)

  300  temp(k,l)=d

c

      do 400 l=1,6


 do 400 k=l,6


 d=0.0

      do 350 n=1,3

  350 d=d+t(n,l)*temp(n,k)

      s(l,k)=d

  400 s(k,l)=d

      do 1 i=1,6

      write(*,*)(s(i,j),j=1,6)

  1   continue

c
assemble stiffness matrix

 
 lm(3)=3*nodi(m)


 lm(2)=lm(3)-1


 lm(1)=lm(3)-2


 lm(6)=3*nodj(m)


 lm(5)=lm(6)-1


 lm(4)=lm(6)-2


 do 450 i=1,6


 ii=lm(i)


 do 450 j=1,6


 jj=lm(j)-ii+1


 if(jj.le.0) goto 450

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

  450 continue

  500 continue

c

c


 do 600 n=1,nj


 if(kode(n).eq.0) goto 600


 k=kode(n)


 ex=0.0


 ey=0.0


 er=0.0


 if((k-100).lt.0) goto 520


 ex=1.0e20


 k=k-100

  520 if (k-10.lt.0) goto 540 


 ey=1.0e20


 k=k-10

  540 if (k.eq.0) goto 550


 er=1.0e20

  550 nn=3*n

Š
 a(nn,1)=a(nn,1)+er


 a(nn-1,1)=a(nn-1,1)+ey


 a(nn-2,1)=a(nn-2,1)+ex

  600 continue

c

c

c

c

c


 return


 end



subroutine lumass

c

c


 common x(100),y(100),u(100),v(100),r(100),area(200),ri(200),

     *ymod(200), b(300),a(300,30),hed(20),

     * s(6,6),fef(6,200),fq(6),am(300,30),dens(200)

 
 common ne,nj,neq,mb,kode(100),nodi(200),nodj(200),

     * lm(6),in,io,maxe,iflag,kodec(100),id(100),imass


dimension t(6,6),cm(6,6),temp(6,6)


 data t(1,3),t(1,4),t(1,5),t(1,6),t(2,3),t(2,4),t(2,5),t(2,6),

     1     t(3,1),t(3,2),t(3,4),t(3,5),t(3,6),t(4,1),t(4,2),t(4,3),

     2     t(4,6),t(5,1),t(5,2),t(5,3),t(5,6),t(6,1),t(6,2),t(6,3),

     3     t(6,4),t(6,5)/26*0.0/,t(3,3),t(6,6)/2*1.0/

c

c
initialize stiffness matrix

      do 50 j=1,mb

      do 50 i=1,neq

   50 am(i,j)=0.0


 do 500 m=1,ne

c

c
form member stiffness matrix


 i=nodi(m)


 j=nodj(m)


 dx=x(j)-x(i)


 dy=y(j)-y(i)


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

      xli=1./xl

      beta=dens(m)*area(m)*xl*0.5

      co=dx*xli


 si=dy*xli

      cl=co*xli


 sl=si*xli


 t(1,1)=co


 t(1,2)=si


 t(2,1)=-si


 t(2,2)=co


 t(4,4)=co


 t(4,5)=si


 t(5,4)=-si


 t(5,5)=co


 do 60 i=1,6


 do 60 j=1,6

   60 cm(i,j)=0.0


 cm(1,1)=beta


 cm(2,2)=beta


 cm(4,4)=beta


 cm(5,5)=beta

c

  200 do 300 l=1,6

      do 300 k=1,6


 d=0.0

      do 250 n=1,6

  250   d=d+cm(k,n)*t(n,l)

  300  temp(k,l)=d

c

      do 400 l=1,6


 do 400 k=l,6


 d=0.0

      do 350 n=1,6

  350 d=d+t(n,l)*temp(n,k)

      s(l,k)=d

  400 s(k,l)=d

c
assemble stiffness matrix

 
 lm(3)=3*nodi(m)


 lm(2)=lm(3)-1


 lm(1)=lm(3)-2


 lm(6)=3*nodj(m)


 lm(5)=lm(6)-1


 lm(4)=lm(6)-2


 do 450 i=1,6


 ii=lm(i)


 do 450 j=1,6


 jj=lm(j)-ii+1


 if(jj.le.0) goto 450

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

  450 continue

  500 continue

c

c


 do 600 n=1,nj


 if(kode(n).eq.0) goto 600


 k=kode(n)


 ex=0.0


 ey=0.0


 er=0.0


 if((k-100).lt.0) goto 520


 ex=1.0e20


 k=k-100

  520 if (k-10.lt.0) goto 540 


 ey=1.0e20


 k=k-10

  540 if (k.eq.0) go to 550


 er=1.0e20

  550 nn=3*n


 am(nn,1)=am(nn,1)+er


 am(nn-1,1)=am(nn-1,1)+ey


 am(nn-2,1)=am(nn-2,1)+ex

  600 continue

c

c


 return


 end



subroutine comass

c

c


 common x(100),y(100),u(100),v(100),r(100),area(200),ri(200),

     *ymod(200), b(300),a(300,30),hed(20),

     * s(6,6),fef(6,200),fq(6),am(300,30),dens(200)

 
 common ne,nj,neq,mb,kode(100),nodi(200),nodj(200),

     * lm(6),in,io,maxe,iflag,kodec(100),id(100),imass


dimension t(6,6),cm(6,6),temp(6,6)

c

c
initialize stiffness matrix

      do 50 j=1,mb

      do 50 i=1,neq

   50 am(i,j)=0.0


 do 500 m=1,ne

c


 do 950 ik=1,6


 do 950 jk=1,6

 950  t(ik,jk)=0.0

c
form member stiffness matrix


 i=nodi(m)


 j=nodj(m)


 dx=x(j)-x(i)


 dy=y(j)-y(i)


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

      xli=1./xl

      beta=dens(m)*area(m)*xl/(420.0)

      co=dx*xli


 si=dy*xli

      cl=co*xli


 sl=si*xli


 t(1,1)=co


 t(1,2)=si


 t(2,1)=-si


 t(2,2)=co


 t(4,4)=co


 t(4,5)=si


 t(5,4)=-si


 t(5,5)=co


 t(3,3)=1.0


 t(6,6)=1.0


 do 60 iii=1,6


 do 60 jjj=1,6

   60 cm(iii,jjj)=0.0


 cm(1,1)=140.0*beta


 cm(1,4)=70.0*beta


 cm(2,2)=156.0*beta


 cm(2,3)=22.0*xl*beta


 cm(2,5)=54.0*beta


 cm(2,6)=-13.0*xl*beta


 cm(3,3)=4.0*xl*xl*beta


 cm(3,5)=13.0*xl*beta


 cm(3,6)=-3.0*xl*xl*beta


 cm(4,4)=140.0*beta


 cm(5,5)=156.0*beta


 cm(5,6)=-22.0*xl*beta


 cm(6,6)=4.0*xl*xl*beta


 do 70 il=1,6


 do 70 jl=il,6

  70  cm(jl,il)=cm(il,jl)

c

      write(*,*)' consistent mass matrix'

      do 1 i=1,6

      write(*,*)(cm(i,j),j=1,6)

  1   continue

  200 do 300 l=1,6

      do 300 k=1,6


 d=0.0

      do 250 n=1,6

  250   d=d+cm(k,n)*t(n,l)

  300  temp(k,l)=d

c

      do 400 l=1,6


 do 400 k=l,6


 d=0.0

      do 350 n=1,6

  350 d=d+t(n,l)*temp(n,k)

      s(l,k)=d

  400 s(k,l)=d

c
assemble stiffness matrix

 
 lm(3)=3*nodi(m)


 lm(2)=lm(3)-1


 lm(1)=lm(3)-2


 lm(6)=3*nodj(m)


 lm(5)=lm(6)-1


 lm(4)=lm(6)-2


 do 450 i=1,6


 ii=lm(i)


 do 450 j=1,6


 jj=lm(j)-ii+1


 if(jj.le.0) goto 450

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

  450 continue

  500 continue

c

c

c

c


 do 600 n=1,nj


 if(kode(n).eq.0) goto 600


 k=kode(n)


 ex=0.0


 ey=0.0


 er=0.0


 if((k-100).lt.0) goto 520


 ex=1.0e20


 k=k-100

  520 if (k-10.lt.0) goto 540 


 ey=1.0e20


 k=k-10

  540 if (k.eq.0) goto 550


 er=1.0e20

  550 nn=3*n


 am(nn,1)=am(nn,1)+er


 am(nn-1,1)=am(nn-1,1)+ey


 am(nn-2,1)=am(nn-2,1)+ex

  600 continue

c

c

c

c

c


 return


 end

Input File for Jacobi  in1.dat

The output file in1.dat of framedy.for will be the input file for JACOBI.

Delete all the data except the matrix elements.  In the first line give the data for

nn,ifss,ifpr,iout,mb,msmax as explained in Appendix L.

Output out1.dat

 Sweep number in Jacobi =  10

 Current eigenvalues in Jacobi are 

   .1000000E+01   .1000000E+01   .1000000E+01   .1012750E+03  

   .7745731E+03   .9067657E+04

   .3556724E+04   .2520023E+04   .5609040E+04   .1000000E+01

   .1000000E+01   .1000000E+01

Least eigenvalue=101.27

Square of the natural frequency =101.27

Natural circular frequency=10.06 rad/s
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