APPENDIX I

Program 3DTRUSS for the Analysis of Pin-jointed Space Trusses
The program 3dtruss written in Fortran solves any three-dimensional pin-jointed truss. The element stiffness is assembled in band form and the solution of equations is carried out using Gaussian elimination method for band matrix. Copy your input data file 3dtin.dat and the output file is t3dout1.dat. The input data must be given in the following form.

1.  HEADING
2.  NJ,NE

     NJ- NO OF JOINTS

     NE- NO OF ELEMENTS

3.  NODAL INFORMATION 

     NODE NO, KODE, X, Y,Z,FX,FY,FZ

KODE FOR U,V,W AND IT IS THREE DIGIT NUMBER AND IF 1 IN ANY DIGIT IT SHOWS

     THAT PARTICULAR DISPLACEMENT IS SPECIFIED OTHERWISE IT IS ZERO.

4.  ELEMENT INFORMATION

     ELNO, NODI, NODJ, AREA, YOUNGS MODULUS

    SHOULD BE TERMINATED WITH 0,0,0

The output contains the displacements of various nodes and the forces in various members of the truss. The data given in this example is for the truss shown in Fig. I.1.

PROGRAM 3DTRUSS.FOR

$large 

$storage:2

$nofloatcalls

C      THREE DIMENSIONAL TRUSS PROGRAM


common a(200,25),s(6,6),sgw(3,3),area(240),ymod(240),b(240),

     *u(63),v(63),w(63),x(63),y(63),z(63),pgw(30),xgw(30),ygw(30),

     *  zgw(30),hed(20),t(6),cosa(3),

     * kode(63),nodi(240),nodj(240),nodgw(30),lm(6),

     * agw,egw,rho,iflag,maxb,maxe,mb,neq,ne,ngw,nj


maxb=25


maxe=200


open(1,file='t3dout1.dat',status='new')


open(2,file='t3dout2.dat',status='new')


open(3,file='plot1.dat',status='new')


open(4,file='plot2.dat',status='new')


do 200 iflag=1,2


open(5,file='3dtin.dat',status='old')


call input


call stiff


call displ


call stress


close(iflag,status='keep')

 200    close(5,status='keep')


stop


end


subroutine input


common a(200,25),s(6,6),sgw(3,3),area(240),ymod(240),b(240),

     *u(63),v(63),w(63),x(63),y(63),z(63),pgw(30),xgw(30),ygw(30),

     *  zgw(30),hed(20),t(6),cosa(3),

     * kode(63),nodi(240),nodj(240),nodgw(30),lm(6),

     * agw,egw,rho,iflag,maxb,maxe,mb,neq,ne,ngw,nj


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


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


write(3,'(20a4/2i5)')hed,nj,ne


write(iflag,2001)


do 100 n=1,nj


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


write(3,'(i5,3e15.6)')m,x(m),y(m),z(m)

 100    write(iflag,2002)m,kode(m),x(m),y(m),z(m),u(m),v(m),w(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))


write(3,'(3i5)')m,nodi(m),nodj(m)


if(k.gt.ndif) ndif=k

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


mb=3*(ndif+1)


if(mb.gt.50) goto 999


read(5,'(i5,2f10.0)')ngw,egw,agw


write(3,'(i5)')ngw


do 300 i=1,ngw


read(5,'(i5,3f10.0)')nodgw(i),xgw(i),ygw(i),zgw(i)


write(iflag,'(i5,3f10.0)')ngw,egw,agw

 300     write(3,'(i5,3e15.6)')nodgw(i),xgw(i),ygw(i),zgw(i)


return

 999     write(iflag,2005)mb,maxb


stop

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

 1001   format(2i5,6f10.0)

 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,'Z',

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

 2002  format(2i10,6e15.6)

 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(6,6),sgw(3,3),area(240),ymod(240),b(240),

     *u(63),v(63),w(63),x(63),y(63),z(63),pgw(30),xgw(30),ygw(30),

     *  zgw(30),hed(20),t(6),cosa(3),

     * kode(63),nodi(240),nodj(240),nodgw(30),lm(6),

     * agw,egw,rho,iflag,maxb,maxe,mb,neq,ne,ngw,nj


neq=3*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)


dz=z(j)-z(i)


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


cosa(1)=dx/xl


cosa(2)=dy/xl


cosa(3)=dz/xl


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


do 100 i=1,3


t(i)=-cosa(i)

 100    t(i+3)=cosa(i)


do 200 i=1,6


c=t(i)*comm


do 200 j=1,6


s(i,j)=c*t(j)

 200    s(j,i)=s(i,j)


lm(3)=3*nodi(n)


lm(2)=lm(3)-1


lm(1)=lm(2)-1


lm(6)=3*nodj(n)


lm(5)=lm(6)-1


lm(4)=lm(5)-1


do 400 i=1,6


ii=lm(i)


do 400 j=1,6


jj=lm(j)-ii+1


if(jj.le.0) goto 400


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

 400    continue

 500    continue


do 600 i=1,ngw


e=egw


if(iflag.eq.2.and.pgw(i).lt.0)e=0.0


dx=xgw(i)-x(nodgw(i))


dy=ygw(i)-y(nodgw(i))


dx=zgw(i)-z(nodgw(i))


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


sgw(1,1)=e*agw/(xl**3)*(dx*dx)


sgw(1,2)=e*agw/(xl**3)*(dx*dy)


sgw(1,3)=e*agw/(xl**3)*(dx*dz)


sgw(2,1)=sgw(2,1)


sgw(2,2)=e*agw/(xl**3)*(dy*dy)


sgw(2,3)=sgw(3,2)


sgw(3,1)=sgw(1,3)


sgw(3,2)=sgw(2,3)


sgw(3,3)=e*agw/(xl**3)*(dz*dz)


lm(3)=nodgw(i)*3


lm(2)=lm(3)-1


lm(1)=lm(2)-1


do 700 j=1,3


jj=lm(j)


do 700 k=1,3


kk=lm(k)-jj+1


if(kk.lt.0) goto 700


a(jj,kk)=a(jj,kk)+sgw(j,k)

 700    continue

 600    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(6,6),sgw(3,3),area(240),ymod(240),b(240),

     *u(63),v(63),w(63),x(63),y(63),z(63),pgw(30),xgw(30),ygw(30),

     *  zgw(30),hed(20),t(6),cosa(3),

     * kode(63),nodi(240),nodj(240),nodgw(30),lm(6),

     * agw,egw,rho,iflag,maxb,maxe,mb,neq,ne,ngw,nj


do 50 k=1,ne


i=nodi(k)


j=nodj(k)


dx=x(j)-x(i)


dy=y(j)-y(i)


dz=z(j)-z(i)


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


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

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


do 100 n=1,nj


nn=3*n


b(nn)=w(n)


b(nn-1)=v(n)

 100    b(nn-2)=u(n)


do 500 n=1,nj


nn=3*n


k=kode(n)


if(k.eq.0) goto 500


if(k-100.lt.0) goto 300


a(nn-2,1)=a(nn-2,1)+1.0e11


b(nn-2)=b(nn-2)+1.0e11*u(n)


k=k-100

 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*v(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*w(n)

 500    continue


call band1


do 600 n=1,nj


nn=3*n


u(n)=b(nn-2)


v(n)=b(nn-1)

 600    w(n)=b(nn)


write(iflag,2000)


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


write(4,'(i5,3e15.6)') (n,u(n),v(n),w(n),n=1,nj)

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

 2008 format(///4x,' Joint',14x,'U',14x,'V',14x,'W'/(i10,3e15.6))


return


end


subroutine stress


common a(200,25),s(6,6),sgw(3,3),area(240),ymod(240),b(240),

     *u(63),v(63),w(63),x(63),y(63),z(63),pgw(30),xgw(30),ygw(30),

     *  zgw(30),hed(20),t(6),cosa(3),

     * kode(63),nodi(240),nodj(240),nodgw(30),lm(6),

     * agw,egw,rho,iflag,maxb,maxe,mb,neq,ne,ngw,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)


dz=z(j)-z(i)


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


du=u(j)-u(i)


dv=v(j)-v(i)


dw=w(j)-w(i)


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


sig=dl*ymod(n)/xl


p=area(n)*sig

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


do 600 i=1,ngw


nn=nodgw(i)


dx=xgw(i)-x(nn)


dy=ygw(i)-y(nn)


dz=zgw(i)-z(nn)


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

 600    pgw(i)=-egw*agw/(xl**2)*(u(nn)*dx+v(nn)*dy+w(nn)*dz)


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(6,6),sgw(3,3),area(240),ymod(240),b(240),

     *u(63),v(63),w(63),x(63),y(63),z(63),pgw(30),xgw(30),ygw(30),

     *  zgw(30),hed(20),t(6),cosa(3),

     * kode(63),nodi(240),nodj(240),nodgw(30),lm(6),

     * agw,egw,rho,iflag,maxb,maxe,mm,nn,ne,ngw,nj


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 File 3dtin.dat (see Fig. I.1)

 Three dimensional truss

4,3

1,0,144,96,96,0,-30.0,0

2,111,0,144,0,0,0,0

3,111,0,144,192,0,0,0

4,111,0,0,96,0,0,0

1,1,2,8.0,30000.0


2,1,3,8.0,30000.0

3,1,4,12.0,30000.0

0,0,0


Output File t3dout1.dat

 Three dimensional truss                                                       

 Number of joints        =    4

 Number of elements      =    3

 Unit weight of material =     0.

 Joint no.      Code            X                         Y                       Z                     RX                    RY                    RZ

      1                0       .144000E+03    .960000E+02    .960000E+02    .000000E+00   -.300000E+02    .000000E+00

      2              111     .000000E+00    .144000E+03    .000000E+00    .000000E+00    .000000E+00    .000000E+00

      3              111     .000000E+00    .144000E+03    .192000E+03    .000000E+00    .000000E+00    .000000E+00

      4              111     .000000E+00    .000000E+00    .960000E+02    .000000E+00    .000000E+00    .000000E+00

   Element         I         J              A                       E

         1              1         2    .800000E+01    .300000E+05

         2              1         3    .800000E+01    .300000E+05

         3              1         4    .120000E+02    .300000E+05

 Nodal displacements

     Joint              U                    V                     W

         1    .469669E-02   -.382931E-01    .346945E-17

         2    .150000E-09   -.500000E-10    .100000E-09

         3    .150000E-09   -.500000E-10   -.100000E-09

         4   -.300000E-09   -.200000E-09    .000000E+00

El.No.     I     J              P                     Stress

     1        1     2    .187083E+02    .233854E+01

     2        1     3    .187083E+02    .233854E+01

     3        1     4   -.360555E+02   -.300463E+01

X





30





4 (0,0,96)





3 (0,144,192)





1 (144,96,96)





2 (0,144,0)





Y





 Z





Fig. I.1





E   = 30,000


A1 = 8


A2 = 8


A3 = 12








1








2








3








45
72

