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! Last change: 123 20 Dec 99 0:18 am
!***************

module NumKind
!***************

! This module defines the kind of integer and real numbers.
! Every module, subroutine or func must use this module.
implicit none
integer (kind(1)),parameter :: ikind=kind(1)
integer (kind(1)),parameter :: rkind=kind(0.D0)
real (rkind), parameter :: Zero=0.D0,0ne=1.D0,Two=2.D0,Three=3.D0, &
& Four=4.D0,Five=5.D0,Six=6.D0,Seven=7.D0,Eight=8.D0,Nine=9.D0, &
& Ten=10.D0,P1=3.1415926535897932384626433D0
end module NumKind

| 3k sk sk ske sk s skeok skoskok skok

module TypeDef
!**************
use NumKind
implicit none
integer (ikind),parameter :: NDOF=3,NNode=2

type :: typ_Joint
real (rkind) XY
integer (ikind)  :: GDOF(NDOF)
end type typ Joint

type :: typ_Element
integer (ikind)  :: JointNo(NNode)

real (rkind) :“ELEA,Length,CosA,SinA
integer(ikind) :: GIbDOF(NDOF*NNode)
real (rkind) =EK(NDOF*NNode, NDOF*NNode)
real (rkind) “ET(NDOF*NNode, NDOF*NNode)
real (rkind) im

end type typ Element

type :: typ_Kcol
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real(rkind),pointer :: row(:)
end type typ_Kcol

contains

!

subroutine SetElemProp (Elem, Joint)
!

type (typ_Element),intent(in out) :: Elem(:)
type (typ_Joint),intent(in) :: Joint(:)
integer(ikind) :: i,N
real(rkind) 1 x1,x2,yl,y2
real(tkind) :: T(NDOFNDOF)
N=size(Elem,dim=1)
Iwrite(*,*) N
do i=1,N
x1=Joint(Elem(i)%JointNo(1))%X
y1=Joint(Elem(i)%JointNo(1))%Y
x2=Joint(Elem(i)%JointNo(2))%X
y2=Joint(Elem(i)%JointNo(2))%Y
Elem(i)%Length=sqrt((x2-x1)**2+(y2-y1)**2)
Elem(i)%CosA=(x2-x1)/Elem(i)%Length
Elem(i)%SinA=(y2-y1)/Elem(i)%Length
Elem(1)%GIbDOF(1:3)=Joint(Elem(i)%JointNo(1))%GDOF
Elem(1)%GIbDOF(4:6)=Joint(Elem(i)%JointNo(2))%GDOF
Elem(i)%ET=zero
T=zero
T(1,1)=Elem(i)%CosA
T(1,2)=Elem(i)%SinA
T(2,1)=-Elem(i)%SinA
T(2,2)=Elem(i)%CosA
T(3,3)=one
Elem(i)%ET(1:3,1:3)=T
Elem(i)%ET(4:6,4:6)=T
end do
return
...
end subroutine SetElemProp
end module TypeDef

module Solve
use TypeDef

contains
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subroutine FindFix(FixNum,freql,freq2,Elem) ! J|Wi & 154 [ i A
integer(ikind),intent(in out) :: FixNum(:)
real(rkind) ,intent (in out) ::freql,freq2
type(typ_Element),intent (in out) :: Elem(:)
integer(ikind):: NElem,i,Ja,Jbl,Jb2,j
real(rkind) :: mul,lambda,sg,mu2
NElem=size(Elem,dim=1)
FixNum=0
do i=1,NElem
mul=freql*Elem(i)%Length*sqrt(Elem(i)%m/Elem(i)%EA)
mu2=freq2*Elem(i)%Length*sqrt(Elem(i)%m/Elem(i)%EA)
Ja=int(mu2/PI)-int(mul/PI)
if (Ja.ne.0) then
FixNum(i)=1
end if

lambda=Elem(i)%Length*((freq1**2*Elem(i)%m/Elem(i)%EI)**0.25D0)
sg=sign(one,one-cosh(lambda)*cos(lambda))
j=int(lambda/PI)
Ibl=j-(1-(-1)**j*sg)/2

lambda=Elem(i)%Length*((freq2**2*Elem(i)%m/Elem(i)%EI)**0.25D0)
sg=sign(one,one-cosh(lambda)*cos(lambda))
j=int(lambda/PT)
Ib2=j-(1-(-1)**j*sg)/2
if(Jb2.ne.Jb1) then
FixXNum(i)=2

end if

end do

return

end subroutine FindFix

subroutine Calculate JO(J02,freq2,Elem) ! TIHAK T freq2 1 ol i AR 5L

integer(ikind) ,intent(out):: JO2

real(rkind) ,intent(in)::freq2

type (typ_Element),intent(in) = :: Elem(:)

integer(ikind):: NElem,i,Ja,Jb,j

real(rkind) :: mu,Jambda,sg

NElem = size(Elem,dim=1)

J02=0

do i=1,NElem
mu=freq2*Elem(i)%Length*sqrt(Elem(i)%m/Elem(i)%EA)
Ja=int(mu/PI)
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lambda=Elem(i)%Length*((freq2**2*Elem(i)%m/Elem(i)%EI)**0.25D0)
sg=sign(1D0,one-cosh(lambda)*cos(lambda))
j=int(lambda/PI)
Jbo=j-(1-(-1)**j*sg)/2
J02=J02+Ja+Jb
end do
return

end subroutine Calculate JO

subroutine Calculate Jk(Jk, freq2, Kcol, Elem) ! tHHALT freq2 MIEEAAMNZR %L
integer(ikind) ,intent(out):: Jk
real(rkind),intent (in)::freq2
type(typ_Kcol),intent (in out):: Kcol(:)
type(typ_Element),intent(in out)::Elem(:)
Ireal(rkind) :: EK(NDOF*NNode,NDOF*NNode)
real(rkind),allocatable :: diag(:)
integer(ikind) :: NGLbDOF
NGIbDOF=size(Kcol,dim=1)
allocate(diag(NGIbDOF))
call SetMatBand(Elem,Kcol)
call SetElemEK(Elem,freq2)
call GStifMat(Elem,Kcol)
call BandSolv(Kcol,diag)
Jk=count(mask=diag<zero,dim=1)
return

end subroutine Calculate Jk

subroutine GStifMat(Elem,Kcol) ! JF Jal 3844 I & B
type(typ_Element),intent(in):: Elem(:)
type(typ_Kcol),intent(out):: Kcol(:)
real(rkind)::EK(NNode*NDOF,NNode*NDOF)
integer(ikind)::ie,j,J GDOF
integer (ikind)::ELocVec(NNode*NDOF)
do j=1,size(Kcol,dim=1)

Kcol(j)%row(:)=zero
end do
do ie=1,size(Elem,dim=1)
EK=Elem(ie)%EK
EK=matmul(transpose(Elem(ie)%ET),matmul(EK,Elem(ie)%ET))
ELocVec(:)=Elem(IE)%GIbDOF(:)
do j=1,6
JGDOF=ELocVec(j)
if JGDOF==0) cycle
where (ELocVec>0.and.ELocVec<=JGDOF)
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Kcol(JGDOF)%row(ELocVec)=Kcol(JGDOF)%row(ELocVec)+EK(:.j)
end where
end do
end do
return
end subroutine GStifMat

subroutine SetMatBand(Elem,Kcol) ! 4 & F&ARNI B RE PR 5
type(typ_Element),intent(in) :: Elem(:)
type(typ_Kcol),intent(in out)::Kcol(:)
integer (ikind) :: minDOF
integer (ikind),allocatable :: Row1(:)
integer (ikind) :: ie,j
integer (ikind),allocatable::ELocVec(:)
integer (ikind) :: NElem,NGIbDOF
NElem=size(Elem,dim=1)
NGIbDOF=size(Kcol,dim=1)
allocate (Row1(NGIbDOF))
allocate(ELocVec(size(Elem(1)%GIlbDOF)))
Row1=NGIbDOF
do ie=1,NElem
ELocVec(:)=Elem(ie)%GIbDOF(:)
minDOF=minval(ELocVec,mask=ELocVec>0)
where(ELocVec>0)
Row1(ELocVec)=min(Row1(ELocVec),minDOF)
end where
end do
do j=1,NGIbDOF
allocate (Kcol(j)%row(Row1(j):j))
Kcol(j)%row=Zero
end do
return
end subroutine SetMatBand

subroutine SetElemEK (Elem,freq2) ! 15 & #. 7oK B P
type(typ., Element),intent(in out)::Elem(:)
real(rkind),intent(in)::freq2
real(rkind):: nu,lambda,T,R,Q,H,S,C
real(rkind) ::ELEA,l,m
REAL(rkind) :: Ixzsin,lxzcos,Ixzsh,Ixzch,lxzt
integer(ikind)::i
do i=1,size(Elem,dim=1)

EI=Elem(i)%EI
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end do

return

EA=Elem(i)%EA

1=Elem(i)%Length

m=Elem(i)%m
nu=freq2*1*sqrt(m/EA)
lambda=1*((freq2**2*m/EI)**0.25D0)
Ixzsin=sin(lambda)
Ixzsh=sinh(lambda)
Ixzcos=cos(lambda)
Ixzch=cosh(lambda)
Ixzt=one-lxzch*1xzcos
T=lambda**3*(Ixzsin*Ixzch+1xzcos*Ixzsh)/Ixzt
R=lambda**3*(Ixzsh+Ixzsin)/Ixzt
Q=lambda**2*(Ixzsh*1xzsin)/Ixzt
H=lambda**2*(Ixzch-1xzcos)/Ixzt
S=lambda*(Ixzsin*1xzch-Ixzcos*Ixzsh)/Ixzt
C=lambda*(Ixzsh-Ixzsin)/Ixzt
Elem(i)%EK=zero
Elem(i)%EK(1,1)=nu*EA/(tan(nu)*1)
Elem(i)%EK(2,2)=T*El/1**3
Elem(i)%EK(3,3)=S*EI/l
Elem(i)%EK(4,4)=Elem(1)%EK(1,1)
Elem(i)%EK(5,5)=Elem(i)%EK(2,2)
Elem(i)%EK(6,6)=Elem(1)%EK(3,3)
Elem(i)%EK(2,3)=Q*ELl/1**2
Elem(i)%EK(3,2)=Elem(i)%EK(2,3)
Elem(i)%EK(5,6)=-Elem(i)%EK(2,3)
Elem(i)%EK(6,5)=Elem(1)%EK(5,6)
Elem(i)%EK(1,4)=-nu*EA/(sin(nu)*1)
Elem(i)%EK(4,1)=Elem(i)%EK(1,4)
Elem(i)%EK(2,5)=-R*El/1**3
Elem(i)%EK(5,2)=Elem(i)%EK(2,5)
Elem(i)%EK(3,5)=-H*(EIl/1**2)
Elem(i)%EK(5,3)=Elem(1)%EK(3,5)
Elem(i)%EK(6,2)=-Elem(i)%EK(3,5)
Elem(i)%EK(2,6)=Elem(i)%EK(6,2)
Elem(i)%EK(3,6)=C*EI/l
Elem(i)%EK(6,3)=Elem(1)%EK(3,6)

end subroutine SetElemEK

subroutine BandSolv(Kcol,diag) ! Kf# I = [
type(typ_Kcol),intent(in out)::Kcol(:)
real(rkind) ,intent(in out):: diag(:)
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integer(ikind)::row1,ncol,row,j,ie, NGIbDOF
real(rkind)::s
NGIbDOF=size(Kcol,dim=1)
ncol=NGIbDOF
diag(1:ncol)=(/(Kcol(j)%row(j),j=1,ncol)/)
do j=2,ncol
row 1=Ibound(Kcol(j)%row,1)
do ie=rowl,j-1
row=max(row1,Ibound(Kcol(ie)%row,1))

s=sum(diag(row:ie-1)*Kcol(ie)%row(row:ie-1)*Kcol(j)%row(row:ie-1))
Kcol(j)%row(ie)=(Kcol(j)%orow(ie)-s)/diag(ie)
end do
s=sum(diag(row1:j-1)*Kcol(j)%row(row1:j-1)**2)
diag(j)=diag(j)-s
end do
return

end subroutine BandSolv

|

subroutine BandSolv1(Kcol,GLoad,GDisp) ! K fifkE 4
!

type(typ_Kcol),intent(in out)::Kcol(:)
real(rkind) ,intent(in out):: GLoad(:),GDisp(:)
real(rkind) ::diag(size(GLoad))
integer(ikind)::row1,ncol,row,j,ie, NGIbDOF
real(rkind)::s
NGIbDOF=size(Kcol,dim=1)
ncol=NGIbDOF
diag(1:ncol)=(/(Kcol(j)%row(j),j=1,ncol)/)
do j=2,ncol
row 1=Ibound(Kcol(j)%row,1)
do ie=row1,j-1
row=max(row1,lbound(Kcol(ie)%row,1))

s=sum(diag(row:ie-1)*Kcol(ie)%row(row:ie-1)*Kcol(j)%row(row:ie-1))
Kcol(j)%row(ie)=(Kcol(j)%row(ie)-s)/diag(ie)

end do
s=sum(diag(row1:j-1)*Kcol(j)%row(row1:j-1)**2)
diag(j)=diag(j)-s

end do

do ie=2,ncol
row 1=Ibound(Kcol(ie)%row,dim=1)



HRXFEIRIAZE I

GLoad(ie)=GLoad(ie)-sum(Kcol(ie)%row(row1:ie-1)*GLoad(row1:ie-1))
end do
GLoad(:)=GLoad(:)/diag(:)
do j=ncol,2,-1
row 1=Ibound(Kcol(j)%row,dim=1)

GLoad(row1:j-1)=GLoad(row1:j-1)-GLoad(j)*Kcol(j)%row(row1:j-1)
end do
GDisp(:)=GLoad(:)
return

end subroutine BandSolv1

end module Solve

module GetFreq
use Solve

implicit none

contains
subroutine GetFreql(Elem,Joint,Freq,Kcol,SFreq,Toler)
type(typ_Element),intent(in out):: Elem(:)
type(typ_Joint),intent(in out) - :: Joint(:)
type(typ_Kcol),intent(in out)  :: Kcol(:)
integer(ikind),intent(in) ::SFreq
real(rkind) ,intent(in out) :: Freq(:),Toler
integer (ikind) - k,NFreq
real(rkind) :: freql,freq2,freqm
integer(ikind) :: J02,Jk,J 1,J01,J u,Jm,J0,bb,JS
NFreq=size(Freq)
JS=1
do k=SFreq,SFreq+NFreq-1
if(JS>1) then | FARMALA T
JS=JS-1
Freq(k)=Freq(k-1)
cycle
end if
freql=one
bb=1
if(k>SFreq) freql=freq(k-SFreq)
do
call Calculate JO(JO1,freql,Elem)
call Calculate Jk(Jk,freql,Kcol,Elem)
J 1=J01+JK



HRXFEIRIAZE I

if(J_1<k) exit
freql=freql/two

end do
freq2=freql+ten**bb
do
call Calculate J0(J02,freq2,Elem)
call Calculate Jk(Jk,freq2,Kcol,Elem)
J u=J02+JK
if(J_u>=k) exit
bb=bb+1
freql=freq2
freq2=freq2+ten**bb
end do
do

freqm=(freq1-+freq2)*0.5D0

call Calculate JO(JO,freqm,Elem)

call Calculate Jk(Jk,freqm,Kcol,Elem)

Jm=J0+JK

if((freq2-freql)<=Toler*(one+freq2)) then
call Calculate J0(JO,freq2,Elem)
call Calculate Jk(Jk,freq2,Kcol,Elem)
Jm=J0+JK
JS=Im-k+1! £3EIHL%L
write(*,*) JS

call GetModule(JS,freqm,freql,freq2,Elem,Joint,Kcol, Toler)

exit
end if
if(Jm>=k) then
freq2=freqm
J uv=Im
J02=J0
else
freql=freqm
J 1=Jm
JO1=J0
end if
end do
Freq(k+1-SFreq)=freqm
end do
return

end subroutine GetFreql

subroutine GetMDisp(GDisp,FElem,FJoint,freq1,freq2)



HRXFEIRIAZE I

type(typ_Element),intent(in out):: FElem(:)
type(typ_Joint),intent(in out) :: FJoint(:)
real(rkind),intent(in out)::GDisp(:)
real(rkind),intent(in out):: freql,freq2

real(rkind)::D(6)

real(rkind)::Disp1(size(GDisp)),Disp2(size(GDisp))

integer(ikind):: i

Displ=zero

Disp2=zero

call SetElemEK(FElem,freq1)

do i=1,size(FElem)
FElem(i)%EK=matmul(transpose(FElem(i)%ET),&

matmul(FElem(i)%EK,FElem(i)%ET))
D=zero
where(FElem(i)%GIbDOF>0)
D=GDisp(FElem(i)%GlbDOF)
end where
D=matmul(FElem(i)%EK,D)
where(FElem(i)%GIbDOF>0)
Disp1(FElem(i)%GIbDOF)=Disp1(FElem(i)%GIbDOF)+D

end where

end do

call SetElemEK(FElem,freq2)

do i=1,size(FElem)
FElem(i)%EK=matmul(transpose(FElem(i)%ET),&

matmul(FElem(i)%EK,FElem(i)%ET))
D=zero
where(FElem(i)%GIbDOF>0)
D=GDisp(FElem(i)%GlbDOF)
end where
D=matmul(FElem(i)%EK,D)
where(FElem(i)%GIbDOF>0)
Disp2(FElem(i)%GI1bDOF)=Disp2(FElem(i)%GIbDOF)+D

end where
end do
GDisp=Disp2-Displ
return

end subroutine GetMDisp

function Getlambda(GDisp,NGIbDOF) result(lambda)
real(rkind),intent(in)::GDisp(:)
integer(ikind),intent(in)::NGIbDOF
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real(rkind) :: lambda
integer(ikind)::i
lambda=maxval(abs(GDisp))
return

end function Getlambda

subroutine GetModule(JS,freqm,freq1,freq2,Elem,Joint,Kcol, Toler)
integer(ikind),intent(in)::JS
type(typ_Element),intent(in out):: Elem(:)
type(typ_Joint),intent(in out) :: Joint(:)
type(typ_Kcol),intent(in out) ::Kcol(:)
real(rkind),intent (in) :: Toler
type (typ_Element),allocatable. :: FElem(:)
type (typ_Joint),allocatable :: Floint(:)
type (typ_Kcol),allocatable ::FKcol(:)
real(rkind),intent(in out) :: freql,freq2,freqm
integer(ikind) :: FixNum(Size(Elem))
integer(ikind) ::NElem,NJoint, NGIbDOF
integer(ikind) ::FNElem,FNJoint, FNGIbDOF
integer(ikind) ::1i,j,k,nl,n2
real(rkind),allocatable  :: GDisp(:,:),GLoad(:)
real(rkind) :: lambda,lambdal
call FindFix(FixNum,freq1,freq2,Elem)

write(*,*) FixNum

NElem=size(Elem)

NJoint=size(Joint)

NGIbDOF=size(Kcol)

FNElem=NElem-+count(mask=FixNum.ne.0,dim=1)

FNJoint=NJoint+count(mask=FixNum.ne.0,dim=1)

FNGIbDOF=NGIbDOF+3*count(mask=FixNum.ne.0,dim=1)

allocate(FJoint(FNJoint))

allocate(FElem(FNElem))

allocate(FKcol(FNGIbDOF))

allocate(GDisp(FNGIbDOE,JS))

allocate(GLoad(FNGIbDOF))

FJoint(1:NJoint)=Joint(:)

FElem(1:NElem)=Elem(:)

=1

do i=1,NElem

if(FixNum(i).ne.0) then

n1=FElem(i)%JointNo(1)
n2=FElem(i)%JointNo(2)
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FJoint(NJoint+j)%X=(FJoint(n2)%X+FJoint(n1)%X)/(two)
FJoint(NJoint+j)%Y=(FJoint(n2)%Y-+FJoint(n1)%Y)/(two)
FJoint(NJoint+j)%GDOF(1)=NGIbDOF+(j-1)*3+1
FJoint(NJoint+j)%GDOF(2)=NGIbDOF+(j-1)*3+2
FJoint(NJoint+j)%GDOF(3)=NGIbDOF+(j-1)*3+3
FElem(i)%JointNo(2)=NJoint+;j
FElem(NElem+j)%JointNo(1)=NJoint+j
FElem(NElem+j)%JointNo(2)=n2
FElem(NElem+j)%EA=FElem(1)%EA
FElem(NElem+j)%EI=FElem(i)%EI
FElem(NElem+j)%m=FElem(i)%m
it

end if

end do

call SetElemProp(FElem,FJoint)

do k=1,JS! FAALEE

call random_number(GDisp(:,k))

call Zhengjiao(GDisp,k,FElem,FJoint,freql,freq2)! #=%! [EAZ 1L
lambda=Getlambda(GDisp(:,k),NGIbDOF)
GDisp(:,k)=GDisp(:,k)/lambda

call GetMDisp(GDisp(:,k),FElem,FJoint,freq1,freq2)
call SetElemEK(FElem,freqm)

call SetMatBand(FElem,FKcol)

call GStifMat(FElem,FKcol)

GLoad=GDisp(:,k)

call BandSolv1(FKcol,GLoad,GDisp(:,k))
lambda=Getlambda(GDisp(:,k),NGIbDOF)
lambdal=lambda

do

end do

GDisp(:,k)=GDisp(:,k)/lambda

call GetMDisp(GDisp(:,k),FElem,FJoint,freql,freq2)
call SetElemEK(FElem,freq2)

call GStifMat(FElem,FKcol)

GLoad=GDisp(:,k)

call BandSolv1(FKcol,GLoad,GDisp(:,k))
lambda=Getlambda(GDisp(:,k),NGIbDOF)
if(abs(lambdal-lambda)<abs((one+lambda)*Toler)) exit
lambdal=lambda

GDisp(:,k)=GDisp(:,k)/lambda
write(*,*) GDisp(:,k)
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write(55,%) freqm,count(mask=FixNum.ne.0,dim=1)

j=1
do i=1,NElem
if (FixNum(i)>0) then
write(55,%) 1,FixNum(i),1/(two)
write(*,*)

GDisp(NGIbDOF+(j-1)*3+1,k),GDisp(NGIbDOF+(j-1)*3+2,k),GDisp(NGIbDOF+(j-1)*3+3 k)
write(55,%)
GDisp(NGIbDOF+(j-1)*3+1,k),GDisp(NGIbDOF+(j-1)*3+2,k),GDisp(NGIbDOF+(j-1)*3+3 k)
=t
end if
end do
do i=1,NElem
do j=1,6
if(Elem(i)%GIbDOF(j)>0) then
write(55,*) GDisp(Elem(i)%GIbDOF(j),k)
else
write(55,%) zero
end if
end do
end do
end do
deallocate(FElem)
deallocate(FJoint)
deallocate(FKcol)
deallocate(GLoad)
deallocate(GDisp)
return

end subroutine GetModule

subroutine Zhengjiao(GDisp,k,FElem,FJoint,freql,freq2) ! #=%! A2 1L
real(rkind),intent(in out)::GDisp(:,:)
integer(ikind),intent(in) :: k
type(typ_Element),intent(in out):: FElem(:)
type(typ_Joint),intent(in out) :: FJoint(:)
real(rkind),intent(in out):: freql,freq2
integer(ikind)::i
real(rkind):: alpha(k-1)
real(rkind):: X,y
real(rkind):: deltal(size(GDisp,dim=1)),delta2(size(GDisp,dim=1))
if(k>1) then
do i=1,k-1
deltal=GDisp(:,k)
delta2=GDisp(:,i)
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call GetMDisp(deltal,FElem,FJoint,freql,freq2)
x=dot_product(GDisp(:,i),deltal)
call GetMDisp(delta2,FElem,FJoint,freql,freq2)
y=dot_product(GDisp(:,i),delta2)
alpha(i)=x/y

end do

do i=1,k-1
GDisp(:,k)=GDisp(:,k)-GDisp(:,i)*alpha(i)

end do

end if
end subroutine Zhengjiao

end module GetFreq
!

program SM_ 90 ! main prog
!

use GetFreq ! displacement method module
implicit none

integer (ikind) :: NElem,NJoint, NGIbDOF,NFreq,SFreq
real(rkind):: Toler

character (20) :: filename

type (typ_Element),allocatable  :: Elem(:)

type (typ_Joint),allocatable :: Joint(:)

type (typ_Kcol),allocatable ::Kcol(:)
real(rkind),allocatable :: Freq(:)

call Input_Data () ! internal sub, see below

call SetElemProp (Elem, Joint)

call GetFreql(Elem,Joint,Freq,Kcol,SFreq,Toler)

call Output_Results () ! internal sub, see below

stop

contains

!

subroutine Input Data ()
!

integer (ikind) :: i,ie

character (20) :: filename

open (5,file="'sm90.ipt",status='"OLD',position="REWIND")
open (55,file="smcai90.out',position=REWIND")
read(5,%) 1

read(5,*) NFreq,SFreq, Toler

read(5,*) NElem,NJoint, NGIbDOF
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allocate (Joint(NJoint))
allocate (Elem(NElem))
allocate (Freq(NFreq+1-SFreq))
allocate (Kcol(NGIbDOF))
read(5,*) (Joint(i),i=1,NJoint)
read(5,*) (Elem(ie)%JointNo,Elem(ie)%EA Elem(ie)%ELElem(ie)%m,ie=1,NElem)
write(55,%) 10,0
write(55,%) NFreq+1-SFreq
return
end subroutine Input Data

!

subroutine Output Results ()
!

'

write(*,*) "The frequence is:'
write(*,*) Freq
return

end subroutine Output Results

end program SM_90



HRXFEIRIAZE I

PP BB
Le ASFEFF ] LAREAT 25 PP i ¥ £ 1R LA RS 1k 2
20 ASFRIFRIANIE 153 G5 ) 22 SR AR 2 80 ROC AT AR i) P T2 A P R Ak 2l R

PP
!Last change: 123 18 Jan 98 2:08 am
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module NumKind

!***************
implicit none
integer (kind(1)),parameter :: ikind=kind(1)
integer (kind(1)),parameter :: rkind=kind(0.D0)
real (rkind), parameter :: Zero=0.D0,0ne=1.D0,Two=2.D0,Three=3.D0, &
& Four=4.D0,Five=5.D0,Six=6.D0,Seven=7.D0,Eight=8.D0,Nine=9.D0, &
& Ten=10.D0,P1=3.141592653589793d0

end module NumKind

| 3 sk sk ske sk sk sieosk skoskok skok

module TypeDef
!**************
use NumKind
implicit none
integer (ikind),parameter :: NDOF=3,NNode=2

type :: typ_Joint

real (rkind) XY

integer (ikind)  :: GDOF(NDOF)
end type typ Joint

type :: typ_Element
integer (ikind)  :: JointNo(NNode)
real (rkind) :: Length,ELEA
integer(ikind) :: GIbDOF(NDOF*NNode)
end type typ Element

type :: typ_Kcol
real(rkind),pointer . :: row(:)
end type typ_Kcol

contains

!

subroutine SetElemProp (Elem, Joint)
!

type (typ_Element),intent(in out) :: Elem(:)
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type (typ_Joint),intent(in) :: Joint(:)
integer(ikind) :: NElem,n1,n2,i
real(rkind) :: x1,y1,x2,y2

NElem=size(Elem,dim=1)
do i=1,NElem
nl=Elem(i)%JointNo(1)
n2=Elem(i)%JointNo(2)
x1=Joint(n1)%X
yl=Joint(n1)%Y
x2=Joint(n2)%X
y2=Joint(n2)%Y
Elem(i)%Length=sqrt((x2-x1)**2+(y2-y1)**2)
Elem(i)%GIbDoF(1:3)=Joint(n1)%GDoF
Elem(i)%GIbDoF(4:6)=Joint(n2)%GDoF
end do

return

end subroutine SetElemProp

end module TypeDef

| 3 sk sk sk sk sk skesk sk skeok skoksk

module stability

!***************
use TypeDef
implicit none

contains

!

subroutine ElemG(EG;, Elem,ie,Joint)
!

real (rkind),intent (in out) :: EG(:,:)
type (typ_Element),intent (in) :: Elem(:)
type (typ_Joint),intent (in) :: Joint(:)
integer (ikind),intent (in):: ie

real (rkind) :: x1,y1,x2,y2

integer (ikind) :: n1,n2

nl=Elem(ie)%JointNo(1)
n2=Elem(ie)%JointNo(2)
x1=Joint(n1)%X
yl=Joint(n1)%Y
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!

!

x2=Joint(n2)%X
y2=Joint(n2)%Y

EG(1,:)=(/one,zero,y1-y2,-one,zero,zero/)
EG(2,:)=(/zero,one,zero,zero,-one,x2-x1/)
EG(3,:)=(/zero,zero,one,zero,zero,-one/)

return

end subroutine ElemG

subroutine GetRank(r,js, GG)

integer (ikind),intent (in out) T

real (rkind),intent (in out) 1 GG(:,)

integer (ikind) : myn,nn,i,j,lis
real (rkind) = d,T

integer (ikind),intent (in out) 2 js()

m=size (GG, dim=1)
n=size (GG,dim=2)

nn=min (m,n)

=0
do I=1,nn
T=Zero
do i=l,m
do j=L,n
if (abs(GG(i,j))>T) then
T=abs(GG(i,)))
is=i
s
end if
end do
end do
if (T<abs(1e-9)) then
return

end if

r=r+1
if (is.ne.l) then
do j=L,n
d=GG(l,)
GG(1,))=GG(is,))
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GG(is,j)=d
end do
end if
if (js(1).ne.1) then
do i=l,m
d=GG(1,js(1))
GG(,js(1))=GG(i,1)
GG(,D)=d
end do
end if
do i=l+1,m
d=GG(1,1)/GG(L,])
do j=L,n
GG(1,))=GG(i,j)-d*GG(l,))
end do
end do

end do

return

end subroutine GetRank

!

!

function Solvelnstant(r,GG,Elem,Joint,js) result (e)

integer (ikind),intent (in out) :: r

real (rkind),intent (in) :: GG(:,:)

type (typ_Element),intent (in out) :: Elem(:)
type (typ_Joint),intent (in out) :: Joint(:)
real (rkind),allocatable :: G(:,:),GDisp(:)
real (rkind),allocatable :: d(:),c(:),K(:,:),A(:,:)
integer (ikind) :: m,n,i,j,NElem,n1,n2,rr,nn
integer (ikind) :: e

real (rkind) :: EDisp(6),scalar,h

integer (ikind),intent (in) :: js(:)

integer (ikind),allocatable :: is(:)

m=size (GG, dim=1)

n=size (GG,dim=2)
nn=min (m,n)

NElem=size (Elem,dim=1)

allocate (G(m,n))
allocate (A(1,n-1))
allocate (GDisp(n))
allocate (d(r))
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allocate (c(r))
allocate (K(r,r))
allocate (is(nn))

K(:;,:))=GG(1l:r,1:1)
doi=1r
do j=1,n-r
A(1,))=GG(i,r))
end do
end do

GDisp=Zero
e=0
scalar=minval (Elem(:)%Length)*10.D-5
do i=r+l1,n
GDisp(i)=one
c=matmul(A,GDisp(r+1:n))
c=-c
call Gauss(d,K,c)
GDisp(1:r)=d
do j=nn-1,1,-1
if (js(j).ne.j) then
h=GDisp(j)
GDisp(j)=GDisp(js(j))
GDisp(js(j))=h
end if
end do
do j=1,NElem
call GetEDisp(EDisp,Elem,j,GDisp)
nl=Elem(j)%JointNo(1)
n2=Elem(j)%JointNo(2)
Joint(n1)%x=Joint(n1)%x+scalar*EDisp(1)
Joint(n1)%y=Joint(n1)%y+scalar*EDisp(2)
Joint(n2)%x=Joint(n2)%x+scalar*EDisp(4)
Joint(n2)%y=Joint(n2)%y+scalar*EDisp(5)
end do
call GstifMat(G,Elem,Joint)
call GetRank(rr,is,G)
if (n-rr>0) then
e=e+1
end if
end do

return
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end function Solvelnstant

!

subroutine GetEDisp(EDisp, Elem,ie,GDisp)
!

real (rkind),intent (in out) :: EDisp(:)
type (typ_Element),intent (in) :: Elem(:)
integer (ikind),intent (in) :: ie

real (rkind),intent (in) :: GDisp(:)

where (Elem(ie)%GIbDOF>0)
EDisp(:)=GDisp(Elem(ie)%GIbDOF(:))
elsewhere
EDisp(:)=Zero
end where

return

end subroutine GetEDisp

!

subroutine Gauss (d, A,b)
!

real (rkind),intent (in out) :: d(:)
real (rkind),intent (in) :: B(:),A(:;:)
real (rkind) :: s

integer (ikind) :: i,j,n

n=size (A,dim=1)
s=Zero
d(n)=B(n)/A(n,n)
do i=n-1,1,-1
do j=i+1,n
s=st+A(1,))*d(j)
end do
d(i)=B(i)-s
end do

return

end subroutine Gauss

!

subroutine GstifMat(G, Elem,Joint)
!

real (rkind),intent (in out) :: G(:,:)
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type (typ_Element),intent (in) :: Elem(:)
type (typ_Joint),intent (in) :: Joint(:)
integer (ikind) :: Nelem,i,ie,Row1

integer (ikind) :: ElocVec(6)

real (rkind) :: EG(3,6)

NElem=size (Elem,dim =1)
G=Zero

do ie=1,Nelem
call ElemG(EG,Elem,ie,joint)
ElocVec=Elem(ie)%GIbDOF
doi=1,3
Rowl=(ie-1)*3+i
where (ElocVec>0)
G(Row1,ElocVec)=EG(i,:)
end where
end do
end do
return
end subroutine GstifMat

end module stability

!

program stab
!

use stability

implicit none

integer (ikind) :: NElem,NJoint, NGIbDOF,NJLoad,NEload
real (rkind),allocatable :: G(:,:)
type(typ_Element),allocatable :: Elem(:)
type(typ_Joint),allocatable :: Joint(:)

integer(ikind) :: Over,Typ

call input_data()

call SetElemProp(Elem,Joint)
call Judge()

call output_data()

stop

contains
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!

subroutine input_data()
!

integer (ikind) wiie
character (len=20) :: inputfile
read (*,¥) inputfile

open(5,file=inputfile,status="OLD',position=REWIND')
read(5,*) NElem,NJoint, NGIbDOF,NJLoad,NELoad

allocate(Elem(NELem))
allocate(Joint(NJoint))
allocate(G(3*NElem,NGIbDOF))
write (*,*) NElem,NJoint, NGIbDOF,NJLoad,NELoad
do i=1,NJoint
read (5,*) Joint(i)
Iwrite (*,*) Joint(i)
end do
Iread (*,*)
do ie=1,NElem
write (*,*) ie
read (5,%) Elem(ie)%JointNo(1),Elem(ie)%JointNo(2),ELem(ie)%EA, Elem(ie)%EI
write (*,*) Elem(ie)
end do
Over=0

return

end subroutine input_data

subroutine Judge()
integer (ikind) :: M,N,nn
integer(ikind) nre
integer (ikind),allocatable = :: js(:)

call GstifMat(G,Elem,Joint)
M=3*NElem
N=NGIbDOF
nn=min (M,N)
allocate (js(nn))
call GetRank(r,js,G)
if (r==N) then

if (M==N) then

Typ=1
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else
if (M>N) then
Typ=2
Over=M-r
end if
end if
end if

if (M<N) then
Typ=-2
if (r<M) then
Over=M-r
end if
end if

if (M==N.and.r<M) then
Over=M-r
e=Solvelnstant(r,G,Elem,J oint,js)
if (e>0) then
if (e<n-r) then
Typ=-1
else
Typ=-2
end if
else
Typ=0
end if
end if

if (M>N.and.r<N) then
Over=M-r
e=Solvelnstant(r,G,Elem,Joint,js)
if (¢>0) then
if (e<n-r) then
Typ=-1
else
Typ=-2
end if
else
Typ=0
end if
end if

return
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end subroutine Judge

!

subroutine output_data()
!

open (55, file='output.ipt')
if(Over>0) then
write (55,%) "2 &L =" Over
end if
select case(Typ)
case(1)
write (55,%) 'K 5E Sk, JC 2 RETR!
case(2)
write (55,%) WA E &5 44"
case(0)
write (55,%) B LA R
case(-1)
write (55,%) TR, O HARA R
case(-2)
write (55,%) "H ALK R
end select

return
end subroutine output data

end program stab

R NSO

481200
0.000000000000000E+00 0.000000000000000E+00 1 0 2
0.000000000000000E+00 0.000000000000000E+00 1 0 11
1.000000000000000 0.000000000000000E+00 0 3 4
1.000000000000000 0.000000000000000E+00 0 35
0.000000000000000E+00 1.000000000000000 0 8 9
0.000000000000000E+00 1.000000000000000 0 8 12
1.000000000000000 1.000000000000000 6 07
1.000000000000000 1.000000000000000 6 0 10
1 3 1.000000000000000 1.000000000000000
47 1.000000000000000 1.000000000000000
5 & 1.000000000000000 1.000000000000000
2 6 1.000000000000000 1.000000000000000

IBATE R

HivE 4, JE 2 RN
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it R NSO

8142400
0.000000000000000E+00 0.000000000000000E+00 0 0 1
0.000000000000000E+00 0.000000000000000E+00 0 0 21
0.000000000000000E+00 1.000000000000000 2 3 4
0.000000000000000E+00 1.000000000000000 2 3 5
0.5000000000000000 1.500000000000000 6 7 8
0.5000000000000000 1.500000000000000 6 7 23
1.000000000000000 2.000000000000000 9 10 11
1.000000000000000 2.000000000000000 9 10 12
1.500000000000000 1.500000000000000 13 14 15
1.500000000000000 1.500000000000000 13 14 22
2.000000000000000 1.000000000000000 16 17 18
2.000000000000000 1.000000000000000 16 17 19
2.000000000000000 0.000000000000000E+00 0 0 20
2.000000000000000 0.000000000000000E+00 0 0 24
1 3 1.000000000000000 1.000000000000000
4 51.000000000000000 1.000000000000000
7 51.000000000000000 1.000000000000000
89 1.000000000000000 1.000000000000000
11 9 1.000000000000000 1.000000000000000
12 13 1.000000000000000 1.000000000000000
210 1.000000000000000 1.000000000000000
6 14 1.000000000000000 1.000000000000000

BATE R

2 RAARE= 1

WAz A 2

SRR L.



HRERFERTAZR WAAE

PP BB

1: %if£i 5 0 Fortran 90

2: AL AT DURARAT 22 AT R S5

3: WRABHIEA (X, Y,Z, 0x, Oy, 02), @4l (Fx, Fy, Fz, Mx, My, Mz)

4: FUTHINGEEN: T, %55, EA,Ely, Elz, GIx, o (a hZHHbR R SRR R

KA

5: FEF MAEgmFETIfL, R T 2 3R

FEFPTE AL

FE 7 B DL PYAS SCA-2H ik

1: Lxz Tools.f90 ~ —— T2 T H %

2: TypeDef.f90  —— A X, BInEE T
3: SolveDisp.f90  —— FE K
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1: Lxz Tools. £f90

module Lxz_Tools

implicit none

integer (kind(1)),parameter ::ikind=(kind(1))

integer (kind(1)),parameter ::rkind=(kind(0.D0))

real (rkind), parameter :: Zero=0.D0,0ne=1.D0,Two=2.D0,Three=3.D0, &
& Four=4.D0,Five=5.D0,Six=6.D0,Seven=7.D0,Eight=8.D0,Nine=9.D0, &
& Ten=10.D0

contains

function matinv(A) result (B)

real(rkind) ,intent (in)::A(:,:)

Ireal(rkind) , allocatable::B(:,:)

real(rkind) , pointer::B(:,:)

integer(ikind):: N,LJ,.K

real(rkind)::D,T

real(rkind), allocatable::IS(:),JS(%)

N=size(A,dim=2)

allocate(B(N,N))

allocate(IS(N));allocate(JS(N))

B=A

do K=1,N

D=0.0D0
do I=K,N
do J=K,N
if(abs(B(L,J))>D) then

D=abs(B(LJ))
IS(K)=I
IS(K)=J
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end if
end do
end do
do J=1,N
T=B(K.J)
B(K,J)=B(IS(K),J)
B(IS(K),J)=T
end do
do I=1,N
T=B(LK)
B(LLK)=B(L,JS(K))
B(LJS(K))=T
end do
B(K,K)=1/B(K.,K)
do J=1,N
if(J.NE.K) then
B(K,J))=B(K,J)*B(K.K)
end if
end do
do I=1,N
if(LNE.K) then
do J=1,N
if(J.NE.K) then
B(1J)=B(LJ)-B(L,K)*B(K,J)
end if
end do
end if
end do
do I=1,N
if(LNE.K) then
B(LK)=-B(I,K)*B(K,K)
end if
end do
end do
do K=N,1,-1
do J=1,N
T=B(K.J)
B(K,J)=B(IS(K),J)
B(JS(K),J)=T
end do
do I=1,N
T=B(LK)
B(LK)=B(LIS(K))
B(LIS(K))=T
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end do
end do
return

end function matinv

subroutine IntSwap(a,b)
integer(ikind),intent(in out)::a,b
integer(ikind)::t
=a;a=b;b=t

end subroutine IntSwap

subroutine RealSwap(a,b)
real(rkind),intent(in out)::a,b
real(rkind)::t

=a;a=b;b=t
end subroutine RealSwap

subroutine matprint(A,n)
real(rkind),intent(in):: A(:,:)
integer(ikind)::n
integer(ikind)::n1,n2
integer(ikind)::i,j
character(10)::C
nl=size(A,dim=1)
n2=size(A,dim=2)
C='("/trim(itoc(n2))//'E'//trim(itoc(n))//&
"Y/trim(itoc(n-7))//")'
do I=1,nl

write(*,C)(A(L,J),J=1,n2)

end do

end subroutine matprint

function matdet(B) result(det)
real(rkind),intent(in)::B(:,:)
real(rkind)::det
integer(ikind)::n,i,j,k,is,js
real(rkind),pointer:: A(:,?)
real(rkind)::f,d,q
n=size(B,dim=1)

allocate (A(n,n))

A=B

=1.0DO0; det=1.0D0
do k=1,n-1

q=0.0D0
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do i=k,n
do j=k,n
if(abs(a(i,j)).gt.q) then
gabs(a(i.j))
is=i
J57)
end if
end do
end do
if(q+1.0D0.eq.1.0D0) then
det=0.0d0
return
end if
if(is.ne.k) then
f=-f
do j=k,n
d=a(k,j)
a(k,j)=a(is.))
a(is,j)=d
end do
end if
if(js.ne.k) then
f=-f
do i=k,n
d=a(i,s)
a(i,js)=a(i,k)
a(i,k)=d
end do
end if
det=det*a(k k)
do i=k+1,n
d=a(i,k)/a(k k)
do j=k+1,n
a(ij)=a(ij)-d*a(k)
end do
end do
end do
det=f*det*a(n,n)
deallocate (a)
return

end function matdet

function itoc(il) result (c)
integer(ikind),intent(in)::i1
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230

270
280

character(len=2)::c

real(rkind)::x

integer(ikind) ::n,b,1,j

i=il

xX=i

c(1:2)=""

x=log10(x)

n=int(x)+2

do j=n-2,0,-1
b=mod(i,10**j)
b=(i-b)/(10*%*})
i=i-b*(10*%j)
¢(n-j-1:n-j-1)=achar(iachar('0")+b)

end do

end function itoc

subroutine Gauss(GStif,GLoad,GDisp)
real (rkind),intent (in) :: GStif{(:,:),GLoad(:)
real (rkind),intent (out) :: GDisp(:)
integer (ikind) :: 1,j,k
integer (ikind) :: N
real (rkind) :: PI1,X,Y
real (rkind),allocatable :: A(:,:)
N=size(GDisp,dim=1)
allocate (A(N,N+1))
A(1:N,1:N)=GStif(1:N,1:N)
A(1:N,N+1)=GLoad(1:N)
DO j=L\N
P=0.0D0

DO k=j,N

IF(ABS(A(k,j)).LE.P) cycle

P=ABS(A(k,)))

I1=k
end do
IF(P.GE.1E-15)GO TO 230
WRITE(22,'(A)") NO UNIQUE SOLUTION'
RETURN
IF(I11.EQ.j)GO TO 280
DO 270 K=J,N+1

X=A(.K)

A(J,K)=A(I1,K)

A(1,K)=X
Y=1.D0/A(J.J)
DO 310 K=J,N+1



TRRFEIRIZEZ B

310 A(JK)=Y*A(J.K)
DO 380 I=1,N
IF(LEQ.J)GO TO 380
Y=-A(LJ)
DO 370 K=J,N+1
370 ALK)=ALK)+Y*AJ,K)
380 CONTINUE
390 end do

GDisp=A(1:N,N+1)
end subroutine Gauss

end module Lxz_Tools

2: TypeDef. £90
include ’Lxz Tools. £f90’
module TypeDef
use Lxz Tools
implicit none
integer (ikind), parameter :: NDOF=6, NNode=2

type::typ Joint

real (rkind) :: X,V,Z
integer (ikind) : : GDOF (NDOF)
end type typ Joint

type::typ Element

integer (ikind) :: JointNo (NNode)

real (rkind) :: Ely, Elz, EA, GIp, Length, CosA, CosB, CosC, A

real (rkind) : : EK (NDOF:*NNode, NDOF*NNode) , ET (NDOF:*NNode, NDOF*NNode)
integer (ikind) : : G1bDOF (NDOF*NNode)

real (rkind) : :EForce (NDOF#NNode) , ELForce (NDOF*NNode)

end type typ Element

type::typ JointLoad

integer (ikind) : : JointNo, LodDOF
real (rkind) : :LodVal

end type typ JointLoad

type::typ ElemLoad

integer (ikind):: ElemNo, Indx
real (rkind) : :Pos, LodVal

end type typ ElemlLoad
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contains

subroutine SetElemProp(Elem, Joint)
type (typ Element), intent (inout) : :Elem(:)
type (typ Joint), intent(in) ::Joint (:)
integer (ikind) :: i, EJ1,EJ2
real (rkind) : :T(3, 3), %, y, z
real (rkind) : :cx, ¢y, cz, cs, ca, sa
do i=1, size (Elem)
Elem(i)%EK=zero;Elem (i) %ET=zero; T=zero
EJ1=Elem(i)%JointNo (1) :EJ2=Elem(i)%JointNo (2)
Elem (i) %G1bDOF (1:6)=Joint (EJ1) %GDOF (:)
Elem (i) %G1bDOF (7:12)=Joint (EJ2) %GDOF (:)
x=Joint (EJ2) %X-Joint (EJ1) %X
y=Joint (EJ2)%Y-Joint (EJ1) %Y
z=Joint (EJ2)%Z-Joint (EJ1) %Z
Elem(i)%Length=sqrt (xk*2+ykk2+7%%2)
Elem(i)%CosA=x/Elem(i)%Length
Elem(i)%CosB=y/Elem(i)%Length
Elem(i)%CosC=z/Elem(i)%Length
cx=Elem (i) %CosA;cy=Elem(i)%CosB;cz=Elem(i)%CosC
ca=cos (Elem(i)%A) ;sa=sin(Elem(i)%A)
cs=sqrt (cxkk2+cy*k2)
if (cs.NE. zero) then
T(1, 1)=cx;T(,2)=cy;T(, 3)=cz:
T (2, 1)=—(cakcy+sakcx*cz) /cs;
T (2, 2)=(ca*cx—sakcy*cz)/cs:
T(2,3)=cs*sa;
T(3, 1) =(sa*cy—cakcx*cz)/cs:
T (3, 2) =—(sakcx+cakcy*cz) /cs;
T (3, 3)=cs*ca;
else
T(1, 3)=one;
T(2,1)=—sa;T(2,2)=ca;
T(3,1)=—ca;T(3,2)=-sa;
end if
Elem(i)%ET(1:3,1:3)=T;Elem(i)%ET (4:6, 4:6)=T;
Elem(i)%ET(7:9, 7:9)=T;Elem(i)%ET (10:12, 10:12) =T;
T=zero
T(1, 1)=Elem(i)%EA/Elem(i)%Length
T(2,2)=12D0%Elem (i) %EIz/ (Elem (i) %Lengthsk*3)
T (3, 3)=12D0*Elem (i) %Ely/ (Elem (i) %Length#**3)
Elem(i)%EK(1:3,1:3)=T
Elem(i)%EK(7:9,7:9)=T
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Elem (i) %EK (1:3, 7:9)=-T
Elem(i)%EK(7:9, 1:3)=transpose (-T)
T=zero
T(1, 1)=Elem(i)%GIp/Elem(i)%Length
T(2,2)=4D0*Elem(i)%Ely/Elem (i)%Length
T(3, 3)=4D0*Elem (i) %EIz/Elem (i) %Length
Elem(i)%EK(4:6,4:6)=T;Elem(i)%EK (10:12, 10:12)=T
T=zero
T(2,3)=6D0*Elem(i)%EIz/ (Elem(i)%Length#**2)
T(3, 2)=—6D0*Elem (i) %ETy/ (Elem (i) %Length+*2)
Elem(i)%EK(1:3,4:6)=T;Elem(i)%EK(1:3,10:12)=T
Elem(i)%EK (4:6, 1:3)=transpose (T)
Elem(i)%EK (10:12, 1:3)=transpose (T)
Elem(i)%EK(7:9, 10:12)=-T
Elem(i)%EK (10:12, 7:9) =—transpose (T)
T=zero
T(2, 3)=6D0*Elem (i) %EIy/ (Elem (i) %Lengthsk2)
T (3, 2)=—6D0*Elem (i) %EIz/ (Elem (i) %Length**2)
Elem(i)%EK (4:6,7:9)=T
Elem(i)%EK(7:9, 4:6)=transpose (T)
T=zero
T(1, 1)=—Elem(i)%GIp/Elem(i)%Length
T(2,2)=2D0*Elem(i)%Ely/Elem(i)%Length
T(3,3)=2D0*Elem(i)%Elz/Elem(i)%Length
Elem (i) %EK (4:6, 10:12)=T
Elem(i)%EK (10:12, 4:6)=transpose (T)
Icall matprint (Elem(i)%EK, 10)
lwrite (16, %) Elem(i)%ET
lwrite (%, %)

end do

end subroutine SetElemProp

end module TypeDef

3: SolveDisp. £90
include ’TypeDef. f90’
module Solve
use TypeDef
type :: typ Kcol
real (rkind), pointer :: row(:)
end type typ Kcol

contains
!

subroutine SolveDisp (GDisp, Elem, Joint, GLoad)
!
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real (rkind), intent (out) :: GDisp (%)
type (typ Element), intent(in) :: Elem(:)
type (typ Joint), intent (in) .1 Joint (%)
real (rkind) :: GLoad(:) !?
integer (ikind) NElem, NG1bDOF

type (typ Kcol), allocatable ::Keol (:)

NElem = size (Elem, dim=1)
NG1bDOF = size (GDisp, dim=1)
allocate (Kcol (NG1bDOF))

call SetMatBand ()
call GStifMat ()
call BandSolv ()

contains

!

subroutine SetMatBand ()
!

integer (ikind) :: minDOF
integer (ikind), allocatable :: Rowl(:)
integer (ikind) :: ie, j
integer (ikind), allocatable::ELocVec(:)
allocate (Rowl (NG1bDOF))
allocate (ELocVec (size (Elem(1)%G1bDOF)))
Row1=NG1bDOF
do ie=1, NElem
ELocVec (:)=Elem(ie) %G1bDOF (:)
minDOF=minval (ELocVec, mask=ELocVec>0)
where (ELocVec>0)
Rowl (ELocVec)=min (Rowl (ELocVec), minDOF)
end where
end do
do j=1, NG1bDOF
allocate (Kcol (j)%row(Rowl(j):j))
Kcol (j)%row=Zero
end do
return

end subroutine SetMatBand

!

subroutine BandSolv ()
!

integer (ikind) : :rowl, ncol, row, j, ie
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real (rkind) : :diag(1:NG1bDOF), s
linteger (ikind) ::ELocVec (NNode*NDOF)
ncol=NG1bDOF
diag(1:ncol)=(/Kcol (j)%row(j), j=1, ncol) /)
do j=2, ncol

rowl=1bound (Kcol (j) %row, 1)

do ie=rowl, j-1

row=max (rowl, lbound (Kcol (ie)%row, 1))

s=sum(diag (row:ie—1)*Kcol (ie)%row (row:ie—1) *Kcol (j) %row (row:ie—1))
Kcol (j)%row (ie)=(Kcol (j)%row(ie)-s)/diag(ie)
end do
s=sum (diag (rowl: j—1) *Kcol (j) %row (rowl: j—1)*%2)
diag(j)=diag(j)-s
end do
do ie=2, ncol
rowl=lbound (Kcol (ie)%row, dim=1)
GLoad (ie) =GLoad (ie) —sum (Kcol (ie) %row (rowl:ie—1)*GLoad (rowl:ie-1))
end do
GLoad (:)=GLoad(:)/diag(:)
do j=ncol, 2, -1
rowl=1bound (Kcol (j)%row, dim=1)
GLoad (rowl: j—1)=GLoad (rowl: j—1) -GLoad (j)*Kcol (j) %row (rowl: j—1)
end do
GDisp(:)=GLoad(:)
return

end subroutine BandSolv

!

subroutine GStifMat ()
!

integer (ikind) ::ie, j, JGDOF
integer (ikind), allocatable::ELocVec(:)
real (rkind), allocatable: :EK(:, :), ET(:, 1)
integer (ikind) ::n
n=size (Elem(1)%G1bDOF)
allocate (ELocVec(n))
allocate (EK(n, n))
allocate (ET (n, n))
do IE=1, NElem
EK=Elem (IE) %EK
ET=Elem (IE)%ET
EK = matmul (transpose (ET), matmul (EK, ET))
'write (16, %) EK
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lwrite (16, *)
ELocVec (:)=Elem(IE) %G1bDOF (:)
do j=1,12
JGDOF=ELocVec (j)
if (JGDOF==0) cycle
where (ELocVec>0. and. ELocVec<=]JGDOF)
Kcol (JGDOF) %row (ELocVec) =Kcol (JGDOF) %row (ELocVec) +EK (:, j)
end where
end do
end do
return
end subroutine GStifMat

end subroutine SolveDisp

end module Solve

4: 3dframe. f90
include 'SolveDisp.f90'

module DispMethod
use Solve

implicit none

contains
subroutine GLoadVec(Elem,Joint,JLoad,ELoad,GLoad)

type (typ_Element),intent(inout)::Elem(:)

type (typ_Joint),intent(in)::Joint(:)

type (typ_JointLoad),intent(in)::JLoad(:)

type (typ_ElemLoad),intent(in)::ELoad(:)

real(rkind)::GLoad(:),EF(NNode*NDOF)

integer (ikind)::i,m,n

real(rkind)::a,b,1,q

do i=1,size(JLoad)
n=JLoad(i)%JointNo
m=JLoad(i)%LodDOF
m=Joint(n)%GDOF(m)
GLoad(m)=GLoad(m)+JLoad(i)%LodVal

end do

do i=1,size(ELoad)
n=ELoad(i)%ElemNo
1=Elem(n)%Length
a=ELoad(i)%Pos
g=ELoad(i)%LodVal
b=l-a
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EF=zero

if(ELoad(i)%Indx.eq.1) then
EF(5)=g*a*a*(6D0-8D0*a/lI+3D0*a*a/(1*1))/12D0
EF(11)=-q*(a**3D0)*(4D0-3D0%*a/1)/(12D0*1)
EF(3)=-0.5D0*q*a*(2D0-2D0*a*a/(1*1)+a**3D0/1**3D0)
EF(9)=-0.5D0*q*a**3D0*(2D0-a/1)/1**2D0

end if

if(ELoad(i)%Indx.eq.2) then
EF(5)=q*a*b**2D0/1**2D0
EF(11)=-q*a*a*b/1**2D0
EF(3)=-q*b**2D0*(1D0+2D0*a/1)/1**2D0
EF(9)=-q*a**2D0*(1D0+2D0*b/1)/1**2D0

end if

if(ELoad(i)%Indx.eq.-1) then
EF(6)=-q*a*a*(6D0-8D0*a/l+-3D0*a*a/(1*1))/12D0
EF(12)=q*(a**3D0)*(4D0-3D0%*a/1)/(12D0*1)
EF(2)=-0.5D0*q*a*(2D0-2D0*a*a/(1*1)+a**3D0/1**3D0)
EF(8)=-0.5D0*q*a**3D0*(2D0-a/1)/1**2D0

end if

if(ELoad(i)%Indx.eq.-2) then
EF(6)=-q*a*b**2D0/1**2D0
EF(12)=q*a*a*b/1**2D0
EF(2)=-q*b**2D0*(1D0+2D0*a/1)/1**2D0
EF(8)=-q*a**2D0*(1D0+2D0*b/1)/1**2D0

end if

if(ELoad(i)%Indx.eq.3) then
EF(5)=q*b*(2D0-3D0*b/1)/1
EF(11)=g*a*(2D0-3D0*a/1)/1
EF(3)=-6D0*q*a*b/1**3D0
EF(9)=6D0*q*a*b/1**3D0

end if

if(ELoad(i)%Indx.eq.-3) then
EF(6)=q*b*(2D0-3D0*b/1)/1
EF(12)=q*a*(2D0-3D0*a/l)/1
EF(2)=6D0*q*a*b/1**3D0
EF(8)=-6D0*q*a*b/1**3D0

end if

Elem(n)%ELForce=Elem(n)%ELForce+EF
EF=matmul(transpose(Elem(n)%ET),EF)
where(Elem(n)%GlbDOF>0)
GLoad(Elem(n)%GlbDOF)=GLoad(Elem(n)%GIlbDOF)-EF(:)
end where
end do
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i=1

end subroutine GLoadVec
end module DispMethod

program DFrame
use DispMethod
implicit none
integer(ikind):: NElem,NJoint, NGIbDOF,NJLoad,NELoad
type(typ_Element),allocatable::Elem(:)
type(typ_Joint),allocatable::Joint(:)
type(typ_JointLoad),allocatable::JLoad(:)
type(typ_ElemLoad),allocatable::ELoad(:)
real(rkind),allocatable::Disp(:),GLoad(:)
call Input_Data()
call SetElemProp(Elem,Joint)
call GLoadVec(Elem,Joint,JLoad,ELoad,GLoad)
write(16,%) " AT 2 ] "
write(16,*) GLoad
write(16,%) "FEAATT fifI A"

call SolveDisp(Disp,Elem,Joint,GLoad)
write(16,*) Disp

write(16,*)

call Output_Results()

stop

contains

subroutine Input_Data()
integer(ikind)::i
open(5,file="data.ipt',status="old',position="rewind’)
open(16,file="data.opt',position="rewind’)

read(5,*) NElem,NJoint, NGIbDOF,NJLoad,NELoad
allocate (Elem(NElem))
allocate (Joint(NJoint))
allocate (JLoad(NJLoad))
allocate (ELoad(NELoad))
allocate (Disp(NGIbDOF))
allocate (GLoad(NGIbDOF))
read(5,*) (Joint(i),i=1,NJoint)
read(5,*) (Elem(i)%JointNo,Elem(i)%EA,Elem(i)%Ely,&

Elem(i)%Elz,Elem(i)%GIp,Elem(i)%A,i=1,NElem)

if(NJLoad>0) read(5,*) (JLoad(i),i=1,NJLoad)
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if(NELoad>0) read(5,*) (ELoad(i),i=1,NELoad)
end subroutine Input Data

subroutine Output Results()
integer(ikind)::i
real(rkind) :: EDisp(12)
do i=1,size(Elem)
EDisp=zero
where(Elem(i)%GlbDOF>0)
EDisp(:)=Disp(Elem(i)%GIbDOF)
end where
write(16,%) "FIC  "itoc(i),"[ FH"
write(16,*) EDisp
EDisp=matmul(Elem(i)%ET,EDisp)
Elem(i)%EForce=matmul(Elem(i)%EK,EDisp)+Elem(i)%ELForce
write(16,%) "FLIC  "itoe(i)," N 1"
write(16,*) Elem(i)%EForce

end do

end subroutine Output Results
end program DFrame
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