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1 Kernel modules for element-free Galerkin Method
! By Lu Xinzheng of Tsinghua University
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module TypeDef
use Lxz Tools
implicit none;

linteger,parameter -: MLS m=6; !
integer,parameter :: MLS m=3; !
integer,parameter :: NInt=4; !
integer,parameter :: NDOF=2; !
integer,parameter :: MLS n=6;
type :: typ_Kcol !
real(rkind),pointer :: row(:)
end type typ_Kcol
type :: typ_GValue !
integer(ikind) :: NNode; !
integer(ikind) :: NCell; !
integer(ikind) :: NIntPoint;
integer(ikind) :: NPress; !
integer(ikind) :: NSupport; !
real(rkind) :: dm; !
real(rkind) :: c; !
real(rkind) :: Plenty !

end type typ _GValue;

type :: typ_Node;

real(rkind) :: X,Y
dx, dy; !

real(rkind) ::
end type typ Node;

type ::

!
real(rkind) ::
real(rkind) ::

integer(ikind) ::

1
real (rkind)
real (rkind)
real (rkind)
real (rkind)
real (rkind)
real (rkind)

real(rkind) ::
real(rkind) ::
real(rkind) ::
real(rkind) ::

:oa,b
TIodm; !
I C; !
;2 Pasi(MLS n); !

21 Pasidx(MLS_n); !
1 Pasidy(MLS n); !

typ_IntPoint; !

Len, Wide; !
NodeNo(MLS

!va

Strain(3); !
D(3,3); !
Stress(3); !
E,mu;

CenterX, CenteryY; !

_n); !

, Pasi(MLS_n)
Pasidx(MLS_n)
Pasidy(MLS_n)

x

Strain=B*ui

Stress=D*Strain



end type typ_IntPoint;

type :: typ_Load !
integer(ikind) :: NodeNo !
real(rkind) :: Value(2) !
end type typ Load

type :: typ_Support !
integer(ikind) :: NodeNo !
real(rkind) :: Value(2) !
end type typ_Support

1 contains

end module TypeDef

module MLS
use Lxz_Tools;
use TypeDef;
implicit none;

contains
ISetIntPoint(IntPoint,Node) !

subroutine SetIntPoint(IntPoint,Node) !
type(typ_IntPoint) :: IntPoint;
type(typ_Node) :: Node(:);
integer(ikind) :: 1,J; !
real(rkind) :: d,x1,yl,dx,dy; ! d , X1,yl
X,y
real(rkind) :: templ; !
real(rkind) :: tempAdx(MLS_m,MLS_m),tempAdy(MLS m,MLS m) I A
real(rkind) :: Ptempl(1,MLS_m),Ptemp2(MLS m,1); !

real(rkind) :: P(MLS_m,MLS n); ! , P(MLS_m,MLS _n)
real(rkind) :: Px(MLS_m);

real(rkind) :: Pdx(MLS_m); ! X , Pdx(MLS_m)=(0,1,0)
real(rkind) :: Pdy(MLS m); ! y , Pdy(MLS_m)=(0,0,1)
real(rkind) :: A(MLS_m,MLS m); ! A

real(rkind) :: Adx(MLS_m,MLS m); ! A X

real(rkind) :: Ady(MLS_m,MLS m); ! Ay

real(rkind) :: InvA(MLS_m, MLS m); A

real(rkind) :: B(MLS_m,MLS n); ! B, B(MLS_m,MLS_n)

real(rkind) :: Bdx(MLS_m,MLS n); ! B x , Bdx(MLS_m,MLS _n)
real(rkind) :: Bdy(MLS_m,MLS n); ! B vy , Bdy(MLS_m,MLS _n)
real(rkind) :: Weight(MLS n); ! , Weight(MLS_n)

real(rkind) :: Weightdx(MLS_n); ! X , Weightdx(MLS_n)
real(rkind) :: Weightdy(MLS n); ! y , Weightdy(MLS_n)
P=0.0d0;



B=0.0d0
Bdx=0.0d0;
Bdy=0.0d0;
Weight=0.0d0;
Weightdx=0.0d0;
Weightdy=0.0d0;

do 1=1, MLS_n

x1=Node(IntPoint%NodeNo(1))%X;
y1=Node(IntPoint%NodeNo(l))%Y;
1

d=sgrt( (x1-IntPoint%CenterxX)**2 + (yl-IntPoint%CenterY)**2);
1d=d/ IntPointl%dm;

!
if(d<IntPoint%dm) then

! P L] 7 (2'2b)
Px=(/1.0d0, IntPoint%CenterX, IntPoint%CenterY/);

! X,y , ,
Pdx=(/0.0d0,1.0d0,0.0d0/);
Pdy=(/0.0d0,0.0d0,1.0d0/);

1

P(:,1)=(/1.0d0,x1,y1/);

! , (2.12)
Weight(1)=(exp(-(d/IntPoint%c)**IntPoint%k)-exp(-(IntPointldm/ IntPoint%
c)**IntPointhk))&
/(1.0-exp(-(IntPoint%dm/IntPoint%c)**IntPoint%k));
!
templ=IntPoint¥%Centerx**2-2.0d0* IntPoint%CenterX*x1+x1**2+IntPoint¥%Cent
erY**2-2.0d0*y1*IntPoint%CenterY+yl**2;

Weightdx(1)=-0.5d0*(templ1**0.5d0/ IntPointhc)**IntPointhk* IntPointhk*&
(2.0d0*IntPoint%CenterX-2*x1)*exp(-(templ**0.5d0/ IntPoint%c)**IntPo
int%k);
Weightdx(1)=((Weightdx(l)/templ))&
/(1.0d0-exp(-(IntPointhdm/ IntPoint%c)** IntPoint%k)) ;

Weightdy(1)=-0.5d0*(templ1**0.5d0/ IntPointhc)**IntPointhk* IntPointhk*&
(2.0d0*IntPoint%CenterY-2*yl)*exp(-(templ**0.5d0/ IntPoint%c)**IntPo
int%k);
Weightdy(1)=((Weightdy(l)/templ))&
/(1.0d0-exp(-(IntPointhdm/IntPoint%c)** IntPoint%k)) ;

else
Weight(1)=0; Weightdx(1)=0; Weightdy(1)=0
end if
end do

A=0;

Adx=0; Ady=0;

do I=1, MLS n
! P*



do J=1,MLS m;
Ptempl(1,J)=P(J,1);

end do
Ptemp2(:,1)=P(:,1);
A=A+Weight(l)*matmul (Ptemp2,Ptempl);
B(:,D=Weight(1)*P(:,1);
Adx=Adx+Weightdx(1)*matmul (Ptemp2,Ptempl);
Ady=Ady+Weightdy(1)*matmul (Ptemp2,Ptempl);
Bdx(:, I)=Weightdx(1)*P(:,1);
Bdy(:, )=Weightdy(1)*P(:,1);

end do;

InvA=matinv(A);

TempAdx=-matmul (InvA,matmul (Adx, InvA));

TempAdy=-matmul (InvA,matmul (Ady, InvA));

do I=1, MLS n;
IntPoint%Pasi(1)=0;
IntPointhPasidx(1)=0; IntPoint%Pasidy(1)=0;
IntPoint%Pasi(1)=dot_product(Px,matmul (InvA,B(:,1)));

IntPoint¥%Pasidx(1)=dot_product(Pdx,matmul (InvA,B(:,1)))+&
dot_product(Px,matmul (TempAdx,B(:, ))+matmul (InvA,Bdx(:,1)));
IntPoint¥%Pasidy(1)=dot_product(Pdy,matmul (InvA,B(:,1)))+&
dot_product(Px,matmul (TempAdy,B(:,))+matmul (InvA,Bdy(:,1)));
end do;
return
end subroutine SetIntPoint

end module MLS

module M_Int !
use Lxz_Tools;
use TypeDef;
use MLS;
implicit none;

contains
I GetD(IntPoint) ! D,
I GetM_K(IntPoint) !

subroutine GetD(IntPoint) ! D,
type(typ_IntPoint) :: IntPoint;
IntPoint%D=0.0d0;
1
IntPoint%D(1, :)=(/1.0d0, IntPoint%mu,0.0d0/);
IntPoint%D(2, :)=(/IntPoint%mu,1.0d0,0.0d0/);
IntPoint%D(3, :)=(/0.0d0,0.0d0, (0.5d0*(1.0d0-IntPoint¥mu))/);
IntPoint%D=IntPoint%E/ (1.0d0- IntPoint¥mu**2)* IntPoint%D
return;

end subroutine GetD;

function GetM B(IntPoint) result(M_B)
type(typ_IntPoint) :: IntPoint;
real(rkind) :: M_B(3,2*MLS_n);
Integer(ikind) :: I



M_B=0.0d0;

do I1=1,MLS n
M_B(1,2*I-1)=IntPoint%Pasidx(l);
M _B(2,2*1)=IntPoint%Pasidy(l);
M_B(3,2*1)=IntPoint%Pasidx(l);
M_B(3,2*1-1)=IntPoint%Pasidy(l);

end do

return

end function GetM B

function GetM_K(IntPoint) result(M_K)!
type(typ_IntPoint) :: IntPoint
real(rkind) :: M _B(3,2*MLS_n),M_K(2*MLS_n,2*MLS n); ',M B1(:,:)
M B=0.0d0; M _K=0.0dO;
M_B=GetM_B(IntPoint);
M_K=matmul (transpose(M_B),matmul (IntPoint%D,M_B));
M_K=M_K*IntPointlLen* IntPoint¥Wide;
return
end function GetM K

subroutine GetStress(IntPoint, Node)
type(typ_IntPoint) :: IntPoint(:)
type(typ_Node) :: Node(:)
real(rkind) :: DispVecter(2*MLS_n)
real(rkind) :: X
integer(ikind) :: 1,J;
do 1=1, size(IntPoint)
do J=1,MLS n
X=Node(IntPoint(l)%NodeNo(J))%dX;
DispVecter(J*2-1)=X;
X=Node(IntPoint(l)%NodeNo(J))%dY;
DispVecter(J*2)=X;
end do
IntPoint(1)%Strain=matmul (GetM_B(IntPoint(l)),DispVecter);
IntPoint(1)%Stress=matmul (IntPoint(1)%D,matmul (GetM_B(IntPoint(l)),DispVect
er));
end do
return
end subroutine GetStress

end module M_Int



