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1. Introduction of the Elastodynamic Code (nceten2.f) 

The nceten2.f is a Fortran code that is used for the calculation of the deformations and stresses for the 2D elastodynamic analysis. The code is written based on the MLPG formulation. Either the Newmark family of methods or the central difference method is used for the time integration scheme. The code has also the capability of computing the time history of the stress intensity factors by using the near-tip stress fields. The each subroutine contained in this program is described below.

· input1:

This subroutine provides the data required for running the code. The necin4.dat is the input file, and the in-chec.dat is the output file for examining the input data.    

· fematis:

The fematis creates the 3x3 constitutive matrix for an isotropic linear elastic material.

· fin2:

The fin2 locates the Gaussian integration points in the natural plane and assigns weights over a square domain 
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; the subroutine includes the fin1. 

· fin1:

The fin1 locates the 1D Gaussian integration points in the natural plane and assigns weights 

· gro:

The gro calculates the domain of influence and domain of integration for every node and finds the distance to the nearest neighboring node; the subroutine includes the subroutine sort2.

· sort2:

The sort2 sorts an array in increasing order; the subroutine is from package NAPACK. 

· angle:

The angle calculates angles (theta1, theta2) for the nodal domain of integration. For internal nodes (i.e., not on the boundary) these are 
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. For all other nodes (boundaries), the start and finish angles are determined based upon the geometry assuming a linear curve fit between nodes.

· inskf:

The inskf initializes the stiffness matrix (sk), the mass matrix (sm), and the load vector (f); the subroutine also initializes the effective stiffness matrix (skm), the effective load vector (fm) and the displacement vector (fsol).

· xyqpo:

The xyqpo calculates the domain portion of the stiffness (sk) and mass (sm); the subroutine includes xyqdj, wcount, tesfun, iniab, abm, pve, shape1, and nstiff.

· xyqdj:

The xqydj calculates global coordinates (xq, yq) of a given Gauss point and also determines the absolute value of the determinant of the jacobian (dgj)

· wcount:

The wcount calculates number of nodes whose weight functions are larger than zero at (xq, yq), and computes spatial derivatives of these weight functions.

· tesfun:

The tesfun calculates the value of the test function (vti) for the given node (iel) at the given Gauss point (xq,yq)

· iniab:

The iniab initalizes the matrices (a, adx, ady, b, bdx, bdy).

· abm:

The abm calculates the matrix (a), the matrix (b) and their derivatives; the subroutine includes bas.

· bas:

The bas calculates the basis vector for the given node which has the influence at the given Gauss point. First and second order bases are permitted.

· pve:

The pve calculates the basis vectors and their x, y derivatives at the given gauss point (xq, yq). First and second order bases are permitted.

· shape1:

The shape1 calculates the shape function (phi) and its x, y derivatives; the subroutine includes dgesv.

· dgesv:

The dgesv computes the solution to a real system of linear equations; the subroutine is from package LAPACK. 

· nstiff:

The nstiff performs the numerical integration for the stiffness (sk) and the mass (sm) over the nodal domain

· bmatrx:

The bmatrx calculates the shape function derivative matrix.

· bcaply:

The bcaply performs the numerical integration of the load vector (f) and the boundary portion of the stiffness matrix (sk).

· gkcalc:

The gkcalc performs the numerical integration of the boundary portion of the stiffness matrix (sk).

· normal:

The normal creates the unit outward normal matrix (endi).

· iacce:

The iacce solves for the initial acceleration.

· timeskm (Newmark family of methods):

The timeskm determines the effective stiffness matrix (skm).

· invekm (Newmark family of methods):

The invekm solves for the inverse of the effective stiffness matrix (skm); the subroutine includes dgesv.

· timefm (Newmark family of methods):

The timefm determines the effective loading vector (fm).

· solve (Newmark family of methods):

The solve calculates displacements (fsol/glu) at the (n+1) time step.

· nevac (Newmark family of methods):

The nevac computes the velocities (glv) and accelerations (gla) at the (n+1) time step.

· timer (the central difference  method):

The timer computes the displacements (glu), velocities (glv) and accelerations (gla) at the (n+1) time step.

· outp:

The outp is for the output of the time history of displacements and stresses at given nodes; the subroutine includes disigt1.

· disigt1:

The disigt1 prints displacements and stresses. The output files are disp1~6.dat for displacements and stress1~6.dat for stresses.

· outall:

The outall is for the output of displacements and stresses over the whole domain at the specified time step; the subroutine includes disig. The output files are dispall.dat for displacements, strall.dat for stresses, and prins.dat for principal stresses.

· disig:

The disig prints displacements and stresses.

· outpa:

The outpa is for the output of displacements and stresses along the line ahead of the crack tip at the specified time step. The output files are dispfar.dat for displacements and strfar.dat for stresses.

· defo:

The defo is for the output of the deformed shape of the domain at the specified time step; The output file is deform3.dat.

· kcomp:

The kcomp computes the stress intensity factors with the near-tip stress fields by using the least squares method; the subroutine includes regre1 and regre2. The output files are k1k2.dat for stress intensity factors, and slope.dat for the order of the singularity near the crack tip, and tstep1.dat for stresses along the line where the least squares method is taken. 

· regre1, regre2: 

The regre1 and regre2 fit a straight line through the data of stresses vs. radial distances (radx) on the log scale by the least squares method.

2. Input File (necein4.dat)

The input file (ncein4.dat) is read in the input1 subroutine by the code. The input file consists of several input sets each of which has the title line followed by the data lines. The title line with 81 characters wide begins with the character *, and is used to describe the variables of the input data. The data lines contain the numeric values of the variables, and each numeric value should be separated by at least one space. The each input set of the file is introduced in order as follows:

· Title : * 2D program for meshless method
· Title : * type of analysis, type of weight function
Data : iopt, iwei
· Title : * TIME INTEGRATION METHOD

Data : ITIME 

· Title : * Young’s modulus (GPa), Poisson’s ratio
Data : emodule, poisson
· Title : * number of components for basis vector
Data : m
· Title : * the dilational parameter for weight function
Data : scale
· Title : * the parameter controlling the shape of weight function (Gaussian only)
Data : kW
· Title : * the number of quadrature points
Data : ngl, nglx, ngly
· Title : * penalty parameter
Data : pena
· Title : * mesh data (mm)
Data : nnode
Data : ic, x(i), y(i), ndspx (i), ndspy(i), nldx(i), nldy(i) …….(nnode lines)

· Title : * specified displacement / load data
Data : ic, sdspx(ic), sdspy(ic), sldx(ic), sldy(ic)
(* the number of data lines depends on the prescribed boundary conditions)

· Title : * boundary nodes in ccw order (Total # of boundary nodes is the first number)
Data : nbound
Data : indbnd(i) …….(nbound lines)

· Title : * the mass density of plate 
Data : cT
· Title : * the alfa and gama constants (for newmark method) 
Data : alfa, gama
· Title : * NUMBER OF TIME STEPS, STARTING TIME, ENDING TIME (mu-s) 
Data : NTIME, STIME, FTIME
· Title : * the coordinates (x, y) for end points of a crack line 
Data : cx1, cy1, cx2, cy2
· Title : * THE NUMBER of NODES AND THEIR no# NEAR THE CRACK TIP
Data : nrse
Data : nsg(i) …….(nrse lines)

· Title : * the SPECIFIED TIME STEP NO. 
Data : NOUPT
· Title : RADIAL DIS, NO. OF STRESS POINTS
Data : sl, ninp
· Title : * the DATA FOR COMPUTING STRESS INTENSITY FACTORS
Data : NEX
Data : XK1A, XK1B, XK2A, XK2B
Data : XLOAD
Each variable in the input file is explained below.

IOPT = 1: plane stress ; IOPT = 2: plane strain               

IEWI = 1: Gaussian weight function ; IEWI = 2: spline weight function  

ITIME = 1: Newmark family of methods ; ITIME = 2: the central difference method               

EMODULE, POISSON : Young’s modulus in GPa, Poisson’s ratio (respectively)                                

M : order of the displacement basis vector

       M = 3: linear basis ; M = 6: quadratic basis           

SCALE : dilation (scaling factor) for determining the domain of influence

KW : power of the exponent in the Gauss weight function

NGL : number of Gauss integration points for the boundary integral

NGLX, NGLY : number of x, y (respectively) Gauss integration points for the domain integral 


PENA : penalty parameter used to enforce essential bcs

NNODE : total number of nodes

X(I),Y(I) : x, y (respectively) positions in mm 

NDSPX(I), NDSPY(I) : NODAL SPECIFIED DISPLACEMENT FLAG
>0 NON SPECIFIED (FREE), <0 SPECIFIED (=-2 FIRST NODE SPECIFIED, =-3 LAST NODE SPECIFIED) (CCW)

NLDX(I), NLDY(I) : NODAL SPECIFIED LOAD FLAG
>0 NON SPECIFIED (FREE), <0 SPECIFID (=-2 FIRST NODE SPECIFIED, =-3 LAST NODE SPECIFIED) (CCW)

SDSPX(I), SDSPY(I) : specified x, y displacements (respectively)

SLDX(I), SLDY(I) : specified x, y loads (respectively)

NBOUND : total number of boundary nodes

INDBND(I) : node number for the ith node along the boundary

IBOUND(I*) : the ith node corresponding to the node number i*

* boundary nodes must be entered in a counter-clockwise order so that normals and angles are properly calculated

CT : the mass density in 
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ALFA, GAMA : parameters in the Newmark scheme
ALFA=1/2, GAMA=1/2 (constant average acceleration method)
ALFA=1/2, GAMA=1/3 (linear acceleration method)
ALFA=3/2, GAMA=8/5 (Galerkin method)
ALFA=3/2, GAMA=2 (backward difference method)

NTIME, STIME, FTIME : NTIME = number of time steps
STIME = the starting time
FTIME = the ending time

DT : the time step in 
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CX1, CY1, CX2, CY2 : x, y coordinates of end points of a crack line

CX1, CY1 = left end point

CX2, CY2 = right end point

NRSE, NSG(I) : number of the nodes directly ahead of the crack tip and their node no. (respectively)   

NOUPT : the specified time step for output

SL, NINP : radial distance along the crack line and number of points for output (respectively)

NEX : number of points for computing stress intensity factors along a range (r) near the crack tip

XK1A, XK1B : the starting and end points for the first (r) range 

XK2A, XK2B : the starting and end points for the second (r) range
XLOAD : the traction forces in GPa (assumed to be uniform)

3. Example of the input file

The following input file is for the problem of the rectangular plate with a central crack loaded in tension. See pp. 144 in my dissertation for the description of this problem.  

2D PROGRAM FOR MESHLESS METHOD 

* TYPE OF ANALYSIS, TYPE OF WEIGHT FUNCTION

2  1

* TIME INTEGRATION METHOD 

1

* YOUNG'S MODULUS (GPa), POISSON'S RATIO

75.6168  0.286

* NUMBER OF COMPONENTS FOR BASIS VECTOR

3

* THE DILATIONAL PARAMETER FOR WEIGHT FUNCTION 

4.0

* THE PARAMETER CONTROLLING THE SHAPE OF WEIGHT FUNCTION (GAUSSIAN ONLY)

1

* THE NUMBER OF QUADRATURE POINTS

9  9  9

* PENALTY PARAMETER

1.0D7

* MESH DATA (mm) 

2534

   1          52.          20.       1     1     1    -2  

   2          52.          19.       1     1     1     1


.


.


.

2533      11.9494           0.       1     1     1     1

2534          12.           0.       1    -2     1     1

* SPECIFIED DISPLACEMENT/LOAD DATA 

2534   0.0   0.0   0.0   0.0  

2532   0.0   0.0   0.0   0.0


.


.


.

836   0.0   0.0   0.0   0.0  

837   0.0   0.0   0.0   0.0  

* BOUNDARY NODES IN CCW ORDER (TOTAL # OF BOUNDARY NODES IS THE FIRST NUMBER)

202

837

886


.


.


.

835

836

* THE MASS DENSITY OF PLATE (Kg/m^3) 

2.45D0

* THE ALFA AND GAMA CONSTANTS (FOR THE NEWMARK METHOD)

1.5 2.0 

* NUMBER OF TIME STEPS, STARTING TIME, ENDING TIME (mu-s)

500  0.0D0  20.0D0

* THE COORDINATES (X,Y) FOR END POINTS OF A CRACK LINE

0.0D0  0.0D0  12.0D0  0.0D0   

* THE NUMBER OF NODES AND THEIR NO# NEAR THE CRACK TIP 

3

2534

2532

2526

* THE SPECIFIED TIME STEP NO.

150

* RADIAL DIS, NO. OF STRESS POINTS                                       

6.0  51     

* THE DATA FOR COMPUTING STRESS INTENSITY FACTORS                                     

11

12.04D0 12.20D0 12.01D0 12.19D0 

0.4D0               
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