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PREFACE

This report presents the theory, user instructlons, and
sample problems for a two-dimensional linear elastic crack tip
element which was implemented into COSMIC/NASTRAN. Use of this
element allows accurate calculation of stresses and stress inten-
sity factors near a crack tip. The material 1is assumed to be
linear elastic and isotropic 1n the vicinity of the crack tip.

This work was performed by the Aerospace Structures Infor-
mation and Analysis Center, which 18 operated for the Flight
Dynamlics Laboratory by Anamet Laboratories, Inc. This report was
prepared by Mr. Peter J. Woytowitz under Contract
No. F33615-84-C-3216 and 1s part of Problem No. 4.2-05.

Contract F33615-84-C-3216 was initiated under Project 2401,
"Structures and Dynamics," Task 240102, "Design and Analysis
Methods for Flight Vehicles." The contract was administered by
Mr. J. R. Johnson, AFWAL/FIBRA, Wright-Patterson AFB, OH
45433-6553.
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X \\1.0 INTRODUCTION

7 Linear elastic fracture mechanics has galned a substantilal
acceptance in industry and has become one of the most important
design considerations. It 1is now well recognized thatiﬂany
engineering structures such as airplanes, turbines, piﬁing (pres-
2 sure vessels), bridges, etc. contaln pre-existing flaws. As a

) result of even rather moderate service loads, crack propagation 3
resulting from these flaws can have a dramatic effect on the L
service 1life of the component. To account for this reduction in ]
service l1life, fracture mechanics analysis in conjunction with a i
N fracture control plan 1s generally 1mp1emented.

j The basic elements of a fracture control plan have been
. described by Rolfe and Barsom (Ref. 1) as follows:

L 1. identification of the factors that may contribute to the
structure. Description of service conditlions and

loadings.

2. Establishment of the relative contribution of each of
7_ these factors to a possible fracture in a member.

3. Determination of the relative efficliency and trade-offs
of varlous design methods to minimize the possibility of
fallure.

k. Recommendation of specific deslign considerations to
ensure the safety and reliabllity of the structure
against fracture.

The 1i1fe of the structural component is generally determined
by the time necessary to 1nltiate a crack and to propagate the
crack from a sub-critical to critical size. Two parameters are
requlired for successful determination: the fracture behavior of
the material and the state of stress and straln around the crack
tip. The three measures of the severity of stresses and strains

»
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around the tip of cracks, typlcally employed in linear fracture

mechanics, are the elastic stress intensity factors Ky, Ky, and

b

t K111 for the opening, the inplane shear and the anti-plane shear
modes, respectively.

$ Numerous methods are now avallable for determlining stress

intensity factors. Tada, Paris, and Irwin (Ref. 2) present a
variety of methods to predict these factors, including: boundary
collocatlon, successive boundary stress correction, and finite
element methods. The most powerful method of the three 1s the
finlte element method. A large number of papers have been
written on this subject alone. Most of these are restricted to
two dimenslional methods and linear elastic materlals.

Many of the papers written on finite elements used for frac-
ture studles are classified as elther hybrid or singular element
formulations. Many of the elements developed suffered from elther
lack of accuracy, generality, or consistency. Barsoum (Ref. 3)
points out shortcomings of several different elements. These
shortcomings 1nclude inability to model rigid body or constant
straln modes, 1lnablility to 1nclude thermal or body force effects,
and lack of compatibility with other elements.

The discussion presented hereln attempts to 1llustrate these
shortcomings and suggests alternative two-dimensional crack ele-
ment formulations that are less restrictive. Thils report presents
the theory, implementation, instructlons, and sample problems
which will allow COSMIC/NASTRAN users to utilize the developed
crack element. The contents of thils report are as follows:
Section 2 presents the theoretical development of the crack ele-
ment; Sectlion 3 describes how the crack element was implemented
into COSMIC/NASTRAN; Section 4 presents various numerical results
obtalned using the crack element and Section 5 presents detalled
user instructlions and sample problems. A summary of the work
performed and conclusions are presented in Section 6.
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2.0 THEORETICAL DEVELOPMENT

An early concept for predicting crack propagation comes from
the work of Griffith (Ref. U4) on the fracture of glass. The
basic 1dea of his theory belng that the surface of a solid pos-
sesses surface tension, similar to liquids; thus, when a crack 1in
a solld propagates, the increase in externally added or internal-
ly released energy 1s balanced by the increase in surface tension
energy. If in an elastic solid, V and U represent, respectively,
the work of the externally applied forces and the straln energy,
and 1f the speciflic surface tenslion energy 1s denoted by y, then
Griffith's energy balance criterion, as shown by Reference 5, may
be expressed as follows:

%K (V-U) = v (1)

It 1s pointed out that the foregolng energy-balance relation
is only a necessary conditlon for crack growth, with the quantity
on the left-hand side representing the energy avallable for frac-
ture, and the quantity on the right hand side, the resistance of
the - "11d4 to fracture propagation. From this physical meanling of
the terms involved 1n the energy-balance equation, it also follows
that the stabllity of quasi-fracture propagation may be determined

from:

> 0 : unstable crack growth
0 : neutral equilibrium (2)
< 0 : stable crack growth

S V- -]

Based on the asymptotlc solutions to crack problems presented
by Westergaard and Sneddon (Refs. 6 and 7), Irwin (Ref. 8) gave
the name of "stress intensity factor" to the coefficlent which
appears 1n the asymptotic expression for stress. Irwln noted

that the energy available for fracture per unit crack extension
may be directly related to that coefficient by:
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. Iz (U-V) =G = K/E (3)
N Where the quantity G (after Griffith), 1introduced by Irwin, 1is
‘E known as the "strain energy release rate." Subsequently, Irwin
) showed that the stress and displacement fields around a crack tip
% in a linearly elastic solid under the most general loading condil-
‘N tlions may be expressed in terms of three stress intensity factors:
4
X Ki, K2, and K3» assoclated, respectively, with the opening, in-
. plane shear and anti-plane shear modes of deformation.
N Generalizing Irwin's findings for linear materlals, the
ﬂ asymptotic expressions for stresses and displacements near the
- tip of a crack have the followling form:
v
’ k,(t) k,(t)
.- 1 1 2 2
. o1y " —a— F1;(0C0) + —5 fy,(8,Cp)
e r r
“s
i
1 1-a 1 1 l-a 2
b
< for: 0 < a<1; 1,3 = x,y
- b
- and ]
- h
i \
k3(t) 3 !
oy, = : fiz(e,ck) ;3 0 < B<Cl ;3 1= x,y %
1
w
. ) ) 3
, - -B
. L, M k3(t)r F3(6,Ck) (4)
; where E®* and ,# are normalizing material moduli; the Ck are
iy dimensionless material constants; and fk and F‘k are known,

1) 1

3 bounded functions. Also, for clarity, the following notation has
been used:
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k, = K,//% (5)
In the previous expressions, the powers a and B of the

“ fingularities differ from 1/2 only in nonhomogeneous and 1in

certain homogeneous but anisotroplc materials.

Quite naturally, in dynamic problems, the stress intensity
factors, Ky are functions of time and are defined, following
Irwin, as the coefficients of the singular terms 1n the expres-
sions for stresses; thus, for Mode I type of loading, for example:

(6)

Practical use of the previous concepts 1s possible when the
resistance to fracture of the material is known. Hence, if 1n
Mode 1 fracture, G is used to characterize the material, the
necessary condition for fracture becomes:

) G = G (7)

where Glc’ the critical resistance parameter, 1s known as the

"eritical straln energy release rate" in Mode I. Similarly, if

the corresponding critical value of K, 1s used to represent the

1
materlal's resistance to fracture, the fracture criterion becomes:

1
' < Kl = ch (8) !
‘ !
; * in any event, since Glc and ch, being material parameters, are ’
N constant, the stability of crack growth would be determlined from '

dGl/da and dKl/da’ respectively.
More generally, under three-dimensional loading conditions

P

¥ all three modes of deformation mentioned above are present and

)
)
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since G is a scalar quantity, the total energy avallable for
fracture 1s given by:

G =G) + Gp + G3 (9)

with the new 1incremental crack surface, dA, lying in the plane
that corresponds to the maximum available energy, G, provided the
material 1s isotroplc with regard to fracture resistance.

In addition, fracture criteria in terms of stress 1intensity
factors usually adopt the form of interactlion envelopes as shown
by References 9 and 10, elther

K2 + a =1 (11)

2 2
KT + 2a.,K. K, + 8,55K5 33K3

a4t 127172
as suggested by Erdogan and Sih (Ref. 11) and by Sih (Ref. 12)
based on energy arguments.

Based on the foregolng presentation, 1t 1s only natural that
two baslic approaches have been followed to ascertain the fracture
behavior of linear elastic solids contailning cracks:

l. determination of stress intenslity factors
2. determination of straln energy release rate

Both methods are essentially equivalent. *
For the present case, the determination of the stress inten-

sity factors for a two dimensional system using finite element

formulation will be consldered. Other authors have suggested

some of the shortcomings of earlier finite elements developed for

fracture mechanics studles. The elements developed by Barsoum
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(Ref. 3) and Henshell and Shaw (Ref. 13) rectified many of the
problems described above; however, these elements were limited to

displacement of the form rl/2, Consequently, they could only
model strain singularities of the form r-1/2., Recently, Stern
(Ref. 14) and more recently, Hughes and Akin (Ref. 15) introduced
families of consistent, conformling elements which allow displace-
ments of the form rY. While the Stern element appears to have
the restriction that 0 < y < 1, the element of Hughes and Akin 1s
valid for all vy > 0. The element described herein 1is based upon
shape functlions suggested by Hughes and Akin.

The element presented here possesses the required rigid body
and constant straln modes. It properly models thermal, body
force, and pressure loading conditions. Additionally, 1t 1is
compatible with standard linear or quadratic 1soparametric ele-
ments and can be used as a nonsingular element with a varlable
number of nodes.

The followlng sections present the element formulation.

This 1ncludes the assumed shape functions, procedures for cal-
culatlirg the stiffness and mass matrices, and equivalent thermal
loads. Also, the equations used to evaluate stresses and stress
intensity factors are presented.

2.1 ELEMENT FORMULATION

The following derivation follows Hughes and Akin. Referring
to Figure 1, the standard bilinear shape functions are used for
grids 1 through u:

Ny(r,s) = (1-r)(1-8)

No(r,s) = r(1-s)

N3(r,s) = ps

Ny(r,s) = (1-r)s (12)
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Figure 1 Nomenclature for eight-node isoparametric
element.
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The shape functions for grids 5 - 8 are chosen as:

N5(r,s) = (1-s)P(r,vy)
NG(P,S) = PP(SsY)
) N7(r,s) = sP(r,Y)
Ng(r,s) = (1-r)P(s,Y) (13)
where
Y Y
1 - 2(1/2)"

It can be easily shown that the shape functions for grids
5 - 8 reduce to tlie standard quadratic serendipity element when
y of Equation (14) is set equal to 2. It can also be observed
that the shape function for grids 5 - 8 satisfies the interpola-
tion property at all nodes of the element. That 1s:

Ni(rJ) = Gij and Ni(sJ) = 61J

where rJ and 8y are values of r and s at grid j, and Gij is the
Kronecker delta. However, the shape functions associated with

grids 1 - 4 do not satisfy the interpolation property at grids
5 - 8. Following the standard technique (Ref. 15) the shape
functions for grids 1 - U4 are modified as follows:

Nl - Nl(r,s) [N (r,s) + Ns(r,s)]/2
N2 « N2(r,s) - [N (r,s) + N6(r,s)]/2
. N3 « N3(r,s) [N (r,s) + N7(r,s)]/2
N, < N,(r,s) [N (r,8) + Ng(r,s)]/2 (15)

where the +« reads: "1s replaced by".

It can be shown that the shape functions for all eight grids
satlisfy the required interpolation property. Additionally, the
shape functlons are capable of exactly representing the monomlals

~
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1, r, 8, rY, rs, 82, pY¥s, and s2r. The presence of 1, r, and s
ensure representation of rigid body and constant straln modes.
The presence of rY allows exact representation of displacements
of the form rY. Note that this will result in a line singularity
of the form rY~l upon differentiation.

In order to represent point sigularities, the quadrilateral
form 1s degenerated into a triangle. This 1s done by coalescing
grids 4, 8, and 1 as can be done for standard 1soparametric ele-
ments (Ref. 16) and as 1s shown schematically in Figure 2. Thus,
for a polnt singularity, the shape function assoclated with
grid 1 is replaced with:

N,(r,s) « N (r,s) + Nu(r,s) + Ng(r,s) (16)

In summary, for the 6-grid triangle, the shape function
assoclated with grid 1 is given by Equation (16), the shape func-
tlons assoclated with grids 2 and 3 are given by N2 and N3 of
Equation (15), and the shape functions associated with grids 5
through 7 are given by N5 through N7 of Equation (13).

When the 6-grid triangle 1s used and y of Equation (14) 1is
set appropriately, then a singular element or crack element 1is
developed. If y 1s set equal to 2, then the standard serendipity
element (Ref. 17) 1is obtalned. Additionally, if y = 2, any of
the mid-side grids may be omitted. This element can then be used
as a transltion element to change from a mesh of quadratic ele-
ments to one of linear elements. If the singular triangular
element 1is used (Figure 2), then the only grid which may be elim-
inated from Filgure 2 1s grid 6. User instructions for eliminating
the mid-side grids will be presented in Section 5.

2.2 STIFFNESS MATRIX, MASS MATRIX AND THERMAL LOAD VECTOR

Given the shape functions of the previous section, calcula-
tion of the element's stiffness matrix, mass matrix, and thermal
load vector follows the standard procedure as described in

10
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Reference 17. These quantities are given in terms of element
coordinates as

K> = /8 D8 av
Ve
M% = [ o N N av
Ve
e T
Pp = [ B D g aT dv (17)
Ve
where
- -
axo a
B=LN, N=[NL N, L .co8, L=|0 =], g=a
3 2 0
%X x|

I 1s a 2 by 2 identity matrix and the definition of D will be
glven in Section 2.3. See Reference 17 for more detalls. The
integrations are performed using Gaussian quadrature. That is,
the 1integrals are approximated as:

| £(x) dx = W, f(a,) (18)

P R

I~

Due to the formulation, 1t can be shown that along the
s direction, the integration order needs to be, at most, 4 to
exactly Integrate the element. For singular forms of the element,
the integratlion order recommended along the s direction is 4 and
along the r direction is 5., If the element 1is used in a non-
singular form, then 2 by 2 integration ls recommended for undis-
torted or slightly distorted elements, and 3 by 3 integration 1s
recommended for distorted elements (Ref. 16).

12

-----------




o
L

L}
\
Y
-
A
L]
.
.
,
.

LY

3
N
L]

]
'
L

(]

L)

‘.zf

2.3 STRESS AND STRESS INTENSITY FACTOR CALCULATIONS

For the present element, stresses are calculated and reported
at the natural coordinate centrolds. These correspond to the
locations of s = r = 1/2 in Figures 1 and 2. The stresses are
calculated using the equations

g = Deg = Q&u‘e
where
B ]
(A+24) A 0
D = A (A+24) 0
0 0 M
L _

u® are the element's grid displacements, and B was defined in

Sectlon 2.2. This D matrix 1s for plane strain. For plane
stress, A is replaced by 2iu/{a+2yu).

In addition to the stresses, the element coordinates of
these stress locatlions are also reported. These x and y locations
are measured in element coordinates as depicted in Figure 3. The
x and y locations are given by:

x = §J N, x©
I
y=%N1y§

where xi and y? are the coordinates of the element's grid points
measured 1in element coordinates and the summation is carried out

over the number of grid points. The shape functions, Ny, are
evaluated at s = r = 1/2.
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integration point
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Figure 3
stresses and stress intensity factors.
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! The stress intensity factors calculated are based upon the
stress or displacement filelds of the crack element. When the

, calculations are based on stresses, the resulting equations are:
K = 1tm (20r)'/2 o (0=0)
r+0
= 1/2 =
K:r = 1im (27r) 1, (6=0) (19)
II r >0 Xy

. where the nomenclature 1is shown in Figure 4. If the stress in-
! tensity factors are based on displacements, the equatilons used

are.
ol e o0 (21)1/2 uy (0=x)
K11 = orf=vy 1im (F)H2 vy (omm) (20)
r+

Equation (20) is for plane strain. For plane stress, v is
replaced by v/(l+v).

The limits of Equations (19) and (20) are determined by
evaluating the expression on the right hand side of the limit
sign at the Gauss integration points along the ray nearest the

4 grid 1-2 edge depicted in Figure 3. The expressions on the right

¥ hand side of the 1limit signs are then extrapolated to r = 0 using
Lagranglian interpolation.

If the stress intensities are based upon dilsplacements

: (Equation (20)), then the crack element configuration must be as
shown for Element 1 in Figure 5a. If the stress intensitles are
based on stresses (Equation (19)), the crack element configura-
tion must be as shown for Element 4 in Figure 5b. Further
instructions regarding calculations of stress 1lntensities are
presented in Section 5.
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3.0 IMPLEMENTATION INTO NASTRAN

Implementation of the crack element into NASTRAN was per-
formed via the dummy element CDUMl. Thils procedure 1is discussed
more completely 1in Reference 18. The present element was modeled
after the CIS2D8 element routines, due to thelr similarity.

The first step was to create a subroutine KDUM1l which gen-
erates the stiffness and mass matrices. The mass matrix may be
elther consistent or lumped. When the mass matrix 1s used for
calculation of gravity loads, the conslstent mass matrix should
be specified. This subroutine 1s eventually linked to NASTRAN
LINK 8.

For computation of thermal loads, the subroutine EDTL must
be modified to make a call to SSGETD before calling the routine
DUM1. The dummy coding in routine DUM1 1s then modified to
calculate the thermal load vector based on the average element
temperature. After EDTL and DUM1 have been modified, they must
be linked to NASTRAN LINK 5.

Finally, the dummy coding for the SDUM11l and SDUM1l2 routines
must be modified so that it performs the requlred operations.
SDUM11 performs the preliminary geometry calculations and creates
various data arrays to be used in Phase 2 stress recovery. SDUMI12
then uses these data arrays, grid point displacements, and tem-
peratures to compute stresses and stress intenslity factors and
writes them to the output file. After the SDUM1ll and SDUM1Z2
coding has been modified, it 1s linked to NASTRAN LINK 13.

An overview of the various routines and their functions 1s
presented in Figure 6. These subroutines must be compliled and
linked to the NASTRAN executable code. Instructlons for compiling
and generating the new NASTRAN executable code on a VAX computer
are presented in the appendix.
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STIFFNESS & MASS MATRICES
EMG MODULE, LINK 8

XDUM1

» check geometry

o call KOUMIA,K®

s calculate T

e calculate T' K& T
output to KGG {KDUM1D)
* same operations for mass

T

matrix

STRESS CALCULATIONS, KI'KIl
SOR2 MODULE, LINK 13

SDUM11
e set up for Phase 2 stress
recovery {SDUM12)

THERMAL CALCULATIONS
SSG1 MODULE, LINK 5

DuM1

call DUMIA to get P?
s calculate T

o caleulate 17 6§

e output to PGG

KDUMIA
o« form K&, M€
e call KDUMIB & C

SDUMI2
e calculate o = s !e
o correct for temperature
s interpolate ¢'s to
determine KI and Kll
e output for OFP

DUMIA
o form P$
e call DUMI8 & C

KDuM18
o shape functions for
grids 1-4

SDUM12B & C
e same as KDUMIB & C

DUMIB & €
o same as KDUMIB & C

KDUM1C
e shape functions for
grids 5-8, including
singularity

SDUM12D
e Lagrangian interpolation
for Kl'Kll calculations

XDUMID
o inserts K & M partitions
into open core

Figure 6

Overview of NASTRAN implementation for CDUM1,

singular or non-singular structural element.
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4,0 NUMERICAL RESULTS AND VERIFICATION PROCEDURE

To assess the accuracy of the present element, four different
crack geometries/loading conditions with known solutlions were
analyzed. Figure 7 shows the different geometries analyzed.
Figure 8 presents four different mesh sizes which were used to
analyze the first three crack geometries. Figure 9 shows the
boundary conditions used. For the edge crack with a point load,
Figure 9 1is modified so that the load 1s applied at the edge of
the crack. Table 1 presents the errors assoclated with both the
crack opening displacement (COD) and the mode I stress intensity
factor Ky, As can be seen, the COD is less sensitive to the mesh
size, while the Ky values appear to be converging to their exact
solutions. However, the edge crack with a point load solution
appears to overshoot the exact solution by about 5%. It should
be mentioned that the "exact" solutlon for the edge crack specl-
men with a point load 1s considered to be accurate to within 2%.
The other solutions were considered to have accuracles better
than 1%. These solutions were obtalned from Reference 2.

Figure 10 presents a model of a central crack in a finite
plate. To ascertain the accuracy of the element's mode II stress
intensity factor, K;y, the model of Figure 10 was used. The
results for both Ky and Kyy are presented in Table 2. As can be
seen, the K;7 1s within about 4% of the exact solution.

In addition to the test cases previously described, various
simple patch tests were performed to ensure proper coding of the
element routines. These tests include rigid body motion tests,
free thermal expanslon tests, and simple uniaxlal and blaxial
loading configurations. The element performed properly, passing
all tests.

5.0 USER INSTRUCTLONS AND SAMPLE PROBLEMS
The following sections present the required user input and
detalled instructlons for using the developed crack element. The

first problem uses a fairly crude mesh to calculate the Ky stress
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intensity factor for an edge crack. Another more involved prob-
lem which demonstrates calculation of both K; and Krp is also
presented.

5.1 REQUIRED USER INPUT AND INTERPRETATION OF OUTPUT

The crack element was implemented using the CDUM1 user
element. The formats for the ADUM1l, CDUM1l, and PDUM1 cards are
presented in Figures 11 through 13. The ADUM1 card 1s used by
NASTRAN so that 1t interprets the assoclated PDUM1 cards and
CDUM]1 cards properly. This card should always be used as shown
in Figure 11 and only 1 card per NASTRAN bulk data deck 1s
required.

The PDUM1 cards and CDUM1l card fields are described 1n
Figures 12 and 13. Also preasented in Pigures 12 and 13 are

S S MRS 20 PO F LSRR % s " " R LY .

-

allowable ranges for the various options.

The CDUM1 user output consists of nine headings labeled Sl
through S9. Table 3 describes the various output quantities for
the crack element. IKI of Table 3 is 1input on the element's
PDUM1 card.

Note that currently, the BANDIT = -1 option must be used on
the NASTRAN card.

5.2 SAMPLE PROBLEM FOR CALCULATION OF Ky

Figure 14 presents a crude model for calculating the stress
intensity factors for the edge crack with uniform stress. This
geometry was previously depicted in Figure T7b, with the associ-
ated errors shown in Table 1 under the 37 Grid Mesh column. The
bulk data 1nput 1s shown in Figure 15,

Elements 1 through 4 are singular crack elements while

Elements 5, 6, and 9 are non-singular. Note the grid numbering
sequence for Elements 1 and 4. Since the stress intensity factors
are calculated along rays closest to the element's local x-axls,
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BULK DATA DECK
Input Data Card ADUM1 Dummy Element Attributes

Description: Defines attributes of the dummy element CDUMI.

Format and Example:

1 2 3 4 5 6 7 8 9 10
ADUM1 | NG NC NP ND

Field

NG Number of grid points connected by DUM1 dummy element
(Integer = 8)

NC Number of additional entries on CDUM1 connection card
(Integer = 1)

NP Number of additional entries on PDUM1 property card
(Integer = 6)

ND Number of displacement components at each grid point

used in generation of differential stiffness matrix
(Integer = 3)

Fipgure 11 ADIM1 bulk data card for simgular or
non-simrular structural clement.
27
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BULK DATA DECK

Input Data Card CDUM1 Dummy Element Connection

Description:

Defines a sinqular or non-sinqular, two-dimensional structural

element. Must be used in conjunction with the Fortran code

supplied with this report.

Format and Example:

Plirure

1 2 3 4 5 6 7 8 9 10
CDUM1| EID | PID | G1 G2 G3 G4 G5 G6 abc
CDUM1| 114 | 108 2 5 6 8 7 11 ABC
the | G7 G8
+BC | 12 14
Field Contents
EID Element identification number (Integer > 0)
PID Identifization number of a PDUMI property card
(Integer > 0)
Gl...G8 Grid pcint identification numbers of connection points
(Interger 0, Gl # G2 ... # G8)
Remarks A1l grid points must be unique and all eight grids must be

present. Dummy grid points must be introduced into the model
if the element is to have less than eight grid points.

To form a triangle, the x,y,z coordinates of G4 must equal
the x,y,z coordinates of G1. G4 is then SPC'd in 123456 and is
considered a dummy grid point not used in the analysis.

To eliminate any mid-side grid, the x,y,z coordinates of the
mid-side grid must equal the x,y,z coordinates of one of the
corner grids. The eliminated mid-side grid is then SPC'd in
123456 and is considered a dummy grid point not used in the
analysis.

-- continued

12 CDUML bulk data card for cinfular or non=-sinralar
ctructural element.
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CDUM1 (continued)

Remarks

4. Dummy grids may be shared by adjacent elements in order to
keep down the total number of required grid points.

5. The ordering convention for the element's grid points Gl
through G8 are shown below.

ye
A
&7
64 . —y 63
G8 ¢ + G6
) —-— - J »x
G1 G5 G2 G2 \ e
X

figjure 12 Concliuded.

29

- -
et
A - A,




.............

BULK DATA DECK

Input Data Card PDUM1 Dummy Element Property

Description: Defines the properties and stress evaluation techniques to be

Input used with the CDUM1 singular or non-singular element. Must be
used in conjunction with the Fortran code supplied with this ‘
report.

Format and Example:

USRIl AR Mg gt e

1 2 3 4 5 6 7 8 9 10
PDUM1 | PID | MID T | GAMMAIIPLANE|NIPR | NIPS | IKI

PDUM1 | 108 2 0.10} 0.50 1 5 4 1

R

Field Contents

PID Property identification number (Integer > 0)

MID Material identification number (Integer > 0)

T Element thickness (Real > 0)

GAMMA Exponent used in displacement field (Real, 0.50 for

singular element, 2.0 for non-singular element)

IPLANE Plane strain or plane stress option, use 0 for plane
strain, 1 for plane stress (Integer 0 or 1)

NIPR Number of integration points in r direction.
The r direction is the radial direction for the
singular element (0 < Integer < 5)

NIPS Numer of integration points in s direction
(0 < tnteger < 5)

[KI Stress and stress intensity factor calculation option.
Use IKI=0 to calculate KI and KII based upon stresses.
Use IKI=1 to calculate K; and K;; based upon displacements.
For IKI=2 no stress inte*sity f&étor calculations are '
performed.” (Integer 0,1 or 2)

figure 13 PDOM1 bulk data card for singular or non-sinmular
structural element.
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TABLE 3
INTERPRETATION OF CDUM1 USER ELEMENT STRESS OUTPUT
(IKI* S1 S2 S3 S4 S5 S7 S8 S9
X y Oy oy Txy KII 0 0
X y 9y oy Txy KII 0 0
X y oy oy Txy ey ny 0
* For IKI = 0, Ky and Ki1 based on stresses (Equation 8)
For IKI = 1, K; and K, based on displacements (Equation 9)
For IKI = 2, K; and Ky are not calculated
x and y are the element coordinates where stresses
and strains are reported.
'
i
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Figure 14 Sample problem for calculation of KI’
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NASTRAN BANDIT=-1

ID KI TEST
APP DISPLACEMENT
- pIAG R
? TIME 15
2 SOL 1
P CEND
N TITLE =KITEST.NID - TEST OF CDUM1 ELEMENT, SIDE CRACKED GEOMETRY, 6/10/85
~. SUBTITLE= EDOE NOTCH, 37 NODES, A/W=1/3, SINGULAR ELE, 5Xi GAUSS
) SPC=1
'’ LOAD=1
DISP=ALL
STRESS=ALL
e BEGIN BULK
- ¢ 1 .o 2 .. 3 .. L B 5 .. 6 .. T .. 8 .. 9 .. 10
I $
N $ PARAMETERS
N $
% PARAM  GRDPNT ©
: PARAM  COUPMASS 1
s
$ wesra® PDUM] = 1 SING ELEM W. KI AND KII BASED ON DISPLACEMENTS
- s = 2 NON-SINQULAR ELEM
N s = 3 SING ELEM W. NO KI AND KII CALCS
. s = 4 SING ELEM W. XI AND KII BASED ON STRESSES
. : PQDMEM1 = 3 REGULAR 4 ORID ISOPARAMETRIC ELEM
- s MAT1 = 1 MATL PROPS, CDUM1 ADJUSTS THEM POR PLANE STRAIN
. : MAT1 = 2 MALT PROPS W. E AND NU ADJUSTED FOR PLANE STRAIN
i ADUM1 8 1 6 3
;. PDUM1 1 1 1. . 0 5 | 1
. PDUM1 2 1 1. 2. 0 2 2 2
. PDUM1 3 1 1. -5 0 5 4 2
. PDUMY 4 1 1. .5 0 5 b 0
ot
¥ PQDMEM1 3 2 1.
X MAT1 1 10.E6 .3 .10
2AT1 2 10.58se0 B A SR 1
" $ #sessr SPCal IS FOR EDGE CRACK W. UNIFORM TENSION STRESS
r. : GRIDS 50-57 ARE DUMMY GRIDS
- sPC1 1 356 1 THRU 37
) SPC1 1 123456 50 THRU 57
. sSPC1 1 2 3 A 5 22
. SPC1 1 1 22
s
s .
FORCE 1 34 [ 500. 0. 1.
’ FORCE 1 35 0 1000, 0. 1.
» PORCE 1 36 o 1000. 0. 1.
¢ :oncs 1 37 0 500, 0. 1.
vl
7 : CDUM1 1-4 ARE CRACK ELEMENTS
d
couml 1 1 3 1 11 50 2 6 +CD1
+CD1 7 51 0.
cbuMr 2 3 3 13 11 50 8 12 +CD2
: +CD2 7 51 0. .
i CDUM1 3 3 3 13 15 50 8 14 +CcD3
. +CD3 9 51 0.
) cDUM1 A& i 3 5 15 50 4 10 +CDA
.t ;CDH 9 51 0.
; : ELEM 5,6 AND 9 ARE NONSINGULAR CDUM1 ELEMENTS W MISSING MID-SIDE NODES
’ CDUM1 5 2 1 13 17 16 12 52 +CD5
[ +CD5 53 54 0.
4 CDUM1 6 2 13 15 18 17 14 52 +CD6
T +CD6 53 54 0.
¢ CDUM1 9 2 5 22 23 15 55 56 +CD9
,5 +CD9 57 10 0.
ol
Wipare 1Y Bulk duta for model of Figure 14,
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$ REST ARE CQDMEM1 (4 NODE ISOPARAMETRIC ELEMENTS)
$

ra

CQDMEM1 7 3 16 17 20
CQDMEM1 8 3 17 18 21
CQDMEM1 10 3 15 23 24
CQDMEM]1 11 3 18 2k 25
CQDMEM1 12 3 19 20 27
CQDMEM1 13 3 20 21 28
CQDMEM1 1k 3 21 25 29
CQDMEM1 15 3 26 27 3
CODMEM1 17 3 28 29 33
CQDMEM1 18 3 30 31 35
CQDMEM1 19 3 3 32 36
SODHEMI 20 3 32 33 37
$
GRID 1 0 0. o.
QRID 2 0 .5 o.
GRID 3 (4] 1. 0.
GRID i o 1.5 0.
ORID 5 0 2. 0.
GRID 6 0 0. .5
GRID 7 0 .5 .5
GRID 8 0 1. .5
GRID 9 0 1.5 .5
GRID 10 ] 2. .5
GRID 11 o 0. 1.
GRID 12 0 .5 1.
ORID 13 0 1. 1.
GRID 14 0 1.5 1.
GRID 15 0 2. 1.
GRID 16 0 0. 2.
ORID 17 0 1. 2.
GRID 18 0 2. 2.
GRID 19 0 o. 3.
ORID 20 0 1. 3.
ORID 21 0 2. 3.
ORID 22 0 3. 0.
GRID 23 ] 2. 1.
ORID oh e 3. 2.
GRID 25 (] 3. 3.
ORID 26 0 0. b,
ORID 27 0 1. X,
QRID 28 0 2. N,
ORID 29 0 3. a,
ORID 30 0 0. 5.
GRID 31 0 1. 5.
GRID 32 0 2. S.
GRID 33 o} 3. 5.
GRID 34 0 0. 7.
ORID 35 0 1. 7.
GRID 36 0 2. 7.
gRID 37 0 3. 7.
: GRIDS 50-57 ARE DUMMY GRIDS FOR CDUM1 ELEMS
GRID 50 0 1. 0.
GRID 51 0 1. 0.
GRID 52 0 1. 1.
GRID 53 ] 1. 1.
GRID 5k 0 1. 1.
ORID 55 0 3. 1.
GRID 56 0 3. 1.
GRID 57 0 3. 1.
ENDDATA
Concluded,.
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Element 1 is numbered as shown. Since the Element 1 x-axis edge
forms the cracks surface, the PDUM1 card for Element 1 should

request that displacements be used to calculate stress intensity
factors. This 1s consistent with the equatlons presented 1n
Section 2.3. Element 4 is numbered as shown, and 1ts stress
intensity factors are based on stresses. Theoretically, the
stress intensity factors predicted for Element 1 and Element 4
should be the same. It has been found that, usually, the
displacement-based stress intensity factors are more accurate.
For Elements 2 and 3, no stress 1lntensity factor calculations are
performed since they would not be meaningful. The numbering for
Elements 2 and 3 1is not as critical, although the first grid must
be located at the crack tip for all singular elements. Since
element stresses are in terms of the element's coordinate system,
1t 18 suggested that they be aligned with the baslc system
whenever possible.

Grids 50 and 51 are dummy grids which must be present. Note
that they may be shared by any adjacent elements. In order to
form a trlilangular element, the x,y,zZ coordinates of element
grid 4 (GY4) must be the same as those of element grid 1 (Gl).
Mid-side grids are eliminated by making their coordinates equal
to that of any of the corner grids. Note also that Elements 5
and 6 share the dummy grids 52, 53, and 54, while Element 9 uses
dummy grids 55, 56, and 57.

The theoretical solution for this problem is given in
Reference 2, page 2.10 as

=
]

o VYna F‘(%)

L}

1000 psi /w(IJIm x 1.786

3165 1b-in~3/2




: COD = 2 x 4.655 x 10-4 in.

The reported values from the NASTRAN run are:

‘A,
Pd e MR A e 4

=
[}

2965 1b-in-3/2 (Element 1) ]

COD = 2 x 4.397 x 10-% in. (grid 1) y

Y

iy

These calculated errors are slightly different than those reported
in Table 1. Because the errors reported in Table 1 were calcu-

fj lated using double precision arithmetic, whereas the NASTRAN

A results shown above use single precision arithmetic for stress

recovery.

FrS

5.3 SAMPLE PROBLEM FOR CALCULATION OF K; AND K1t
Figure 16 presents the fairly detailed model used to calcu-

L e ]

late Ky and Ky for a central crack in shear. This geometry was
previously deplcted in Figure 74, while the loading and boundary

conditions are shown in Figure 10. Figure 17 presents the bulk
data input for this model. Several addlitional subcases are also
. analyzed in the bulk data of Figure 17. The SPC=1 set applies to
: the shear problem whereas the SPC=2 set 1s for the tenslion prob-
lem. Other input data are documented in the deck. Figure 16
also shows a blown-up view of the left side of the crack geometry
so that it may be easily compared to the bulk data cards.

Grids 325 and 326 are the dummy grids for crack Elements 1001
through 1008. The elements used to model the right side of the
crack are Elements 2001 through 2008. Other CDUM1 Elements used
in the model are transition elements.

The theoretical stress intensity factors, Kyy, for the shear
loading 1s given 1n Reference 2, page 10.1, as

KII = 1 yna FA(%)

1, 36
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NASTRAN BANDIT=-1
ID KI TEST
APP DISPLACEMENT
DIAG 8
TIME 15
SOL 1
CEND
TITLE  =K12TEST.NID- KI AND K2 FOR CENTER CRACK, 234 NODES,(A/B=1/3) ¢
SUBTITLE= SINQULAR ELEMENTS, 5X4 GAUSS
DISP=ALL
STRESS=ALL
SUBCASE 1 '
LABEL = TENSION LOAD, KI CALCULATION
SPC =2
LOAD=2
SUBCASE 2
LQSEL = THERMAL LOAD, UNIFORM TEMPERATURE
S =2
TEMP(LOAD)=3
SUBCASE 3
LABEL = COMBINED TENSION + TEMPERATURE
SPC =2
LOAD=2
TEMP(LOAD)=3

3

SUBCASE & -
LABEL = SHEAR LOAD, KII CALCULATION
SPC =1
LOAD=1

SUBCASE S
LABEL = THERMAL LOAD W. CONSTRAINED BOUNDARY, INDUCES 10000 PSI TENSION
SPC=1
TEMD (LOAD) =4

SUBCASE 6
LABEL = SHEAR LOAD + THERMAL LOAD, MIXED MODE KI AND KII CALCULATION
SPC =]
~OAD=1
TEMP{LOAD) =4

BEGIN BULK

$ 1 .. 2 .. 3 .. 8 ., 5 .. 6 .. 7 .. 8 .. 9 .. 10

]
$ PARAMETERS
$

PARAM  ORDPNT 0
PARAM  COUPMASS 1
sansns  PDUM]1 1 ARE NONSING ELEM

2 SING ELEM W, ONLY CENTROID STRESS RECOVERY

3 SING ELEM W. KI AND KII CALCS BASED ON DISPLACEMENTS
4 SING ELEM W. KI AND KII CALCS BASED ON STRESSES
NOTE: ALL OP THESE PDUM1 PROPERTIES ARE FOR PLANE STRAIN

PQDMEM]1

1 REGULAR 4 ORID ISOPARAMETRIC ELEMENTS

MAT1 = 1 MATL PROPS, CDUM1 ADJUSTS THEM FOR PLANE STRAIN
MAT1 = 2 MATL PROPS W. E AND NU ADJUSTED FOR PLANE STRAIN

6 3

L X X 2 X 2 X 2 2 2 X X 4

>
o
g
-
x
-

PQDMENM] 1 2 1.
MAT1 1 10.E6 .3 .10 2.E-5 50.
MAT] 2 10.989E6 .428571 .10 2.E-5 50,

ipure 17 © Bulk data for model of Figure 16.
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$ ©eesss SPCe2 IS FOR CENTRAL CRACK IN TENSION, KI CALC esesss
s SPC=] IS POR CENTRAL CRACK IN SHEAR, KII CALC
s
R $ GRIDS 301-328 DUMMY GRIDS FOR CDUM1 ELEMS
P s GRIDS 133-150 DUMMY GRIDS NOT USED AT ALL
$
@ SPC1 2 3456 1 THRU 234
W\ SPC1 2 123456 133 THRU 150
. ipc1 2 123456 301 THRU 328
]
L sPcl 2 1 7 ‘
ircx 2 2 1 THRU 13
- . s
- SPC1 1 3456 1 THRU 234
F SPC1 1 123456 133 THRU 150
K 2rc1 1 123456 301 THRU 328
) SPC1 1 12 1
8PC1 1 2 2 THRU 13
grcx 1 2 222 THRU 234
\ 4 ®sensd 3IDe3 IS UNIPORM TEMP OP 100, (INDUCES O STRESS w. sPC=2)
: s =h IS UNIFORM TEMP OF 0, (INDUCES 10000 PSI TENSION W, SPCe=1)
s
Al TEMPD 3 100.
« TEMPD & 0.
‘ $
v $ essssr LID=? IS FOR CENTRAL CRACK IN TENSION, KI CALC sesses
$ =1 IS FOR CENTRAL CRACK IN SHEAR, KII CALC
(]
§ PORCE 2 222 0 250, 0. 1.
\ FORCE 2 223 (] 500, 0. 1.
:, FPORCE 2 224 0 500. 0. 1.
PORCE 2 225 0 500. 0. 1.
) FORCE 2 226 0 500. 0. 1.
. PORCE 2 227 o 500. 0. 1.
. PORCE 2 228 ] 500. 0. 1.
PORCE 2 229 0 500. 0. 1.
FORCE 2 230 0 500. 0. 1.
, PORCE 2 23 o 500. 0. 1.
PORCE 2 232 0 500. 0. 1.
' FORCE 2 233 ] 500. 0. 1.
: :ORCE 2 234 0 250. 0. 1.
s
FORCE 1 2 0 500. 1. o.
PORCE 1 3 0 500, 1. 0.
PORCE 1 I 0 <p00. 1. 0.
’ PORCE 1 5 0 500. 1. 0.
P PORCE 1 6 0 500. 1. 0.
- PORCE 1 7 0 500. 1. 0.
", PORCE 1 8 (] 500. 1. 0.
: PORCE 1 9 0 500. 1. 0.
* FORCE 1 i0 0 500. 1. 0.
. PORCE 1 11 0 500, 1. 0.
" FORCE 1 12 0 500, 1. o.
zoncs 1 13 0 250. 1. 0.
¢ PORCE 1 11 0 500. 0. 1.
/ FORCE 1 26 0 -500. 0. 1.
* PORCFE 1 27 0 500. 0. 1.
. PORCE 1 39 0 -500. 0. 1.
. PORCE 1 uo 0 500. 0. 1.
* PORCE 1 52 0 -500. 0. 1.
‘ FORCE 1 5~ 0 500. 0. 1.
FORCE ) 64 0 -500, O, 1.
¢ PORCE 1 66 0 500, 0. N
PORCE 1 84 0 -500, 0. 1.
. FORCE 1 95 0 500. 0. 1.
- . »
A Fipgure 17 Counl inued.
L]

' 39




SAEAL AL AR ARG Sl S MR YRSAL R AL R LY ;?‘1

PORCE 1 113 0 -500. 0. 1.
PORCE 1 151 0 500. 0. 1.
FORCE 1 169 0 ~500. 0. 1.
FORCE 1 170 0 500. 0. 1.
FORCE 1 182 0 -500. O, 1.
FORCE 1 183 0 500. 0. 1.
FORCE 1 195 0 -500. 0. 1.
FORCE 1 196 0 500. 0. 1.
FORCE 1 208 0 -500. O, 1.
FORCE 1 209 0 500. 0. 1.
PORCE 1 221 0 -500. O©. 1.
s
FORCE 1 222 0 -250. 1. 0. .
FORCE 1 223 0 -500. 1, 0.
PORCE 1 224 0 -500. 1. 0.
FORCE 1 225 0 -500. 1. 0.
PORCE 1 226 0 -500. 1. 0. .
FORCE 1 2217 0 -500. 1. 0.
FORCE 1 228 0 -500. 1. o.
FORCE 1 229 0 -500. 1. 0.
FORCE 1 230 0 -500. 1. o.
FORCE 1 23 0 -500. 1. o
FORCE 1 232 0 -500. 1. 0.
FORCE 1 233 0 -500. 1. 0.
PORCE 1 234 ] =250, 1. 0.
s
: GEOMETRY
GRID 1 0 0.000 0.000
GRID 2 0 0.500 0.000
GRID 3 0 1,000 0,000
GRID 1 0 1.500 0.000
ORID 5 0 2.000 0.000
ORID 6 0 2.500 0.000
GRID 7 o 3.000 0.000
GRID 8 0 3.500 0.000
ORID 9 0 14.000 0.000
GRID 10 0 4,500 0.000
GRID 11 0 5.000 0.000
GRID 12 0 5,500 0.000
GRID 13 0 6,000 0.000
GRID 14 0 0,000 0.500
GRID 15 0 0,500 0.500
GRID 16 0 1.000 0.500
GRID 17 0 1.500 0.500
GRID 18 0 2.000 0.500
GRID 19 0 2.500 0.500
GRID 20 0 3.000 0.500
GRID 21 0 3.500 0.500
GRID 22 o 4,000 0.500
ORID 23 0 4,500 0.500
GRID 2 0 5.000 0.500
GRID 25 0 5.500 0.500
GRID 26 0 6.000 0.500
GRID 27 0 0.000 1,000
GRID 28 0 0,500 1.000
GRID 29 0 1.000 1.000
GRID 30 0 1.500 1.000
GRID 31 0 2.000 1.000
GRID 32 0 2.500 1.000
GRID 33 0 3.000 1.000
GRID 3% 0 3.500 1.000
GRID 35 0 4.000 1.000
ORID 36 0 4,500 1.000
ORID 37 0 5.000 1,000
GRID 38 0 5.500 1,000 s
GRID 39 0 6.000 1.000

- GRID o 0 0.000 1.500
GPID b1 0 0.500 1.500
GRID 42 (1] 1.000 1.500
GRID 43 0 1.500 1.500 ¢
ORID T 0 2.000 1.500
GRID 45 0 2.500 1.500
GRID M3 0 3.000 1.500
GRID 47 0 3,500 1.500

Wi 17 Continued,
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. ORID 48 0 4,000 1.500
N ORID 49 0 4,500 1.500
“ ORID 50 0 5,000 1.500
. GRID 51 0 5.500 1,500
ORID 52 0 6,000 1.500
GRID 53 0 0.000 2.000
GRID 54 0 0.500 2.000
GRID 55 0 1,000 2.000
» GRID 56 0 1.500 2.000
GRID 57 0 2,000 2.000
" GRID 58 0 2.500 2.000
’ GRID 59 0 3,000 2.000
; ORID 60 0 3,500 2.000
: QRID 61 0 4,000 2.000
GRID 62 0 4,500 2.000
) GRID 63 0 5.000 2.000
. . ORID 64 0 §.500 2,000
GRID 65 0 6,000 2.000
s GRID 66 0 0,000 2.500
| ORID 67 0 0.500 2.500
& GRID 68 0 1.000 2.500
ORID 69 0 1.500 2.500
‘ GRID 70 0 1.750 2.500
ORID 71 0 2.000 2.500
GRID 72 0 2.250 2.500
! GRID 73 0 2.500 2.500
, GRID 74 0 2.750 2.500
, GRID 75 0 3.000 2.500
- ORID 76 0 3.250 2.500
- ORID 77 0 3.500 2.500
v GRID 78 0 3.750 2.500
ol GRID 79 0  4.000 2.500
] ORID 80 0  4.250 2.500
_ GRID 81 0 4,500 2.500
Lo GRID 82 0 5,000 2.500
s GRID 83 0 5,500 2.500
ORID B4 0 6.000 2.500
ORID 85 0 1.500 2.750
ORID 86 0 1.750 2.750
GRID 87 0 2.000 2.750
» GRID 88 0 2,250 2.750
GRID 89 0 2.500 2.750
GRID 90 0 3.000 2.750
» ORID 91 0 3,500 2,750
o ORID 92 0 3,750 2.750
- ORID 93 0 4,000 2.750
“ ORID 91 0 4,250 2.750
-, GRID 95 0 0,000 3.000
N GRID 96 0 0.500 3.000
. GRID 97 0 1,000 3.000
GRID 98 0 1.500 3.000
GRID 99 0 1,750 3.000
. GRID 100 0 2,000 3.000
ORID 101 0 2.250 3.000
< GRID 102 0 2.500 3.00n
> GRID 103 0 2.750 3.00¢
7 GRID 104 0 3,000 3.000
2 GRID 105 0 3.250 3.000
g GRID 106 0 3.500 3.000
! GRID 107 0 3,750 3.000
GRID 108 0 4,000 3.000
‘ CRID 109 0 4.250 3,000
= GRID 110 0 4,500 3.000
o ORID 111 0 5.000 3.000
N GRID 112 0 5,500 3.000
e GRID 113 0 6,000 3,000
4+ GRID 11k 0 2,250 3.000
GRID 115 0 2,500 3.000
GRID 116 0 2,750 3,000
GRID 117 0 3.000 3.000
* GRID 118 0 3.250 3.000
38 GRID 119 0 3.500 3.000
» ORID 120 0 3./50 3.000
X ORID 121 0 1.500 3.250
$ GRID 122 0  1.750 3.250
: WMippure | continued.,
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’, GRID 123 0 2.000 3.250

&) GRID 124 0 2.250 3.250
GRID 125 0 2.500 3.250
GRID 126 0 3,000 3.250
GRID 127 0 3.500 3.250
GRID 128 0 3.750 3.250
GRID 129 0 4,000 3,250
GRID 130 0 4,250 3.250
GRID 131 0 4,500 3,250
GRID 132 0 4,500 2,750
QRID 133 0 0.000 0,000
GRID 134 0 0.000 0,000
ORID 135 0 0.000 0,000 .
GRID 136 0 0.000 0.000
GRID 137 0 0.000 0,000
GRID 138 0 0.000 0,000
GRID 139 0 0.000 0,000
GRID 140 0 0.000 0.000 '
GRID 141 0 0.000 0,000
GRID 142 0 0.000 0,000
GRID 143 0 0.000 0,000
GRID 144 6 0.000 0,000
GRID 145 0 0.000 0,000
GRID 146 0 0.000 0,000
GRID 147 0 0.000 0.000
GRID 148 0 0.000 0,000
GRID 149 0 0.000 0.000
GRID 150 ] 0.000 0.000
GRID 151 0 0.000 3,500
GRID 152 0 0.500 3,500
QRID 153 0 1,000 3,500
ORID 154 0 1,500 3,500
GRID 155 0 1,750 3.500
ORID 156 0 2.000 3,500
ORID 157 0 2.250 3.500
ORID 158 0 2,500 3,500
GRID 159 0 2.750 3.500
GRID 160 0 3.000 3.500
GRID 161 0 3.250 3.500
GRID 162 0 3.500 3.500
GRID 163 0 3.750 13,500
GRID 164 0 4,000 3,500
GRID 165 0 4,250 3.500
GRID 166 0 4,500 3,500
GRID 167 0 5.000 3.500
GRID 168 0 5.500 3,500
GRID 169 0 6.000 3.500
GRID 170 0 0.000 4,000
GRID 171 0 0.500 4,000
GRID 172 0 1.000 4,000
GRID 173 0 1.500 4,000
QRID 174 0 2.000 4,000
GRID 175 0 2.500 4.000
ORID 176 0 3.000 4,000
GRID 177 0 3.500 4,000
ORID 178 0 4,000 4,000
ORID 179 0 4.500 4,000
ORID 180 0 5.000 4,000
GRID 161 0 5.500 4,000
ORID 182 0 6.000 4,000
QRID 183 0 0.000 ,500
ORID 184 0 0.500 4,500
GRID 185 0 1.000 4,500
QRID 186 0 1.500 4,500
GRID 187 0 2.000 4,500
GRID 188 0 2.500 4,500
GRID 189 0 3.000 4.500 :
GRID 190 0 3.500 4,500
GRID 191 o b4.000 4,500
GRID 192 0 4.500 4,500
GRID 193 0 5.000 4,500 ,
GRID 194 0 5.500 4.500
GRID 19 0 6.000 4,500
GRID 196 0 0.000 5,000
GRID 197 0 0.500 5.000
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ORID 198 0 1.000 5.000
ORID 199 0 1.500 5.000
GRID 200 0 2.000 5.000
GRID 201 0  2.500 5.000
GRID 202 0 3.000 5,000
GRID 203 0 3.500 5.000
GRID 20l 0 &.000 5.000
GRID 205 0 4,500 5.000
ORID 206 0 5.000 5.000
ORID 207 0 5.500 5.000
ORID 208 0 6.000 5.000
GRID 209 0 0.000 5,500
ORID 210 0 0.500 5,500
QRID 211 0 1.000 5.500
GRID 212 0 1.500 5,500
GRID 213 0 2.000 5.500
ORID 214 0 2.500 5.500
ORID 215 0 3.000 5.500
GRID 216 0 3,500 5.500
GRID 217 0 k.000 5,500
GRID 218 0 4.500 5.500
GRID 219 0 5.000 5,500
GRID 220 0 5.500 5.500
GRID 221 0 6.000 5.500
GRID . 222 0 0.000 6,000
GRID 223 0 0.500 6.000
ORID 22 0 1.000 6,000
GRID 225 0 1.500 6.000
GRID 226 0 2.000 6.000
GRID 227 0 2.500 6.000
GRID 228 0 3.000 6.000
GRID 229 0 3.500 6.000
ORID 230 0 h.000 6.000
GRID 231 0 4.500 6.000
ORID 232 0 5.000 6.000
ORID 233 0 5.500 6.000
GRID 234 0 6.000 6.000
$ DUMMY GRIDS FOR CDUM1 ELEMENTS
$GRID 57 0 2.000 2.000
ORID 301 0 2.000 2.000
GRID 302 0 2.000 2.000
~ gnxn 303 0 2.000 2.000
s, $0RID 59 0 3.000 2,000
£ GRID 304 0 3.000 2,000
~ ORID 305 0 3.000 2.000
N gnxn 306 0 3.000 2.000
$GRID 61 0 4,000 2.000
GRID 307 0 4,000 2.000
. GRID 308 0 4.000 2.000
. gnxo 309 0 4,000 2,000
. $GRID 111 0 5.000 3.000
" GRID 310 0 5.000 3.000
, GRID in 0 5.000 3.000
- ORID 312 0 5.000 3.000
= s
A $ORID 178 0 4.000 4.000
ORID 313 0 4,000 4,000
GRID 314 0 4.000 4.000
GRID 315 0 4.000 4,000
s
N - $GRID 176 0 3.000 4,000
@ GRID 316 0 3.000 4.000
kY GRID 317 0 3.000 4.000
. garn 318 0 3,000 &.,000
.
- $GRID 174 0 2.000 4,000
', GRID 319 0 2.000 4.000
v ORID 320 0 2,000 A.000
’ GRID 321 0 2.000 4,000
4
o
y Figure 17 Continued.
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$GRID
QRID
GRID
GRID
$

$GRID
GRID
GRID

$

$GRID
GRID
GRID

$

$

CcDUM1
+CD 1001
CcDUM]1
+CD 1002
CDUM1
+Ch 1003
CcDUM1
+CD 1004
CDUM]
+CD 1005
CDUM1
+CD 1006
cDur1
+CD 1007
CDUM1
+CD 1008
$

CDUM1
+CD 2001
CDUM1
+CD 2002
CcDhuM1
+CD 2003
CDUM]
+CD 2004
chuml
+CD 2005
cDUM]
+CD 2006
cbumM1
+CD 2007
CcDUM]
;CD 2008

CQDMEM]
CQDMEM1
CQDMEM]
CQDMEM1
CODMEM]
CQDMEM]
CQDMEM1
CQDMEM1
CQDMEM]
CQDMEM1
CQDMEM1
CQDMEM]1
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Krg = 1000 psi /a(IJIA x 1.04 = 1843 1b-in~3/2

while the crack opening displacement (COD) is not reported.

The corresponding Kyy as reported by NASTRAN 1s:

Krr = 1924 1b-1n~3/2  (Subcase 4, Element 1004)

Again, a slight discrepancy exlsts between these results and
those reported in Table 2 due to the single versus double
precision method of stress calculations previously described.

6.0 SUMMARY AND CONCLUSIONS

The theory, lmplementatlon, and user instructions for a
linear elastic, two-dimensional COSMIC/NASTRAN crack tip element
have been presented. The element was 1lncorporated using the
dummy element capability of NASTRAN. Subroutines for calculating
the stiffness matrix, mass matrix, thermal load vector, stresses,
and stress intensity factors have been developed. Instructions
for using the element along with sample problems have been
presented.

The stress Intensities and crack opening displacements ob-
talined using the element have been compared to several theoretical
solutions. Both COD and stress intensity factors appear to be
accurately represented even for relatively coarse meshes. The
accuracles obtained are well within the accuracies required by
typical englineering calculations, since the scatter alone, 1in the
K1 values from a typical test may be 10%.

Finally, due to the generality of the element, extensions to
include anlsotropic materials and plasticity should be easily
accommodated. The work performed here provides a solild theoreti-
cal and implementational basls for developing an enhanced version
of thils element.
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33 APPENDIX

MAGNETIC TAPE FORMAT AND PROCEDURE FOR
INSTALLATION OF DUMMY ELEMENT CODE ON VAX COMPUTER

A

The dummy element FORTRAN source files and sample problems

-~
:f are provided on magnetic tape. The tape 1s written in VAX ¢
-:; FILES-11 format and has the following characteristics.
2
1 1600 BPI
p, 9 TRACK
& ASCII
)
:‘ To install the code, all files should first be copied from
;EE the tape to eilther a user's disk space or to the system NASTRAN
';j account disk space.
;1 The following files, 1in order, will be found on the tape.
ﬁ: Dummy element stiffness and mass matrix routines
;2 KDUM1.MIS
"!
. Dummy element thermal loads routines
%4 DUM1.MIS
3 EDTL.MIS
2 Dummy element stress routines
v SDUM11.MIS
’; SDUM12.MIS .
e

Bulk data decks for sample problems
KITEST.NID
K12TEST.NID

ALCANLLS

XXX
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To install the subroutines, they must be compiled and linked
to the existing NASTRAN executable. Merge all the FORTRAN files
(.MIS extensions) into one combined file called DUM1.TOT. The
user must have avallable the two NASTRAN libraries, NASPRILIB.OLB
and NASSECLIB.OLB. The following command procedure should be
stored in a file called NC.COM and then executed by typing in €NC
DUM1.TOT.

$SET NOON

$FORTRAN/NOFT7T7 'Pl'/OPTIMIZE/NOLIST/OBJECT=TEMPLIBR.OBJ

$KLIB:="NASPRILIB.OLB"

$LEN = 'F$LENGTH(P1)

$IF ('F$LOCATE(".VSS",Pl1l) .NE. LEN) - THEN
KLIB:="NASSECLIB.OLB"

$LIBRARY/REPLACE/LOG 'KLIB' TEMPLIBR.OBJ

$DELETE TEMPLIBR.OBJ;#

$SET ON

The above procedure complles the source and inserts 1t into
the old librarles. This procedure (NC.COM) and those that follow
(LINKO5.COM, etc.) are provided by COSMIC on the tapes containing
the NASTRAN program. Refer to the "Supplemental Documentation
for VAX NASTRAN" provided by COSMIC for further elaboration.

The following procedure links the object files created above
and creates the executable NASTO08.EXE. The following should be
stored on a file called LINKO8.COM and then executed by typing in
@LINKOS.

$LINK/NOMAP/EXE=NASTO8.EXE NASPRILIB.OLB/INCLUDE=(NAST08),-
NASSECLIB.OLB/INCLUDE=(VAX08,vax08e,1FTE2), -
NASPRILIB.OLB/LIB/INCLUDE=-
(GPTABD, XSFABD, SEMDBD, TABFBD, CN36BD)

$EXIT
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The following procedure creates the executable NASTOS5.EXE.
The following should be stored on a file called LINKO05.COM and
then executed by typing in E€LINKO5.

$LINK/NOMAP/EXE=NAST05.EXE NASPRILIB.OLB/INCLUDE=(NASTO05),~- {
NASSECLIB.OLB/INCLUDE=(VAX05,IFTE2), -
NASPRILIB.OLB/LIB/INCLUDE=- ‘
(GPTABD, XSFABD, SEMDBD,CN36BD)

$EXIT

Finally, the following procedure creates the executable
NAST13.EXE. The following should be stored on a file called
LINK13.COM and then executed by typing in E@LINK13.

$LINK/NOMAP/EXE=NAST13.EXE NASPRILIB.OLB/INCLUDE=(NAST13),~
NASSECLIB.OLB/INCLUDE=(VAX13,IFTE2,SETC),~
NASPRILIB.OLB/LIB/INCLUDE=-
(GPTABD, PLAABD, XSFABD, SDR2BD, SEMDBD, ~ CN36BD)

$EXIT

After executing the above procedures, three new files,
NASTO08.EXE, NAST05.EXE, and NAST13.EXE will be on the account.
These are then to be used in place of the old NASTO08.EXE,
NASTO05.EXE, and NAST13.EXE files which currently reside on the
NASTRAN disk. If desired, the old NASTO8.EXE, NASTO05.EXE, and
NAST13.EXE files may be deleted from the NASTRAN disk at this
time.

The Bulk data decks KITEST.NID and K12TEST.NID for the ]
sample problems are used 1n exactly the same manner as any other
bulk data deck.
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