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r-OREWORD -

This is the final report for a comprehensive study on damage tolerance properties of

notched composite laminates under the Air Force Grant AFOSR-84-0334. The grant was %

awarded to Dr. A. S. D. Wang of Drexel university with the initial grant period covering from

30 September 1984 to 31 December 1986. However, during the period from 1 September

1986 to 31 August 1987, Dr. worked at the AFOSR as visiting scientist under the

Intergovernment Personnel Loan Program; Dr. C. W. Lau then served as an interim principal

investigator, with the termination date of the grant extended to 31 December 1987.

The research was performed by Dr. A. S. D. Wang and his assistants: Dr. E. S.

Reddy, Drexel University post-doctoral fellow, Dr. W. Binienda and Mr. Y. Zhong, Drexel

University graduate students.

Major David A. Glasgow and Lt. Col. George K. Haritcs of AFOSR served

successively as technical monitors during the course of this research. 1~
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IN IRODUCTION
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Objectives of Research.

The main objective of this research is to investigate matrix-related damage

mechanisms in composite laminates that have a through-tne-thickness line-notch or a small
hole. A computer simulation methodology is then developed to describe the modes and the

extent of damage growth caused initially by the presence cf the notch (or hole), and

subsequently by the damages themselves.

Theoretical Approach. S.

The theoretical approach taken in this endeavor followed the principles of

micromechanics and the mechanics of brittle fracture at the descriptive level considered

valid for the so-called ply-elasticity. Namely, the laminate is basically treated as a

3-dimensional elastic solid which is made of distinctly anisotropic layers. While each layer is

assumed homogeneous and endowed with a set of effective elastic constants (see, e.g. [1]),

brittle fracture can initiate and propagate within any layer having a weaker axis of material

anisotropy, and within any one of the weaker layer interfaces due to the 3-dimensional

interlaminar stresses.

Since the propagation modes and the growth behaviors between fracture in a layer
and fracture in a layer-to-layer interface differ fundamentally owing to the particular
microstructure of the laminate, growth of damages in the form of sublaminate cracks

constitute a load-time dependent evolutionary process. The general premise of ply-elasticity

and theory of brittle fracture on which a simulation model is based has recently been

discussed in detail by Wang [2].

Crack Growth Simulation.

With laminates having a through-the-thickness line-notch or a small hole, stress

2
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concentrations and hence sublaminate damages near the notch (or hole) are expected

when the laminate is loaded by externally applied load. In order to simulate the damage

initiation and damage growth as a function of the applied load, a 3-dimensional analysis of

the stress field near the notch or hole must be first performed. Such a stress field, however,

contains reg'ons of stress concentration caused not only by the notch (or hole) itself in the

usual sense, but also by the interaction of the free edges of the notch (or hole) with the layer

interfaces known as free-edge effect [3].

In addition, if one or more sublaminate cracks have already initiated near the notch

(or hole), the stress field disturbed by the presence of these cracks and the new conditions

for these cracks to grow must be continuously analyzed.

Clearly, to effectively analyze such a complex system requires, as a prerequisite, an

efficient and accurate finite element computational routine on one hand, and a set of

physically consistent material conditions that govern the various crack growth behaviors on

the other. Of course, the finite element routine must be developed in accordance within the

basic confines of ply-elasticity and the theory of fracture mechanics. Similarly, material

conditions governing the various crack growth behaviors must be determined independent

of the laminate geometry, both in its overall shape and its lamination structure.

Finally, the simulation methodology must be validated by experiment in which actual

growth of sublaminate damages is recorded as a function of the applied load. The recorded

damage must be measured in quantity units consistent with those simulated numerically so

that a direct comparison between the two can be made.

Major Tasks Performed.

Within the context of the forgoing discussions, the following major tasks have been

performed during the course of the research:

1. Development of a 3-dimensional finite element code based on

ply-elacztirty and the linear theory of fracture mechanics. The code is capable

of simulating the initiation and growth mechanisms of sublaminate cracks

3.................- J*..'** 4 .



expected to occur in certain notched laminates when they are specifically

loaded.
I

2. Development of rigorous solutions based on anisotropic elasticity and I,

fracture mochanics for a crack problem similar to that anticipated to occur in

laminates but mathematically tractable without compromising accuracy. The

same problem is then analyzed by means of the developed finite element

code. Comparison of results from the two independent solution methods

adjudicates the general accuracy of the finite element method.

3. Experiment to establish material conditions that govern the initiation and

growth behaviors of the kinds of cracking anticipated to occur in notched

laminates. The is accomplished by testing a family of specially designed [
specimens in which the anticipated cracking occurred, and by simulations of

the observed cracking using the developed finite element code.

4. Validation of the simulation method by testing actual laminates that have

through-the-thickness line-notches or small holes. Comparisons are then

made between the test results and the simulation results, which display the

adequacy and/or limitations of the simulation methodology.

In the next section, specifics in each of the tasks are discussed in more detail along

with highlights of the results obtained therein. The actual results and the manner in which

these results are obtained have been reported in open literature. Four full-length papers and

one computer code with user's guide are appended to this report for reference.

The last section outlines a set of concluding remarks pertinent to the major themes of

this research.

'I
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SPECIFIC TASKS AND RESULTS
.,,.

3-D Finite Element Code.

As mentioned, the finite element code is developed on the basis of ply-elasticity and

the theory of linear fracture mechanics. Its main functions are L

1. To compute the 3-D stress field in a laminate of given lamination structure,

overall laminate shape, manner of loading, the exact geometry and location

of the notch. Because of the expected stress concentrations near the notch

region, the code is capable of generating the desired mesh in the region

around the notch. The computed stress field provides 6 stress components at

any point. In general, stress distribution on any specified plane can be

displayed graphically in various isometric forms.

2. To compute the strain energy release rates at any crack-tip with specified "

direction of propagation. If one or more cracks are already present near the

notch, the code can compute the associate stress field as well as the strain ,-

energy release rate at one of the crack tip. In cases where the crack may

propagate in mixed-modes, then the energy release rate correspondirng to

each mode can also be calculated. The calculated strain energy release rates

are expressed in terms of the appropriately unit for the applied load.

Input data required to run the code include the geometry for the overall laminate

specimen shape, the applied load and boundary conditions, the laminate stacking sequence

and fiber orientations, the effective elastic constants (including thermal expansion

coefficients if appropriate) for each ot the laminating layers relative to their respective

principal material axes, the location, size and orientation of the notch, and the suspected

matrix crack or delamination near the notch.

Appendix V contains the user's guide in which a considerable detail about the code
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is discussed. To help run the code, illustrative examples are provided with explanations and

actual input /output results. A list of the source code, written in Fortran-IV, is also included.

Assessing the Accuracy of the Finite Element Method.

As the developed finite elkment code is to be used to compute both the stress fields

and the fracture quantities for small cracks in layered, anisotropic solids, an etiort is made to

assess the numerical accuracy the code can provide. To this end, a problem of an ideal

overall configuration and loading condition is treated rigorously on the basis of the

anisotropic theory of elasticity and fracture mechanics.

The specific problem treated is a unidirectional laminate of infinite domain as

illustrated in Figure 1. The laminate contains initially a kink crack and is loaded in uniform

tension applied off-axic, making an arbitrary angle 0 with the fibers. The base of the kink

crack is normal to the applied tension while the kink itself is in the fiber direction. Thus, the

problem is one that involves self-similar, mixed-mode fracture at the kink tip. Within the frame

work of elasticity theory and linear fracture mechanics, the problem can be formulated

exactly and solved rigorously by means of singular integrals and the boundary collocationJ
method.

Solutions to this rigorously formulated problem serve as branch mark from which the

finite element solutions can be compared. As it turns out, it is possible to tune the finite

element shape and mesh selections in order to yield as accurate numerical results as the

rigorous solutions.

Detailed development of this effort has been published in the paper entitled "Fracture

duc to A Kink Crack in Unidirectional Fiber reinforced Composites." This paper is appended

,; here as Appendix I.

Establishing A Mixed-IMiode Fracture Criterion.

Another essential element in the prese, effort to simulate mixed-mode sublaminate

crack is to ascertain the material condition under which the crack propagates. The problem

6



is complicated by the fact that fracture of different modes often involves different mechanisms

at the microscale, which in turn result in different material conditions for propagation. For

fracture propagating in arbitrary combination of modes, a general set of conditions is need.

This, however, is not always possible without actually specifying the material.

In the present work, the AS4-3501-06 graphite-epoxy composite system is used in all

experiments and simulations. To establish the desired mixed-mode fracture criterion for

matrix cracks in this material, a test specimen is designed which can yield crack propagation

under 28 different mixed-mode conditions. The test specimen is shown in Figure 2.

It is an off-axis unidirectional tensile coupon with a pair of side notches cut normal to

the applied tension. At the critical loading, a kink crack is initiated at one the notch tips and is

propagated along the fiber direction in mixed-mode. By varying the off-axis angle 0 and the

notch depth, the nature of the mode-mix as well as the critical conditions can thus be altered.

Correlation between experiment and finite element analysis concludus that a useful

criterion governing mixed-mode fracture in this material appears to be the total strain energy

release rate that exists at the crack tip.

The details of this subject have been included in the paper entitled "A Criterion for

Mixed-Mode Matrix Cracking in Graphite Epoxy Composites." This paper is appended here

' in Appendix II.

Simulation of Matrix C,,cks in Notched Laminates.

For simulation of matrix crack growth in laminates, the graphite-epoxy (AS4-3501-06)

[0 2/ 9 0 2]s laminate coupon is chosen. The dimension of the actual coupon is 1" wide and 9"

long; it is notched in two different forms: (a) a pair of side notches and (b) a small center

hole. The applied load is uniaxial tension. Under the applied loading, both in-ply matrix

cracks and interply delaminations are expected to occur and grow with the increasing load.

In particular, these cracks can occur interactively. It should also be emphasized that in all

cases the resulting sublaminate cracks propagate in mixed-modes of various degree of

mode-mix.

Evolution of the matrix cracks and delamination in the specimen is both recorded in

7
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experiment and simulated independently by the finite element routine.

Resuits from this part of the study have been reported in two papers entitled,%

"Three-Dimensional Simulation of Crack Growth in Notched Laminates," and "Simulation of

Matrix Cracks in Composite Laminates Containing A Small Hole." These papers are

appended here ,6 Appendix I1 and Appendix IV, respectively.

CONCLUSIONS

In this research program, a simu;ation method is developed to describe the evolution

of matrix cracks in the vicinity of notches in composite laminates. The method is based on a

generic approach of the problem in which actual cracking mechanisms are closely modeled.

Still, these mechanisms are extremely complex and the simulation has to resort to some

degree of idealization. This then causes discrepancies between the simulation and

experiment, as is evident by the results reported in the papers appended herein. It is

conceivable that these difficulties could be considerable removed if more is known about the

interactive mechanisms of the various cracks at the microscopic scale and if a more realistic

simulation technique becomes available.

REFERENCE

[1] Tsai, S. W. and Hahn, H. T., "Introduction to Composite Materials," Technomic Pub.,

Lancaster, Pa. 1980.
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Composite Laminates," Journal of Composite Materials, Vol. 11, 1977, pp. 92-108.

8

F'



~~~T T**~. T. T T

Li.

L21

L2L

IL



'Nv v

CID

Fiur 2.G o er ftsppcm3 sdt sabihmxdind rcuuc-t:i

p10

:C 2 6 1p.



.--

A COMPREHENSIVE STUDY

ON DAMAGE TOLERANCE PROPERTIES OF '

NOTCHED COMPOSITE LAMINATES

Appendix I

Fracture due to A Kinked Crack

in Unidirectional Fiber Reinforced Composites".

Paper presented at the ASME Winter Annual Meeting, Boston, 1987;
also in Damage Mechanics in Composites, AD-12, ASME, 1987. pp. 73-81.

I
5. . ~ ~ 55 .5



FRACTURE DUE TO A KINKED CRACK IN UNIDIRECTIONAL FIBER
REINFORCED COMPOSITES

W. Binienda and A. S. D. Wang
Department of Mechadiical Engineering and Mechanics

Drexel University

Philadelphia, Pennsylvania
',

F. Delale

Oep,ortrnent of Mechanical Engineering

The City College of New York
N ,v Yoik. New York

1*
'p

ABSTRACT materials, including fiber reinforced composites [1-61. Sih

[5,6], for example, proposed a criterion based on the local
This paper presents an analysis for a kinked crack in strain energy density. Others have used critera in the ,

a unidirectionally fiber reinforced composite plate. The general form of f(kl,kll)=keff. In the experiment by Wu [3],
plate is assumed infinite and contains a through-thickness who tested notched balsa wood and unidirectional fiber

crack of initial length L1 , which makes an angle 0 with the glass reinforced composite piates, the fracture criterion
direction of fibers. When the plate is subjected to a far-field (kl/klc)+(kII/kIIc)2=1 was shown to apply.
uniform tensile stress normal to the crack, the crack can In a series of recent papers by Wang, Crossman, et.
only propagate in the preferential direction of fibers due to al. [7-10], the critical energy release rate Gic was used as a
the weak strength of the fiber-matrix interface. The result is criterion for the initiation and propagation of mode-I cracks S5

a kinked crack propagating in mixed mode, with the degree in multi-layered laminates. When the crack is blunted by a

of modal mixture depending on the angle 0 and the ratio local fiber or layer interface, the crack would kink and a

, between the length of the kink L2 and the length of the mixed-mode or shear-dominated fracture would result. In

initial crack L1 . this case, the total critical energy release rate (GT)c has
To determine the parameters relevant to mixed- been employed as a criterion [11].

mode fracture at the tips of the kinked crack, the problem is Regardless of the form of the fracture criteria, it is

formulated in terms of singular integral equations with essential to treat the crack conditions correctly and

generilized ;J iirhy kernels. The resulting system of determine the associated fracture parameters accurately.

equations is then solved numerically employing a Gaussian Fracture problems in homogeneous anisotropic

quadrature and the collocation method. Stress intensity materials have been rigorously studied, see e.g. [12-15 .

, factors, ke 2, atend the strain energy release rates, GI But for fracture in fibrous composites, material

and GlI, of the kinked crack are obtained for various values inhomogeneity and the associated microstructure often

of 1 and L2 /L1 ratios, prevent an analytical solution. A numerical technique such
as the finite element method is employed, without a

1. INTRODUCTION rigorous interogation of the fracture conditions near the
crack tip.

Failure in fiber reinforced polymeric composites This paper treats a kinked crack in a unidirectionally"" ~ ~ ~ aluei fiber reinforcedpoyei compositepae h lt sasmdt

frequently occurs in the form of matrix cracks due to weak fiber reinforced composite plate. The plate is assumed to

fiber/matrix interface strength. Depending on the local fiber contain a through-thickness crack of initial length L1 , which

geometry, a matrix crack may propagate in the preferential makes an angle 0 with the direction of fibers. When the

fiber direction under mixed-mode conditions. Invariably, the plate is subjected to a uniform far-field tensile stress normal

relevant fracture param, ,rs which govern matrix crack to the crack, the crack can only propagate in the direction of

propagation are dominated by the anisotropic properties of the fiber because of the weak strength of the fiber-matrix I."

the material. This makes it necessary to formulate an interface. Thus, a kinked crack is induced propagating in

anisotropic cnterion for fracture propagation. mixed mode. Clearly, the nature of the propagation

Within the frame work of the original Griffith theory depends on the kink angle 0, the lengths ol the kink L2 and

for bnttle fracture, a number of mixed-mode crack the main crack L1 .
propagation criteria have been used for vanous types of To determine the parameters relevant to mixed-

73
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mode fracture at the tips of the kinked crack, first the ELL, E--, GLT, VLT being the engineering ulaic coiislants
problem of two separate cracks embedded in an infinite for the orthotropic material.
orthotropic plate is considered. Namely, one crack is the Fourier transformation of thu tiru tunction
main crack of length L1 and the second crack of length L2 is F (xl ,Yl) can be defined as:
assumed to lie along the direction of fibers. The line of L2  .
intersects the line of L1 at the origin of the x-y coordinates F1(x (4)
as shown in Figure 1. Using the crack surface derivatives as 2
unknown, the problem is formulated on the basis of two-
dimensional theory of elasticity and the field equations are Substituting equation (4) in (1), Orfiry Differential
expressed in terms of singular integrals with Cauchy type Equation (ODE) with constant coeficients is obtained. Thu
kernels. The system of integral equations is then solved solution of such equation can be expressed ,:
numerically by employing a Gaussian quadrature and the +isv 1  (5)
collocation method. * 1(s,y) - e

Next, the actual kinked crack is considered. This is so the following characteristic equation is obia, d:
accomplished by letting the approaching tips of the kink and
the main cracks to touch each other at the intersect of the W ' -

2 
+ 1 = 0 (6)

two crack lines. In this configuration, the singular integral
equations are still valid but some of the kernels become The roots of equation (6) are: €i , --w1, (,;2 , -w 2 , sucn that
singular, giving rise to generalized Cauchy kernels. In fact, Re(wl) >0 and Re(w2) > 0.
it is shown that at the point of touch the stresses are Taking into consideration the fact th ,t the stress and
singular and the power of singularity is different from 1/2. displacements must vanish at infinity, tli stress function
Thus. for the kinked crack geometry, a set of singular may then be written as:
integral equations with singular kernels is solved. Stress
intensity factors, k, and k2 , and strain energy release rate F1(xiy') . . [A e-1lly B e-tlT]-, , > 0
components GI and Gil, at the tips of the kinked crack are n 2n

obtained for various values of 0 and L2 /L1 ratios. Note that I- (7)
the problem of the plate containing only the main crack 1sl
corresponds to L2 -,0. F(X 1,y) [ Ce ls + De ly] .. ds, Y <0

2. FORMULATION OF THE PROBLEM Using the continuity of stress at yt;0 and introducing the
following crack surface displacement derivatives as the new

As stated previously, the problem at hand is a unknowns,
kinked crack in an infinite plate, and it is treated first by
considering two separate cracks as depicted in Figure 1. Y1(xl ) - -1 u(xt,O(8)
Let the plate be orthotropic with principal directions x1 and 1 x <x <x dyl. The far-field uniform tension is applied in the direction of

Y2 which makes angle 6 with Yi- The main crack of length I2(xl) - - [Y(xp8)" -(x0)] (9)
Li lies on the x2 axis, while the inclined crack of length L2  the stresses may be expressed as:
(the future kink) lies on the x1 axis (which is the direction of
the fibers). The stress fields for the invidual cracks are first
solved, and the stress field for the interacting cracks is then x4 3
obtained by superposition. A brief outline of the solution 1 r t ()" l+ r2( 1)(t - X0)w 2 -.2y 2- - )procedures is given below; details are contained in ax1X 2a-(w2W)a +e e 2 2Refeenc [16. tYl +( ,-Xl)

% Cr ac P allel to the Fibers ,
f t( t t) wz Y t + fz t ) ( 1: " - t X W

For the crack parallel to the fioers, the governirg " -'w"y1  . .. .2 d( t (10)
field equation is expressed in terms of the stress function W2Y + ( I xt)

F1 (xl ,yl) in the principal coordinates (x1 ,Yl):

a4F a4F, a4Ft ti - x1

ax y( -1 r t y r -1 t't ~tYY 2 . 2 a_ 22 2
where W1 2)jy 11  + ( w 1y i x)

a, 2a 12 +a (2)
a2 2  2 a 2 2  tI - X1

and r1(tt) W 2y + t j( ) )
1 VLT 1 1 (3) (11)

12~~ a2
LL LL Gr LTi ( 1 -

74-' ",, ,,.:.% - . *.



1 r1( tW1 ( ti - X0) V rt 1l i1  i r Rgr3 t2) -P10r4 t2)P 1 r()11, 22 @" : ... 3,1'J" y"a
-) V? () Y1  ("t 3 (a+ib) + ( r- X t2) +y(C-'d) +1( - X2)

2i) W ( t-l - r(ti) W2Y 1 (12) y2(a-b) - '(Y Xz) y2(c.id) - i(| dx. (17)

For more details about the formulation one may refer to [16]. 1V R A() PRt4(t'z) R 9t4( 2) -Rz 0f3()
xzNz 2 t y,(a+ib) +i( - x2) Y2(C+id) +i(Y X2)

Crack Makino an Anale 8 with the Fibers. A 2 r() - 22r4(Y) R23 (1 - A 4r (Y

In this configuration the crack is assumed to lie y2(a-ib) - (Y x2 ) -
" y2(c-id) - i( x2) (18)

along the x2 axis. For a formulation using the x2 -Y2

coordinate system the material has to be taken as fully
anisotropic, giving the following governing equation in where
terms of the Airy Stress Function F2 (x2 ,Y2): ( + - ,

aF 2 + a4F0 a4F2 a4F 2  a4F 2 0- 
x < x2 < xb  (19)

aX Ia 3't3y 2 2 ___ ax (13)Y4a
aX2 8X :/ 2  xz t4( x2) - hi v(x2 , o+)- o)] (20)

where and Ri i=1,2...24 are given in [161. Here it must be noted
2bz "  2b12. b66  that the formulation leading to expressions (16)-(18) is quite

'Y2 b lengthy and tedious. The intermediate steps can be found in
Y 22 2 1]

2b 6  bil (14) [6

.Y3 = " " '4 b The Inteoral Equations,
22 22

Stress field for two-crack system is generated by
and superimposing the two solutions briefly ,,-cribed in two

4 2 4 previous sections. It is noted that the stresses are given in
b =a acosGe +(2a1 + a 66)sin8 cos28 + a2 2 sin 8 different coordinate systems. Therefore the following

,bz 22= a IIsin 48 + (2az+ a,)s.in4 ,Cos. + a22Cos 4 coordinate transformatiors are used:

b 1 = a,, + (a,,+ a 2 - 2a,,. a,)Sin 2cos a x 2 . x t cos9 - y, sinB (21)
2 2 (15)

b b6  =6a + (a,,+ a2Z- 2a 1z-a )sin 8 cos 8 sina Y cos
2 2 1 or

b 16 = [a22sin - a11cos 8 + -(2a,,+ a,,)cos20 ] sin2.
X1 X 2 COS8 + Y2 sine.'"

b26 = [a 2zcos 2 - a11sin 8 - -(2a1 i a )cos 29 lsin28 (22)
y, -- x2 sinG + yzcos-

Again following the same procedure, the stress can The total solution for the stre," field can be
be expressed in terms of the crack displacement derivatives expressed in either (x1 1y) or (x2 ,y2 ). Let superscript (T) be
f3 (12) and f4(t2) as follows: used to denote the total stresses in either system. To satisfy

the boundary conditions along Y2 =0 and yl=O we may
write:

,I 1 3(t2)- 2 t4(tz) R2 ?4(t) - R4 rf(t) T

KrKzz = " Y2(a~ib) iCy 2"X) Y2(c+id) *i(yZ"X2 ) azz"
Xx< a x (23) "

T

R5 r At) -PIS t4() R7 r(t) AS R8 )3 t2  d2  16

yz(a-ib) -i(t.- x,) Y2(C-id) - 2 x)'1 and
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T 2the problem: '~
a Yyty - . -. o X < X (.)

% YJ o t pr sin cosb m:

By means of a normalization procedure by substituting the I
following: J f(, 2) d ,2  0 (32) N

r2(xb -x) xb +x -
2 + 2

Sz(X-X) Y. X. -1 < - 2,s 2 <1 (25) t2(rl)d 1  0 (33)
2 + 2-

Xb -X L  
"and Ft(rT2) d (2 = 0 (34)

IN "x - .) Xd + x. The expressions for the kernels Kij are lunclion, of material
1 2 + 2 constants and crack geometry [16].

The system of integral equations (27-34) can be solved by
x d2 2C -1 <~ TIs <1 (26) using one of the Gaussian quadrature technique [17].[18]. I

" 2 2 should be noted that this system of integral equations
contain Cauchy type kernels, so the stress and strains will .

dt cd, have a square-root singularity and one may therefore useI 2 1 the classical definition of stress intensity factors to evaluate

(23) and (24) lead to the following system of Cauchy type them atthe cracktips [12-14].
singular integral equations:

Solution for the Kinked Cracked1 1 1

12 d" + K d K The geometry of interest is that of a kinked cracked.
-S1  13 1 "2 K14 t 2  We can arrive at that configuration by letting Xb=O and Xc=O.

In this case the integral equations (27-30) remain valid but
some of the kernels become singular while approaching the

C Cos (27) tips, giving rise to a singularity of unknown power P3 at the
apex. The singularity (3 can be derivud by requiring thec r displacements of common end to match what giving the

21 j -s dX + K23 r3(T2) d, 2 J K r() d 2  following transcendental characteristic uquation:
- I t I " S -1 -1'

24 4 Er 21[ 2n cosiniC 021 C33 044 COS 1 4 C12 C31A2 3A41
= sine cosO (28) 4

2 21 r3(Qt) I 42) 1 [1 2 2 2. CI s

d- + ti - -COS Tno 12C43A24A31 + a-CO ri C12C33A.24 .A4133 d2 + 34J - d 2  K31 ( )r
-

S2  
-- 2 

-2

n 24 4
o C12 0 4 4 A23A3 +  

LC 12 C C" "

-,( 2 ) d'r1  
" 0 (29) 2

-1 + "-o) -COS n C21 4 4A 13 A32 + T6A ,'2 4A3  (3) I
1 1I _

I43 r 2 dT2 +C44 d( 2  + (2  I, A A A 1 2-T 2  1~ 7iC2 - j~ 13A24A3 41  -~csrpC 1  3

~Kt(r~dn (JC AA - A A 31A
K42 21(d 1- 0 (30) 4 21 ClC43 14 A32 H1 22 31 -42

These equations must be solved with th. following single- 1n
valuedness conditions which complete the formulation of + 6A 1 4 A23A32A4 1  - cos no C 21 C 331,4A42 0
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Fir the details of the derivation and delition of Ak and 3. RESULTS AND DISCUSSION.
Cmn one may again refer to [16].

The important results are those pertaining to the
For the same reason two conditions from (31-34) are kinked crack case. Here for conciseness only this case is
replaced by: studied in details. To determine the stress intensity factors

I one must first obtain the singularity f3 by solving equation

X t(,,) d'r, = x f,[[(rz) sIn0 - ,4 ('r2) cos ] d,, (36) (35), so certain material properties of orthotropic plate have-1 -. to be used. The singularity Pt for an isotropic wedge is given

1 in [19]. Similiar results are reported for an orihotropic
Yfr,)c1T =-x [r t3 (-r2) +s 1'4(')sine]dr- (37) wedge in [20] and [21]. The numerical values of Pt obtainedxd from equation (35) for the special cases of isotropic and

-' -1 orthotropic materials compared closely with those

The singular integral equations have generalized Cauchy computed in [19-21]. Figure 2 shows the variation of the
kernels and may be solved by using a Gauss-Jacobi [17] stress singularity power (-P3) with the angle 0 for an isotropic
or Lobatto-Jacobi quadrature technique [22]. The stress an orthotropic material. For the orthotropic case the material
intensity factors at the crack tips can again be derived using properties are listed in Table 1.
their classical definitions. As expected for 0=0 (i.e. for a half plane) there is no

singularity (P0) and the singularity increases with

The Strain Energy Reledse Rate. increasing wedge angle. The value of P must eventually
reach the value -0.5 (the well-known square-root

From the fracture point of view, perhaps the most singularity) for a crack (i.e. when 8=1800). It is interesting to
important physical quantity is the strain energy release rate note that for some orthotropic materials the stresses may
G. Using the usual definition [26], it can be written that: not be singular even if the wedge angle is larger than 1800.

d The stress intensity' factors are obtained by solvingG - (U-V) (38) equations (27-30) in conjunction with equations (36) and
(37). Since the integral equations have generalized Cauchy

at x=xd. we may write: kernels, the collocation methods described in [17] and
XV+d& [22,23] are used. In the results given subsequently, the
1 ,0)[(x,. da,0 .y" da,0"] stress intensity factors are normalized with respect to the
2 = L uniaxial load CO and the square-root of their respective halt
Xd crack length. To check the accuracy of the technique the

+ -results are first compared with the solutions of special cases
+ " X, ,(x,0)[ U(X1 - da,0) - u(xt- da,0)] dx1  (39) that exist in the literature. Table 2. shows the comparison of

The expressions of normal and shear stresses can be found the mixed-mode stress intensity factors at the tips of a
kinked crack embedded in an infinite isotropic plate withusing definition for stress intensity factors. Thus, those found in [24-25].

kl(xd) As one may infer from the Table, the results
ayY1(X,0) . higher order terms (40) compare rather well. The stress intensity factors at the tips

2(_x,) of a kinked crack are given in Figures 3-6. Figures 3 and 4show the variation of the normalized stress intensity factors
with respect to crack length ratio L2/L 1 whereas Figures 5

k2 (oxd)  and 6 display the same results with respect to the angle 0.
x)higrorderterms (41) Results are obtained for orthotropic as well as isotropic

1Yv 12( xd) materials.

To obtain the asymptotic expressions for [u(x 1 ,0+ ) - u(x 1 ,0 ")] It is seen that (Figures 3 and 4) for a fixed angle 8,
and [v(x 1 ,0+ ) - v(x1 ,0")], we can use equations (8) and (9). normalized k1 (d) and k 2(d) decrease with increasing
Following the procedure of derivation as in [27,28], it can be L2 /L1 , however the strain energy release rates increase
shown that: with increasing L21L1 (Figures 7 and 8). So there is a very

1 kt(xd) small chance for crack arrest, as it is ilustrated for the 300
G= 4 C(42) plate. On the other hand for varying angle 0 (Figures 5 and

6), kl(d) decreases while k2(d) first increases then
2 decreases with increasing 0. For this case .. ,. total strain
k (43) energy is not a monotonous function of 0 'Figures 9 andGal 4 C21 10). Thus the resistance to fracture may strongly depend on

the direction of reinforcing fibers. It may be seen that (Figure
and G = G I + GII (44) 9) for isotropic materials G is a monotonically decreasing

function with increasing 0, while for the orthotropic material
For all the details one may refer to [16]. used in the calculations (Figure 10), G first decreases then
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0
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Tal .Mtra osat orthotropic plate. Table 2. Comparison of present solution with
references for the special case of isotropic

E L 1.08e+06 psi.

ET15e+06 psi. 0 We () k2(s) k I1(d) k2(d)

GIT0.98 e4-06 psi. 11241 1.3559 0.0327 1.0573 0.6033

VLT ~~0.3 3-[5 .58002 .00060

Present 1.3421 1 0.0320 1.0949 0-6055

05 1241 1.2 ,02 0.02 11 0.7463 0.0405

04 45- [251 1.2887 0.0200 0-7430 0.0377 I

02isotropic [241 1.2221 -0.0109 0.3900 0.03 19
0.1 60" (251 1.2194 -0.0 116 03022 0.6292

30 40 5 0 7 00 Present 1.2002 -0.0 100 0.3941 0.03350
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A COMPREHENSIVE STUDY

ON DAMAGE TOLERANCE PROPERTIES OF

NOTCHED COMPOSITE LAMINATES

Appendix 11 '

A Criterion for Mixed-Mode Matrix Cracking e

in Graphite-Epoxy Composites

Paper presented at the ASTM 9th Symposium on Composites, Reno, 1988;r
also to appear in ASTM STP.
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A CRITERION FOR MIXED-MODE MATRIX

CRACKING IN GRAPHITE-EPOXY COMPOSITES

W. Binienda, A. S. D. Wang, Y. Zhong and E. S. Reddy
Department of Mechanical Engineering

Drexel University
Philadelphia, PA 19104

ABSTRACT: In this paper, mixed-mode matrix fracture in-
graphite-epoxy composites has been studied. Experimental ,
investigation was conducted on a family of doubly side-notchcd
unidirectional off-axis specimens. By varying the notch depth and
the off-axis angle, a total of 28 fracture conditions of differing
mixed-mode ratios was produced. Fracture analysis of the test
data suggested that the total strain energy release rate is i e.a
suitable material condition for mixed-mode matrix cracking in -'

graphite-epoxy composites.

KEYWORDS: graphite-epoxy, mixed-mode matrix fracture, strain
energy release rates, finite element analysis, mixed-mouk
fracture criterion.

Structural composites, notably laminates made of unidirectional Lap,

systems, can sustain extensive natrix cracking before the load carrying [i urs

fail. Matrix cracking usually occurs at low stress level due to weak inwti-acial

bond strength between matrix and fiber, and between laminating plies. hus,

propagation of matrix cracks in larriinates either follows the fiber-fatix

iriterface or the ply-to-ply interface, or both.

Fig. 1 is an x-radiograph taken from a graphite-epoxy [02/902]S laminate ,%

having a center-notch. When the laminate Is loaded In uniaxial tension,

extensive damage in the form of matrix cracks near the notch can be obswrvcd.

At this phenomenological scale, matrix cracking can be classified into two 'S

major modes. Namely, the intra-ply cracking (fiber-wise splitting) which

occurs inside a ply and propagate along the fibers; and the Inter-ply cr"cking

-,#..~..- , ~ ~ 1% E S~- Vr (- V ~ -%--%(.t ~V ~ ~ *~-:A



(delamination) which occurs in the interface between two adjacent plies.

In Fig. 1, the four vertical cracks were Initiated first near the [ole and

then propagated along the fibers in the 00-ply. The driving force here is the

interfacial shear due to load-transfer from the fiber bundle cut by the hole to

the fiber bundle which is uncut. Because of the constraint stemming rrom

bonding between the 00 and the 900 plies, the vertical splits propagated -Labrly

with the applied tension.

As the vertical cracks propagated away from the hole, another riiude of

ioad-uZ nsfer then took place between the cracked 00-ply and the uncracked

90-ply. Secondary inter-ply stresses along the roots of the vertical cracks

were then induced, which then initiated delamination In the 0/90 interface.

Fracture analysis of the cracked specimen at each major form of

cracking reveals that the corresponding crack-tip stress fields are complex and

the associated propagation involves both opening and shearing modes.

Model simulation for intra-ply fiber-wise matrix cracking and inter-ply

delamination has recently been performed using the strain energy release rate

rnethod [i]. This method, when limited to mode-I propagation conditions, has

proven useful for modeling brittle matrix cracks In graphite-epoxy systens In

such cases, it is necessary to determine the strain energy release rate OI at

the crack front as driving force, and to validate the corresponding critical

strain energy release rate Glc as material resistance [1.

MIXED-MODE FRACTURE CRITERIA

As Illustrated in Fig. 1, most matrix cracking in laminates involves

- mixed opening and shearing nodes. However, the applicabilty of the ernergy
id release rate criterion to mixed-mnode cracking has nct been as irmly

ee sstabl ished.

Several studies aimned at establishing criteria for mixed-mode mnatrix
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cracking In unidirectional laminates have been conducted In the past using

graphite-epoxy composites. Wilkins, et. al. [2] and Ramkumar, et.al [3] used the

cracked-lap shear specimen loaded in uniaxial tension to induce mixed mode-I

and mode-II delamination between the lap-layer and the substrate lajr By

varying the thickness or the lap-layer relative to the substrate layer,

mixed-mode ratio, 6 1/6 I ranging from 0.35 to 0.45 could be obtained. They

ODserved that the total strain energy release rate (G1tGll)c obtained under

mixed-mode conditions is slightly greater than Gic obtained under pure iioae-I

conditions. Bradley and Cohen [4] used a cantiliver split-beam specimen luaded

by a pair of upward and downward loads applied at the tip of the cantiliver.

Variation of the mixed-rnode ratio G11/G I was achieved by changing the rJlO 01

the upward and downward loads. Mixed-mode conditions with Gil/Gi ratios

ranging from 0 to about 0.6 were produced. They observed that, in coin()usite

systems made of brittle matrix, the measured total strain energy release rate

(GIGll)c increased with Gll/6I; but it decreased slightly with G11/6, in

systems of ductile matrix. Wang, et. al. [51 used a double side-notched, oii-axis

uridirectioal lariinte peciiren loaded in axial tension. By varying the

Ulf-axis angle from 00 to 900 ana the depth of the notches, mnixed-nud,

conditicrs with GI /61 ratios ranging from 0 to about 2.5 were achieved. They

found that the total strain energy release rate (6 I+GII)c increased with GII/G,

up to about G1 I/G 1  1.5; it then remained constant for G11/G, between 1. 5 and

2.5.

Russell and Street [6) used specimens of four different configultions

and obtained critical strain energy release rates for a wide rantge of

mixed-mode cracking conditions, including pure mode-Il cracking. They showed

3
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that the critical strain energy release rates depended on the test specimen and

test method used; hence, a general criterion for all the mixed-mode matrix

cracking cases tested could not be established.

One possible reason for the lack of a general criterion has been

attributed to the manner in which fracture analysis of the test specimers was

performed. In the case of a beam-like specimen, the approximate beam uieory

was employed, while in the case of the plate-like specimen, a finite elemnnt

plate model was constructed. These analysis methods lacked the required

precision to treat complicated singular stress fields, to simulate the actual

loading conditions or to properly represent the exact configuration or tMe

cracked specimens. Significant numerical errors could result in the coiiiputed

fracture quantities, especially for mixed-mode cracking.

Another possible reason stems from uncertainties about the frracture

mechanisms associated with pure mode-Il cracking. Specifically, ideally pure

mode-Il cracking Is difficult to simulate by tests. In actual experiment, pure

rnode-II propagation is often accompanied by some amount of friction between

the cracked surfaces. The fracture analysis models do not include any such

* r riction mechanisms. A separate criterion may be needed for pure mode-Il

cracking.

THE PRESENT INVESTIGAf ION

In this paper, a mixed-mode criterion Is suggested for matrix cracks

propagating in graphite-epoxy composites. This criterion Is based on arnysis

of test data using specimerns of varying cracked configurations, which provide

. mixed-mode fracture conditions with 6 11/ 6 , ratios ranging uniformly rrum 0 to

atout 3. The case of predominantly mode-,i > 3) or pure mode-li (C) - 0)

Is excluded. Fracture analyzis of the test specimens Is performed using a t inte

element crack growth simulation model, as exact solutions for the test

4
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specimen configurations cannot presently be obtained. The accuracy of the
simulation model is, however, adjudicated by comparing results of problems of

similar crack configurations whose solutions can also be found rigorously.

Experiment

The specimen used in the experiment is a notched off-axis tension

coupon prepared from a unidirectional laminate made of Hercules AS4-350 1 -06

graphite-epoxy prepreg tape. Fig. 2 uepicts the general configuration of the

coupon. The overall dimension is 23 cm long and 2.5 cm wide. Excluding the 4

cm end-tabs, the clear section of thr coupon Is about 15 cm In length. The pair

side-notches are introduced at the mid-section by an 8-mil (0.2 mm) thick L

diamond saw.

The depth of the side-notch a and the off-axis angle 0 (between the

applied tension and the direction of the fibers) are varied in the test program

as follows:

6 = 00, 50, 10 o, 1.5u, 200, 250, 900

a = 2.5 mm, 3.2 mm, 3.8 mm, 4.5 mm

As depicted in Fig. 3, the coupon can Initiate a kink crack (denoted as a')
at the side-notch tip and propagate in the fiber direction when the applied

tension oo reaches some critic.al value. The propagation is generally mixed

with modes I and II. The degree of mix is determined solely by the angle U, if

the notch depth a is held constant. Conversely, if 0 is held fixed, the critical

applied tension at the onset of the kink Is determined by the notch depth, a.
In this experiment, a total of 28 mixed-mode fracture conditions were

created by varying 0 and a as mentioned. This has provided fractures with

G11/G I ratios ranging uniformly from 0 to about 3. It should be noted that

iilxed-rmode matrix fracture in such a wide 611/, ratio range has nut been

previously investigated.

I
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In each of the 28 mixed-mode fracture conditions, three to four test

specimens were used, with the exception of one case (notch depth = 3.8 rm)
where only one specimen was available for some of the off-axis angles.

The tests were conducted in room temperture on a close-loop Instron 4P

tester with a load rate of 1800 Kg/mn. The critical load at the crset Of the

kink crack was recorded on a strip chart. Figs. 4,5 and 6 show the expermicrital

plot of critical laminate stress versus thr off-axis angle 0 at the onset of tire -

kink crack for specimens of side-notches 2.5 mm, 3.2 mm and 4.5 mm deep,

respectively. The cdse for a = 3.8 mm is not shown because of insufficient

numbers or test specimens.

It is seen from the test results that the critical stress, Ocr, at the onset

of the kink decreases sharply with the off-axis angle 0 when the notch depth is

held constant. Similarly, the critical stress also decreases with the increase

of the notch depth, a when the angle 6 is held constant.

Post-test SEN examination of the fractured surfaces under 500x to

1 000x magnifications revealed extensive fiber breaking In the wake of the kink.

Fig. 7 presents two such picLures taken near the kink point. Fiber breaks are

visible in all cases. It is believed that the observed fiber breakage is due to the

good bond between the matrix and the fiber, resulting in fiber nesting and/or

fiber bridging accross the kink path.

Finite Element Analysis

The experimental mixed-mode kinking problem is next simulated by the

finite element routine. As mentioned earlier, the simulation model must be

adjudicated for it's accuracy. In the interest of conciseness, however, details

of this development will not be discussed In this paper. Interested readers are

referred to Ref. (7].

Return to the off-axis doubly side-notched coupon section shown in Fig.

2. The unidirectional laminate will be assumed an elastic, homogentous and

6
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orthotropic plate having constants In the principal material coordinates (L,T)

determined as follows:

EL= 145 Opa ET= 0.3 Gpa GLT = 6.7 Gpa 11LT = 0.3

Now, let the coupon be loaded by the far-field strain, ex. At some

critical value of ex, the stresses near one of the side-notch tips are assured

to cause a kink emanating from the notch tip and propagate stably in the

direction of the fibers. Of interest is when the length of the kink is smal

compared to the notch depth a. Then, the mixed-mode strain energy relcase

rates Ci and GI, at the kink tip are assumed to control the behavior of the

initial kink. The values of G, and Gil are calculated by the finite element

routine via a crack-closure technique. These can be conveniently expressed in

terms ot the applied far-field strain in the form:

G1 = Cl(ex) 2  GII = CIl(ex) 2  (1)

where CI and Cll are coefficients from the finite element calculations.

Figs. 8 and 9 show, respectively, the coefficients CI and C11 plotted

against the off-axis angle e, and with the side-notch depth a as an independent

parameter. It is seen that the kink is mixed in fracture modes for off-axis

angles up to 300. Beyond 300, the fracture is essentially mode-I. Variatiun of

the mixed-mode ratio, CII/CI, with the off-axis angle 0 is shown in Fig 10.

This ratio depends principally on 0, and is almost independent of the notch

depth a.

Since for each test coupon the critical stress ocr at the onset of tie kink

was measured experimentally The corresponding critical strain (ex)cr can be

calculated by dividing ocr by the coupon's axial modulus, Ex. Then, uslrg te- .-

values cf Cl and C 1, the citical strain energy release rates (Gi)cr and (G1 i)cr at

7 1,
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the initial kink for each test case can be calculated via Eq. 1.

For test cases where 61 dominated, the deduced (Gi)cr is clearly Gic.

However, for the cases where both mode-I and mode-Il were prescnt, a

combination of (Gi)cr and (61 I)cr in some form would control the behavior of the

kink. Fig. 11 is a diagram depicting the interactions between (Gi)cr and (GI ilcr

determined from all the test cases.

Though the test data show some degree of scatter, the overall trend

indicates that the total strain energy release rate (GT)cr remain more or less a

constant. This strongly suggests that (GT)cr or GTc essentially controls the

behavior of the kink, including the special case of mode-I fracture. -

Of course, this suggestion Is based only on mixed-mode fracture data

with Gii/61 ratios ranging from 0 to about 3. In this range, pure moce-li or

predominantly mode-II fracture Is not Included.

It is also noted that, for graphite-epoxy composites, critical strain

energy release rate data for matrix fracture have mostly been limited to 6 Ic.

Genrally, the measured values for GIc lie in the range between 120 to 260 J/rn2

depending on the material system used. In this study, GIc has the value in the

order of 300 J/m 2. This seems to be on the high side compared to most other

accepted values. However, in the present tests, fiber breakage In the wake of
matrix cracking was detected in all cases. This could account for the higher

measured value for GiC.

CONCLUD ING REMARKS

In this paper, mixed-mode matrix fracture in graphite-epoxy composites

has been studied using a doubly side-notched, unidirectional off-axis specimen.

This specimen has a configuration which is simple to fabricate and versatile in
Id
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geometrical variation. As a result, a total of 28 mixed-mode fracture

conditions could be produced, which yielded a set of Gll/G I ratios covering

uniformly from 0 to about 3.

Based on this data, a more definitive conclusion could be reached

regarding the criterion for mixea-mode matrix fracture. Specifically, the total

strain energy release rate GTc appears to be a suitable criterion TrLsn

criterion, however, may not be applicable to pure mode-Il or predominantly

mode-ll matrix fracture. The latter may involve additional energy dissipating

mechanisms such as friction. If so, a separate criterion may be necessary.
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A COMPREHENSIVE STUDY

ON DAMAGE TOLERANCE PROPERTIES OF

NOTCHED COMPOSITE LAMINATES
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Three- Di mensio nal Simulation of Crack Growth

in Notched Laminates
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Three-Dimensional Simulation of
Crack Growth in Notched Laminates

A. S. D. WANG, E. S. REDDY AND YU ZHONG

ABSTRACT

This paper discusses the matrix cracking sequence in a [02/902]s
graphite-epoxy laminate with double-side notches. Experiments were
performed on specimens loaded in uniaxial, quasi-static tension. The specimens
were inspected at ascending load increments by x-radiography for patterns of
matrix cracks caused by stress concentration near the notched rigion.

A numerical procedure based on a 3-D finite element method was then
developed to simulate the observed matrix crack initiation, crack interaction
and load-dependent crack gro', n sequence. The simulation begins with an
analysis of the 3-D stress field near the notched region. This is followed by a
search of possible modes of matrix cracking and the associated condition for
propagation. The concept of brittle fracture is invoked to provide the necessary
criterion for identifying the appropriate cracking modes and for determining
the associated critical loads for their initiation. A comparison between
experiment and prediction is presented.

INTRODUCTION

For a class of structural laminates, initial material damage involves two
basic forms of matrix cracking [11. One form is referred to as intraply cracking
where a ply, or a layer of several plies of like fiber orientation, suffers a
through-the-thickness crack along the fiber direction. Take the [02/902S-
laminate coupon under uniaxial tension as an example. A fiber-wise crack in the
inner 90 0-layer, known as transverse cracking, is a case of intraply cracking.

:%

'.%

A. S. D. Wang, E. S Reddy and Yu Zhong , Professor, Post-doctoral Fellow and
graduate student, respectively, Department of Mechanical Engineering and
Mechanics, Drexel University, Philadelphia, Pa. 19104 ..

444
%

-. .,..*,' !. -.• - iiii



. . . ...- " .- , . .. __., .,,____'_,__,________ " __. . ,l

Ttree-Dimensional Srnuidtion of Crack Growth in Notched La-mates 44b

Similarly, a fiber-wise crack in the outer 00-layer, known as
longitudinal splitting, is also a case of intraply cracking. The other basic form
is referred to as interply cracking where two adjacent plies suffer a
separation in their interface. A delamination in the 0/90 ply interface of the
[02/9021S laminate coupon mentioned above is a case of interply cracking.
These two basic forms of matrix cracking may occur independently or
interactively, depending on the manner of loading and the lamination structure
[21. Generally, one or both of these cracking modes occur before the
load-carry ing fibers break.

The initiation and growth mechanisms of intraply and interply matrix
cracks, when occuring independently, have successfully been described within
the frame work of anisotropic ply elasticity and the fracture theory of brittle
cracks [3,41. A 3-dimensional treatment based on the same analysis concept
was recently applied to laminates where the two basic cracking modes occur
interactively [S]. In these previous studies, the laminate configuration was
that of a straight flat coupon, where free-edge effects dominated the
mechanisms.

In this paper, we use laminate coupons with double-side notches to
study the formation of interactive matrix cracks that emanate from the notch
rather than from the free edge. Since the notch is orientated normal to the
applied tension, a very strong stress concentration is induced near the
notch-tip. Thus, the intensity of concentration is sentitive to the depth of the
notch and alters the matrix cracking characteristics.

Experiments were performed on specimens made of a graphite-epoxy
laminate in the form of 102/90213 tension coupons with side-notches of
various depths. For each test specimen, matrix cracking patterns near the
notch-tip were inspected by x-radiography at prescribed ascending load
increments in orber to obtain a load-sequence of the matrix cracking events.

A numerical procedure based on a 3-D finite element method was then
developed to simulate the observed load-dependent crack growth. The
simulation is based on the strain energy release rate analysis method for
non-interactive matrix cracking [3,41 and interactive matrix cracking [51.

A comparisons is made between the predicted load-sequence of events
and those recorded experimentally for specimens of different notch depths.

EXPERIMENT

The material used in the experiment was the AS4-3501-06 graphite-
epoxy unidirectional system. (02/9021S laminate panels were made using an
autoclave curing procedure. Test coupons were cut from these laminate panels,
with dimensions of 25.4 mm wide and 228.6 mm long; the specimen thickness
was about 1.016 mm. Double side-notches were introduced at the mid-section
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of the coupon by an 8-mil (0.008 in.) diamond saw. Specimens of (our notch
depths were so prepared (2.54 mm, 3. 175 mm, 3.81 mm and 4.445 rrnm)

Tensile loading was applied to the test specimen through an Instron
tester with the cross-head speed set at 0.25 mm per minute. At prescribed
ascending load increments, the specimen was x-radiographed at the notched
section in order to determine the developing matrix cracking patterns

For all the specimens tested, the x-radiographs revealed three major
forms of rmatrix cracking during loading. In order of their occurrence, these
include longitudinal splitting in the 00-layer which emanates frorn the
notch-tip, transverse cracks in the 90 0-layer along with the progression of
00-layer splitting and, at some higher load, 0/90 interface delarnination
growing stably along the length of the 00-layer splitting boundary.

Fiq. 1 is a sketch of the developing cracking pattern from a specimen
with side-notch 3.175 mm deep. It is seen that at the laminate stress of 112
Mipa, a pair of 00-layer splits of measurable length emanated from the
notch-tip. Initially, the split at one notch-tip grew upward while the split at
the other notch-tip grew downward. The growth was extremely stable. At 172
MIpa, splits in four directions emerged from the notch-tips and a few
90o-layer transverse cracks appeared between the parallel splits. The
00-layer splits grew in length while the 90 0-layer transverse cracks grew in
numbers as the laminate stress increased; see sketch corresponding to 259
Mpa Then, while the splits were still growing, a measurable 0/90 interface
delamination initiated along the split boundary near the notch-tip, see sketch
corresponding to 319 Mpa. The delamination grew stably as the laminate
stress increased; see sketch corresponding to 345 Mpa. The specimen ruptured
through the notch section at laminate stress well beyond 600 Mpa

Fig. 2 is a plot of the measured length of the 00-layer split versus the
laminate stress, using data from two test specimens having notch depth of
3.175 mm. The scatter in the data is due to variation of the split lengths in
four directions. The mean length is taken as the average of the splits in four .

directions. The laminate stress levels at which 0°-layer splitting, 900 -layer
transverse cracking and 0/90 interface delamination initiated were all
recorded.

Fig. 3 is a plot of the measured 0/90 interface delamination (in area)
versus the laminate stress from the same two test specimens. The
delamination area at different load increments were measured from prints of
x-radiographs using an Lemnont Scientific image analyzer. The procedure
involves magnification of the delamination area by a high resolution video
camera which traverses the contour of the delamination. The scatter of the
measured values is due to the variation in areas from the four branches of
delamination. From the plot, onset of 0/90 interface delamination may be

* extrapolated. In this case, delamination onset had occurred at about 260 Mpa.

W.,
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Table I summarizes the onset stresses of the three major forms of
matrix cracking from specimens of four notch depths. It is seen that for each
form of matrix cracking, onset stress decreases with increase of notch depth.
This is expected because the deeper the notch the larger is the stress
concentration at the notch-tip.

SIMULATIONS

The Finite Element Model. To simulate the specimen used in the

experiment, let us consider the [02/9021s laminate having double side-notches
at regular interval as shown in Fig. 4a. Assume that these double side-notches
are spaced so far apart that they do not interact with one another. Then a
periodic element of the laminate which contains only one pair of notches is
isolated as shown in Fig. 4b. This element thus represents the test specimen.
Note that the laminate is symmetric with respect to the laminate mid-plane
(the x-y plane), and the y-axis lies in the plane of the notches. Hence, it is
sufficient to model one-eighth of the element shown in Fig. 4b. A schematical
finite element mesh is shown in Fig. 4c. Due to expected stress concentration
near the notch-tip and ply interfaces, a finer mesh is always deployed in these
regions.

The finite element routine was developed based on the assumption that
the unidirectional ply is an elastic, homogeneous and orthotropic medium. The
elastic and other pertinent material constants for the AS-3501-06 system
were characterized by routine tests [61, and their values are listed in Table 2.
Solutions for stresses and other quantities, such as strain energy release .
rates, were obtained by employing a 21-node brick element. The actual
computation was carried out on VAX-I 1/750 and Cray X/MP computers. These
and other computational details are found in [7]. %

Notch-Tip Stress Fields. The laminate stress fields were calculated for
two types of loading. The first is by prescribing a far-field laminate strain of

ex- 10-6, and the other is by prescribing a uniform temperature change of AT -
-10 C. Stresses due to applied laminate tension (by giving a value for ex) and
laminate post-cure cooling (by giving a value for AT) can then be obtained by
superposition.

Although there are six stress components at each finite element node, it
is of interest to examine only those components that are responsible for the
observed matrix cracking initiation.

First, let us examine oy in the 00-layer. This stress is thought to cause
00-layer split, which in fact was observed as the first mode of failure under a
very low tensile loading. For the case of ex- 10- 6, Uy is tensile throughout the'
thickness of the 00-layer near the notch region. Its value varies from the top to _________ b_SIt 1t
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the bottom of the layer, with the minimum occurring near the 0/90 interface.
Fig. 5a shows the o distribution in the 00-layer near the 0/90 interface for
the specimen having notch depth of 3.175 mm. A sharp rise of ay in tension is
seen to occur at the notch-tip, displaying a singular behavior. A similarly
behaved in-plane shear stress Txy is also present at the notch-tip; it's planar
distribution near the 0/90 interface is shown in Fig. 5b. The concentration
intensities of o and Tx at the notch-tip are about the same.

For the case of AT = -10C, o is also tensile throughout the 00-layer. Fig.
5c shows the ay distribution in the 00-layer near the 0/90 interface. Here,
stress concentration due to the notch is much less. But, by the magnitude of
this stress throughout the 00-layer is quite large. Thus, the combined tensile
and thermal loading will cause the 0°-layer splitting to be in mixed modes.

Next, let us examine ox in the 900-layer. This stress causes 90-layer
transverse cracking. Again, for the case of ex= 10-6, this stress is tensile and
varies throughout the thickness of the 900-layer near the notch region, with
the minimum occurring near the 0/90 interface and the maximum at the
mid-plane. Fig. 6a shows the ox distribution in the 900-layer near the laminate
mid-plane for the specimen having 3.175 mm notch depth. It is seen that a
sharp tensile stress is again developed at the notch-tip.

Similarly, for the case of AT = -IoC, ox in the 900-layer is also tensile
with significant magnitude; but stress concentration caused by the notch is
minimal, Fig. 6b. Other stress components also exist in the 900-layer near the
notch-tip; but their magnitudes appear to be negligible.

Finally, the nature of the interlaminar stresses (Uz, Txz, Tyz) should be
examined because these stresses are responsible for interface delamination. r
For the same specimen considered under ex - 10-6 loading, its oz distribution
on the 0/90 interface is shown in Fig. 7a, while distribution on the 90/90 plane
is shown in Fig. 7b. It is seen that az can be tensile and of significant
magnitude; but it exists only near the notch-tip. As for oz caused by thermal
cooling, the associated magnitude for az is relatively small. Similarly, the
interlaminar shear stresses, Trxz and Tyz also exist with highly localized
magnitudes at the notch- tip.

From the above analysis, it appears that 00-layer splitting and 90 - ,
layer transverse cracking are equally likely to occur, while the likelihood for
interface delamination is comparatively smaller. However, judgement
regarding relative occurrence of these cracking events cannot be made based on
the computed stresses, as they all display some degree of stress
concentration. In what folluws, we attempt to simulate the onset of the
observed cracking modes from a fracture point of view.

Simulation of 00-Layer Splitting To simulate the initiation and growth
of 00-layer splitting, we shall assume that 900-layer transverse cracking will
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not simultaneously occur. Then, at the notch-tip, we issue a small 00-layer
spirt of length So as shown by the insert in Fig. 8. This small split represents I"

an effective flaw which exists at the notch-tip and propagates to become a
00-layer split whenever a certain condition is reached. Under a constant
far-field strain loading, the split is assumed to propagate stably to reach a
length s > so. Thus, the finite element simulation is to calculate the split-tip
stresses and the associated fracture quantity. For the latter, we calculate the
split-tip strain energy release rate G as a function of the split length, s.

As was mentioned earlier, the tensile normal stress oy and the in-plane
shear stress Txy in the 00-layer are the major stress components causing
splitting. Fig 8 is a plot of the split-tip stress cy versus the split length, s,
for the specimen having 3.175 mm side-notches subjected to ex - 10-6 loading.
It is seen that cy is larger when s is small, but it deceases sharply with
incre3.e of s. On the other hand, the associated shear stress Txy (not shown)
became relatively more dominant with increasing s.

When subject to thermal cooling of AT = -10 C, oy in the 00-layer is also
tensile, see Fig. 5b. But variation of ay at split-tip due to growth of split is
rather insignificant.

To facilitate a prediction for the load versus split-growth relationship,
we then calculate the split-tip strain energy release rate, G(s). This quantity
is conveniently expressed in terms of the loads ex and AT [51:

G(s) = [.Ce ex + lCt AT]2d ()

where AT represents thermal cooling and d is a length scale which is set at 1%
unity in this study. The coefficients Ce and Ct are functions of s and represents
the strain energy release rates, corresponding to ex-l and AT=-I 0 C,
respect i ve l y.

Figs. 9a and 9b show, respectively, the coefficients Ce and Ct versus the
split length s for the specimen with 3.175 mm notch depth. It is seen that Ce
and Ct both contain mixed modes. However, Ce is predominantly of mode-fl,
while Ct predominantly of mode-I. When the two load agencies are combined, as
in Eq. (I), a mixed-mode cracking of approximately equal ratio results. Note
that the overall strain energy release rate is one which decreases with the
split length, s; This indicates a stable splitting growth, a behavior consistent
with that observed in the experiment.

The load versus split-growth relation is derived from the fracture
criterion,

G(s) = Gc (2)

where Gc is the critical strain energy release rate for mixed mode cracking.
Assume that the value of AT is given. Then, by combining Eqs. (I) and (2) we
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obtain the critical Ijrr, in te strain (ex)cr as a function of split length, s
For the material syster used in this study, AT and the mixed rmode Gc

have been determined elsewhere [6]; and their values are listed in Tajle 2 p

Thus, the predicted (ex)cr can be converted to (Ox)cr. For the specirren just
considered, the computed (G^)Lr versus s relations is shown by the csolid lithe in
Fig 2. It is seen that the predicted result agrees well with the initijl portion
of the experimental split-growth data, where the splitting was not yet
sionificantly complicated by the development of 900-layer transver., crac.Ks
The predicted curve, however, departs away from the observed results as
90 0-layer transverse cracks developed in higher density. To include the effects'
of these transverse cracks on split growth will require a major mnodif ication of
the simulation model.

The predicted onset stresses for 00-layer splitting for specirriensof
four notch depths are listed in Table 1 along with their experirentai
counterparts. In all cases, the model seems to predict well the initiation of the
splitting.

Simulation ef 0/90 Interface Delamination Delamination of the 0/90
interface takes place at much higher load. Once initiated, it grows stabty along
the boundary of the 00-layer splits. The delamination pattern is shown
schematically in Fig 10 As we h-..v observed in the experiment, 90°-layer
traRsverse cracks actually formed continuously as the 0/90 interface
delamination grew, see Fig. 1. An analytical/computional simulation of tnis
complex interactive cracking phenomenon, though not impossible, is quite
tedious and probably not fruitful Thus, a simplifie,'I version is attempted
instead. Namely, we shall assume that only 00-layer splitting procedes the
initiation of the 0/90 interface delamination and the effect of 900 -laytr
transverse cracking is negl igible.

The simulation follows a similar procedure as used for 00-layer
splitting. A set of densely meshed finite elements is deployed near the
intended delamination region, double nodes are assigned on the plane of
delamination and these are then released in sequence so as to mnimick the
actual growth pattern observed in the experiement. In the node-releasing
process, the fracture energy release rate coefficents, Ce and Ct are computed
as functions of the delaminated area (71 Figs. 1 la and 1 lb show, repectively,
the computed Ce and Ct coefficients versus delamination area for the spcirmen
having the notch depth of 3.175 mm.

From the energy release rate curves, it is seen that the delarniantion is
primarily of mode-Ill under the applied tenile loading (ex,.1), while primarily
inmode. I and II under thermal cooling (AT=-l0 C). Thus, the combined effect is
again one of mixed modes. The overall energy release rate, however, decreases
sharply with increasing delarrination area, indicating a stable growth This is

11
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al'so ronic:tent with the behavior observed in the experiment.
Using the computed energy release rate coefficients, stress levels

corresponding to the prescribed delanination node-releasing sequence can be
predicted by means of Eqs (I) ana (2) For example, in the case of the specimen
havirg notch depth of 3. 175 nm, the predicted delamination growth curve is
shown by the solid line in Fig 3 Here, again, the agreement between prediction
ind experiment is quite close for the initial portion of the delamination

arowth Apparently, as the delarnination grows larger, many transverse cracks
are forrred in the 90 0-layer; the associated cracking mechanisms then becomes
rnore complicated than the model has portrayed.

The critical stresses for 0/90 delamination in specimens having other
notch depths were also computed. These are listed in Table 1 for comparison
with their experimental counterparts.

CONCLUS IONS

In this paper, we have presenLed a method of simulation for matrix

cracks that develop in laminate specimens having double side-notches. The

analysis entails a 3-D stress analysis and computer simulation of fracture
qrowth near the notched region. The purpose of the study is to understand the %

damage mechanisms at a level below the lamination structure. The actual
specimen chosen for analysis could represent a critical element [8) in a large
laminated structure whose global strength and/or fatigue properties are to be
evaluated.
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Table 1. Fxrerimerr,-ii and Predicted (in parenthesis) Onset Sr, :--

Notch Depth 2.54 rnm 3.175 mm 3.8 1 mm 4.445 mrri

00-layer 100 Mpa 75 Mpa 60 Mpa 60 Mpa"
Split (80 l1pa) (70 Mpa) (60 Mpa) (60 kIpa)

0(90- layer
Transverse 170 Mpa 160 Mpa 150 Mpa 150 ilpa
Crack

0/90 interface 350 Ipa 260 Mpa 225 Mpa 220 I-pa
Delamination (300 Mpa) (230 Mpa) (200 Mpa) (180 lp),.
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Table 2. Pertinent Material Constants for AS4-3501-06 UD Ply

ELL 145Gpa ETT = EzzLT = GLz 6.8 Gpa GTz = 3.5 Gpa

UL = U Lz = 0.3 UTZ 054 (AL 
= 0.4xI0-6/°C (T = OZ= 28.8x10- 6 /o '

LT = -140 0C (Gc)totai = 289 j/rn2  Ply Thickness = 0.127 mm

2.1

112 MPA 172 MPIA 259 MPA. 319 MIPa 34 MPIa

Fig 1 Development of Matrix Cracks in Specimen of Notch Depth 3.175 mm
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SIMULATION OF MATRIX CRACKS IN COMPOSITE LAMINATES CONTAINING
A SMALL HOLE

E. S. Raddy, A. S. D. Wang, and Y. Zhong N.
Drexel Uiniversityptbihi~dtpht,w, Pennsylvania i 

""

%

ABSTRACT where two adjacent plies in the laminate sulfur a separation

in their interface. Free edge delamination in a [-45iO/90],

This paper studies the matrix cracking sequence in laminate loaded in axial tension, for un icu, provides a
10 2/9 0 2]s graphite-epoxy laminates that contain a small case of interply cracking.
central hole. Experiment was performed first using Studies of the individual growth mechanisnis ot the two Ohl

specimens loaded in uniaxial, quasi-static tension, followed basic forms of matrix cracking have buen extensively
by inspections of the specimen at several prescribed reported in the literature (see, e. g. [1,2]). Irturactiors of the
loading increments by means of x-radiography. The two basic forms of cracking were examinud parially in [3,4.
inspection provides a quantitative measurement and a The problems studied in (1-3] concuanud cracking
physical analysis of matrix cracking patterns near the hole. development in plain laminates, while tIh problem studied

A numerical procedure based on a three dimensional in [4] involved laminates that contain sharp through-the-
finite element method was then employed to simulate the thickness notches.
observed matrix cracking patterns, including their initiation The problem of laminates with a throuuh-hole has also
and growth behaviors. Here, the theory of ply elaticity and attracted considerable attention. Effects of ply stacking
the concept of brittle fracture are used as basis for the finite sequence (5] and different material coirunauions [6] on
element simulation. global laminate strength reduction due ta prL;suncu of a

A comparison between the simulated and tle small hole were among the early inturuzlis. Subsequent
expenmental results is presented. analyses have focussed on the detailed .truss distribution

around the hole, especially the interlanimar stresses that
1. INTRODUCTION cause local delamination [7-9]. In these works, dolamination

(interply cracking) is assumed to take place as the only
Failure analysis of fiber-reinlorced composites has matrix cracking mode. Experiments using graphite-epoxy .

attracted increased interest in recent years. Application of laminates have shown, however, that the fir.;t matrix
composites in high-performance aircraft and spacecraft cracking form near the hole is usually not diJmination. -,

structures has led the researchers to carry out intensive In the present study, we use a [02/902 s graphite-epoxy ".

experimental and theoretical studies on lailure mechanisms laminate with a small central hole to uxaminu t e Initiation

in a variety of composite materials. For a special class of and growth patterns of matrix cracks nuir ttu hole. In this"

composites, namely, polymeric laminates made by case, a three dimensional stress analysis ;,,sud on ply
laminating unidirectional continuous fiber systems, failure elasticity performed, which shows Ihat se'vure stru:;s

initiation usually involves some forms of matrix cracking. concentrations along the hole boundary ar present, and
When viewed at the laminating ply level, these can be matrix cracks of different forms may initiate and propagate
classified into two basic forms. One basic form is known as at tflse locations. At the same time, exprimunts performed . -

intraply cracking, where a ply or several plies of the same on test specimens and inspected by x-radogruphy at
fiber onentatic;i that formed a layer, suffers a through-the- different loading levels reveal the exuct :equuence of the
thickness cracK along the fiber direction. A simple example various cracking events. Thus, the purpose of this study is to
of intraply cracking is found in a [0/901 type laminate under relate the experimental events with thu ai.i yas by means
axial tension, in which the inner 90-layer suffers multiple of a finite element simulation. A companson is then made
transverse cracks. The other basic form is inturply cracking, between the simulated and the experimenA1 resuits.
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2. EXPERIMENT AND RESULTS simulated results. However, we shall dfur the discussion ,

on simulation later in the next section.
In the experiment, test coupons were made from AS4-

3501-06 graphite-epoxy prepreg tapes. The lamination 3. SIMULATIONS AND RESULTS
stacking sequence was limited to [0 2/90 2Is.The dimensions
of the test coupons were 25.4 mm wide, 228.6 mn long and The Finite Element Model
1.016 mm thick. The radius of the central hole was 3.175
him. Loading was applied axially on an Instron tester, with The problem of a laminate with a 1.inglu central hole
the cross-head speed set at 0.25 mm per minute. The stems from the large composite structural panel with bolt or
loaded specimens were periodically inspected by DIB rivet holes. In these large structural laminats, tme holes are
enhanced x-radiography. often periodically placed. Assuming trit the holes are

Experimental results show three major forms of matrix located so far apart that they do not interact with each other,
cracking that emanate from the hole during loading. In their then a periodic element of the panel containing only one
order of occurrence, these are (1) horizontal transverse hole can be considered for analysis, see Figure 4a. For the
cracks (intraply cracking) in the inner 900 -layer in the problem considered here, the lay-up of the specimen is
immediate region of the hole initially, and away from the 10 2190 21s and the hole is placed at the laminate center.
hole region subsequently; (2) vertical splitting cracks (also Thus, it is sufficient to model one-eighth the specimen due
a form of intraply cracking) in the outer 00 -layers emanating to symmetry as shown in Figure 40. Since stress
from the hole and propagating stably away from the hole; concentration is expected around the hole boundary, a finer
and (3) delamination (interply cracking) in the 0/90 interface finite element mesh is deployed in this region in order to
along the length of the 00-layer splits, which displays a very capture the true nature of stress concentration.
stably growth behavior. Figure 1 is a schematic illustration It is noted that the basis of the finite element analysis is
of the cracking development patterns at five typical laminate the assumption of ply elasticity, that is that the graphite-
stress levels. It can be seen that a few (two or three) 90o -  epoxy unidirectional ply is assumed as an elastic,
layer transverse cracks and an initial sign of 00-layer splits homogeneous and orthotropic medium. The elas;tic and the
are present at about 276 MPa. At 379 MPa, four branches of thermal expansion constants of the AS-3501-06 ply system
00-splitting nave already formed and propagated stably were characterised and given in (11. The basic finite %
towards the top and bottom of the specimen. Note that element is a 21-node solid brick and the computation is .
propagation of the splits are accompanied by more 900-  performed on a CRAY X/MP computer. Dutails of the
layer transverse cracks, see illustration at 465 MPa. At 552 computational procedures are contained in a separate
MPa, delamination in the 0/90 interface has already user's manual (12].
occurred along each of the four 00-layer splits. While the
delamination grows stably with load, more transverse Stresses Near the Hole Boundary -.

cracks have formed and the longer the 00-splits have
grown, see illustration at 724 MPa. At this load Ievel, matnx- The laminate stress fields are calculated for two types of
related damage around the hole is substantial; but no loading, the first is by prescribing a far-hlid laminate strain . -
significant fiber breakage has yet occurred. In fact, the of ex = 10 "6, and the other is by prescribing a uniform
specimen can sustain a laminate stress of more than 1000 temperature change of AT = -10C. Stress due to combined
MPa before it breaks completely through the hole section. tension and temperature change can be obtained by

T- e',press q.:antitativ iy tl, , ,,,, trjx cra§A', uperposition. The strE ss fied near the hole boundary is in
we choose to display two separate cracking quantities in a complicated three dimensional state. It is not of interest
terms of the applied laminate stress. The first is the linear here to examine all of the stress dci tributions in detail.
length of the 00-layer split and the second is the area of the Rather, we shall display only some typical ones that are
090 interface delamination. Since for each specimen there thought to cause matrix cracking.
are four branches of splits, which grow stably with load, a Figure 5 is a display of the xy-plane distribution for the
mean length is obtained from measuring all four splits at six stress components which exist in the 00 -layer near the
each load interval. Figure 2 shows the mean split length 0/90 interface. Here, the largest stress is ox which is in the
plotted against the laminate stress (in MPa), where the data fiber direction. But when compared to the ply strength in the
are from a sample of six specimens. It is seen that the mean fiber direction this stress is rather in. iUilicant in causing
split grows almost linearly with the applied laminate stress;
and by extrapolation of the data, we can deduce that the failure. Other stresses that may cause matrix failure are y
onset stress for 00-layer split is at about 120 MPa. The solid and 'rxy. These two combined can cause longitudinal
line in the figure represents the simulated split growth. The splitting in this layer. The interlaminar Sliuar stresses tzx
adequacy of the simulated result will be discussed in the and rzy are relatively small but could precipitate 0/90
next section. interface delamination.

Similarly, Figure 3 shows the mean delamination area Figure 6 is a similar display for the stresses in the 90 - .
measured from the same six specimens (the areas were
measured from the x-radiographs using an image layer near the mid-plane of the laminate.-Fere, we see the

analyzer). Here again, we see that the delamination growth dominance of ox which is normal to the fibers in this layer.

rate is quite slow initially but becomes rapid as the laminate Concentration near the hole region will be curtain to cause
stress is increased. Data extrapolation yields the onset transverse cracks. All other stresses however have
stress at about 220 MPa. The solid line in this figure is the secondary influence.

The above stress distributions are cii,utud for tension
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loading only. We also need the stress distribution due to mode.
thermal cooling of the laminate in order to evaluate the The growth behavior of mixed mode matrix cracking is
combined stress state. For the laminate used, AT is set at - discussed in [11] and a criterion based on the total energy
140 OC. For simplicity however, we shall omit the display of release rate is suggested:
the thermal stresses here.

From the stress analysis, it appears that 00-layer G(s)i = G, (2)
splitting and 900-layer transverse cracking are equally where Gc is the total critical strain energy release rate for
likely to occur first. However, because of the high stress mixed mode cracking. For the material used here, Gc has a
gradient near the hole boundary it is not possible to make a value estimated at 289 J hm2 .
prediction as to which of these two forms of matrix cracking Bylusimte a i c8e in Fa
will first occur. In what follows, we attempt to simulate the By using the coefficient curves in Figures 8 and 9 we
onset and propagation of some of these cracking forms from can obtain from (1) and (2) the critical laminate strain e x asa frat ure poin of iew.a function of split length s. The co m puted critical lam inate
a fracture point of view. strain can be readily converted in lamnrate stress: the stress %

Smulation of 00 Layer S~liffing versus s relation is shown in Figure 2 by the solid line. It is
seen that the calculated result agrees initially with the

In the simulation of 00-layer splitting, it is assumed that experiment, predicting the onset of splitting. As the split

D00 -layer transverse cracks are absent while the split grows grows longer, the splitting mechanisms are complicated by

with loading. This assumption is necessary to reduce the transverse cracking and also by delamination. Since these

geometric complexity of the cracked laminate. It is felt that complicating mechanisms are not included in the splitting

omission of the transverse cracks will not adversely affect simulation model, a discrepancy between the experiment

the accuracy of the simulation, at least not the onset of and the prediction results.

splitting. To simulate, a small split length so is introduced in
the 00-layer as shown by the inserted sketch in Figure 7. Simulation of 0/90 Interface Delamination ,p
This small split represents an effective material flaw which In the simulation of the 0/90 interface delamination, an
exists at the hole boundary and propagates to become a Id e si ation s o f the . n ta c e . a m ata

split whenever the critical condition is reached. Under the idealization is also made. Namely, we assume that

far-field constant strain loading, the split is assumad to delamination occurs after the 00 -layer splitting has grown a

propagate stably in the fiber direction. Thus, the finite sufficient length so that delamination is proceeding as an

element routine is to calculate the stresses and the strain independent event. The simulation is carried out to mimic
energy release rate G at the split-tip as a function of split the delamination shape as observed in the experiment. Theleneg se simulated shape is schematically shown in Figure 10. Here,we calculate the mean strain energy release rate

Figure 7 shows the variation of ay at the split-tip with the coefficients at the delamination front as a lunction of the
split length s. It is believed that this stress is responsible for total delaminated area, see Figures 11 and 12. Then, by
the initiation and continuation of the split. From the figure, means of the criterior in (2) we obtain the delamination
we see that ay is large when s is small; but it decreases area versus laminate stress relation as shown in Figure 3 %
sharply with increase of s. On the other hand, the by the solid line. Again, the prediction for the onset of %

associated split-tip shear stress txy, which is not shown delamination is close, but discrepancy results once the
here, becomes relatively more dominant with increase in s. delamination has grown larger. This is expected because F
This indicates that once the split starts, it will propagate the actual growth of delamination is concurrent with other
staby and in shearing mode. forms of matrix cracking, as discussed earlier in the

The corresponding stresses due to thermal cooling are experimental study. This complex mechanics mechanisms
also calculated; their effect on splitting is included in the was not included in the simulation model.
prediction, which is to be discussed below.

As mentioned, we first introduce a small split length so  4. CONCLUSIONS
and then calculate the split-tip strain energy re,.ase rate
G(s) as a function of s so.G(s) can be expressed in terms In this paper, we have shown that growth of matrix
of the applied tension ex and thermal loading AT as [5]: cracks in the vicinity of a small hole in a laminate can be

reasonably simulated by a finite element routine based on a
G s) - .C-- T ] 42  careful fracture mechanisms analysis. Still, the actual

G(s),= ex + ,AT d mechanisms are complicated and the simulation has to
resort to some degree of idealization. This causes

where the coefficients Ce and CT are functions of s and discrepancies between the simulated results and the
represent the strain energy release rates corresponding to experiment. It is conceivable that these discrepancies can
ex = 1 and AT = -1 C, respectively. The parameter d is a be considerably removed if more is known about the
length scale factor which is set at unity in this study. Finally, physics of the phenomenon at the microscopic level and if a
the subscript i refers to cracking modes of 1, 11 and III (open, more powerful simulation technique is available.
sliding and antiplane shear).

* Now, Figures 8 and 9 show, respectively, the Acknowledgment L.Resuts reported in this paper
coefficients Ce and CT versus the split length s. Note that were obtained during the course of research supported by a
Ce is predominantly of mode II, while CT is predominantly grant from the Air Force Office of Scientific Research.
of mode I. Thus, the combined crack growth is in mixed
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1 GENERAL PROGRAM CHARACTERISTICS

I. 1 INTRODUCTION

This computer code has been developed for an independent and self

containerd operation. The program is written in FORTRAN 77 language,

adoptnble to any medium or large computer. The main function of the

program is to simulate numerically the initiation and growth of a plane

crack(s ) in a 3-D solid, specifically, delamination or splitting or

delamination with a split in composite plates. The plate may be subjected

to either mechanical. loading, thermal loading or both. In order to

determine the layer interface which is likely to suffer delamination under

the given loading, a search must be conducted by computing the interlaminar

stresses. Once the site of delamination is determined, the program will

then simulate the delamination growth under the applied loads.

Tlhe present computer code can handle (i) splitting along the fiber

direrriona, (ii) delamination having a plane-contour of arbitrary shape and

(iii) relamination in the presence of an opened split. The changes in the

boundry conditiois as the delamination grows are automatically adjusted in

the program. There is no limitation to the number of layers or the
S

stacking,, sequence. The layers may have different thicknesses and material

proper! iLes. Each layer is assumed to be a homogeneous, orthotropic elastic

medium with one of its principal axes aligned n the thickness directions

of Lh plate (z-axis).

Thr code is divided into thren indpenrk-nt programs: the 1

preprnrmcesor, the main code, and the post proc,sor. The separation of the

.ork iT1 Three stages allows modification- to hr' malh in the d- ia at th end

1.1
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of ench particular program so that certain pirametric studies can be

performed in one stage without repeating the calculations performed in the

previos stage.

1.2 TIHE PREPROCESSOR PROGRAM

This is the first stage in the solution of the delamination problem.

The input data necessary for this program consists of the r''r'cimen

geomotrv, mesh plan, layer material properties, boundary conditions and the

double nodes (double nodes are a pair of nodal points which occupy the same

spatial position). The output of this proram consists of the full details

of the finite element mesh togethe'r with the numbered nodes, including the

dlihle nodes. Although this output data is sufficient to run the second

7t;Ie, the data to be input into the main code, the data still needs to be

suppler,-nted with the crack opening sequence data set which can be

fn rmaIted only following the output from the preprocessor.

1.3 TIE 'AIN CODE, KSAP II

A , the name implies, this is the main part in the solution procedure.

The output data from the first stage, together with the crack oprninR

,orjinen data serves as the input data for this program. The program r

* o],.c ; the three dimensional problem using an 9 or 21 node rciLd element J

'i thTCe degrees of freedom (x,y,z) for oach nodr.

1./4 -1111' POSTPROCESSOR PROGRAM

1io post processor mainly produces 3-1) olnts of the streqs-s with

hi ddn lines removed. The input data t bfr thi programs is a modifi d

1.2



output file from the KSAP II program. Various stress distribution plots

can be output along any specified plane. The three-dimensional plots can

be processed at any specified viewing direction.

The details of preprocessor program and the input can be found in

Chaptor 2. The modifications to the preprocessor output which are needed

before it can be used further are found in Chapter 3. Chapter 4 describes

the features of the KSAP II code and Chapter 5 describes the details of

postprocessor program. Chapter 6 contains an illustrative example to

explnin the working of the total codo. The FflRTRAN source listings of th

var ei Tparts of the code and their oitputs nre included in the ,p-ndprr,-ic

A thr-li(h P

-,

.1.

1.3
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input Material Properties

Input Boundary Conditions

Input Node Numbers to be
Doubled for Splits or Notches

Input Node Numbers to be j
Doubled for Delamination.

Output the Details of Double Nodes E P1

corresponding to Splits or Notches

STOP

FLOW CHART FOR 'PREPROCESSOR' PROGRAM

1 .4



SSTART

Modified Read the Mesh and Material

Data from Data alongwith Double

Preprocessor Nodes from the Input File

[Compute System I  , Store System 1

Stiffness Matrix Stiffness Matrix

Solve the Linear .System for .-
Displacement Fields with the

Prescribed Boundary Conditions

Compute Nodal Forces Adjust Boundary
and Stress Fields Conditions according

to Input Data

Compute Components of Energy
Released in X, Y and Z Directions

AAL

FLOW CHART FOR 'KSAP IT' PROGRAM
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2 THE STRUCTURE OF TIE PREPPOCSOR PRpOGRAr

2.1 TNTRODUCTION

The preprocessor program generates the input data required for the

min code, KSAP II. The input data roqiired for thn preprocessor program

pertains to the dimensions of the plate, mesh plnn, material properties of

the lavers, and the boundary conditions. In it's present form, this

pro-rim cnn generate data only for brick type elements with either 8 nodes

repr-.-rnting the 8 corners of the element or 21 nodes as shown in Figure

2.1.

There are two options in generating the mesh. one is for rectangular

mesh for laminates without any curved boundaries and the other is for

renera;l ing mesh in a laminate with a central h-le. The mesh pattern in the

later one is chosen to accomodate split(or split growth) tangential to the

hole ho'indary along the loading direction. There is no limitation on the

niimhir of layers or the stacking seqDeence. Ppending on the symmetry in

szeometry and/or loading, one-half, one-quarter or one-eighth of the plate

mav be- analyzed. The displacement and force houndary conditions have to be

appropriately specified in order to take the ndvantage of symmetry.

Iho program automatically acsigns numbers to nodal points, and

c, rt[Aian coordinates to each node according to input data. The nodes are

i nbmbered in an orderly fashion in x, v, z-directions and the 8 (or 21)

norle- for each element can be generatd arbitrarily from the set of

coordinates given in x, y and z directions. The dimensions of elements in

a ,I : rection can be controlled bv ch-in : i rig t I e coordinates in that

direct ion and thereby the density of the mesh in anv region can be channel.

2.1
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The thermal loading simulatation requiires two data sets: asi ,vning

stress free temperature for each element ,id prescribinp the temperature at -'

which the plate is to be analyzed for delam:ination. The stress free

temperature is assigned to each element while renerating the elements. The

temperature at which the plate is to be analyzed is provided while

* generating nodal points. The temperature distribution need not be uniform

for the whole plate and each node can be assigned a different temperature.

The (eItails of this data input is explained in the next section 2.2. F

Mechanical loading can be either a prescription of forces or a

prescription of non-zero displacements at the nodes. The details of

prescribing force boundary conditions are found in section 2.2. A plate

subjrcted to uniform strain can le simulated by assigning non-zero

displacements to the appropriate nodes. These non-zero displacements are 1

chang.d to force boundary conditions by attaching a linear spring with a

large stiffness value (k) to each node in the given displacement (d)

direct ion and applying a force (=k x d) at the other end of the spring.
F

These boundary elements do not increase the total degrees of freedom of the

st iffnes.q matrix. The nodes having zero displacements, which are used to

specir.,v the symmetric planes, do not mnke use of these boundary elements

and hev essnnetially remove thosr degrees of frcer d from the svstm of

The main proram, KSAP II can simulat e crnrl- openinp aleng a

rvmm,', ri plane or along any plane -.i.ven by x-constant or Vcorstant or

Sz=con,::tant. For example: the interlaminar boundary (layer interfacel

corr-ponds to z=constant. A crack along a svmm-tri.c plane ( e.g. the

mid- 1 :n- of a symmetric laminate) is simulated by suiaLnbly cIhanging, the

ex~nL, ,, conditions at those nodes on tli;t ,'ls,,, ,which .,ill be relasrI I-

2.3



simulate crack opening. The degrees of frc,dom of there nodes must be

retainr,, if a crack is to be simulated along the plane of symmetry. Honce

they should not be removed by giving zero displacrnont in the direction of

crack opening. The crack opening instruction aloln these nodes is.

expl-ained in the next chapter. If a crack opcning along a plane other than

tLho svmme tri.c plane is to be simulated then douiblo nodes are to be assigned

for e;i, h nodal point located on that plane. The doub.le nodes need not b

tak n into account while generating the initial soe or elements and nodro.

Given _-e plane of crack (1 for yz-plane, 2 for zx-plane and 3 for

x,-pl:. ) , the preprocessor program hasf: the capalbi] ity to rnumber the mosh

and npilate the node numbers for eich o Tnnt whon t.h nstructi on

pert i ng to the double nodes is suppli il.

A compl ete listing of the preproer-:eo" proigrm can oe ound i n

Apundi x A. The following flow charl ,hnn on the next page illustrates

t0r g,,T-rral structure of the preprocrssor prou:raln.

'I.
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2.2 DATA INPUT TO PREPROCESSOR PROGRAMl

The input data required for the preprocessor is made very simple and

is kept to a minimum. For example, the element Peneration (assipning node

numbers to the elements) can be done in only a few cards as explained in

Section 2.2.2.

2.2.1 Details of the Data Input

The input data is arranged in the following nine groups of cards.

Each group consists of one or more cards. Dain in the groups I, VI, VII

and VIII must be given in the specified format. Fach entry must be made in

thc -;pecified columns and a brief explnnation of the entry can be found in

entry description. The name listed under 'variabie' is the name used for

that entry in the program listing. The data J- th, groups II, III, IV and

V ma',o be given in free format. In these groups, if fi,,, data does not fit,

on nto card, it may be continued on an im-ediately fellowing card. E'ach of

th-('srrups II, V1 ani VIII may have vnral cards and [ he proram

ror-ni zes the termination of that grnup only A.hen it encounters a card

-1 as the first entry.

(, ,tI-r I Heading Card ( Format A72):
M''P(72) - heading information to be print - w ith ho outputls

c. iF I[ Msh Generation Cards ( Frre F'rra t

I YPE - Type of Element (8 nod- or 21 nede)
', c rri 2 :

' ";'X.ONY ,NONZ,RAD
- Number of Nodes in X, Y and 7 di-rect ions, P;idius of the

hole (if RAD=O given, rectan5,u-lr , rnr-ih will ire generted.
N.1:Y: If NTYPE=21, NONX, NONY, NONZ have tn I'- 0id numbers.

r.;I rd 1:

- 5:i), XX(2) ....... XX(NONX)
- x- coordinates of the nodes in th- x- dirrt inn.

e I r A ':

YY(1), YY(2), , YY(NONY)
- y- coordinates of the nodes in tire v- d irect ion.

2.5
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c'1r d -1:A%
77'(1), ZZ(2), ,ZZ(NONZ)

-z- ceodinates of the nodes in the Z direction.

1N0TE: For 21-node element generation, even numbered coordinates
should be middle points of immedia-te ne-ig-hboring points.
i.e., for i=2,4,...

yy(i)=(yy(i-1)+Yy(i+-1) )/2.
zz(i)=(zz(i-1)+zz(i±1) )/2.

Any mistake in the coordinates of eve-(n numbehred coordlin;itr-s
k,ill be corrected by the preprocess--or.

For a laminate with a hole, x and v coord-inates, can he given1
wit h hole center as the origin. The- coordinntes of some of the
nodes will be transformed and results in a mesh as shown in
Figure 2.2.

Groupj ITI Element, Nodal Property Definition Cardsr ( Free Format)

1-r 111 Nodal temperature at which analysis is to bn carried out
TEMP, NEND, INC

- N -starting node number
- TENP - magnitude of temperat-liru' of the- noden
- NFND - last node up to which nodes have same, te(mperature
- INC - increment between N and NEND

-1, 0.0, 0, 0 - data terminit-ion card a

'0i:This temperature will be different from s:trss free temperatulre
of Ohe element (see next card) for thermal- load[ig onlyN.

(-ITr!'. 2: Element stress free temperature b
TEMP, NEND, INC

-N - starting element numl-lr
-TFMP - stress frce temperature, of the- elrmeot- (curing temp.)

N1 NNP - last element number uip I n vh ich e-l rmon t s have sa:.me
t em per at ur e

T INC - increment between N nod 10
I, n.0, o, 0 - data t ermi natio. eaon

Ele1(mert. material definition
NT'INI;ND, INC

* - t rti ng element nunhufr
'1ATY'L- mterial identif ic,-t 1-7oT'Vr(el.~

f 1) -last. element number uii t nh Il haesn

te mpera ture
- ~K -increment 1,ntween N )-1

-,,0,0 - da ta terrm i n 'u I~ IrI

I r rI is7 ton i drn ti f v t hI ol IT~ hr'o
o i t n Nanen al prepmiv I ' j ' iVu

numorlllr are given. in ],-at or r-'',
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card 4: Element material axis orientation definition
N, MORTT, NEND, INC

- N - starting element number
- MORTT- material axes orientation set number (ex:I,2,3. .)
- NEND - last element number up to which node have s.ame

temperature
- INC - increment between N and NEN)"

-1, 0, 0, 0 -data termination card

card 5: Element. stiffness matrix reuse dfinition
I , M2

Mt,. r14

- MI ,3 - starting element number

- M2,M4 - last element number upto which ele'ment stiffness is
same

-1, 0 - data termination card

NOTE: These cards to identify the elements with the same stiffness matrix
and thereby saves computational. time. A number of ranges (11,12;
13,M;..etc.) can be given one after nnother.

Group TV Split or plane notch definition daa (Free Format)

c~rrd 1:
' 7qD, IDIP -:

-NSD - number of nodes lying in, id - th spli. or plane notch
region

if the normal is parallel to x- nxis, IDIP1=
if the normal is parallel to v- axis, IIIR--2
if the normal is parallel to z- axis, IPTR=3

, '(Y: [f no split is required enter 0,1 ;-nd s7kip cird 2.
4 4

rir : node numbers defining split rreion

- N - starting node number
N N.I1) - last- node number
F U - increment between N a,1 d l 1)

--1. 0, C), - data termination r rd

h,:'it! thi, card, number of split-" can be n~f i In parall-el

plan s. Split defined by this card Ji: miii at d by doby ling
.he nodes but these double nodes cann 1ot '),-ed to simiji
crack growth. In order to rend lie d i, al , aonl output of

th- nodes inside the split , r, F, r e cr m pndi-n p r iii i i
d iven in the output. fl ' ,

N.- %
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Group V Delamination definition data (Free Format) 4.

a

card 1.:
NTI)

-NTD - total number of nodes defininp delaminatiom region
If there are no double nodes in the problem enter

0 and skip card 2

card 2: node numbers defining delaminntJon regLon
)leND(1), NOND(2). .... NOND(NTD)

:OTV: The double nodes and the corresponding: original nodes arp not.
written in a separate output file. They are given in KSAPIN.DAT

itself. They are arranged in the ascendinp or(Ier of the original

nodes to fecilitates easy modification of YSAPTN.DAT for crack

growth simulation. So, it is adviable to give the nodes here in

the order of their release.

For 21 node element, face center nodes are not used in KSAP II

and hence they are eliminated from the double node list by the

preprocpqsor.

calrd 3:
XI, XU, YL, YU, ZL, ZU

- XL, XU - lower and upper bounds of x- coordinate of the

laminate boundary in which s-cond set of doublo"
nodes are to be placed.

- YL, YU - lower and upper bounds of v- coordinate of the
laminate boundary in which scond set of double
nodes are to be placed.

- ZL, ZU - lower and upper bounds of 7- coordinate of the
laminate boundary in which second sot of double

,4 nodcs are to be placed.

Graup V P aterial Property Data

" rthotropic, temperature dependent material properties may Ie)(
prerscribed. Here L,T,Z are th- pringipnl axesr of the material.

For each different material the foll awing. Pra i) cards mIst he p

-, pplied. '"

(,a 'litorial Properties ( Format A4,i4."!, . 17.7)

columns entry descripl inn

1- 4 bbEL

5- 8 material identification nuimber.

13-29 value of Young'' mcdill 'is in l-d i rct in
--d 2:

col imns entry descri pt i on

1- 4 bhET

%,
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L-

5- 8 material identification number %
13-29 value of Young's modulus in T-direction

canrd 3: .
columns entry description

1- 4 bbEZ P
5- 8 material identification number P
13-29 value of Young's modulus in Z-direction

cardl 4:
columns entry description

1- 4 NULT
5- 8 material identification numhor
13-29 value of the poisson's ratio, vlt

card 5:

columns entry description

1- 4 NULZ

5- 8 material identificn ion numbhr
13-29 value of the poisson'' ra t in, r .

c-rrd 6:

columns entry description

1- 4 NUTZ
5- 8 material identification numhcr

13-29 value of the poisson's ratio,
Q1.rd 7:

columns entry description

1- z4 bGLT
5- 8 material ident i ficat.nn number

13-29 value of the shnar mor,,lis.
rurd 8:

columns entry description

1- 4 bGLZ
5- 8 material iden:T_ f i 'nt nnnoh 1) r

1 )-29 value of the rlhvur ml 1 r', C,
'2 "d O:

cnl umns entry descript ion

1- 4 bGTZ
:- 8 material ideit if i crt i-n nmlbler

1 3-29 value of he h1"1 md1T- 1 lus.
B)Z

colImns entry descri, i, n

1- 4 ALFL
5- 8 material idn if i t r i ,r' n imh,,r

13-29 value of the 1hroa 1 r-pn: inn n-1rf .
;Ird 1

co]lumns entry descri pi i-n

1- 4 ALFT
5- 8 material Pr nI i Ie'r i f j r i r 1,n f 1 1 -

2. I4
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13-29 value of the therm;il expansion coeff., a

c columns entry description

1- 4 ALFZ%
5- 8 material identification number

13-29 value of the thermal expansion coeff., a

NOTE: If any of these 12 cards are not supplied then that particular
value will be set equal to zero.
The 12 constants (Ell,Ett,..., z) are define~d with respect
to a set of axes (L,T,Z) which ar(- the principnl material
directions.

(bPata termination Card (Format A4)
columns entry description

1-2 -1 indicates the '-nd of material property
cards.

(c) Material Axes Orientation

In this set the data regarding the material principal axes
(1L,T,Z) relative to the global axes (x.v,z) is furnished. There
can he several sets of orientations, and one cnrrj shol he inpuit
for each orientation as follows:

columns variable entry desc~ription

1. - 5 MORT material axsoriontation se nuimber
6 - 10 NI node number for point"1

]1- 15 NJ node numbrr for poini. "J"
16- 20 NK node number for point- '

'.'()TI: Orierntation set numbers (MORT) must.L I- inpuit- in1 incrensin TIP

sequience beginning with ""

Orthotropi,: material axes orientaitions are sp1cci f ei b'1 )Y
means of the three node numbrs , II>,K %a h pca
case1C where orthotropic material_ ; ':os., coincide wai t the
ijobal axes (x,y,z) , it is not noce--sarv to i-nput, daita -in
this section. Let fl, f2. F3 bro iher t hror ort hona1.- I
voc! ors wl ch define the n~e fm:0, r in al rhot ropv il

ho Lr dire-ctions are as s;hown hl1

jf

r2 ..

kf

e .1-



Node numbers NI,NJ,NK are only used to locate points i,j,k
respectively and any convenient nodes may be used.

End the material orientation definition cards with -1 card.

Group VII Force boundary conditions
(Format 16,1X,A4,lX,F1O.O,12X,I6,J6)

columns variable entry description

1- 6 N node at: which force nct

8-11 LABEL direction of force (,in nodal
coodinate system) 7.Y FY, or FZ

13-22 FORCE value of the force

35-40 NEND ! If NEND is prreater than N (for N"
/4t-46 INC ! positive) all nodes from N thru

NEND in steps of INC has this
specified force (if INC is left
blank it. is assumed t o be 1)

NOTE: N=-l signifies the end of this set of cards

Gro, p VIII Displacement Boundary Conditons
(Format 16,1X,A4,1X,F1O.0,12X,216)

This set of cards is used to constrain nodal displacements to
specified values and to compute support reactions. Boundary
elements are used to specify strain for th( specimen. The,
houndary element is essentially a sprin, which has an axial
displacement stiffness and it is defined by a single directed
::is through the specified noda, point. If any nodal

displacement (UX, UY or UZ) is specified to have 0.0 value
t hen that degree of freedom is elJminated frnm the stiffness

columns variable entry les7cripion

1 - 6 N node number at which this
displacemnt will. be used p'

.-H 1 LABEL type of displacement boundary cond tion

13-22 V value of the dij)lacement .

35-40 NEND ! If NEND iS Creator than N
41-46 INC ! (for N positivo) lion all nodes

N thru NEND in !i epq of INC w:i 1.1 have
this -prifird d irsplancemont

':(TE: N=-I signifies the end of 1hi: ge, of r;rt .-f

LABEL can be UX, UY or UZ (upper r:-- wh ich mrea;ns that th,

2. 12



p.

specified displacement is in x, y, &7 directions respectively.

Group IX Stress Output Locations (Free Format)

[,OCI, LOC2, LOC3, LOC4, LOC5, LOC6, LOC7
- location numbers in ascending order

NOTE: In KSAP II, there is a provision to obtain stresses at a maximum of a

7 locations in an element. Any 7 of the 27 locations shown in Figlro
2.3 can be chosen.

"..

A,

A..

At'

I '
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3 MODIFICATION OF TIE PRFPPOCEVSSOR OUTPUT DATA

3.1 INTRODUCTION

The output data of the preprocessor program is to be modified before

it can serve as input data to the main code, KSAP II. The preprocessor

proecam will output two files of data: one file will serve as input data

file to the KSAP II code and the other file contains the renumbered double

hl,.' for split or notch simulation. The first file is to be supplemented

w ith information regarding the location of double nodes and the information

re irding crack opening node sequence. In addition, it is also possible to

.iv,, commands to selectively print the stress ouput.

3." DOUBLE NODES AND CRACK OPENING SEQUENCE

A double node is originally one node which has two node numbers.

'lb.::e) are provided in the plane along which the crack propagation is to be

' ifTl,,l ited. The double nodes serve two purposes. If the displacements of

!,,)I Ithe nodes are specified to be same, then they behave as one sinsle

If-, on the other hand, the displacesernts of the nodes are specified

, independent then they behav a,,s two separate nodes thus simulating

(c I, propagation through that node. Usually, a node has three degrees of

.fl, in x,y,z-directions. In the case of double nodes each node ha.,,

degrees of freedom after they are leparated. However, if the doible

is on a symmetric plane, then each nod,- will. not have three degrees of

f'. trldm after they are separated. For example, Figur,? 3.1 shows Ihe

-"t .,,ht.h part of a laminate subjectnd to a force in y-direction. Y --,

- ,d z=() are symmetric pianes. 1 ,l I !,"'' ;I lVn 'r-e C';10< in

-,, p1 v as shown by the shaded ar,,. "1 1, , ', nodes 5 )
0 and T1 ;1r- nt

3.1
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on any symmetic plane and hence, the three displacements (Ux,Uy, & Uz) of

node 50 are respectively the same as those of node 51 before the nodes are

separated. The nodes 50 and 51 each will have three independent degrees of

freedom once they are separted. However, the double nodes 10 and 11 will

behave differently. When they are together Uv=O since they lie on the 

L
svmmet ric plane y=O; and Ux and Uz of node 10 are equal t') Ux and Uz of of

node 11. When the two nodes are separated as the crack propagates, thi

upper node 11 will be still on the sym-etric plane and it will have Ux and

P7 d.rees of freedom, whereas the bottom node in is no more constrainod

and wi.ll have all the three dgrees of freedom, Ux,Uv and Uz, free.

w

3.3 TITITAILS OF DATA MODIFICATION"

',t the end of the preprocessor output the. Following cards have to Ie

a~de, with regard to double nodes and the crack op-ning sequence:

T TV 1 ails C[ the constrained degrees of freedom (Free format)

;0 i5 - tntal number of degrees of freedom of those doubl-e
nodes which are constrained by he symmet ric plane or

constrained by specified displnremnt, before they
are released.

1) Ptails of the constrained degrees of freedom. There
r 1i)ir be NB following cards. Egch card contains the
Fo]llowing, input:

:* 1C - node number
IFIX - deg,,ree of freedom

I for x, 2 for y, 3 for degree of Frocdom
I AVB - value of the specified d isp!,cr'r'Ie"

(=0, for nodes on that part.ici il r -mmotric pl.ane)

If D ails of the other double nodro' degre-" of freedom , _

a T PPAI) - number of pairs of all doubl11 nedr inclid "
those constrained on tb avome, rih plan.

1 There should be NPAIR f o w i cu-:. V-eh card wi]l

yive details of one pair of doee 1 .'-. and Ihe por niblf
dg,,ros of freedom after the e-l, ,'-r, ipo -

3. 3
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NI'C1 - node number 1 of the pair -.

NPC2 - node number 2 of the Dair
N PX - 0 or 1

NPX=I signifies that the two nodes are constrained
to have the same displacement- [x, before the nodes
are open and the nodes are completely free of each
other in x- direction of freedom after they are
open. NPX=O signifies thait their degrees of freedom
are already specified as explained in Group I.

NPY - 0 or 1 ! In Y and Z directions similar to the X- ,p

NTZ - 0 or 1 ! direction as explained above for NPX.

lTl) Data for each step of opening of nodor :

a Opening of the double nodes to simlate cracl propagation
(Free format)

N; - ! the node numbers of t ho paired double nodes
J2 - ! which are to be opened
TID - 1,2 or 3 the degree of freedom ,'hich is to be freed.

IDF=I denotes x-deg:ree of freedom is freed
from its double node's x-deree of freedom
and the nodal force Fx becomes 0. Likewise,
IDF=2 or 3 denote v or r-degree of freedom
is freed.

For those nodes on the symmetric plane and constrained by
hv specified displacement which are to be freed the above
card should be modified as

,I - node number
N12 - 0
IDI - 1,2, or 3 depending on x, v. or 7 degree of

freedom which is to be freed

There should be as many card', Fs there are degrees of
rt-eedom to be freed.

N1-N2=IDF= 0 signifies the end of thi.s crack open in
instruction and the stress and enory rleased associated
for this opening will be calculated.

b) :;elective stress print option (Free Format)

N!BFG stresses will be out plt for the e lement from
'FND ! elements from NBEG thr NENI)

This card should not b, loft Nlank. If 0,0 is
entered stresses will not I- print od.

Tf another step of opening, is uosired, tho ahovo (a) ad
1) will he repeated. This may ho(' rou inuorlli mtlli all ho

3.4



nodes in Group-I and II are reland.

It may be noted that if the rispiacem int and stress
,-olution is desired before any crack i: simtijlted a 0,0,0
card is necessary after Group I and Group II card!.

T V) The crack propagation is terminated by a card containing
'Q999 9999 0' as input.

3..
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4 THE STRUCTURE OF TlE HAI: COM, KSAI II
P

4. 1 INTRODUCTION

iFSAP II is the main program in the analysis of a delamination or

splitting problem of a composite plato. The program simulates the crack

opening using the data regarding the finite element mesh an, the

predetermined crack opening sequence. At each step, the program computes

the onergy released together with the stress and displacement fields.

4.2 CFNERAL FEATURES OF THE CODE

The code uses an 8-node or 21-node solid brick element to calculal e

the stiffness matrix. Each node is assumed to have three degreos of

frenlom in x, y, z-directions. General ortintrnpic material properties can

I)- -issipned to the element. It is assumed that the whole clement ijs at a

uni orm temperature given by the average of the temepratures at the 8 (or

21) nodes. The thermal loads are ca]culntrd usiri the difference between

th11 i average temperature and the stress free t emperature of the element.

i,,'AP IT code has the capability to sim11!lat ra-* opening along t he

!,,ir 1;)r, which passes through the poi tit s whero dnrrle nodes are prescribed.

JTnjl i:11.y, the two nodes in each pair are agqi-,nod the same displacemf'w :-

i, o ,,, three degrees of freedom. The sv"!erm of linear equations are sol ved

,..i t he appropriate boundary condil iens (mcha ical loading or thermal

lnadin or both) for nodal displacements and noda l forces. The -tresses at

h, prescribed iocations in each element are also calculated. The nodal

fnrr '-, of the double nodes are nothing but. . hr imniernal forces holding,

--h, two nodes together. These forces are ,tored nd will he used in th,

4.1
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next iteration as the crack opening is simulated through those nodes. The.

crack opening is simulated by changing the boundary conditions of the

double nodes. This implies, obviously, that the displacements of the two

nodes will not be the same. Then the svstem of linear equations are solved %

for nodal displacements and nodal forces under the changed boundary

conditions. The difference in the displiacemet !; oI the two nod(s througph

,h i.Th crack opening is simulated will be the crack opening displacement

Usin: the internal force which was neccssay to hold them together (as found

in the preceding iteration), the strain energy released can be computed as

the crack opening is simulated through that node. This procedure can )e

continued until all the double nodes are opened.

Thus, strain energy released as the crack passes through successive

dobl,1e nodes can be calculated at each step. At each step the crack

o -ning can be simulated through one or more pairs of double nodes and

thorr is no limitation on the crack front shape.

If the crack is simulated along a symmetric plane, there is no need

for double nodes in that plane. The crack opening can be done by simply"

-.h:ing.ing the boundary conditions of the- nodes on that plane from

di-phlacement boundary conditions to free force boundary conditions.

Once the strain energies released are cilculatd at each step th-n the

rnrrgv relnse rates (energy reslonser per unit area) may be obtained bv

dividinp, the energy released by the increment in crac< area nt that- step.

A complete listing of the KSAP IT code can be found in Appendix P.

Th following flow chart illustrates the gecnern] structure of the KSAP I1

4.2
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4.3 THE OUTPUT DATA FROM KSAP II

)
The output data from KSAP II consists of the details of the finite

element mesh of the given problem as well as the solution of the laminated

plate for the given crack simulation. For easy reference, the stresses and

npprLes released are written in separate files, KSAPOUT.DAT and WORK.WOK

respectively. The rest of the output (control information and

displacements) is written in DISP.OUT.
V

The output file DISP.OUT contains the following information:

i) control information

ii the nodal point data: cartesian coordinates of each node,
the temperature at each node, and the boundary condition
codes (1 means restrained, 0 moins free 1-o move in that
degree of freedom)

ii.i the equation numbers assigned to each nodal degree of
freedom 

iv) boundary elements data which nre attached t o nodes where
non-zero displacement boundary conditions :are prescribed

v the material property tables for different layers

vi element data which consists of corner nodes and the
material table number to which the element belongs

vii) data regarding equations, i.. , nmilor of equrt erns,
bandwidth etc.

viii) Lhe solution data at each step consistq of the nodal disp- %
lacemets (U, V, W) and forces (Fx, Fv, F-) , .rI.

(the first step is numbered as 7ero, the second step is
numhered I and so on)

Th, niotput file KSAPOUT.DAT cortains tho fcI>l-ing informaion: -..
i) -lemont stresses (SIG-XX, SIG-YY, SIG-7Z, SIG-XY, SIG-YZ, %

STG-ZX) at the prescribed locations in each eloment.

ii from the second step onwards, enery released in x, y, and
z directions will also be output after the element
-trnsses. This energy released output is the qum of the

4.3_43 5--.
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energies released at all the double nodes relaxed at that
iteration if more than one double node are relaxed.

4.4 LIMITATIONS OF KSAP II CODE '

At preqent the program can handle upto 000 nodos, and 100 pairs of

double nodes. Should a problem involv, fr -'- 1-i more than 3000 n cdes

thnn the following dimension statements have to be suitably changed:

1) The degrees of freedon (3 times the total number of nodes)
have to be changed in ICR(*), R(') it, the statement with
serial numbers 3380, 3386, 3844 and 3849.

2) The number of nodes in ID(*,6) havr to be changed in the %
.tatementswith serial number 3379.

3) The double nodes' total degrees of freedom (6 times the pairs
of double nodes) have to be changed in TNAP I(-Q"), TmAT(z, ).

ITOL( ,1), TCOL(*), TCOLM(-'), IST(') in the statements with
s7rial numbers 3384, 3385, 3386, 3R4R and A(', ), B( ,I),
IPIVOT ( ), INDEX(*,*), DT(*) in the statement with serial
number 4366 to the same value.

4.4I
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5 POSTPROCESSOR PROCMI

5.1 TNTRODUCTION

The postprocessor program 'plot' is desipned to present the stres

out put of the main code, KSAP II, in a graphical form. The stress

,(I 4t ri-bution in any plane parallel to xv plane cin be displayed on a

p.raphics terminal or graphics output can be obtained on printronix print er

or 11wlett Packard plotter. The code uses 3-D graphics routines from

Tom p Late package. The program is written to run inteicctively and the h'

jnteractive input consists of choice of device, stress number (I for xx, .4

2 for yy, 3 for zz, 4 for xy, 5 for vz and 6 for zx stress), viewing,,

position coordinates, scale factor to scale str'ss values. The stress

values, coordinates and the related data are read from a prescribed data %

5.2 D ETAILS OF DATA FILE

For an 8 node element the followinp data precede stress data:

llnding - data file identificatLon headinp

NX, NY, NL

NX - number of coordinates in x direct ion
NY - number of coordinates in v r1irection
NL - number of layers of finite elements in the laminate

XX(I), I-I,NX - coordinate values in x direction

YY(I), I-1,NY - coordinate values in v direction

For 21 node element the following data should precede stress data:

Heading - data file identification hnading

NNODES, NLOC

NNODES - number of nodes of finite element ( 2 or 21)
NLOC - number of stress nutput locations requested

5.1
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NONX, NONY, NONZ

NONX - number of coordinat- in X direLLioi,
NONY - number of coordinates in y di.recti-on
NONZ - number of coordinates in z direction

LOC(I), I=I, NLOC - stress output locations

X(I), I=l, NONX - coordinate values in x direction
Y(I), TI, NONY - coordinate values in y direction
Z(I), T=I, NONZ - coordinate valu,- in 7. direction

At the end of the above set of data, onr, sot of stress output (for ali

the rlements) should be copied from KqAFOIT.DAT.

The following plots (Fibs.5.1 and 5.2) nre obtained from stress output

at steIp 0 in the example problem. Fig. I.i is tho normal stress along y

di-rect ion (stress no. 2 and finite &emernt ];,v-r no. 3) in 0' layer. T!,

interlaminar stress (stress no. 3 and Iinite eimr,'nt layer no. 3) in 0

iay,,r is shown in Fig. 5.2. Both the plots are gonerated on Hewlett Packard

plott r using eye coordinates (30, -30, 30).

5.2
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6 ILLUSTRATI\VE 1;X*jiPLE

T NTRODUCTION

In this section we consider an examiple prnbhiem. The exnmple is of I

-simplo laminate construction and it, drno! nnt rnproqent a pract i-c,-l problem.

Tm, purpose here is to illustrate tim, procrdlnrl tn o perate the computeor

Code. However, the code is developed rfor n more- sgeneral use-, subjcte-d toIth- limitations discussed in the precedin5r q-etion7s.

The fol lowinlg par;rvraphs presenlt bei ar 'aTvrkinr steps in ucz~inc'

prerrnjt, codec to gencrate the interrli na-r tresdistriblution in a g'iven

iot erface plane. All input and output data fo~r ! his example2 problem are-

foundj~ in Appendix D.

T,ainat e Geometry:
sc of Sy I'meL I y only ofle--k!j_4.II t 1 (,1j r i ti Ti t tm on iS Lois iierrd

w~midth of the laminate is 8.0"
lenrgth of the laminate is 6.0"
nimnmbr of layers is 2

lii ckessof la.-cr 1 iF 1.0"
liii rl'ness of layer 2 is 1.0"

:n holwn in the Figure 6.1 x0O, y-C and 7-fl arr -;C -tTr]T-.c

rn'K~resind a uniform farfield -mtrain i' ap1pl iy'r inl v-d i red.ion.

The, roiemination cracking and Tli,-.! n'j; I: are I ('"C td as7 Eel tows :

/4 equal divisions in x-diroc.ion
2 equal divisions in y-dIirect, ionn
4 equal divisions in z-dirnct inn

* Nat rm Kil properaties and loading informal ion for ea-ch layevr are-
1Vilri,11ied in the following manner:

* l~yer1 (00O' layer)

I'- 2l.nxlo ps I

if- l.7Y10 6 ps i

V - 1.7x10 6 psi

'K %



Interface_
Delamination 0

0/9 Interface

00.

Fre dg

Transv-ersee
Crack0" Surfa5 Tr0ve~ 0Cn 00000 0cknvr rc

l Orne-egt pra/ree ofdte ainate-- Dimlarnedio

6."



V 0.730

vl 0.30

V = 0.54

; 0.94xlO 6 psi

= 0.94x]O 6 psi

6C - 0.50xO 6 psi t

-61 0.20x0- /PF

- 16.0x10- 4 /°F

t -4
- 16.oxln PF

I

lavor 2 ( 0' layer)

Ti-same properties as above.

A i-iform displacement of 0.001" is nppli0,l in v-diroction simulat inf, a,

on! int strain loading and no thorrnai lnilin, is ,ppliod (tcmp.O). Thr'

(I,,--iination is assumed to take place hrtw'i 1av-r 1 and Laver 2 startin,

h h outer edge at the intersect ion -f fr-n fl'nf and tran7sv-r.ze cra*.

1, 'mv''Hrv cnnditinns are provided V Inmr'c T-O I-f and 7-0 'vs -," T c r
i'r F-Ic .ns.

T nI in in]. finite element mesh v ,.- ,Irh] pndns i as r('n i n'

' i r 6.2.

'ItEPROC.,SSOR INPUT DATA

-- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

~ n ' ', El.[02/9021s; delam- MEC.11I ln:V! i': .J--'p .:in ( 10/30/87)

F n thi s first group the headi r, I ", 1, , i, , j i J ,irnn o n- r; t, *

6 .
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A'A

407

2 9

146

16 22

61

32 
2

6./
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-~V - 7- - - - h

a.,,

* (:,-o,,' 11;

C

-" 5.3,, s,0f.O0

0 -, 2.0, 4.0, 6.0, 8.0
. ' 3.0, 6.0

() , 0.5, 1.0, 1.5, 2.0

The first card indicates that 8-node Ircik elment is to he use. Th,

nuilrb'r of coordinates in x, y and z direct ions are 5, 3 and 5 renpecti vcly.

lhe-o are given in the second card. The fourth eT, rv in this card is (.0

and i.t indicates that there is no hole (hole rarliis =0.0). The valnes of

r v "rnd z coordinates are given in the suIqiint i rer cards. Nn diIia

l,'rmlnaition card is required for thi-; :rt nf data.

I, .,)n.n, 75, 1
-1, .0 .0 , 0
1 r .,, 32, 1

-1. (".0, 0, 0

1 1. 32, 1
-. , 0,0
1, 1, 16, 1

, 0

I I is group, the cards 2, 4, (, ind 1: r'- for da a t rmint i T.T

iJr,' " t card ind i-cates that all Ih, nodes from I I o 73 in increnmrent of I

1"'" t emperat ure of 300.0 'F. Simi r lv, I he third card is for r, mn S-

,i 5-iI i i.Cfi's that stress free t 'r',,',, ,, r';i T- - ,r ments from I tn 32 in

i, .... ,, of I is 300.0 'F. T i m-orl erji I :,,ri;ll ;oisher to which e,1c

, ' lon gs to is given in 1 I crd . n T Th present prollc , Iv,

of laminate are made up of ri n,- o lr . ,,, in tfhi';, c rd, it ),r

%i-i' inhat e]ements 1 to 32 (in inc r' ... T : ci 1) rl Tn t, m ri ,-ot ,i c

-iV (6. 3
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leover, the two layers have different orient at tors and they are indicat rd

in the 7th and 8th cards. The elements I to 16 have the material axis

orientation set 1 and 17 to 32 have set 2.

The 10th and 11th cards are to take advnntang of the set of identical

elem-i-nts made of the same material. The first cird denotes that elements: 2

thri 16 are identical to element no. I anO the same element stiffness

matrix is used. Similarly, the 2 nd card denotes that elements 18 thru 32

are the same as the preceding element no. 17.

Greii p IV

n.

This card is for split or notch simuliI ion. The first entry (0)

i ndcal Is that there are 0 double nndes for sp] i.t gnnrat-ion. The second

onrv 2 is for split plane parallel to xz-plane. Since the number of

rlollr, e nodes are zero, the value nf secnnd entry can be 1, 2 or 3 and no

s 1 will 1-1 be generated.

;rC ,l V

13. 1.9, 23, 28, 33, 38, 43, 4S, 53, -, ,  3,. (,. 73
. , 0.0, 6.0, 1.0, 2.0

'T11i information of nodes which are to 1- douhl d is ci-ven in this , sot

'( c:rds. The first card says thal there arr 15 nodes to be doiibled and

lir, :,icceeding card gives the oripinal unmh,'rs4 of the nodec which are to he

d till 'id. The last card gives iMi. s Of li1 cr.ecrdi.nates of the solid in

-hicli the second set of double nodes are t llr(- ie,.

6~I
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(;rou1) VI N

Il, 1 21.OE6
.T 1 1.7E6
EZ I 1.7E6

NULT 1 0.3 -
NULZ 1 0.3
NI!T7. 1 0.54

G1,T I 0.94E06
Cl , 1 0.94E06
CTZ 1 0.50E06

ALFT, 1 0.2E-6
A LFT 1 0.16E-4
ALF7 I 0.16E-4
-l

1 5 25 55
2 25 75 5

-l,

This set of cards will furnish data regarding the material properties.

11 r7 properties can be given in any order. Vie last three cards are to

(If.ne 2 sets of material principal axes orientations. L

Gromi VII

-l

This set of cards is to specify force boundary conditions. In this a'

par1 icular problem a single -1 card sicni fv that there are no force

d'-""-'Yrv conditions.

(~rou' VIII

I, fy 0.0 24 3
IUY 0.0 23 3

1 lix 0.0 )1 23
fUx 0.0 ' ''

Uix 0.0 3" 23

1 UZ 0.0 21 3
1' liZ 0.0 ,,j1 3
I IZ 0.0 71 %

-1

6.7
IS



The displacement boundary conditions are prescribed in this set of

cards. For example, the first card specifies the y-component of

displacement as 0.0 for the nodes from 4 thr 24 at 5 node intervals. That.

is, y-component displacement of nodes 4, 9, 14, 19, 24 have 0.0 value. The

boundary conditions of other nodes are prescribed in the succeeding cards L

of this last set. In this set the original ende numbers are to be given

nnd they will be modified using the double nodes information given in

(;rolip V

6.3 M1ODIFICATIONS OF PREPROCESSOR OUTPUT DATA

The output of the preprocessor program will. h two data files if NSD

is not equal to zero. The file KSAPTN.TAT will consist most of the data

nec(, sarv to run the main code, KSAP II. The other file FOROlO.DAT will

cnftii- the information about the modif ocd numberrs of the double nodes and L

their original node numbers on the split plan,-. These are only for

reference and do not appear in the modifications of IKSAPIN.DAT.

The original node numbers relater to delamination are listed towards

he end of KSAPIN.DAT. Both the double nrdes of each pair will have the

s:i,, displacemenhs before the crack passes throigh them, nnd both these

wi 11 haive free force boundary conditions nneen the crack passes thromtth that

paiir and they are separated. However, some of those pairs lying on N-()

1;1n," behave differently.

the double nodes (3,4),(Q,1O)),(15,16).? ,22), and (27,28) are loc:itcd

on tle symmetric plane which als-o happons to be the plane of transverse'

c rac. The y-component of the displ-acemont (11y) of the node in each pair

brf>-r they are opened have the same value. When the crack passes throih'

6.q



that node, the two nodes will be separated. The y-component of the forco

(Fy) of the bottom node will be zero whereas the top node will be still on

the symmetric plane (yO) and hence will have a displacement boundary

condition (Uy=O). It may also be observed that th- other two components of

the forces (Fx,Fz) will become zero for both the nodes of the pair once f he

crack passes through that pair. To facilitate thoe two types of degrees

of freedom of the double nodes the input data of KSAP II has to be

supplemented with the data as shown below.

If)

3 2 0.0
A 2 0.0
0 2 0.0

13 2 0.0
,15 2 0.0

. 16 2 n.0

21 2 0.0
22 2 0.0
27 2 n.0
2. . 0.0

3 1 0 1
n 1( 1 0 1

i5 l, 1 0 1',

21 22 1 0 1
27 ,," 1 0 1
3. '" 1 1 1
3? /,0 t 1 1h,3 /'f 1 l 1 :
51 1? 1 1 1

57 32 1. 1 1
r"3 ()I 1 1 1

% Ort ) 70 1 1 1.
7 7( 1 1 1
,R 7 ( 1

The nuimber (10) in the first data card denotes the total number of

y-derees of freedom of double nodes (Ox2-l0) on the symmetric plane (y=O).

The fnlowing 10 data cards input the dletails of the node number, dcgree of

fr ednm (1 for Ux, 2 for Uy and 3 for Vz) nnd the v lIe of the

diP:placemont. All these data correqponds tn that value before the ne,, z

6.
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are opened. Following this will be the comprehensive data input for the p.

overal double nodes. The number 15 denotes that there are 15 pairs of

double nodes whose details are given in the 15 succeeding cards. The first

two numbers in each card (for example, 3 and 4) are two node numbers in %

each pair. The three following numbers (I's or O's) will describe the a

behavior of the double nodes in x,vz r]egreos of freedom respectively when

Ihe nodes are opened. The number 1 for any degree of freedom signifi.o,

that the nodes will have the same displacem-nt. before opening and will, have

zero nodal force in that degree of freedom ifter opening. Number 0 for any

part icular degree of freedom signifies that Ohe nodes will not behave i n

the above manner with regard to that degree of freedom. Thus the degrees

of Freedom (y) for the double nodes on the symmetric plane, v-O which are

dericri1ed in the previous set will have zeros in this set of data. For

xaimple, the nodes 3 and 4 will have Tiv=0 corresponding to v-degree of L

frerdom as they are specified to behave in another manner in the preceding

.set nF data. The nodes 27 and 28 will have all I's as they are located

away From the plane y=O.

After furnishing the above data reardi u the degrees of freedom of

the dohi e nodes, comes the data regarding, the opening of the double nodes

I h1' simulating a crack propagation a,-, shlown below:

g 1 0
1 32 ! Free format

27 H 2
27 2 1
27 p 3 %
0) (t 0

1 32
21 () 2
,:1 22 1
21 22 3
57 53 1
,7 %s 2
,7 3

6. 1
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0 0 0
1 32

9O 9999 0

At any step (iteration) the crack can be made to pass through one or

more number of double nodes. Each data card consists of three numbers.

The last number corresponds to the degree of freedom which is relaxed, iha,

if, which will have free force boundary condition. If there is a zero as

the .second number then the first number should be a node number of the £

d.ihl.e nodes on the symmetric plne v-O whose data is specified in the

Llrt.: spt. For example, the '27 0 2' spcifies that the y-deprree of

freedom (2) of node no. 27 (which is a node in 1st set of data) is relayed

(Fy--). That is, this node is free to move in v-direction. If the second

P tinuI-r is also non zero then the fiirst two numbers correspond to the two

nodes of a pair of double nodes and as explained above the third number

sp"cifies the degree of freedom in which these two nodes are free to move.

T°hs the data specifies that the crack passes through the pair of nodes 27

,nd 28 and these two nodes are free to move in x, z directions whereas in

the v-direction only node no. 27 is free to movr. That implies that node

8 wi. L have the earlier specified dipiacement (UyO). All three zeros

;i ,ify the end of the crack openinp datn for that step. Thuts when it is is

d r, ir-d to calculate the stresses ind displbemnts before any crack is

similated it is necesssary to place this: c;ard (0,0,0) as in line 1.

Tr nirlately following this card in -r-h , tep a select ive stress pr iit

opt inn can be given. The two numibers-. s=i eT1JV the range of elemrents for

which the stress print out is desired. If le first two numbers in the

crack opening data are prescribed as o0)o arnd 01" t hen that signals the

Ie rination of crack propagation seionrce.

6.1l1
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6. 4 OUTPUT OF KSAP II PROGRAM

As can be seen the output of KSAP I j-, eif oxplanatory. To start

with, it consists of all the mesh details reparding the nodes, coordinates.

tHi (Iegioes of freedom, elements etc.. It also furnishes information of

the material properties used and the material number to which each element

,clongs. The output also provides some f (ta.ils about total number of

e-qua tions, bandwidth, number of blocks etc..

Then the results will be output as the crack is simulated. For each

st-p the nodal displacements and element stresses (at the center of Jc

element) are printed as desired-in the input data. Usually, these results

ar' output starting from no crack staen (STEP 0) and crack can he
5,'

simulated opening one or more nodes at each step. At each succeeding step

(STEP 1,2 . ).. . the energy released is calculated and is printod

immdiately after nodal displacements )nd forces. If the energv release

rate is desired then it can be calculatod by dividing: these enerie.les

reloased by the incremental crack areas.

5,.

1~1
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LISTING OF THE PREPROCESSOR
Lu

a.

d.
.5..

55.

5.,....

I

5%

-5..

I
5..-

.5..
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4 A THIS CODE GENERATES INPUT DATA FOR 'KSAP II °  .

---'-version :-Sept-ber 1987

10 Reads from Input file and writoc to KSAPIN.DAT "

1 2 "
13 NOTE: 1) Modified to generate 2l-node element directly from -
14 the regular WITHOUT ELEMENT GENERATION CODES "

16 Assign 21 / 8 (= NTYPE ) as the 2nd card in the

17 input data file
18

19 CAUTION:
20 2) The nodal input order for the elements (NTYPE=21)
211 SHOULD be as in SAPIV MANUAL

22 13) Double nodes region is to be given
23 (xl,xu, yl,yu, and zl,zu in that order)24 %

25 ccccccccccccccccccecccccccecccccccccccccccccccccccccccccccc

27 R(),NR(o--- temporary storage of data read

28 NOS(I) --- number of sets to be generated at i-th level
'29 NOE(1) --- number of elements in the set to be generated
30 NINC(I) --- increasment of node number "
31 NN(I,J) --- node numbers of element -i
32 IDM --- i.d. number of mtl.

33 MAT(1) --- 1 : stiffness matrix of element -i is the same as previous
34 0 : not the an as last

35 MAXES(1)--- I.D.no. of matl. axis orientation set(see SAP4 manuaJl)36 TZ(1) --- Stress free reference temperature for element -
37 X(I) 2 --- coordinets of node -I

38 Y(1) )
39 Z(1)
40 XX(I) --- coo. increments in fivlI eereration

41 YY(1)
4 2 ZZ(1) I

A3T(1) --- Nodal temperature
4,1! Ell Material propertie

45 IX(I,J) -- Degree of freedom code node -i, freedom -
4f, NBD() --- No. of boundary element FOR dISPLACEMENT47 ND(I,4) --- 4 nodes used for defining the direction of displ.
48 KD2 --- MOns displ if equals to I
49 KR )- Do rotation if equals to I
50 NB,( )--- node no. of force boJndry
51 NX(I) --- concentrated force

52 FY() I
53 N() i s
54 L(4) --- Node difin in vector cr r-sItiplied to give

3d o t

33I A(I :stfnesmari f lmet iiste am s rviu



55 the direction of dispi. or rotation
56 VD() -- Value of dispi.
57 I VR() Value of rotation
5B LAX(2,3) -- 3 nodes (number) to define matI. prirnc. 3xis e
59 (max. of 2 sets)
60 I HED(18) -- Reading information as first line of outputr
61 I MORT() - material axes orientation set number
62) NI() ) definition of material principle axes

64 ! NK() I

68 CHARACTERAl MESH
69 DIMENSION R(7) ,NR(15J),NRR(21),NOS(3),NOE(3),NINC(3),
70 . XX(20),YY(20O),ZZ(15),XMESH(4000),YiIESH(4000),
71
72 . X(4000) ,Y(4000) ,Z(4000) ,IX(4000,6) ,T(4000) ,mip(4000,2),
73
74 . IDM(3000),MAT(3000),NN(3000,21),MAXES(3000),TZ(3000),
75
76 . Ell(4) ,E22(4) ,E33(4) ,ANU12'(4) ,ANU13(4) ,ANU23(4),
77 . G12(4),'313(4) ,G'23(4,N8D(200),ND(2-00,4),KD(200),
78 . L(4) ,VD(200) ,Vk(2 00.,KR(200) ,HED(18),
79 . NOND(2.00),XD(200),YD(200),ZD(200), nons(400),
80 . ALP1(4),ALP2(4),1
8l ALP3(4),MORT(IQ),NI(10),NJ(l0),NK(10) ,
82 . EX(200) ,FY(2O0),FZ(200),NB(200),IDI.200)
83
84 c-- mip ()-the corresponding new nodal numbers
85 C
86
87 PI=3.1415926535897932
88 eps=1.0e-04
89 WRITE (5,A) '...ENTER INPUT FILE NAME ..... '
90 READ (5,55) FILNAM
91 IRD=56 !READ TAPE NO.
92 OPEN (UNIT=IRD,E1LE=FILNAM,STATUS='OLD')
93 READ(IRD,25) (HED(I),I=1,18)
94 25 FORMAT(18A4)
95
96 !Read whether the element is 8- or 21 noded
97 c NTYPE=21
98 c NTYPE=8
99 read (IRD,A) ntype
100 NELTYP=I
101 INTRS=2 !Integration order for r,s -coordinates

102 INTT=2 !1Itegration order for t- direction
103 IF (NTYPE.EO.21) THEN
104 iNrRS=4
105 INTT=2
106 END IF
107 C

108 C!!!!! FOLLOWING STATEMENTS ARE FOR VARYING GRID GENERATION.

A- 2*



109 C,
110 C NODE GENERATION
ill READ(IRD,A),NONX,NONY,NONZ,RHOLE
il1- READ (IRD,A)(XX(I),I=l,NONX)%
113 READ (IRD,A)(YY(I),I=1,NONY)
114 READ (IRD,A)(ZZ(I),I=1,NONZ)
115
116 C-- correction for inside nodal1 coordinates for 21-node el.
117
118 if (ntype.eq.21) then
119) do 1444 i1l,nonx

*120 1444 if (mod(i,2).eq.0) xx(i)=(xx(i-l)*xx(i+l))/2
1211 C type A,(xx(l),i1l,nonx)
122 do 1445 i=1,nony
123 1445 if (uod(i,2).eq.O) yy(i)=(yy(i-1)+yy(1+1))/2
124 C type A,(yy(i),i~1,nony)
125 do 1446 i1l,nonz

* ~~126 1446 if (mod(i,2).eq.0) zi(zi1)zi+)/
127 C type A,(zz(i),i~l,nonz)
128 end if
129

130 IF (RHOLE.GT.eps)CALL HOLE (RHOLE,N0NX,NONY,NONZ,
131 .XX ,YY ,ZZ,X,Y,Z)
132 IF (RHOLE.GT.eps) GO TO 444

134 DO J~l,NONY
135 DO I=1,NONX
136 DO K=q,NONZ
137 N=(J-1)ANONXANONZ4(I-1)ANONZ+" Z.
138 X(N)=XX(I)

140 Z(N)=ZZ(K)
141 END DO
142 END 1:0
143 END DO
144
145 C- END OF POLAR MESH GENERATION
146
147 444 NTON=NONXANONYANONZ
14 P
149 C--- MESH PLOTTING OPTION ON HP PLOTTER -------

1510 WRITE (5,A) 'Do you n~eed MESH plot Oriqiri31 r,oes?..(Y/N)'
151 READ (5,55) MESH
152 5. FORMAT (A)
15 IF (MESH.EQ.'Y'.0R.MESH.El.'y') CALL
154 .MESHPL (X,Y,NONX,NONY,NONZ,MIFP,l,ritype)
125 DO I=1,NTON
156G XMESH(I)=X(I)
157 YMESH(I)=Y(I)
158 END DO
159 IF (NN(NTOE,7).GT.NTON) THEN
160 DO 666 I=1,NTOE
161 DO 666 3=1,NTYPE
162 r2 G IF (NN(I1,J).GT.NTON) NN(I,J)=NN(1,J)-NTUN

A- 3 -



163 END IF
164
165 148 READ(IRIJ,A) N,TEMPi,NENLI,INC
166 GOH.O.1 To 1 149
167 Do l=N,NEHD,INC

169) END DO

170 GO TO 148
171
172 149 carit iriue
173 300 CONTINUE
174 C--------------------------------------------------------------------------------
175 C ELEMiENT GEATIrm
176 C
177 N I =ONX
178 N2=NQNY
179 N3=NONZ
I80 N13=NIAN3
181
182 IF(NTYPE.Ea.u) Ihr

184 NOS(3) =N3-1 third level 9erser.code
185 NINC(3)zl
186 NOE(3) =(N2-1)A(N1-1)
187 NOS(2) =N2-1 second level gener. code
188 NINCZ1")=N1*H3
189 NOE(,.) =N1-1
190 NOS(1) =NI-1 first level gener. code
191 N INC ( I) N3
192 NOE(1) =1
193
194 Nkk(l)=2+ N--' N13
195 hRR(2)=2t +1
196 NkIk(3)=2

S 197 NkJk(4)=2tN3+ N1
198 NfRR(5)=l N+ 1
199 N()1 + N13
200 NRR(7) =1

p201 Nkk(8).=1t NJ
202

2~03 ELSE 1E(NTY L.EQ.21) THEN
* 204

205 NOS(3) (N-)2third level gernPr.coie
d 206 NIINC(3)=z

28NOS(') (N2-1)/2 second level 9gener. code
2 09 tINC(2)=2AN1*N3

211 NOS(l) -(Nl-i)/2 1ff'rst level gener. c~jc
212 NINC(1)=2ANJ
2113 NOEMl =1
214
215 NRR(1) =3+2AN3t2AN13
216 Nkk(2&) =3 +2AN13

A~- 4
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217 NRR(3) =3
218 NRR(4) =3+2AN3
2119 NRR(5) =1+2AN3+2AN13
220 HRR(6) =1 +2AN13
2121 NRR(7) =1
222 NRR(S) =1.2AN3

24Nkk(9 )=3+ N342AN13 C

225 NRR(10)=3 + N13
22G NRR(11)=3+ H3
227 NRR(12)=3+2AN3+ N13
228 NRRf(31)=l+ N3+2AN13

HRR(1)=l +N13
230 NRR(15)=1+ N3
231 NRR(16)=l+2AN3+ N13
2.32 NRR(l7)=2+2AN3+2AN13
233 NRR(18)='"+2*Nl3
234 NFRR(19)=!

237 NRR(21)=2+ N3+ N13
238 END IF
239 N0=0
240 DO 132 1=1,NTYPE
241 122 NN(NO+1,I)=NRR(I)
242
243 Perform element genera3tion

24ADO 138 M=1,3
245 DO 138 K=2,NOS(M)
246 DO 138 I=1,NOE(M)
247 N=N0+I+NOE(M)A(K%-l)

248 DO 1375 J=l,NTYPE
249 1375 NN(NJ)=NN(NO+I,J)+NINC(M) (-1

20 1?9 continue
2"1 NO=N

NTOE=NO -

:-3 DO 1415 IE=1,NTOE
2' TYPE A

I TYPE A,' AAAA ELEMENT ' IE

"15r 11415 TYPE 105, (NN(IE,J),J7l,NTYPE'
257 V~5 FORMAT(8I5)

26' RPpd element stress free tetp'per 3t.,jr-
iG1 V8 TED(IRD,A) N,TEMP,NEND,INC

2c2 IF(N.EG.-1) C.0 TO 159
263 DO 1585 IE=N,NEND,INC

264 1585 TZ(IE)=TEMP
GO TO 158

266 15 c cort nue

2 r, PPd element ma3terial iderit.if ic -i. or, n, whpr

21,1 '8 PEADI(IRD,A) N,MATRL,NEHB,T~f-
7' IF(N.EO.-l) GO TO 1459



271 DO 14585 1E-N,NEND,INC
272 14585 IDM(IE)=MATRL
273 60 TO 1458

274 1459 continue
275
276 C ---MAXES(I) hArL. AXIS ORIENT.:

277 1 Read elewent material 3xis orientation identification nuser
278 1658 READ(IkD,A) N,nORTT,NEND,INC

279 IF(N.SO.-1) GO TO 1659
280 DO 16585 IE=N,NEnD,INC
281 16585 mAXES(IE)=MORTT
282 GO TO 1653

283 1659 continue
284 Read if the stfir,c watrix of an element (or - group or elettrits)

285 is sa.e -s the previous element
286
287 DO 145 I=I,NTOE
288 145 fAT(I)=O
289

290 176 kEAD(IkD,A) Ml,M2
291 c WRITE(111,A 'M1,n2',m1,n2
292 IF(nl.EQ.-1)CO TO 1765

293 DO 1762 Iznli,2
294 1762 MAI(I)=l
295 GO TO 176
296 1765 continue
297 C---------------------------------------------------------------------------
298 C BOUNDARY CUNDIf'ION GENERATION
299 c Followin3 statewent are to fix all rotations when
300 c only tr*.,Lnslationa1 d.o.f. (eltype 48 is used)
301 DO 2010 I=I,NTON
302 DO 2010 3=1,6
303 IE(J.LE.3) IX(1,J)zO
304 IF(J.GE.4) IX(I,J)=l
305 2010 continue
306
307 While 9i,,hLrtiFI9 21-node elements some nodes are at the cwter of faces
308 These degrees of freedom will be removed below:
309
310 Nodes nut used in defining any element are found
311 and all its d.o.x. set equal to 1 (i.e., eliminated)
312 DO IE=I,NTOE
313 DO IN=I,NT'PE
314 II=NN(IE,IN)
315 IX(II,6)=1O !to identify which nodes are used
316 end do
317 end do
318
319 DO IND=1,mTOm

320 IF IX(IND,6) .EO. 10)THEN
321 IX(IND,b)=1
322 ELSE
323 DO IDG=I, o6
324 IX( IND, IDG,:1=

-%1
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325 END DO
326 END IF
327 end do
328 !!1111 FOR DOUBLING NODES I III III III III III
329 do ip=l,nton
330 %ip(ip,2)=O

331 end do
332 For Splitting ..............- NZ

333 NSD:O .ar
334 READ(IRD,A) NSD,IDIR No. of nodes to be doubled, Direction Vector
335 IF(NSD.NE.0) THEN
336 NSD1=0
337 686 READ (IRD,A) N,NEND,INC
338 IF (N.Ea.-I) GO TO 688
339 DO 687 I=N,NEND,INC
340 NSDI=NSDI+l
341 687 NONS(NSDl)=I

342 GO TO 686

343 I READ(IRD,A) (NONS(I),I:I,NSD) !original node # to be doubled,4 
344 G38 IF (NSDI.NE.NSD) NSD:NSDl 'check on total no. of d.n's
345 c-- to delete face center no. from double node list .......

34G IF (NTYPE.EO.21) CALL DELETE(NONX,NONY,NONZ,NSDNONS)
347 do i~l,nsd
348 ianons(i)
349 mip(ia,2)=l
350 end do.%
351 end if
3J NTD=0
352 READ(IRD,A) NTD I Number of nodes to be doubled

354
355 Define the zone of delamination
35G c store coord. of the nodes to be doubled "
357 IF(NTD.NE.O) THEN
358 READ(IRD,A) (NOND(I),I=l,NTD) 'ori3inal node # to be doubled
359 c-- to delete f.ce center no. from double node list .
360 IF (NTYPE.EQ.21) call delete(non'<,nory,norz,rtd,rond)

361 DO I=I,NTD
362 IA=NOND(I)

363 M IP( IA ,2): "=1'

END DO 
365 READ(IRD,A) XL,XU,YL,YU,ZL,ZU,

36 DO I=NTD,I,-l
3(7 XD(I)=X(NOND(I))

:3G YD(I)=Y(NOND'(I))
3f9 ZD(I)=Z(NOND(I))
370 END DO
371 END IF .

3-- if (rtd+nsd.ne.0) then"
7- I P:O % '

37-1 DO I'INTON
IP=Ipfl376- iMIP<I, I):tP N

77 IF(MIP(1,2).Z0.l) THEN
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379 NtF(I,1e
380 END IF

382 C end if

383 IF (NSD.NE.0,
384 .call split (NTON,nsd, dir,nons,mip,x,y,z,T,ntype,nos,NN,rtoe)

385 For Delagln.3tion ............
386 C DO I=I,NT0N
387 C TYPE A,I,(tIP(I,J),=I,2)
388 C END DO
389"'
390 IF(NTD.EU.O) Go To 899

391 C- CORRECTIONS FOR DOUBLE NODES IN planes normal to x, y or -dilrectiorns
392 C FIND KND (THE # Of THE N ODE CURRENTLY TO BE DOUBLED) -
393

394 DO 525 I=I,NTD

395 DO J=NOND(1),NTON
396

397 DIST=SQRT((X(J)-XD(I))A2+ (Y(J)-YD(I))**2+ (Z(J)-ZD(I))AA2)

398 IF(DIST.LT.O.00001) 18EN
399 KND=J

400
401 C BEGIN CHA;NGING NODE NUmBERS I COORD.

402
403 c Change element node nuwbers if it is > knd by adding 1 to it

404 DO 346 JE=I,NTOE
405 DO 345 K=1,NTYPE
406 345 IF (NN(JE,K).GT.ND) NN(JE,K)=NN(JE,K)+1
407 346 CONTINUE
408 C Also move coords. downstream by one slot and also assisrn (krnt1)t,

409 same as (knd)th
410 DO M=NTON,KND,-l

411 X(MI+1)X(M)
412 Y(K+I)=Y(M)
413 Z(M+1)=Z(h)
414 T(M+I)=T(M)

415 END DO
416
417 C-- Allocate nodes of the pair to the appropriate elements deprir,9

418 on which side ol the double nodes' plane they (element) lie
419 rface=NTYPE

420 DO 3455 K=I,NTOE
42 1
422 IF(NTYPE.EU.8) THEN Find the coordinates of the certer of the
423 XCzO. element to determine if it belor3s
424 YC=O. I to the delamination zone
425 Zc=O.
426 DO IA=I,8
427 III=NN(,Ii )
428 XC=XC+X(lII)

429 YC:YC+Y(III)
430 ZC=ZC+Z(III)

431 END DO
432 XC:XC/8.
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433 YC=YC/8.
434 ZC-ZC/8.

435 ELSE
436 III=NN(K,21)
437 XC=X(III)
438 YC=Y(III)
439 ZC=Z(III)
440 END IF
441 IF(K.EO.32) THEN
442 I TYPE A, ' ... ELEMENT K ... '

443 I TYPE A, / - CENTER:', XC,YC,ZC
444 I TYPE A, ' . BEFORE ... '

445 ' TYPE A, (NN(K,M),M=X,NFACE)
44G END IF
447 DO 3453 M=1,nface
448 IF (NN(K,M).EU.KND
449 .anJ.(XC.GT.XL.AND.XC.LT.XU)
450 .and.(YC.GT.YL.AND.YC.LT.YU)
451 .an-d.(ZC.GT.ZL.AND.ZC.LT.ZU))
452
453 NN(K,M)=KND+l
454 3453 END DO
455 3455 END DO
45G
457
458 NTON=NTON+1
459
4GO go to 525 so that the oodifctions are done only once
4G for each double node
462 END IF (DIST.LT.O.00001)
463 END DO Q - LOOP
464 2 END DO 'I - loop
465
466 899 CONTINUE I SKIP IF NTD=O
467
468 write(5,A)'...Do You Need Mesh with Pouble Nodes (Y/N)..'
469 READ (5,55) MESH
470 IF (MESH.EQ.'Y'.OR.MESH.EQ.'y') CALL
'171 MESHPL (XMESH,YMESH,NONX,NONY,NONZ,MIP,2,ntype)
472
473 IF (MESH.EO.'Y'.OR.MESH.EQ.'y')

474 .write(5,A)'...Do You Want to Continue (Y/N)..'
475 IF (MESH.EQ.'Y'.OR.MESH.EO.'y')
47r .READ (5,55) MESH
477 IF (MESH.EO.'Y'.and.MESH.EQ.'y' stop
478

479 ,,'I!,!' ABOVE ARE FOR DOUBLING NOEIS '''I'' 11!1!!!

400
481 1 Material properties
482 OPEN (UNIT=9,FILE='KSAPIN..AT',.TATLI.'NE' )
483
484 nJmmat=0
485 5-' re.ad(IRD,550) A,I,V
4?G lf(i.'t.nummat) nummat=i
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487 550 FORtAT(A4,14,4X,017-7)
488 IF(A.EQ.' EL') EII(I)=V
489 IF(A.EO.' ET') E22(I)= V
490 IE(A.EO.' EZ') E33(I)=V
491 IF(A.EO.'NULT' ) ANLII2( I)=V*E22(I)/E~l(I)
492 IF(A.EQ.'NUTZ') ANU23(I)=V*E33(I)/E22(I)
493 IF(A.EQ. 'NULZ' ) ANUl3( I)=VAE33( I)/ElI( I)
494 IF(A.EQ.' GLT') G12(I)=V
495 IF(A.EO.' GLZ') G13(I):V
496 IF(A.EQ.' GTZ') G2-3(I)=V

498 IF(A.EU.'ALET') ALP2(i)=V

499 IE(A.Z'O.'H'LFZ') ALP3(I)=V
500 IF(A.EO.'-l') GO TO 560
51)1 GO TO 500

503 50 DO1=1,10
504 READ(IRD,570. (NR(J),J~l,4)

505 570FORkiAT(4 I')
506 IF(NR(lL.EQ.-1) GO 10 579
507 OTI=kl
508 N I( 1)=NR (2)
509) NJ(I)=NR(3)
510 NK(I)=NR(4)
511 EN~D DO
512 579 NORTHO=I-1
5 13
514
515
516 !THE BELOW PORTION IS MODIFICATION T0 FINE) DIRECTION VECTOR
5:7 !above one does not work for hole problems (polar mesh).--
518 C TYPE A, 'NTON',NTON
513 DO 991 Izl,NTON

520DO 992 J=l,NTON
*521 IF (J.EQ.I) GO TO 992

522 IF (ABS(Y(J)-ABS(Y(I)).GT.I.E-06) GO TO 992
523 IF (AbS(Y(J)-'t(I)L.GT.1.E-0G) GO TO 992
524 If (ABS(Z(J))-AbS(Z(I)).GT.I.E-06) GO TO 992 -

52'1 IF (ABS(Z(J)-Z(I)).GT.1.E-0&) GO TO 992
526 IF (X(J)-X(I).LT.0.0) GO T0 992
527 DO 993 X I,NTON
528 IF (K.r.U.I.OR.K.EQ.J) GO TO 993
529 IF ((ABS(X(K))-ABS(X(I))).GiT.I.E-OG) GO TO 993
530 IF (AbS(X(K)-X(1)).GT.l.E-0&) GO TO 993
531 IF ((ABS(Z(K)-ABSZ(I)))LGT.1.E-06) GO TO 993
532 IF (ABS(Z(K)-Z(I)l.GT.1.E-06) GO TO 993
533 IF ((Y(K)-1(I)).LT.0.0) GO TO 993
534 DO 994 LLL=1,NTON
535 If (LLL.EO.I.OR.LLL.EO.J.DR.LLL.EO.K%) GO TO 994
!53G IF ((ABS(X(LLL))-ABS(X(I))).GjT.I.E-O6) GO TO 994
537 12 (ABS(X(LLL)-X(I)).GT.l.E-0G) GO TO 994
538 IF ((ABS(Y(LLL))-ABS(Y(I))).GT.I.E-06) GO TO 994
539 IF (ABS(Y(LLL)-Y(I)).GT.I.E-06) GO TO 994 '

540 IF ((Z(LLL)-Z(I)).LT.0.0) GO TO 994
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541 LO=I !y I z coord. sa~me as J, xcoord. diff.
542 LX=J !y I z coord. same as 1, xcoard. diff.
543 LY=K !.ne.I or J, x &z coord. s3me 3s I and y is diff.
544 LZ=LLL !.rie. I,3 or K, x I y coord. sume as I and diff.
545 GO TO 995
546 994 CONTINUE
547 993 CONTINUE
5 480 9?2 CONTINUE
549 991 CONTINUE
550 995 CONTINUE
551
552 C-- READ & GENERATE CONCENTRATED LOAD DATA:
553
554 NTBF=O
555 N INCC~1
556 640 READ(IRD,710) Nl,A,V,N2,'INCC
557 IF(NI.EO.-1) GO TO 699
558
559 DO Z=N1,N2,NINCC
560 NTBF=NTBF+l
561 NDF(NTBF)=I
562 if(A.EQ.' FX') FX(NTBF)=V
563 if(A.EO.' FY') EY(NTBF)=V%
564 if(A.EO.' FZ') EZ(NTBE)=V

5END DO%
566 GO TO 640
5J67 G99 CONtINUE
568 C
569 C READ I GENERATE DISPL. B.C.E. DATA
570 C
571 NTBD=O
57 2 NINCC~1
573 700 READ(IRE,710) N1,A,V,N2,NINCC
574 710 FORMAT( 16,1X,A4,IX,F10.0,12-X, 16)
575 IF(N1.EO.-I) GO TO 799
576

578 IE(V.EQ.O) THEN V
57 DO I=NI,N2,NINCC
780o IE(A.Eu.' UX') IX(I,1)=1
581 IF(A.EO.' UY') IX( I 2=1
59R2 IE(A.EQ.' UZI) IX(I,3)=l
583 END DO
584
595 ELSE

526 NELTYP~l

588 V2=0
5J89 V201

i 0 JR=0
-'l IF(A.EQ.' UX') then

59 3 L(?)=LY !LO ->LY ALONG Y DIP.
59 ~ .(3)=LO !LO - LZ ALONG Z 111R.
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5 95 L(4)zLZ
596 else if(A.EQ.' UZ') then
597 L(1)=L0
598 L(2)=LX
599 L(3)=LO
600 L(4)=LY
601 else if(A.EQ.' UY') then
602 L(1)=L0
603 L(2-)=LZ
,S04 L(3)=LO
605 L(4)=LX
606 END IF
607
608 DO I=Nl,N,,NIcc
609) NTBD=NTEBD+1
610 NBD(NTBD)=l
611 DO J=1,4
61 N(NbJ,)=1
613 ENDb DO%
614 VD(NTBD)=Vl
615 VR(NTBD)=V,2
616 1KD(NTBD)=]D
617 KR(HTED)=Jk
618 END DO
G19 end if
620 GO TO 700
621 799 CONTINUE

623 C writing9 double nodes to for010.dat, and reniumbering displacemtrit
624 c boundary elemaents i force boundary node number

62 7 do ic=1,2-
628 ip=mip(i,ic)
629 if(ip.ne.0) then,
630 do ld=1,6
G31 ix( ip, iJ)=ix(i, id)
632 end do
633 end if
634 end do
635 end do
636
637 if (rntdtr~sdj. e 1) ther,
638 0O I<=1,NTBD
639
64u NbDK1=MIIN6kD(K),l)
641 MBDK2=tiIP'.NBD(K),.2
642 NBD(K)NBD<1
643 Kk(K)=1I1?(X<1(K),1)
644 (KMIQ(),1
645
646 IF(NBD1%(2.NE.0) THEN

W647 nitbdzntbJ+ I
648 NbD(NTBbh=NBD<2
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649 KR(NTBD)=KR(K)
650 KD(NTBD)=KD(K)
651 VD(NTBD)=VL(K)
652 VR(NTBD)=VR(K)
653 DO M=1,4
654 ND(NTBD,M)=ND(K,M)

656 END IO
655 END DO
657 END DO
6 5 3
659 C RENUMBER NI,NJ,NK (ORIENT. DEFINITION)
(360 DO0 K~1,NORTHO
661l NI(K)=MIP(NI(K),1 p

662 NJ(K)=MIP(NJ(R) ,l)
663 NK(K)=MIP(NK(K),1)
664 END, DO
665 '
G66 end if ntd.ge.1

667

669 C Renumbering the force boundary conditions 3rd adding
170 new force boundary conditions of double nodes if necessary
671
6372 DO K=1,NTBF'I
673 if(mip(nbf(k),2).ne.O) THEN
6374 WRITE (5,A) ' ....D.N at force b.c; NODE no..', NBF(K)
675 STOP 'STOPPING3 due to double node at force bounda3ry condJ.
676 END IF
67 NBF(K)=mip(NBF(K),1)
673 END DO
67 C

680 C OUTPUT NODE DATA
681 C
682 WRITE(9,1100) (HED(I),I=1,l8l
683 1100 FORMAT(18A4)
184 IADOF=NTDAG
685 IADOF===ADDITIONAL D.O.F. DUE TO DOUBLE NODES I DISP.BCS.
636r WRITE(9,11OI) NTON,NELTYP,IADOF
687 1101 FORMAT(5,5,4X,'',14X,''1XI)

689 a

G'll 11015 FORMAT(4X,'1C' ,I4,5I5J,3Fl.4,5X,FVW(%
62 KN=0

(694 K NM=0
6' DO I=3,NTON-1

087 IXM3=ix(i,3)-ix(i-l,3) f

6 ,YI IXM4=ix( 1 ,4)-ixk i-i ,t,
.00 IXM5=ix(i,5)-i)x(i-1,5)
01 IXM6=ix(i,(,)-ix( i-i ,6)
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703 DYMVY(I) -Y( I-1)
704 DZtt=Z(I)-Z(I-l)
705 DTN=T(l)-T(1--1)

707 IXP2=ix(i~1 ,-) -ix(i,2)
708 IXP3=ix(i+1,3)-lx( 1,3)

709 IXP4-ix( iti ,4)-ix(i,4)
710 IP=xi15->i5
711 IXPix(itl ,6)-iA(i,G)

*712 DXP=X(I+1')-X(I)
*713 DYP=Y(I+1)-r(I)

714 DZP=Z(I+1)-Z(I)
715 DTP=T(Itl)-T(l)
7116 IN0
?17 IF(IXMI.EO.IXPI.AiND.IXn2--.EQ.IXP2-.AND.IX13.EQ.IXP3.AND.
718 . IXM4.E.IXP4.AND.IXM5.EQ.1XP5.AND.IX116.EQ.IXPG.AND.
719 . DXM.EQ.DEXP.ANiD.DYM.EO.DYP.AND.DZM.EQ.DZP.AND.
720 . DTM.12O.1TP) KN=1
721 IF(KN.EQO)
722 .WRITE(9,1102) I,(1X 1,J),J=1,6),X(I),Y(I),Z(I),KNM,T( I)
72 3 KNii=KN
72-4 1102 FORMAT( I5,6I5,3F10.4,1I5,FlO.O)
725 END DO
726 i =nton
727 WRITE(9,1102) I, ( X(I,J),J1I,6),X( I),Y(I),Z(I),KN,T(I)
728 C
729 if (rieltyp.5t.1) then OUTPUT FOR B.C.E. #7
730 C
731 WRITE(9,1201) NI~sO
732 1201 FORMAT( 4X, '7', I-/8X, '1.')
733 DO Iq1,NTB'
734 WRITE(9,1202) NBD(I),(ND(I,J),J=1,4),KD(I),KR(I) ,VD(I) ,V i(I)
735 1202 FOkMAT(715),'A,21C'.7,' 0.100E+21 '

736 END DO
737 end if
738 C
739 C OUTPUT ELEmENT DATA
740 C
741 MAXNQD=NTYPE
742 NOPSET~1 !Nuwber of sets of data requesting stress output
743 WRITE(9,1300) NTOE,NUr1MAT,NORTHO,IMAXNOD,NDPSET,INTRS,INTT

*744 1300 FORMAT(4X,'8',15,15,4X,'0' ,I5,5X,I5,3I5)
745
746 c 1=1
747 do i1l,nulmimat
748 RITE(9,1301) I,TZ(1),E11(I),E22)(I) ,E33 (I),ANU12(I),ANU13(I),
749 .ANU-23(l) ,rl2( I) ,Gl3(lI) ,G-3( I),ALPI( I) ,ALP2( I) ,ALP3( I)
750 1301 FOkMAT(15,4X,'1' ,20X, 'AXIS#1==0-LAYER; AXIS#2==90-LAYEk.'1
751 *flO.0,3f10.0,3f10.4/31 10.0,3f10.7)
752 ccc WRITE(9,13010) T(l),E11WI,EI2(I),E33(I),ANU12(l,ANU13( I),
753 ccc .ANU23(l),6131(),G3(l),Gl23(I),ALPI(I),ALP2 (I),ALP3(l)
754 13010 FORMAT(E1O0,3F10.0,3FI0. 4/3F10.0,3F10.7)

755 END DO
756
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757 DO I=1,NORTHO
758 URITE(9,13011) MORT(I),NI(I) ,NJ(t) ,NK((I) S

759 13011 FORMAT(4IS)
760 END DO
7G1
762 13005 FORMAT(4IS/415/3I5)
763
764 READ( IRD,A) LOC1,LOC2,LOC3,LDC4,L.OC5,LOC6,LOC7
765c WRITE(9,13008) LOCI ,LOC2,LOC3,LOC4,LOCSJ,LOCG,LOC7
766 13008 FORMAT("15)
767 TA=1.0

7G8 I(T~l)EQ.T(1)) A=0.

7G9 WRITE (9,13012) TA
770 130 12 EORMAT(///E1O.0/)
771 IOF'=1 I.D.# OF STRESS OUTPUT LOCATION SETI

773
774 DO I=1,NTOE
775 KGM=0I-.

777 .IDM(l).EQ.IDM(i-1).AND.MAXES(I).EQ.MAXES(i-1).AND.IOP.EU.IOP

779 KGMI=NN(I,7)-NN(I-1,7)
780 KGM2=NN(I,8)-NN(l-1,8)
781 KGM3=NN(I,5)-NN(1-1,5)
782 KtM4=NN(1,6)-NN(I-1,6)

784 XIM&=NN(1,4)-NN(I-1,4)
785 KGM7=NN(l,l)-NN(I-1,1)
786 KGM8=NN(I ,2)-NN(I- 1,2)
'797 KGMMX=MAXO(KGM1 ,KGM2,KGM3,K(GM4j 1GM5,K8rM6,KfjM7 ,KGM8)
.88 NGMNMINO(KGM,KG2,K3,gGM4,KM5,GM,KrM7.K5GMS
789 IE(KGMMX.EG.KGMMN) iKGM=KGMMX

end if

73 if(i.1t.rntoe..ind.
794 .IDM(Il.EQ.IDM(I+1).AND.MAXES(T).E.AXES( 1+11.AND.IOP.ED.IOP

797 IKfP=NN(I+1,7)-NN(I,8)

800 KfP5=NN(I+1,3)-NN(1,3)
801 KGPG=NN( 1.1,4)-NN( 1,4)
902 KrP7=NN(1+1,1)-NN(I,1)
q0'3 XiP8=NNf +1,2)-NN(I1,2)

804 SPMXAX0N(KGPI,KGjP2,KGP3,KGP4,Ks',iIP6.KG P,K i

R0G IE(KGPMX.EO.KGPMN) KGP=KGPMX
907 ond i f

ISKA-IS
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311 if( skipo.eq.o . nd.kgp.gt.0) kgzkgp

813 c WRIIE(9,*) I,ISKIPO,S(IP,KGI,IGP
814 IF(ISKIE'.EUMOTHEN
815 WRITE(9, 13025)I1, IDfl( Il),MAXES( Il),IOP,TZ( Il),k9: e
816 MAT(Il),NI I,JX),JX1l,tTYPE)
817 END IF .

818 13025 FOkMAT(IJ,15,215,E1O.0 ,I'5,10X,I'5/16I5/BI5) .

819 ISK IPO= ISK I?
820 XGMO=KGM
821 END DO
822 1302 FORMAT( IJ, 115J,21 ,F1Q.0, 15X,l15/8I5)
823
824 NBflN=0
825 DO J=1,NTbi
82)6 NBii=99999
827 DO 1=1,NTBF
828 !E(NBF(1) .LT.Nbmii.aD.NBF( I) .GT.NBMN) THEN
829 ND~i=NBE( 1)
830 IM=I
831 END IF
832 END DO
833 ID1(j)=Ii
834 NBflN=NBH
835 END DO*
836
837 DO J=1,NTbF
838 1=ID1(3)
839 WRITE(9,1303) NiE( I) ,EX(I) ,EY(I) ,FZ( I)
840 END DO0
841 1303 FORMAT(I5,4X,'1',3Fl0.4)
842
843 WRITE(9,130-5)
844 1305 FOkMAT(/BX, '1.' 1
845

* 846 WRITE (9,1306)
847 1306 FORIAT(1X,'0'/1X,'0'/1X,'0 0 0'//LX,'9999 9999 0') 5

848 WRITE (10,A)
849 WRITE (10,A).......Fur Crack Simulation...'
850 WRITE (10,A) ' ORIG. NUDES DOUBLE NODES
851 WRITE (10,*) -'--------------------

852 rtort o=ntori-r td -ris d
853 write (9,8128) rtd
854 do 850 i1l,torno
855 if (mip(i,2).re.0) t he n
856 do 860 j~1,risd
857 if (i.eq.nons(j)) write(10,8126) I,mip(i,l),mip(i,2)
858 if (i.eq.roris(j)) go to 850
859 860 continue
860 write(9,8125) mip( i,1 ),wip(i,2),I
861 end if
862 850 continue
863 8125 fors.3t(215,7h 1 1 1, '',i5)

864 8126 fors.At(2X,I5,3X,21'J)
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865 c 'So i~l,ntono
866 c if(eip(i,2).ne.0) then
867 c-- writing in the order they are 'liven in the input file----
868 do i~1,ntd
869 ii~nond(i)
970 do j=1,3
371 write(9,8128) mip(ii,l),mip(ii,12),j,11i
872 end do
873 8128 foreat(2i5,i3,5X,' '.15)

R"4c end if
875 end do

877 CLOSE (UNIT=9)
878 STOP
879 END
880 c

882 subroutine split (NTON,ntr,iir,rioridJ,mip,> ,,,-,T,
883 .ritype,nos,NN,ntoe)
384 dimension nond(l),uip(4000,-) ,iface(9) ,jface(9),nos(1),T(1)
385 .,xd-,(400) ,y'i(400) ,zdJ(400) ,x.(1 ).y'1) ,-(1) ,nn(3000,21l)
886 NFF=4
887 IF (NTYPE.EQ.21) NFF=9
888 r, STORE COORD. OF THE NODES TO Pr tOI.ErI
889 C- CORRECTIONS FOR DOUBLE NODES IN or y or -direction-

* 890
891 DO 819 I=1,4
892 IFACE(I)=1+4

*893 919 JFACE(I)=I
894 IEACE(5)=13
895 IFACE(G)=14
896 IFACE(7)=27
897 IFACE(8)=16
898 IFACE(9)=15
899- JFACE(5)=9
900 JFACE(G)=10

901 JFACEM=)26
* -0 JFACE(8)=11

903 JFACE(9)=11
9014 NTELR=NOS(l)ANOS(2) I 'NTELR--TOTAL NIJMEI OF ELEM. IN AN ELE-LAYERP
?0-j IF (IDIR.LT.1.OR.IDIR.G3T.3) l[DIPn3
'106 IF (IDIR-1) 901,902.903
907 901 IFACE(1)=2)
9081 IFACE(I2)=3
?on IFACE(3)=G
9110 IFACE(4)=7
? 11 JFACE(1)=l

* 12 JFACE('2)=4
?13 JFACE(3)=5
141 JFACE(4)=8

915 IE'ACE(5)=10
1 I IFACE(G)=18

917 IFACE(7)=213
~18 IFACE(8)=19

-21



919 IFACE(9)=14
920 JFACE(5)=12 5

921 JFACE(6)17?
922 JFACE("/)=22
923 JFACE(B)=20 .

92:4 IEACE(9)=IG
92'j NTELR1l
926 GO TO 903
92? 902 iFACE(1)=3
928 IEACE(2)=4 u
929 JFACE(1)=2
930 IEACE(2)=1
931 JFACE(3)zG .

932 JEACE(4)=5j

933 IFMCE(5) =1 I

'4935 IFACE(7h25
936 tEACE(8)=20
937 C IFACE(9)=45
938 C IFACE(5)z9
939 FCG=8
940 JFACE(7=24
941 JFACE(8)=l?
942 IFACE(9)=13
943 NTELR=NOS(1)
944 903 CONTINUE
945
946 D0 701 I=1,NTD-1
947 ICHAc46E-O
948 DO 702 J=l,NIU-I

* 949 ,jj~j+1
950o If' (NOND(J).LT.NuW~b(Ji)) Go TO 702
951l ICHANGE=1

* 95 AA=NOND(J)
* 93 NOND(J)=NOND(JJ)

954 NOND(IJ)=A
955 702 CONTINUE
95G IF (ICHANGE.EQ.O) GO TO 703
9 57 7101 CONTINUE

959 703 CONTINUE

960 bo Iz1,NILI
961 XD(I)=X(NOND(I))

962 yD(I)=Y(NOHDU)
963 ZD(I)=Z(HONb(1))

964 END DO
96C-- CORRECTIONS D008. NODES. ENDS.-

966
967 C FIND KND (THE 4 OF THE NODE CURRENTLY TO BE DOUBLED)
96.8 DO 830 1=1,NTD
969 vU 820 JzNOND(I),NTllN

9710 ZJ-D ))A

972 C IF(x(J).NE.XD(1) GO TO 820 4
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973 C IF(Y(J).NE.YD(I)) GO TO 820
974 C IF(Z(3).NE.ZD(I)) GO TO 820
'375 IF (DIF.GT.1.OE-13) GO TO 920

976 KND=J
977 GO TO 825 ! GET OUT OF J LOOP

978 820 CONTINUE
979 825 CONTINUE
980 C BEGIN CHANGING NODE NUMBERS & COOPr.
981 C CHANGE NODE NUMBERS
982 DO J=I,NTOE

93 DO K=l,ntype
'994 IF (NN(J,K).GT.KND) THEN
98§~ ~N(J, ) =NN( ,K)+1
98G END IF

987 END DO
988 END DO

989
?90 C-- substitution FOR DOUB. NODES or v or z dir.--

992 iO K=I,NTOE
993 DO M=I,NFF
994 MM=JFACE(M)
99 IF (NN(K,MM).ZO.KND) THEN
99G MJ=IFACE(M)
997 NN(K+NTELR,MJ)=KND+"
998 END IF

999 END DO

1000 END 110
1001
1002 _-- corrections for doub. nodes erds.--

1003
1004 C CHANGING COORD.
1005 DO J=NTON,KND,-1

1006 X(J+I)=X(J)
1007 Y(J+1)-Y(J)
1008 Z(J+I)=Z(J)
1009 T(J+I)=T(J)
1010 END DO

1011 NTON=NTON+l
1012 830 CONTINUE
1 e retur n

1015 ,) ..... .. .. .. .. ..-- - - -. .. .. .. .... .. ...... .

I 1 sJbrout ire de ete (nor,;, nony roor,, r, id or. '
10t' dimersion nord(l)
1019 ix:=non:
1019 iyy=norxArorz
1020 IFNO=O
10 21 r0 4 2 I=I,NONZ

192 D10 422 J:1,NONY
10 -2 DO 422 K=I,NONX
1024 IF (MOD(I,2).EQ.0) GO TO 411

I F (HOD(J,2).NE.0.OR. 0 . ( ,.).F ,F. GO TO 422
1 I-odd, j,k-ever ..........
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1j."

1027 3o to 421
Ik28 411 if(tul ((j( K),2 . q.0) 30 to 422
1029 421 iyyA ( J- -I ) I A k-i) +I

1030 do 425 1=l,td
1031 1f ( i..e.rrd o,(i)) , u to 425
1032 itr, o=ifnotl

1033 do 426 a=1 +,rtd
1034 426 rnod (h- 1 ) =riocd (6 

A%

1035 3o to 427

1036 425 continue
1037 -o to 422
1038 42? rtdrntd-1

1039 42"2 cortinue
1040 C type A,rtd
1041 C type A,(ror,, ), =irt,)
1042 return
1043 erid
1044
1045 c=

1046 SUBROUTINE nESHPL (Xx,YY,iiUNX,NONY,NONZ,IP,IPLOT,ntype)
1047 c -

1048 c-- Pro3ram 'nSi-H.'OR' to be used with 'PREPRO214.FOR'
1049 c-- This routi, plots the besh in xy-direction..

1050 c-- fhis routire is b.ased or HP-GL lanuage. The
1051 c-- plot crrot be displayed on TTY. Before usin9
1052 c-- this routine ASSIGN .- HP plotter to FOR090
1053 c-- IPLOT = I or'iri, l nodes

1054 c-- IPLOT = 2 :fter double nodes
1055 C ---------------------------------------------------
1056 LOGICALAI ETX,ESC
1057 CHARACTER Al JUNK,MESH
1058 DATA TX/3/,ESC/133/
1059 DIMENSION X(4000),1(000)f,XX(1),YY(1)

1060 .,mip(4000,2)
1061 NTOT=NONXANONtANONZ

1062 DO 2 l=l,NTOI
1063 X(I)=XX(I)
1064 2 Y(I)=YY(I)
1065
1066 IX=NONZ
1067 IYzNONX*rNON7Z
1068

1069 C-- SCALING THE CGUkoINATES-----------
1070
1071 XMIN-Jooo.
1072 XhAX=-5000.
1073 YPIN=5000.
1074 YMAX=-500O.
1075 DO 50 1=QNTOT
1076 I (X(1).GT.XMAX) XmAX=X(i)
1077 IF (X(1).LT.XMIN) XMIN=X(1)

1078 IF (Y(I>.GT.YhAX) YmAX=Y(I)
1079 50 IF (Y( I LT.YMI0) Ym IN=Y(1)

1060 WRITE (5,A, 'TYPE LEVEL ro. to plotted..'

;,-20
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1081 READ (5,A) LEVEL
1082 N=LE'JEL
1083 XLL=XMINI1084 YLL=YMIN
1085 XMM=XMAX
1086 YMM=YMAX
1087 XL=XMM-XLL

1088 fL=YMM-YLL
1089) WRITE (5,A) ' 10 YOU WANT TO G1VE X,f LIMITS..? (YIN),
1090 READ (5,33) MESH
1091 IF (MESH.EQ.'Y'.OR.MESH.EO.'y') THEN
1092 WRITE (5,A)' ENTER X- LIMITS'
1093 READ (5,A) XLL,XMM

1094 WRITE (5,A)' ENTER Y- LIMITS'
1095 READ (5,A) YLL,YMM
109f) XL=XMM-XLL

1097 YL=YMM-YLL

1093 ENED IF
1099) <0=650o.0
1100 YO=124G.0
1101 Xc= 8800.0/XL
1102 Yc=6000.0/YL
1103 SCxc
1104 IF (XCAy1.9t.6000.0) SCyc
1105
1106 IF (XL.LT.YL) THEN
1107 XO=1246.0
1108 YO=650.0

*1109 Xc= G000.0/XL
1110 Yc=8800.0/YL
1111 SCxc
1112 IF (XCAy1.3t.8800.0) SCyc
1113 END IF
~1114r type A,'xl,yl',xl,yl
1115 110 1 I=1,NTOT
I11G X( I)=(X(I)-XLL)ASC+Xo

1117 1 Y(I)=(Y(I)-YLL)ASC+YO
1118
1119 i type A,x(1),x(ritot)

- 1120 fztype ,y(l),y(ritot)
1121 WRITE (90,9999) ESC,ESC,E-OC,E-C
1122 9999 FORMAT C A, (',,'',L ' ,, ',1 .4;;7 ,

1123 .Al,' .N;1q: ' /, IN;DE; '/
1124 WRITE (90,A),'SP1;'

i12~ WRITE (90,A),' VS15.0;'
112(1 IF (XL.LT.YL) THEN
1127 WRITE (90,A) 'R090;'

1123 WRITE (90,A) 'IP;IW.:'

1129 END IF
1130

1131 XMM=(XMM-XLL)ASC+XO
1132 YMM=(YMM-YLL)ASC+YO
I1II-, XLL=XO

1134 YLL=YO ON " N



1135fV W yi. -y y~y~,-~- ff.f1 ~ ~~* - ~~J f p-p-~

1135 11ee

1137 J2(loriy- I)AlytjlI
1138 C DO 111 I=l,NONt
1139 Cili TYPE AkY(I),YLL
1140 C CALL LIM~IT (Y,ILL,ji,j2-,iy,31)
1141 C CALL LIMIlT ( Yr,1,2i,
1i42 C 32=IF2(Y,fnt1,ll,HOHY,l)
113C TYPE A, '20 LOOP',Jl,J2

144 DO 20 J=]1,J2,iy
1145 Nxi~j
1146 N l=i,- i
1147 CALL LIMIT kA,xLL,eiXl,a~X2,IX,NX1) J
1148 CALL LIMIT (X,Armm,NXi,NX2,IX,NX2)
114 C NXI=IF1(X,XLL,tNX1,NX2,IX)
1150 C NX2=IF2(X,XMM,NX1 ,NX2,IX)
1151 C TYPE A,' 10 LOOP ',NX1,NX2
1152 C TYPE A,X(NX1),l(NXl),XNHX2) Y(NX?-)
1153 11O 10 I= NX INX2 I X
1154 IF (i.eq.r,;.) WRITE (90,101), X(I),Y(I)
115 WkITE (90,104), X(I),Y(1)

115G 104 FORMAT ( ',113''
1 157 10 cc)rt iue
1158 20 WR ITE ( 90 A) ' PU;
1159
1160 I1~1evel
11GI 12=(t4ONX-1)Ailxtll
1162 C CALL LIMIT (X,XLL,il,i2,IX,il)
1163 C CALL LIMIT (X,XMM,1l,i2,IX,i2)
1164 C Il=IFI1X,XLL,1,NONX,1)
1165 C I2=1F2(X,Xhh,II,NONX,fl
1166 C TYPE A,' 30 LOOP',I1,12l
1167 ID 30 I=I1,I2,IX
1168 NY1=i
1169 NY2=Nllt'rory-1)AIY%
1170 C CALL LIMIT (Y,YLL,NY1,NY2,iy,NY1)
1171 C CALL LIMIT ,YNYiN')
1172 C NY1=IEIhY,YLL,NYI,NY2,IY)
1173 C NY2-?IF2('Y,YMM ,NfY1 ,NY2,IY)

*1174 C TYPE A, ' 40 LOOP ',NY1,NY2 f

1175 EI0 40 J=NY1l,NY2,IY
1176 IF (J.EQ.Nf1) WRITE (90,101), X(J),Y(3)
1177 WRITE (90,102), X(J),Y(.J)
1178 40 CONTINUE
1179 101 FORMAT (' PU;PA',2F11.3,';')
1180 102 FORMAT 'Ptl',2F11.3,';')

1181 30 WRITE (90,A) ' Pu;'
1182
1183 WRITE (5,A) 'DO YOU NEED mODE NOS. (Y/N)..'

* 1184 READ (5,33) JUNK
1185 33 FORMAT (A)
1186 IF (JUNdK.E0. 'i'.0R.JUrir,.EO.'y') GO TO 44 -
1187 GOD TO 66
1188 WRITE (5, A) ' ..ENTER~ SSX,SSY...'
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1189 1 READ (5,*) SSX,SSY
1190 44 SSX=Q.1
1191 SSY=0.15
1192 WRITING THE NODE NUMBERS ---------
1193 WRITE (90,A)'SIO.1,0.15;'
1194 llevel
1195 Jl"=(nony-l)kiy+jl
11)6 C CALL LIMIT (Y,YLL,jl,j2,iy,J1)
1197 C CALL LIMIT (Y,YMM,J1,j2-,iy,J2)
1198 110 100 J=31,32,IY
1199. NX1~j
1200 NX2=nxl+IY-ix
1201 C CALL LIMIT (X,XLL,NX1,NX2,IX,NXl)
1202 C CALL LIMIT (X,XMM,NX1,NX1",IX,NX2)
1203

* 1204 TYPE A,(KK,KK=NX1 ,NX2,IX)
12 05 DO 100 IN=NX1,NX2,IX
1206 NXX=(IN-NX1)/IX+l !skipping9 the face nos.
1207 IF (MOD(J,2) .EQO.AND.MOD(NXX, ) .EO.O.3rid.
1208 ntype~eq.2l)GO TO 100
1209 I=IN
1210 IF (IPLOT.EQ.2) I=MIP(IN,1)

A1211 SPL=-0.8
*1212 XXX=X(IN)

12113 YYY=Y(IN)
1214 IF (XXX.LT.XLL.OR.YYY.LT.YLL) GO TO 100
12115 IF (XXX.rGT.XMM.OR.YYY.GT.hP1) 0O TO 100 L
1216 CALL SYMB (XXX,YYY,SPL,I)
1217 IF (IPLOT.EQ.1) GO TO 100
1218 I=MIP(IN,2)
12119 SPL=0.2

*1220 IF (I.NE.0) CALL SYMB (XXX,YYY,SPL,I)
12.21 100 WRITE (90,A) ' F;
122-2 66 WRITE (90,A),'SPO;'
12213 WRITE (5,A) 'TYPE another LEVEL rno. to plotted..'
1224 READ (5,A) LEVEL
12 25c if (level.ne.0) go to 888
1226 RETURN
1227 END
1228)
1229 SUBROUTINE SYMB (X,Y,SPL,I)
1230 LOGICALAl ETX,ESC
1231 DIATA ETX/13/,ESC/V33/

*1232 NC~1
1233 IF (I.GT.9) NC=2
1234 IF (I.GT.99) NC=3
1235 IF (I.GT.999) NC=4
1236 IF (I.riT.9999) NC=5
1237 IF (I.GT.99999) NC=6
1238 SPC=-(0.33+0.5A(NC-1) )+2.
1239 WRITE (90,101), X,Y
1240 IF (NC.EQ.1) WRITE (90,201) SPC,SPL,I,ETX

* 1211 IF (NC.EO.2) WRITE (90,202) SF'C,SPL,I,ETX
1242 IF (NC.EO.3) WRITE (90,203) SPC,SIPL,I,ETX
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1243 IF (NC.Lu.4) WRITE (90,2041) ,SCSPL,I,ETX

1244 IF (NC.EQ.5) WRITE (90,205) SPC,SPL,I,ETX

1245 iF (NC.EO.G) WRITE (90,206) SPC,SPL,I,ETX

1246 101 FORMAT (' PU;PA',2F.3,';')
1247 201 FORMAT (I CP',2F.,';LB',I,A2)
1248 202 FORMAT ( CP',2F6.2,';LB',12,A2)

1249 203 FOrMAT ' CP',2F6.2,';LB',13,A2)
1250 204 FORMAT (' CP',2F6.2,';LB',I4,A2)

1 05 FORnAT ( CP ,';LB 15,A2)
1252 206 FORMAT ( CP',2F6.2,';LB',16,A2)

1253 RETURN
1254 END

1255
1256 SUBROUTINE LIMIT (A,AL,1,I2,IN,IFI)

1257 c-- to find the lower limit of do loop...
1258 DIMENSION A(1)
1259 DO 10 I=I1, 2,IN
1260 C TYPE A,A(I),AL

1261 IF (A(I).GE.(AL-i.OE-03)) THEN
).262- IFl=I
1263 RETURN
1264 -ND IF
1265 10 CONTINUE
1266 END

1267
1268 INTEGER FUNCTION IE2(A,AL,Il,12,IN)

1269 c-- to find the lower limit of do loop...
1270 DIMENSION A(1)
1271 1F2=12
1272 DO 10 I=I1,12,IN
1273 C type A,.(1),3l
1274 IF (A(I).GE.(AL-1.OE-03)) THEN

1275 IFl=I
1276 RETURN

1277 END IF
1278 10 CONTINUE

1279 END
12)80 .
1281

1282 SUBROUTINE HOLE(rx,NONX,NDNY,NONZ,XX,YY,ZZ,X,Y,Z)
1283 C GENERATING POLAR COORDINATES AND POLAR MESH--

1284 DIMENSION XX(1),YY(1),ZZ(1),X(1),Y(1),R(100),NC(4)
1285 ,Z(1)
1286 c TYPE A,(XX(1),I=I,NONX)
1287 c TYPE A,(Y(I),I=I,NONY)

1288 c TYPE *,(ZZ(I),I=I,NONZ)
1289 pi=3.14159265
1290 EPS=1.OE-05

1291
1292 IX=NONZ
1293 IY=NONXANONZ
1294 DO 31 I=1,NONX
1295 rad=rx

1296 if .xx(i).re.O.O)r~d=sqrt(xx(i)AA2+rxA2)
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:-17 [10 31 J=l,NONY

yf jy J4N.1e.(rx-eps)) te
10 1 ~ xxr a

1302' if (,/y(j)re.).qtrdA2y hK

1303 rtVj1*i4i2)i+

I J-10 ( end if

1308 x(-)A+(-.I
130-' DO 31 K=1,NONZ

1311 )= , x
13 1 I11F I .EQ0. NO NX ) X N)=XX NO0HN/"
1313 Y(N)zYY(J)
1314 Z (N =ZZ (K)

131 o1 orir nu e
13l6 C-- correcting9 for center nodes for 21 node elernent . . ..

1317
1313 110 20 YK=1,NONZ?
1311) DO 20 J=I,NONYK

2~ 10I DO 20 I=10~ONX
13 21 IF (MOD( Ir").NE.0) G0 TO 20
13-322 N=(I-l)AIY+(I-I)AIX+K
1I2 -.I . N)=(X(N-IX)+X(N+I~x) <2.0
1324A CON~TINUE

do 30 j~l,nor~y
132G do 30 i1l,ronX

* 1327 n=( j- ),Aiy+( i-I )Ai;;+1
1328 type A,,,(r) ,y(ri)
1323) -Ir CONT INUE
I 133 " , ETURFN
13,31 E N [

k%
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I C AA AA A* A k AA A A AkA A~ AA4 A* A* A A A* A A A A A A

4 C SIhPLIFI27D VERSION OF SAP4 FOR
5 C USING ELEMENT TYPE 8 ONLY
6 C
7 C £eptewber 1987
3 c
9 C

10 C
I110 AA AA AA *A Ai AA A ;k *A AA Ak A* *A AA AA kA

12 C

14 REALA4 T,T
15 COMMiON /JUN~K / HEDki2.,JUK(406)

16 COMMON /LLPAR/ IPR1)diPBNE~PN N,3NSMUrE
17 COMMON /EM/ UQ(20846)
18 COMMON /DYN/ IDU-5(11),NDYN
19 COMMON /TAPES/ NOO(6)
20 COMMON /EXTRA/ IODEX,NT8,NIOSV,NTIO,KEQB,NUMEL,T(I0)
"1 COMMON /SOL/ NBLOI.,NEO8,LL,N2,IDUM,NEIG,NAO,NVV,ANORM,NF0
22 C
23 C PROGRAM CAPACITY CON~TROLLED bY THE FOLLOWING TWO STATEMENTS..
2"'4 C
25 COMMON A(c~t~o1o) 'CHANGE mlOI ALSO 1
26 C%
27 C -- OPEN SCRATCH FILES
:18 c OPEN (UNITz1,STATUS='UNI<NOWN',EDkM='UNFORMATTED')
19k-----------------------------------------------------------------------------------

30 operi(urit1~,FILEz'SCR:EASW1.EMANI)' ,status='sct.3tch',
31 .for%='ur,forwmztted')
32 oprI l=,s.iu=srac'fr=unoete'

33 open (unitz2,fie='SCRA'U.EMAN1)' ,st.-tus='riew' ,tlocksiz-ezi800,
34 .fori' urifor matted' )!
3c opr~rt3sais'Lr~thom'nomte' !drao:
36 open (urnit=3,file='LJIL:EASW.EMANIJ' ,status='new' ,blocksiZez4O(J,
37 .formz'uniforwrattedi') 'Ms.aO:
38 open (urit3,file='MSA0ELESR)',status='flew',bock~si--e=4800,

40 OPEN (UNlT=4,FILEzSCR:CASW.EMANI',STATUS'NEW',BLC<SZEz4BOO,
41 .FORM='UNFORhATEE') da:
42 opr~ri=jttj=Ur4W'fr=ufratd !drau 11

43 OPEN (UNIT=5'J,FILE='SCR:CASW.EMANIJ' 1STATUS='NEW' ,BLOCKSIZ.E=4800,
44 .FDRM='UNFORMIATTED') fDMAO:
45 oper(uirit=8,ILE='SCR:CASWJ.EMANI)' ,status='scr.3tch',
46 .FORM='UNFORhATTED') )da
47 operi(uit9,FLE'SCR:ASW.EMANI)' ,status='scr.3tch', %
48 .EORM='UNEORmATTED'I)
49 C OPEN (UNIT~l5,STATUSzSCACH',FORM'UNFORMATTED')
50 operi(urit16,FILE='SCk:LASW.EMANI)' ,status='scr.3tch' , d.
51 .FOkM='UNFORMATTE')
52 operi(urit18,EILE='SCR:EASW.EMANI)' ,statujs='scr.3tch',
53 .FORM='UNFORMATTED')3:
54 open (urit=19,flle=-'workdorie.wok',status='new')



55 open (urit=33,file='SCR:[ASW.EMANI]DISP.dat',st tus = 'riew')

56 open (unit=34,file='ksapout.dat',status='new')
57 UPL't UdX±bEi i=<:LAS6.EMAriAv ,IATUS'NW',LULK1Z 'E4bU ),
58 .FORM='UNFORMATTED')
59
60 A-------------------------------------------------------------------------------

6]
62 I THE followir should be 1 less than A() dimension
63 MTOT= 650000 300000
64
65 C USE THE IBM FORTRAN EXTENDED ERROR HANDLING FACILITY TO
66 C ELIMINATE PRINTOUT OF UNDERELOW ERROR MESSAGE (ERROR NUmBEk 208)
67 C
68 C CALL ERRSET (208,256 ,-1,1)
69 C
70 C
71 CALL STIME
72 C
73 NT8 = 8
74 REWIND NT8
75 NT1O: 10

76 REWIND NT1O
77 NI=I
78 C
79C PROGRAM CONTROL DATA
80 C
81 5 CALL TTIME(T(1))
82 READ (5,100,END=990) HED,NUMNP,NELTYP,LL,NF,NDYN,MODEX,NAD,
83 1 KEOB,NIOSV,NDOF
84 IF(MODEX.GT.0) MODEX = 1
85 IF (NUMNP.EQ.O) STOP
86 WRITE (33,200) HED,NUMNP,NELTYP,LL,NE,NDYN,MODEX,NAD,KEQB,NIOSV
87 WRITE (19,299) HED !WORKDONE.WOK FILE TILTE .....
88 WRITE (34,299) HED !KSAPOUT.DAT (STRESSES) FILE TILTE .....
89 IF(KEOB.LT.2) KEOB = 99999
90 IF (NDYN.NE.0) LL=1
91 IF(LL.GE.1) GO TO 10
92 WRITE (33,300)
93 STOP
94 CkAA DATA PORTHOLE SAVE
95 10 IF(MODEX.EO.1)
96 AWRITE (NT8) HED,NUMNP,NELTYP,LL,NF,NDYN
97 C
98 KDYN = IABS(NDYN) +1
99 IF(KDYN.LE.5) GO TO 14
100 WRITE (33,310) NDYN
101 STOP
102 C
103 C RE-START MODE ACTIVATED IF NDYN.EQ.-2 OR NDYN.EO.-3
104 C
105 14 IF(NDYN.LT.0) GO TO 20
106 C
107 C I N P U I 0 1N T D A T A
108 C
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109 N2=N1*6ANUnN?
110 N3=N2+NUhNP

112 N5=N4+NUMNP

113 NG=NS+NUMNP
114 IF(NG.GT.MTOT) CALL ERROR(N6-MTOT)

1I5 C
116 CALL INPUTJ (A(NI) ,A(N2) ,A(N3) ,A(N4) ,A(N5) .NUMNP,NEO)
117 C
118 C F 0 R M E L E n E N T ST I F F N E S S E S
119 C
120 CALL TTInE(T(2u
121 C

122 MBAND=O
123 NUMEL=v
114 REWIND I
125 REWIND 2
12G C
127 DO 900 M=1,NELTYP
128 REAU 59.1001) NPAR
129 CAAA DATA PORTHOLE SAVE

130 IF(MODEX.EO.I) WRITE (NT8) NPAR
131 WRITE (1) NPAR
132 NUMEL=NUMrELNPAR(2)
133 MTYPE=NPAR(1)
134 C
135 CALL ELTYPE(MTIPE)
136 C
137 900 CONTINUE
138 C
139 C D E T E R m I N L b L 0 C K S I Z E
140 C
141 C ADDSTF
142 C
143 LLI=LL+NDOF 'IN the followirng LL is repl.acei with LLI
144 NEOB=(nTOT - 4ALL)/(MBAND + LL1 + 1)/2 !modified with rido
145 C
146 C OVER-RIDE THE SYSTEM MATRIX BLOLKSIZE WITH THE INPUT (NON-ZERO)
147 C VALUE, KEOB.
148 C THIS OVER-RIDE ENTRY IS TO ALLOW PROGRAM CHECKING OF MULTI-
149 C BLOCK ALGORITHMS WITH WrIAT WOULD NORMALLY BE ONE BLOCK DATii.
150 C
151 IE(KEOB.LT.NEQB) NEUB = KELB
152 C
153 '30 TO (690,700,700,700,730), KDYN
154 C
155 C STATIC SOLUTION
lSb C .

157 690 CONTINUE
158 NEOBI=(MTOT - MbNI)/(2A(mBAND+LLl) + 1)
159 NEOB2=(mTOT - MBAND - LLI A(MBAND-2))/(3ALL1 MBAND + 1"
16 IF (NEOBI.LT.NEOb) NEQB=NEQBI
lu1 IF (NEOb2.LT.NEOb) NEOB=NEOB2

162 NBLOCK = (uEO-lj/NEQD +1
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163 IF(NEOB.GT.NEO) NLESmNEO
GO TO 790

1G5 C
166 C EIGENSOLUTION
167 C
169 C 1. DETERMINANT SEARCH ALGORITHM

169 C

170 700 IF (NEQB.LT.NEQ) GO TO 710
171 NIM=3
172 NC=NF + NIn

173 NVM=6
174 NCA=NEQAhAXO(MBAND,NC)

175 NTOT=NCA + 4ANEQ + 2ANVNEQ + 5ANC
176 NEIG=O
177 IF(NTOi.LE.nTOT) 60 TO 720
78 r

179 C 2. SUBSPACE ITERATION ALGORITHM
180 C
181 710 NV=MINO(2A4F,NF+6)
182 IF 'NAE.NS.O) NV=NAD
183 NEQBI=(MTOT - MBAND)/(2AMBAND + 1)

184 NEQB2=(MTOT - MBAND - 2*NV - NVA(MBAND-2))/(3ANV + MBAND 1)
185 NEOB3=(MIOT - 3*NVANV - 3ANV)/(2ANV + I)
18G NEQB4:(MTOT - 6ANV)/(1 + MBAND)
187 IF (NEGB1.LT.NEQB) NEQB=NEGBI
188 IF (NEGB2.LT.NEQB) NEQB=NEUB2
189 IF (NEQB3.LT.NEQB) NEoB=NEOB3
190 IF (NEOB4.LT.NEQB) NEOB=NEOB4
191 NEIG=I
192 C
193 720 CONTINUE
194 NBLOCK = (NEQ-I)/NEQB +1
195 IF (NE0B.GE.NEQ) NEUB=NEO
196 C
197 C HISTORY OR SPECTRUM ANALYSIS
198 C
199 KREH = 1000
200 NTOT = NBLOCKANEQBANF + KREM
201 IF(MTOT.LT.NTOT)
202 *WRITE (33,320)
203 GO TO 790
204 C
205 C STEP-BY-STEP DIRECT INTEGRATION
206 C
207 730 CONTINUE
208 C DISPLACEMENT COMPONENTS FOR DIRECT OUTPUT (ANSD*)
209 NN2 = NEO
210 C DISPLACEMENT COMPONENTS REQUIRED FOR RECOVERY OF ALL OF THE
211 C REQUESTED ELEMENT STRESS COMPONENTS (ANSSA)
.12 NN3 = NEU
213 C
214 C 1. DECOMPOSITION
215 C
216 NEOBI = (MIOT-NN2-NN3-NEO-MBAND)/(2*MBAND+I)
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237 C
218 C 2.TIME~ INTEGiRATION PHASE
219 C
220 mcal= hAND+2k(NN2+NN3)+5ANEQ +(2*MBANO41)
221

M 222

*223 write (33,55'j) mc 3 1

224 5 55 forbat(/i5x,' Mirnikuw dimaensioni, hIOT, required for arra3y A()

226 if(mtot.1e.mc~1) STOP Abrioraal stop a~s dim. of A is i~l-filn :

227 NEb"

*229 C
230 IF(NEQb1.Ll.N~ab) NEUb x NEGBI
231 IF(NEOB2-.LT.NEOb) NEOB =NEQB'2
232 IF(NEQb.GT~E) NEQB NED
233 NBLOCK =(ftEO-I)/NEDD +1
234 C
235 C 3. INPUT PHASE
236 C
237 C NUMbEk OF TIME FUNCTIONS (ANENA)
238 NN2 z10
239 C MAXIMUM NUmbER OF FUNCTION DEFINITION POINTS (AMXLPA)
14 4'Q NN3 =40

242 NN4 = GANUMOP + 2ANN2*NCZ^
243 IF(NN4.GT.IITOT)
244 AWRITE (33,320)
245 NI44 = NEGA2A(ruN2+1.- + PNA(1+2ANN3)
24G IF(NN4.GT.mTGT)
247 AWRITZ (33,320)
248 C
249 790 CONTINUE
2,5 0 C

*251 C I N P U I a 0 b A L L 0 A D S

253 N3=N2tNE~bALL
25j4 N4=N3+6*LL
255 WRITE (33,201), NEO~,rAb,NEQB,NBLOCK
:56 C
257 CALL TTIME(T(3h)

25A.9 CALL INL(AWUi) ,Ai(N2),A(N3),A(N4),NUMNP,NEQB,LL)
260 C
261 CALL TTIuEI(4))
262 C
263 C FO0RkM T 0T AL T IF FN ES S

265 NE2b=2ANEUB
266 N2lN+EQAEbAND
267 N3=N2-+NEQB*LL

2G9 NN2=Nl+NE2BAnbA~O
270 NN3=NN2+NE2bALL



271 NN4=NHN3*4ALL
272 C
273 CALL ADDSIP (A(Nl ,A(NN2),A(NN3),A(NN4),NUMELNBLOCKNE2BLLMbANb
274 1,ANOR, NVV)
275 C
276 CALL TtIMh(1(5))
277 C
2,8 C 5 0 L U T I 0 N H A 5 L
279 C
280 2 GO TO (30,40,50,60,70), KDIN
281 C
282 C STATIC SOLUTION
283 C
284 30 If(hODEX.Q.0) Flo IQ 32
285 DO 31 I=6,10
28G 31 T(I) = T(5)
287 50 TO 90
288 C
289 32 CALL SOLEG
290 CALL T1JhZ(TG))
291 DO 33 I=7,10
29 2 33 T(1) = T(G)
293 GO TO 90
294 C
295 C EIGENVALUE EXTRACTION
2'96 C
297 40 T(6) z T(5)

298 C CALL SOLEIG
299 CALL TIIhE(T(7)
300 7(8) = T(7)
S301 1(9) = T(7)
302 T(10)= Tt7)

303 Go To 90
304 C
30,5 C FORCED DYNAMIIC RESPONSE ANALYSIS
306 C
307 50 T(G) = t(5) .
308 IF(NDYN.LT.0) GiO TO 52 ,

309 C CALL SOLEIG

310 CALL TTIME (T(7))
311 GO T0 54
312 52 DO 53 1=1,6
313 53 T(l*1)=T(I) -

314 REWIND 2
315 READ (2) ,
316 REWIND 55
317 IMAX=NEQBANF
318 HEAD (55) (A(i),I=lN )
319 DO 56 L=INbLOC,
320 56 READ (55 A(4) ),1:1,1hAX)
321 54 CONTINUE
322 C 54 CALL HISTRY
323 CALL TTIME (7(8))
324 1(9) T(8)
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326 GO TO 90

327 C
328 C RESPONSE SPECTRUM ANALYSIS

J30 60 T(6) = T(5)

331 IE(NDIN.LT.0) GO TO (

332 C CALL SOLEIG

333 CALL TTImE (T(7))

334 T(8) = T(7)

J* '60 TO G4
336 62 DO 63 1=1,7
337 63 T(11)=T(1)
338 REWIND -

339 READ (2) NEO,NBLOCK,NEOB,nBAND,N1,NF
340 REWIND 55

341 IMAX:NEOBANF
342 READ (55) (A(I),I=I,NF)
343 DO 66 L=1,NBLOCK

344 6G READ (55) (A(I),l=l,ImAX)
345 64 CONTINUE

346 C 64 CALL RESPEC
347 CALL TTIME (T(g))

348 T(10)= 1(9)
349 GO TO 90

350 C
3,51 C STEP-BY-STEP (DIRECT INTEGRATION) ANALYSIS

352 C
353 70 DO 71 I=6,9
354 71 T(1) = T(5)
355 C CALL STEP

356 CALL TTIME(T(10))
357 C
358 C COMPUTE AND PRINT OVERALL TIME LOG

359 C

360 90 IT = 0.0

361 DO 95 1=1,9

362 T(I) = T(I+l)-T(I)

363 TT = TT + T(1)
364 95 CONTINUE

365 C
36G WRITE (33,203) (T(f),f(zl,9),T,

367 C
368 GO To 5

369 990 CONTINUE
370 C -- CLOSE ALL SCRATCH FILES

371 CLOSE (UNITzI)
372 CLOSE (UNIT=2)

373 CLOSE (UNIT=3)
374 CLOSE (UNIT=4)
375 CLOSE (UNIT=55)

37G CLOSE (UNIT=B)

377 CLOSE (UNIT=9)
378 close (ur 1t l)
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379 close (uri~t: 6 )
380 close (urlit~18)
381 close (urlit=9)

383 STOP
384 C

385 100 FORMAT (12AG/10I5)
38G 299 FORMAT(/2X,12A6/
387 200 FORMAT(IH1,12A6///
388 1 38H C 0 N T k 0 L I N F 0 R M A I 1 0 N, 41 4X,389 2 27H NUnBER OF tODAL POINTS =, 15 / 4X

390 3 27H NUMBER OF ELEMENT TYPES =, I/ I 4X,
391 4 27H NUMBER OF LOAD CASES =, I/ 1 4X,
392 5 27H NUMBER OF FREQUENCIES , IS / 4X,
393 6 27H ANALYSIS CODE (NDYN) , 15 / 4X,
394 7 16H EO.0, STATIC, / 4X,
395 8 26H Z0.1, MODAL EXTRACTION, 4X,
396 9 25H EQ.2, FORCED RESPONSE, I 4X,

397 A 27H EQ.3, RESPONSE SPECTRUM, / 4X,
398 A 28H EQ.4, DIRECT INTEGRATION, / 4X,
399 B 27H SOLUTION MODE (MODEX) =, 15 / 4X,
400 C 19H EQ.0, EXECUTION, / 4X,
401 D 20H EQ.1, DATA CHECK, / 4X,
402 E 19H NUMBER OF SUBSPACE, / 4X,
403 F 27H ITERATION VECTORS (NAD) , 5 / 4X,
404 G 27H EQUATIONS PER BLOCK =, 1 / 4X,
405 H 27H TAPElO SAVE FLAG (NIOSV) , 15 / 4X )
406 201 FORMAT (38HIE 0 U A T I 0 N P A R A M E T E R S, I-
407 A 34H TOTAL NUMBER OF EQUATIONS =,15,
408 1 /34H BANDWIDTH =,15,
409 2 /34H NUMBER OF EQUATIONS IN A BLOCK =,I5,
410 3 /34H NUMBER OF BLOCKS =,I5)
411 203 FORMAT (IH,31HO V E R A L L T I M E L 0 G, /
412 1 5X,3OHNODAL POINT INPUT , F8.2 /
413 2 5X,3OHELEMENT STIFFNESS FORMATION =, F8.2 /
414 3 5X,3OHNODAL LOAD INPUT , F8.2 /
415 4 5X,3OHTOTAL STIFFNESS FORMATION =, F8.2 /
416 5 5X,3OHSTATIC ANALYSIS , F8.-) /
417 6 5X,3OHEIGENVALUE EXTRACTION , F8.2 /
418 7 5X,3OHEORCED RESPONSE ANALYSIS =, FB.2 /
419 8 5X,3OHRESPONSE SPECTRUM ANALYSIS =, F8.2 /
420 A 5X,3OHSTEP-BY-STEP INTEGRATION , F8.2 1/

421 9 5X,3OHTOTAL SOLUTION TIME =, F8.2 /)
422 C
423 300 FORMAT (1/ 48H AA ERROR. (AT LEAST ONE LOAD CASE IS REOUIRED)
424 310 FORMAT (/I 33H AA ERROR. ANALYSIS CODE (NBYN =,13,9K) IS bAb. )
425 320 FORMAT (II 47H AA WARNING. ESTIMATE OF STORAGE FOR A DYNAMIC,
426 1 32H ANALYSIS EXCEEDS AVAILABLE CORE, II iX)
427 C
428 1001 FORMAT (1415)
429 END

~~~430 C1=----------------------------------------------------------------------... ?

431 SUBROUTINE ADDSTF (A,B,STR,TMASS,NUMEL,NBLOCK,NE2B,LL,MBdNi,ANORM,
* 432 INVV)
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43 IMPLICIT REALA(A-i,J-2

435 C
436 C CALLED BY: MAI1Nb
437 C
4138 C FORMS GLObAL EOILILRIUn EC4UATIONS IN BLOCKS
439 C
440 DIMENSJION A(NE2B,nbAN(D),B(NIE2B,LL),STR(4,LL),TMASS(NE2B)
441 C
442 COMMON !,LiCN/ NT,NOT,ALEA,DT,BETA,NFN,NGM,NAT,NDYN
443 COMMON /Em/ LRlD,ND,LM(63.,IPAD,SS(2331)
444ICOMMON /ETA1~i flbtt,NiU,ItILLUI4)a
5 C

446 NEQb=NEEB/ 2
-47 K=NEOD+l
448 X=NBLOCK
449 MB=DSORT(X)
450 MB=Mb/2-1
'151 N EBB= MBA N E2li
452 Mh1l
4j3 NDEG=0
454 NVV=OP
455 ANORn=0.
45t6 NSHIFT=0
45'7 REWIND 3 '-
458 REWIND 4
45t9' REWIND 9
460 C
461 C READ ELEMENT LOAD tiULTIPLIERS
462 C
463 WRITE (33,2000)
464 DO 50 L=1,LL
465 READ (5j,1002) (STRUl,L),Iz1,4)
466 50 WRITE (33,2002) L,(STR(I,L),I=1,4)b
467 IF(MODEX.EQO) WRITE (.6) STR
468 C
469 C FOR A STEP-BY-STEP ANALYSIS (NDYN.EQ.4) READ THE SOLUTION
470 C CONTROL CAR~D. TilE TIhE STEP CDT) AND THE DAMPING COEFFICIEnTS
471 C (ALFA/bETA) ARE REQUIRED FOR THE ASSEMBLY OF THE EFFECTIVE
472 C SYSTEM STIFFTNESS MiATR IX IN THIS ROUTINE.S
473 C
474 IFCNDJYN.NE.4) '30 TO 65 V
475 C %.'

476 READ kt5,10u4) NFN ,NOI,NAT,NT,NOT,DT,ALEA,BETA
477 WRITE (33,2304n NFN,NI3M,NAT ,NT,NOT,DT,ALEA,BETA
478 IF(NAT.EO.o) NAT = I
479 IE(NOT.EO.0) NOT =1
480 IF(DT.GT.i.OE-12) GO TO 55
481 WRITE (33,3000)
482 STOP %V
483 C
484 C COMPUTE INTEGRATION COEFFICIENTS FOR ASSEMBLY OF EFFECTIQE b
485 C SYSTEM STIFFNESS 'STEVDY-STEP ANALYSIS ONLY)
486 C
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487 55 TETA 1.4
488 DTI = TETA*DT
489 D12 DTAA2
490 AO" (6.t3.AALEAADTI)/(DT2+3.ABETAADTI)
491 C
492 65 IF(MODEX.EQ.1) RETURN

495 C

494 C FORM EQUATIONS IN BLOCK~S (2 BLOCKS AT A TIMtE)
495 DO10C1,BOK,
497 DO 1000 1=,NEb0C,2
498 DO 100 1=1,NEIND
499 100 (IJ):0.
490 10 RA() (((IL,=1,Eb L1LL TAS I I1,EB
500 IEAF () (.(.BOCK), GO TO 200)(TAS~l,=1NEB
c02 REA (3) ((NBLC),GO TOE200L1L),TASI)IEB

503 200 D CONTINUEIKNEB,=IL)(TAS()IKEB

504 C
505 REWIND 55
50G REWIND2
507 NA=55
508 NUME=NUM7 I
509 IF (Mhi.NE.1) 60 TO 75

0NA=-'
511 NUME=NUMEL

512 NUII7 =0
513 C
514 75 DO 700 N=1,NUME
515 READ (NA) LRD,ND,(LM(I) ,I=1,ND),(SS(I),I=1,LRD)
51G ?iSHFT = ND A (NbtI)/2 +4 AND
517 DO 600 I=1,ND
518 LMH=14hM(I)

519 II=LM(I)-NSHIFT
520 IF (II.LE.0.OR.II.GT.NE2B) GO TO 600
521 IMS=I*MSHET
522 TMASS(II)=TMASS( II)+ SS(lhS)
523 DO 300 L=1,LL
524 DO 300 J=1,4
525 K1( = ND h(ND+1)/2 + NDA(J-1)
52-6 300 b(II,L)=B(II,L)tSS(I+KK,)ASTR(J,L)
527 DO 500 J=1,ND
52 8 JJ=LM(J)*LmN
529 IF(J3) 500,500,390
530 390 IF(J-I) 396,394,394
531 394 KK NDI(-)I2+J-ND
532 GO TO 400
533 396 KK =NDAJ -(J-1)AJ/2+I-ND
534 400 A(II,Jl)=A(II,]i)+SS( 1(K) F
535 500 CONTINUE

536 600 CONTINUE

538 C DETERMINE IF STIFFNESS IS TO BE PLACED ON TAPE 55
.539 C
540 IF (MM.GT.1) GO TO 700



541 DO 650 I=1,ND
542 II=LM(I) -NSHIFT
543 IF(I1.GT.N4E2Es.iND.IILLE.NEBB) GO TO 660
544 650 CONTINUE
)-15 GO TO 700
546 660 WRITE (55)LRN'Lt()INS()IqRD

548 C
549 700 CONTINUE
50 D 0 710 L=1,OEQB

551 ANORM=ANOhRM A(L,l 
*

552 IF (ALlNa2.. UEG=NDEG + 1
553 IF (ALA.O0 (L, 1)=1.E+20)

54IF (TMASS(L).NE.O.) NVV=NVV 1
555 710 CONTINUE
556i C
557 C FOR STEP-BY-STEP fifALYSIS ADD THE MASS CONTRIBUTIOt4S TO
558 THE EQUATION DIAGONAL COEFFICIENTS
559 C

S60 IF(NDYN.NE.4) GO TO 716
561l DO 714 I~1,NE~b
5J62 714 A(1,1) = A(I,1) t AOA TnASS(I)
563 WRITE (4) ((Ai,J),1z1,NEQb),J=1,MBAND)
5J64 GO TO 718
565 716 WRITE (4) (AIJ,11,EB J1MAD,((,),I1N~),=,L
566 718 WRITE (9) (TMASSIl),I=1,NEOB)
567 C
5J68 IF(M.EQ.NbLOCK) GO TO 1000
5J69 DO 720 L=KNE2B
570 ANORM=ANORM + A(L,1)
571 IF (A(L,W).NE.O. ) ND)EG=NDEG + 1
572 IF (A(L,1).EQ.0.) A(L,1)=1.E+20
573 IF (TiASS(L).NE.0.) NVV=NYV + 1
574 720 CONTINUE
575 C -

576 IF(NDYN.NE.4) UO TO 726
577 DO 724 I=K,NE2b
578 724 A(I,1) =A(I,1) t AQA TMASS(I)
5-79 WRITE (4) ((A(I,J),I1K',NE2B),J1l,MBAND)
580 GO TO 728
581l 726 WRITE (4)(((I),RE),1bA)(((,)IKEbL1L)

5J82 7128 WRIT2 (9) (TMASS(I) ,I=V.,NE2B)
583 C
584 IF (hM.EQ.mb) ricio
585 =Ml
586 1000 NSHIFIzNSHIFT+NE2b
587 IF (NDEG.GT.0. GO TO 730
588 WRITE (33,1010)
5J89 STOP
590 730 ANQRM=(ANukM/NDE,A1.E-8

5J92 RETURN
593 1002 FORMAT (4F10-0)
'5'4 1004 FORMAT (c5I'J,JiI.0)
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595 1010 FORMAT (51HOSTRUCTURE WITH NO DEGREES OF FREEDOM CHECK DATA

596 2000 FORMAT (/// 1OH STRUCTURE,13X,7HELEMENT,4X,4HLOAD,4X,
597 1 I1HMULTIPLIERS,/ 1OH LOAD CASE,12X,IHA,9X,IHB,9X,IHC,9X,IHD,/ IX)

598 2002 FORMAT (16,7X,4FI0.3)
599 2004 FORMAT (45HIS T E P - B Y - S T E P S 0 L U I I 0 N
600 1 37HC 0 N T R 0 L I N F 0 R M A T I 0 N, //
GOl 2 5X, 35HNUMBER OF TIME VARYING FUNCTIONS , I5 /
602 3 5X, 35HGROUND MOTION INDICATOR =, 15 /
603 4 BX, 1OHEO.O, NONE, /

604 5 8X, 29HGT.0, READ ACCELERATION INPUT, I/
605 6 5X, 35HNUMBER OF ARRIVAL TIMES =, 15 /
606 7 8X, 2GHEQ.0, ALL FUNCTIONS ARRIVE, /
607 8 BX, 1BH AT TIME ZERO, //
G08 9 5X, 35HNUMBER OF SOLUTION TIME STEPS =, 15 //
G09 A 5X, 35HOUTPUT (PRINT) INTERVAL =, 15 /
610 B 5X, 35HSOLUTION TIME INCREMENT =, E14.4 //
611 C 5X, 30HMASS- PROPORTIONAL DAMPING, /
G12 D 5X, 35HCOEFFICIENT (ALPHA) , 14.4 //
613 E 5X, 30HSTIFFNESS-PROPORTIONAL DAMPING, /
614 F 5X, 35HCOEFFICIENT (BETA) , 14.4 1/ IX)
615 3000 FORMAT (27HO*AA ERROR ZERO TIME STEP, / IX)
616 END
617 C
618 C

620 SUBROUTINE BOUND
621 IMPLICIT REALA8(A-H,O-Z)
622 COMMON A(1)
623 COMMON /ELPAR/ NPAR(14),NUMNP,MBAND,NELTYP,NI,N2,N3,N4,NS,MTOT,NEO
G24 COMMON /JUNK/ LT,LH,L,IPAD,SIG(20),IFILL(386)
625 COMMON /EXTRA/ MODEX,NTB,N1OSV,NT1O,IFILL2(12)
G2G IF (NPAR(1).EQ.0) GO TO 500
G27 CALL CLAhP (NPAR(2) ,A(NI),A(N2),A(N3),A(N4),NUMNP,MBAND)
628 RETURN
629 500 continue
G30 c-- WRITE (33,2002)
631 NUME=NPAR(2)
632 DO 800 Mn=I,NUME
633 CALL STRSC (A(NI),A(N3),NEQ,O)
G34 c-- WRITE (33,2001)
635 DO 800 L=LT,LH
636 CALL STRSC (A(N1),A(N3),NEG,1)
637 c-- WRITE (33,3002) M!,L,(SIG(1),I=I,2) 'printin9 suppressed
G38 IF(NIOSV.EQ.I)
639 AWRITE (NTIO) MM,L,SIG(I),SIG(2)
640 800 CONTINUE
G41 RETURN
G42 2001 FORMAT (U)
643 2002 FORMAT (48H1B 0 U N D A R Y E L E M E N T F 0 R C E S /,
G44 1 14H M 0 M E N T S, // SH ELEMENT,3X,4HLOAD,14X,SHFORCE,
G45 2 9X,GHMOMENT, / 8H NUMBER,3X,4HCASE, // IX)
646 3002 FORMAT (18,17,4X,2E15.5)
647 END
G48 C
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649 C

651 SUBROUTINE CALbA;N ADiILXSPNDN)
652' IMPLICIT REALA(A-H,0-Z)
653 C
654 C CALLED BY: RUSS,TEAn,PLNAX,BRICK8,TPLATE,CLAMP,ELST3D,PIPEI,

656 C--CALCULATES bAND WIDTH AND WRITES STIFFNESS MATRIX ON TAPE 2
657 DIMENSION LnW ),XrnI) ,SHD[M,NDM),P(NDM,4)
658 COMMON /EXTRA/ MODEX,NT8,IFILL(14)

659 MINzi00000 Tb

666 NDIF=MA-iI

668 IE (MDEX.EQ.) G TO 800

669 C
670 LRD=NDA(NDtUj/2+5*ND
671 WRITE(2) LLD(n ,IIN)(SIJ,=,D,=,D
672 1I(lIJ =,D ,14,X(),ID
673 RETURN
674 C
675 810 WRITE (1)N,~~ DIIN

676 RETURN

678 END
G 79 C
680 C

682 SUBROUTINE CLAMP (NUMEL,ID,X,Y,Z,NUHNP,MBAND. )
683 IMPLICIT REALA8(A-N,O-Z)
684 COMMON/Em/LM(24),ND,NS,S(24 ,24) ,P(24,4),XM(24),SA(12,24. IT 12-,4), -

685 1 IFILL1(3048)
* 686 DIMENSION X(1.,Y'J),Z'(1),ID(NUMNP,1) -

687 COMMiON /JUNK / R(6),RM(4),IFILL2(410)
668 COMMON /EXTRA/ MODEA,NT8,IFILL3(14)
689 WRITE (33,2000) NUMEL
690 NS=2
691 ND=6
692 READ(5,1005) KMA

693 WRITE (33,2005' EMf
694 IF(MODEA.EUi.1,
695 AURITE (NT8) RM
696 DO 30 NI=l,ND
697 XM(NI) = 0.0
698 DO 20 NJ=1,ND
699 20 S(NI,NJ)=0.0
700 30 CONTINUE
701 DO 540 NK=1,NS
702 DO 40 NL=1,ND

B-13

trw~~ ~~ %- %ttaC. . ~-------



595 1010 FORMAT (51HOSTRUCTURE WITH NO DEGREES OF FREEDOM CHECK DATA
'96 2000 FORMAT (/// 108 STRUCTURE,13X,7HELEiENT,4X,4HLOAj,4X,
597 1 IIHMWLTIPLIEkS,/ 10H LOAD CASE,12X,1HA,9X,1HB,9X,iHC,9X,IHD,/ IX)
598 2002 FORMAT (16,7X,4F10.3)
599 2004 FORMAT (45818 T E P - B Y - S T E P S 0 L U T 1 0 N
600 1 37HC 0 N T R 0 L I N F 0 R M A T 1 0 N, /
601 2 5X, 35HNUMBER OF TIME VARY'ING FUNCTIONS =,15 /

v c~nviin OTTAN TNBICATOR ~,15

702 40 SA(NK,NL) =0.0

704 Do 50 NI=1,4
705 TT(NXNI) 0.O
706 50 CONTINUE
707 NE~0
708 WRITE (33,2007)

709 210 VG=0
710 MARK=O
711 200 READ (,1000) tNfP,td,NJ ,Ni,NL,KD,KR,KN,SD,SRTAE
712 If (TRACE.EO.0.) TRACE=1.OE+10
713 It (1(6.GT.Oi GO 10 5Z0
714 KG=KN
715 IF(MODEX.Etl.1) GO TO 530
71G IF(NJ.CQ.0)0 TO 250
717 XlzX(NJ)-X(NL)

719 Z1=Z(NJ)-Z(NI)
720 X2=X(NL)-X(NK)
721 Y2.'Y(NL)-I(NK)
722 Z2=Z(NL)-Z(Nk )
723 Tl=YlAZ2-Y2AZ1
724 T2=Zl*X'-Z2AX1 -

725 T3=XIAY2-x2&l1
72G GO TO 260
727 250 TI=X(NI)-Xud')
728 T2tY(oI)-((NP)
729 T3=Z(Nl)-Z(NP)

730 260 XL=Tl*T1+T2*T2+T3AT3
731 XL=DSORT(AL)
732 IF(XL.GT.1.OE-6) GO TO 2?0
733 WRITE (33,3000)
734 3000 FORMAT (32H0AA* ERO k ZERO ELEMENT LENGTH, /IX)
735 STOP
736 270 CONTINUE
,137 T1=T1/XL
738 T'2=T2/XL
739 T3=T3/XL
740 IF (KD.Eu.0) GO TO UO
741 SA(1,1)=T1ATRACE
742 SA(1,2)=T2ATRACE

743 SA(1,3)=13*TRACE
744 S(l,i)=T1ATIATkACE

745 S(I,2)=TlAT2ATRACE
746 S(1,3)=T1AT3ATkACE
747 S(2,2)=T2AT2*TRACE
748 S(2,3)=T2*T3ATRACE
749 S(3,3)T3T3ATRACE
750 PP:TRACEASO
751 R(l)TIAPP
752 R(2)=TZAPP

753 R(3)=T3APP
754 Go TO 350
755 ' 300 DO 310 [=1,3

b756 R( I)zo.0
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758 DO 310 J=1,3
7L9 310 S(I,J)=0.0

A U0 3r0 IF (KR.EQ.0) G0 T0 400
761 SA(2,5)=T2ATRACE
762 SA(2,4)=TIATRACE
?63 SA(92,G)=T3ATRACE
264 S(4,4)=TlATlATkALE
765j S(4,5)=TlAT2ATRACE
766 S(4,6)=Tl*T3ATRACE

768 t,6)T2AT3*TRACE
76S(G,G)TTTkLrAE

770 P'F'TRACEiASR
771
772 k(c5))T2AP?
773 k(G)=T3FPP
774 GO TO 4'50
775 400 D0 410 1=4,u
776 RI~.
777
778 DO 410 ]=I,6-
779 410 S1IJ)=0.0
780 450 50 500 I=1,ND

?61 DO 50') ]=1,ND
782 500 SJISIJ
783 DO 520 Izl,Nli
784 DO 520 JzlA
785 520 (, (1 RM

*786 530 NN=N'
787 NNI=NI
7838 NNJ=NJ
769 NNK=NK
790 NNL=NL
791 NK D ZK
792 NRzV
793 SSD=SlD
794 5 Z i<zSR
795 TTRzIRACE
796 GO TO 560
797 55ci0 MARK= 1
798 555 NN=NN+f'(6
799 NN I=NN It'3
800 560 KEL=NL+1

S ~~801 WRITE (33,2010) KLNNNNN,~,fRKS,~(T1
802 NE=rNE+l

803 IE(MODEX.Lo.fl
804 AWRITE(NTB) NE,NN,NNI,NiNJ,NNK,NNL,NKD,NKR,SSD,SSR,TT<
805 DO 600 I=1,ND

16'806 600 LM(I)=ID(NN,I)
807 NDeM=24
808 CALL CALBAN (M8AND,NDIE,LM,XM,S,P,NJ,ND1,NS)
B09 IF(MODEX.EO.1) GO0 TO 650
810 WRITE (1) ,NL(LL1Ni,(S(,,LlS)=,L,
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811 1 ((TT(L,K),L=I,NS),K=1,4)
812 G50 CONTINUE
813 IF (NE.EO.NUMEL) RETURN

814 IF (NN.LT.NP) GO TO 555
815 IF (MARK.EQ.I) GO TO 210
816GO TO 200
817 1000 FORnAT (815,3F10.0)
818 1005 FORMAT (4F10.O)
819 2000 FORMAT (34HIB 0 U N D A R Y E L E M E N T 5, III 

820 1 27H ELEMENT TYPE = 7, /
821 2 21H NUMBER OF ELEMENTS =,I6 ///1X)

822 2005 FORMAT (3OH ELEMENT LOAD CASE hULTIPLIERS, // 8X,7HCASE( ,1 ,8X,
823 1 7HCASE(B),X,7HCASE(C),BX,7HCASE(D),/ 4F15.4 /// lx)

824 2007 FORMAT (53H ELEMENT NODE NODES DEFINING CONSTRAINT DIRECTION,
825 1 3X,38HCODE CODE GENERATION SPECIFIED,GX, r
826 2 22HSPECIFIED SPRING, /
827 3 53H NUMBER (N) (NI) (NJ) (NK) (NL),

828 4 3X,38H Kb KR CODE (KN) DISPLACEMENT,GX,
829 5 22H ROTATION RATE, / IX)
830 2010 FORMAT (IX ,2(2X,I5),2X,4(4X,15),2(2X,I5),7X,I5,2E5I.4,E13.4)
831 END
832 C
833 C&
834 SUBROUTINE CROSS2 (A,B,C,IERR)
835 C 5%

836 C CALLED BY : INP21
837 C
838 IMPLICIT REALA8(A-H,O-Z) k
839 C
840 C THIS ROUTINE FORMS THE VECTOR PRODUCT C AAB WHERE *CA

841 C IS NORMALIZED TO UNIT LENGTH
842 C ,-
843 DIMENSION A(3),B(3),C(3)
844 C
845 X = A(2) A B(3) - A(3) A B(2)
84G Y = A(3) A B(1) - A(1) A B(3)
847 Z = A(l) A b(2) - A(2) A B(1)
848 XLN =DSORT(X*XtYAY+ZAZ)
849 IERR = 1

850 IF(XLN.LE.I.OE-08) RETURN

851 XLN = 1.0 /XLN
852 C(3) = Z A XLN
853 C(2) = Y A XLN

854 C(I) = X A XLN
855 IERR 0
85G RETURN
857 END
858 C& ...........................----------------------------------------.....
859 SUBROUTINE DER3DS (NEL,XX,B,DET,R,S,T,NOD9,H,P,IELD,IEL..i
860 C
861 C CALLED B : THDFE

862 C
863 IMPLICIT REALAu(A-H,O-Z)
864 C
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-~~~~~~~. A. &. = F, '- .- -L-

S6 5 C
866 c
867 C. ............................ ... .. .. .. ..
868 C.
869 C . P k 0 6 1k A ml
870£.
871 C . EVALUATES STRAIN-DISPLACEMIENT MATRIX B AT POINT (1k,S5,'r.
872 C.
373 C . CURVILIN~EAR HEXAHEDRON 8 TO 21 NODES
874 C
875 C. ............................ ... .. .. .. ..
876 C
3 77 C
873 C
879 DIMENSIGa X3I iNi dD(),(),(,
880 11IMENS ION Ji~ 3 J A1 3 3)
381 C
882 C
883 C FIND INTERPOLATION FUNCTIONS AND THEIR DERIVATIVES
884 C EVALUATE JACOBIAti MATRIX AT POINT (R,S,T)
8851 C COMPUTE DETERmlINANiT OF JACOBIAN MATRIX AT POINT (R ,S, T)
886 C -

887 C
B8 CALL FNCT (R,S,T,H,P,NOD9,XJ,DET,XX,IELD, IELX,NEL)
889 C
890 C
891 C COMPUTE INVERSE Of JACOBIAN MATRIX
892 C
893 C
894 DUM=1.0/DET
3 95 XJI(1,l)=LEIUA( X ,2* 33)-XJ(2,3)AXJ(3,2')))

897 XJI(3,1D=DUMA( XJ(2,1)AX.J(3,2) -XJ(2,2'))XJ(3,1))

898 XJI(1 ,2)=UM*i(-XJ( l,2)AXJ(3,3) + XJ(1,3)AXJ(3,2))
899 XII(2,'2=DUtik( XJ(1,1)Ak,(J(3,3) - XJ(1,3)*XJ(3,l))
900 XJI(3 , 2)=bUMA(-XJ(1,1)AXJ(3 ,2) + XJ(1,2)AXJ(3,1))
901 XJI(1,3) DUmA( XJ(1,2)AXJ(2,3) -XJ(1,3)AXJ(2,2))

902 X(,3UM(X(,)X(,)+ XJ(1,3)AXJ(2,Il
903 XJI(3,3)=DUMA( XJ(1,1)AXJ(2,2-) -X(,)X(,

904 C
905 C
906 C EVALUATE B MATRIX IN~ CLOBAL (X,Y,Z) COORDINATES
907 C
908 C
909 DO 130 K=l,IELD
910 K(2KA 3
911 DO 115 L=1,3
912 B(L,X2-2) 0.0
913 B (L, K2-1) 0.0
914 115 B(L,K2 ) 0.0

916 C DIRECT STRAINS (IzE.X, 2=EYY, 3=EZZ)
917 C A.

918 110 120 I=1,"

B -17



919 B(I,K2-2) = B(I,K2-2) + XJI(1,1)* P(I,K)

920 B(2,K2-1) = B(2,K2-1) + XJI(2,I)k P(I,K)
921 120 B(3,K2 ) = B(3,K2 ) + XJI(3,I)A P(I,K)
922 C
923 C SHEAR STRAINS (4=EXY, 5=EYZ, 6=EZX)
924 C
925 b(4,K2-2) = B(2,K2-1)
926 B(4,K2-1) = B(IK2-2)
927 B(5(,2-1) = B(3,"<2

928 B(5,K2 ) = B(2,K2-1)
929 B(G,K2-2) = B(3,K2
930 130 B(G,K2 ) = 6(1,K2-2)
931 C
932 C
933 RETURN

934 C
935 END
936 C ---

937 SUBROUTINE ELTYPE(MTYP'E)
938 C
9 LflLICIT P_..LA32? H-u

IIJ39
940 C
941 C CALLED BY: MAIN,STRESS
942 C
943 GO TO (1,2,3,4,5,6,7,8,9,0,11,12),MTYPE
944 C
945 C THREE DIhENSIONAL TRUSS ELEMENTS

946 C
947 1 CONTINUE
948 C 1 CALL TRUSS
949 GO TO 900
950 C
951 C THREE DIMENSIONAL BEAM ELEMENTS

952 C
953 2 CONTINUE
954 C 2 CALL BEAM
955 GO TO 900
956 C
957 C r'LcA!E STRESS ELEnENTS
958 C
959 3 CONTINUE

960 C 3 CALL PLANE
961 GO TO 900
9G2 C
963 C AXISYKMETRIC SOLID ELEMENTS

964 C
965 4 CONTINUE
966 C 4 CALL PLANE
967 GO TO 900
968 C
969 C THREE DIMENLIONL SOLID ELEMENTS
970 C
971 5 CONTINUE

972 C 5 CALL THREED
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973 CIO TO 900
974 C
975 C ?LATE BENDING EiLEm NTS
97G C
977 6 CONTINUE
978 C C CALL SHELL
979 GO TO 900

980 C
981 C
982 7 CALL BOUND
983 GO TO 90C0
984 C
985 C THICK SiELL ELEn£oTdC
98G C
987 8 CALL SOL21
988 30 TO 900
989 C
990 9 WRITE (33,100 MTYE
991 GO TO 900
99" C
993 10 WRITE (33,100) MTYPE
994 GO TO 900
995 C
996 11 WRITE (33,100) mTYPE
997 GO TO 900
998 C

999 C STRAIGHT OR CURVED PIPE ELEMENTS
1000 C
10'i 12 CONTINUE

1002 C 12 CALL PIPE
1003 C
1004 900 RETURN
1005 C
1006 100 FORMAT ('OELEMENT',I4,' IS NOT IMFLEMENTED YET')
1007 END
1008 C =--------------------------------------------------------------------------

1009 SUBROUTINE ERROR(N) ."

1010 WRITE (33,2000) N
1011 2000 FORMAT // 20H STORAGE EXCEEDED BY 16)
1012 STOP
1013 brD

1015 SUBROUTINE FACEPR (NEL,KDIS,K'XYZ,XX,NOD9,H,P,PL,NFACE,LT,PWA,KLS,
1016 C
1017 C CALLED bi THDFE

1018 C CALLS : FNCT
1019 C
1020 IMPLICIT REALA"-07H,-
1021 C
1022 C
1023 C THIS ROUTINE COMPUTES NODE FORCES DUE TO APPLIED ELEMENT FACE
1024 C PRESSURE DISTRIBUTIONS
1025 C
1026 C
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1027 DIMENSION XX(3,1),NOD9(l),H(l),P(3,l),PL(l),PWA(1)
1028 DIMENSION XJ(3,3),ETA(3),KEACE(6,B),RCRD(6),FVAL(6),I ,mk3),
1029 1 PR(8),NODES(8),IPR4(4)

1030 COMMON /I3AUSS/ X[(4,4),WGT(4,4)
1031 C
1032 DATA KEACE / 1, 2, 1, 4, 1, 5,

1033 1 4, 3, 5, 8, 2, 6,

1034 2 8, 7, 6, 7, 3, 7,
1035 3 ', 6, 2, 3, 4, 8,

1036 4 12, 10, 17, 20, 9, 13,

1037 5 20, 19, 13, 15, 10, 14,
1038 6 16, 14, 18, 19, 11, 15,

1039 7 17, 13, 9, 11, 12, 16/
1040 C
1041 DATA KCRD 1 1, 1, 2, 2, 3, 3/

1042 DATA EVAL / 1.,-1., I.,-1., 1.,-1./

1043 DATA IPRM / 2, 3, 1/

1044 DATA IPR4 / 2, 3, 4, 1/

1045 C
1046 C DETERMINE THE ELEMENT NODES CONTRIBUTING TO EORCE CALCULATIONS A

1047 C ON THIS FACE

1048 C
1049 DO 2 I=1,4
1050 NODES(I) =KFACE(NFACE,I)
1051 NODES(I+4) =0

1052 2 CONTINUE
1053 C
1054 IF(KDIS.LT.9) GO TO 9

1055 C
0 1056 NN9 = KDIS-8
1057 C
1058 DO 8 f=5,8

1059 DO 4 I=I,NN9
1060 C
1061 J = I
1062 IF(KFACE(NFACE,K).EQ.NOD9(I)) GO TO 6

1063 C
1064 4 CONTINUE

I065 GO TO 8
1066 C
1067 6 NODES(K J .

1068 8 CONTINUE

1069 C ,'

1070 9 CONTINUE
1071 C
1072 C SET UP THE PRESSUkE VECTOR FOR IHE FOUR FACE CORNER NODES

1073 C .

1074 C 1. ADJUST THE SIGN OF THE PRESSURES SO THAT POSITIVE

1075 C PRESSURE ALWAIS COMPRESSES THE ELEMENT

1076 C
1077 FACT = -FVAL(NFACE)

1078 C
1079 GO TO (10,30), LT
1080 C
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s ri

ror

1081 C 2. DISIRIEUTED PRESSURE GIVEN AT TIICRERNOE

1082 C
1083 10 DO 25 KN=1,6
1064 C
1085 IF(NODESjitEO.o, '30 O0 25
1086 C

1087 IF(K.GT.4) '30 TO 15
1088 C
1089 PR(K) = A FACT
1090 GO TO 25

1091 C1092,  iS 2 - .-4 "

1093 L = IPR4(J"
1094 Pk(K) = 'PWA'J) -A WALn A 0.5 A FACT
1095 C
1096 25. CONTINUE
1097 GO TO 75 r
1098 C
1099 C 3. ELEmENT FACE EXPOSED TO HYDROSTATIC PRESSURE a-
1100 C
1101 30 GAMMA = FA(IA FACT

1102 C
1103 XLN = 0.0
1104 DO 35 K=l,2 ".
1105 ETA(K) zPA(t4: - PWA(K+),

1106 35 XLN = XLN + ETA(f)AA2
1107 XLN =DSORB(XLN)

1108 C
1109 IF(XLN.GT..0E-6) '30 TO 40
1110 C
i11 WRITE (33,3000) KLS,NEL
1112 3000 FORMAT (31HOERRORkAA PRESSURE LOAD SET (,13,15H) FOR ELEMENT (,
1113 I 15,43H) HAS UNDEFINED HYDROSTATIC SURFACE NORMAL., / IX r
1114 STOP
1115 C

1116 40 D0 45 K=1,3
1117 45 ETA(K) = ETA, K/ ALN
1118 C
S1119 D10 70 N=I,U

1120 C
1121 IF(NODES(N).EO.0) GO 10 70
1122 C
1123 XLN = 0.0
1124 Nub NODESNp
1125 IE(N.UT.4' NE' - NOD + 8
112g C
1127 DO 50 1=I,j
1128 50 XLN = XLN + (A(X(I,NOD) - PWA(I+1))A ETA(I)

1129 C
1130 PR(N) = ,LNA GAmmA
1131 C
1132 IE(XLN.LT.O.0. Fkau = 0.0
1133 C
1134 70 CONTINUE
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1135 75 CONTINUE~1136 C L

1137 C SET UP YARIABLES iuR THE SURFACE INTEGRATION

1138 C
1139 ML 

= 
KCRD(NFACE)

1140 mh = IPRl(mL)

1141 MN = IPRh('m)

1142 C
1143 C CURFACE INIE3RATIu., LOO?

1144 C
1145 ETA(ML) = FYAL(NfACE -

1146 C
1147 DO 300 LX= ,3

1148 C
1149 ETA(MM) = KLk ,-l)

1150 C

1151 DO 300 LY 1,3
1152 C
1153 ETA(MN) = XK(LY,3)

1154 C

1155 WT = WGTtLL,,3)A , T(Lf,3)

1156 C
1157 C EVALUATE THE INTERPOLA;TION FUNCTIONS AND JACOBIAN MATRIX

1158 C
1159 CALL FNCT (
1160 C
1161 C COMPUTE THE DIRECiION COSINES OF THE UNIT SURFACE NORMAL VECTOR

1162 C AT THIS SANPLE POINT
1163 C
1164 Al 

=  
XJ(MM,2)A XJ(MN,3)- XJ(MM,3)A XJ(MN,2)

1165 A2 
=  

XJ(nM,3)A XJkMN,I)- XJ(MM,I)A XJ(MN,3)

1166 A3 = XJ(Mh,1)A XJ(MN,2)- XJ(MM,2)A XJ(MN,1)

1168 AA =DSORT(AIAA2 + A2AA2 t A3AA2)

1169 IF(AA.GT.1.OE-8) GO TO 100

1170 C
171 WRITE (33,3010) NFACE,NEL

1172 3010 FORMAT (38HOERRORAAA UNDEFINED NORMAL IN FACE (,I1,5H) FOR,

1173 1 10H ELEMENT (,15,2H)., / IX) .

1174 STOP
1175 C
1176 100 FACT 1.0/A.

1177 Al =AlA FACT
1178 A2 = A2k FACT
1179 A3 = A3A FACT

1180 C

1181 C COMPUTE THE FIRST FUIDAMENTAL FORM (AREA DIFFERENTIAL)
1182 C

,183 AA = 0.0
1184 Bb = 0.0
1185 CC = 0.0

1186 DO 120 I=1,3

1187 AA AA t XJ(mm,I)A -A2

1188 CC CC + AJ r , I A k
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1189 120 bB £= BB XJ(tmn,l)A AJ(rN,1)!

1190 C =DSORT(AAACC - BbAA-2-)

1191 C

1192 C INTEROLATE FOR THE PRESSURE AT THIS SAhPLE POINT""1193 C
1194 PRESS = 0.0

1195 C
. 1196 DO 130 K=1,8

1197 C
,, 1F(NObES(X).E,.o) Cc TO 130
ll11 9 C

i 200 NOD = PIG , ,
I 1201 l kIE .0T.4) NOD tiO, + a

i202 C
1203 PRESS :rIkE, t hPR)A Kd),

1204 130 CONTINUE
1205 C
1206 F'ACT =WTA CA P R L S
1207 C
1208 C ASSEhBLE THE r GDE - ftkCE CONTRIBUTION
1209 C

" 1210 DO 160 L=1,8
1211 C
1212 I60DS(L.LD., 'O 10 1N0

1213 C
1214 IEtL.GT.4) GO 10 140

1215 C
" 1216 C 1. CORNER tODES

1217 C
v. ~1218 N=tO£ ,

1219 K 3AN
1220 GO TO 150

1221 C

1222 C 2. tIDE t3ODLS
1223 C
1224 140 1 NODES(L,

122. N Ji*3
*: 1226 C , 3A NOb9 3'

1 22 1SO Ou [ACTA hN

1229 C
1230 PL(K-2) = PLO,-, + U U A i

1231 FL(K- I) = PLk- K t O 2A"
1232 PL(K ) = PL(K OOA A3
1233 NO CONTINUE
1234 C
1235 3vO CONTItUE
1236 C
1237 RETUir
1238 END

I ~1239 C&=...----------------------------------------------------------------.........-

1240 SUBROUTINE FNLf fR,'tI-,P,HO[9,A2,1Et,XX, IELD, IELX,NEL

1241 C
1242 C 1',*LLED bf Fi' LEi,
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1243 C
1244 IMPLICIT REALA8(A-H,O-Z)
1245£
1246 C
1247 C....................................

1248 C
1249 C P R 0 G R Ai
1250 C
1251 C TO FIND INTERPOLATION FUNCTIONS ( H
1252 C AND DERIVATIVES ( P ) CORRESPONDING TO THE NODAL
1253 C POINTS OF A CURVILINEAR ISOPARAMETRIC HEXAHEDRON
1254 C OR SUBPARAMETRIC HEXAHEDRON (8 TO 21 NODES)
1255 C
125G C TO FIND JACOBIAN ( XJ ) AND ITS DETERMINANT ( DET )
1257 C
1258 C ............... .....................................
1259 C
1260 C
1261 DIMENSION H(1),P(3,1),NOD9(1),IPERM(8),XJ(3,3),XX(3,1)
1262 C
1263 DATA IPERM / 2,3,4,1,6,7,8,5 /
1264 C
1265 IEL = IELD
1266 NND9= IELD-8
1267 C
1268 RP=1.0 + R
1269 SP=1.0 + S
1270 TP=1.0 + T
1271 RM=1.0 -

1272 SM=I.0 - S
1273 T=1.0
1274 RR=1.0 RAR
1275 SS=I.0 - SAS
1276 TT=1.0 - TAT
1277 C
1278 C
1279 C INTERPOLATION FUNCTIONS AND THEIR DERIVATIVES
1280 C
1281 C
1282 C 8-NODE BRICK
1283 C
1284 H(1)=0.12S*RPASPATP
1285 H(2) 0.12'JARMASPATP
1286 H(3)=0.125*RMASmATP
1287 H(4)=0.12SARPASMATP
1288 H(5)=0.125ARPASPATM
1289 H(G)=0.I25*RmASPATM
1290 H(7)=0.125kRkASMATM
1291 H(8)=O.12SARPASMTM
1252 C
1293 P(1,1)=O.125ASPATP
1294 P 1,2)=-P(1,1)
1295 P 1,3)z-O.12SAmATP
1296 P(1,4)=-P 1,3,
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1297 PH1,j)=0.12ASATM1

1299 (,)-.2S1T
1300 ,)-(1)
1301 C

S1302 ?2j)01t~'T

* 1303 P(2,2)=0.12S5ARriAT?

130 ~ ,1

1307 ?26 ~AnT

130 c (,) P

1311 H(3, 1)01 -

1319P(,3
1313 C

131

1312 (,)61S1nS

1318

-. 1319 C
1320 IF(IEL.EU.8) GO TO JO

1321 C

1323 C ADlD DEEES OF F1REELOr1 i LACESS OF 8
.51324 C

1325 Iz0
5%1326 2 I=I 1
a 1327 I(GTNkBGO TO 4Q

1328 NOL9 -

1330 ON

13,31 9 H(9J) .5hPAE
1'332 P(1,9) =-O.'50*kASPATV
1333 P,'2,9) 0.- AIRAi
1334 P(,)=0.2,JARASP
1335 GO TO 2
13,3G 10 H( 10) =0 '2A1MAt SATi
1337 P11)-.~S~)
1338 P(2,10)=-0.50oARM*SATP
1339 P(,0=0.2-'ARiMA~s
1340 G0 TO
1341 11 H(11)O.25IIARRAMA

1343 PH2,lD=-0.2"~ARRATP
1'144 (,l 0.
1345 fiO To 2
134G 12 H(12)=0.2'JALP SSATP
1347 F(1,12)= 0.25*AS ATP
1348 P(2, 1.)=-0.',0ARASATP
1349 F(3?12)= 0.2-,iP*S
IL 1"L 10U T 2



13'jl 13 H1,i3)=0.25AfdRASPATMi
1352 p(1,13)=-050ARA*SPATM
1353F(2, 13)= 0.25ARRATl

1354 P'(3,13)=-0-25ARR*SP
1355 GO TO 2
1356 14 H(14)=0.25AknASSATM
1357 P(1,14)=-O.25ASS*TI
1358 P(2),14)=-0.50*RMAS*TM
1359 P(3,14)=-0-25ARM*SS
1360 GO TO 2
13G1 15 H(15) =0. 25RA'c1AT1
1362 P(1,15)=-0.50ARASM*TMla
1363 P(2,15)=-0.2'5RR*TM
1364 fP(3,15)=-o.2jAkdASl
13G5 GO TO 2
1366 16 H(16)=0.25ARPASSATM
1367 P(1,16)= 0.25ASSATM
1368 P(-2,,1)=-0.0*RPASAT
13G9 ?(3,lG)=-0.25ARPASS
1370 GO TO2
1371 17 H(17)=0.25*RPA~SPATT
1372 ?(I,17)=0.25AS-P*TT

*1373 P(, 17)=0.25*RPATI
1374 ?(3,17)=-0.50ARPASPAT
1375 GO TO 2
1376 18 H(I8)=0.25*RkMASATT
1377 Pl1)-.SSKT

* 1378 ?(,8=0.25ARMATT
1379 P(318)=-0 .5oARMASPAT
1380 GO TO 2

*1381 19 H(I9)=0.25ARAShiATT
1382 p(1,19)=-0.25ASMAIT

* 1383 P(2, 19 )=-0.25ARM*TT
1384 P(3,19)=-0.50AAEMAT
1385 GO TO 2

*1386 20 H(2.0)=0 . 25jAPASMATT
* 1387 P(1,20)= 0.25AShAIT

1388 P(2,20)=.25R'ATT
1389 P(3,20)=-o.S0oARfASM*T
1390 GO 10 2
1391 21 H(21)=RRASSATT
1392 ?(1,21)=-2.0ARA5SATT

* 1393 P(2,2I)=-2.0ASARRATT
1394 P(3,2))-2.0ATAkRASS
1395 0;O TO0 2
1396 C

If1397-e MODIET FIkST 3 FUN~CTIONS IF 9 OR MORE NODES IN ELEM~ENT
1398 C

1399 40 (L.G.NL 'OTO5
-14001 4 IH=H

1402 111IH + 7
1403 IF (II.EU.IELX) GO TO 51l
1404 42 IN NOI)9(IH)



1405 IF (IN.GT.1) 63O TO 46
1406 I1=IN -8
1407 12"=IPERM(I1)
1408 H(I1)=H(I1) - O.5*AH(IN)
1409 H(12)=H(IJ_) - O.SA'IN)

1410 H(IHtG)zH(IN)

1412?vf?(,1 -v.tJN

1413 ?J1)H,2 .A(,N
1414 45 PJI+h'JIf
1415 GO0 TO 41
1416 46 IF (IN.Eu.l1 50 TO 20
1417 Il=IN -1-,
1418 12I11 t 4
1419 H11'.IlH( 11) - 0.S*H(BI)
1420 H(l2)=H(12-) - Q.ZJAN(IN
1421 H(IHtS)=H(r,

1422 00 7 J=1,3

1423 ?(,1 .J1)- 0.SAP(JIN)
* 1424 P(J,12)=P(J,I2) - O.5*F(J,IN)

1425 4 7P(, tdfI
1426 GO TO 41
1422 Cr
1428 C MODIFY FIRST 20 FUNCTIONS IF NODE 21 IS PRESENT
1429 C

4'1430 30 1)1=0
1431 31 IH4IH + 1
1432 IN=NOD9(IH)
1433 IF (IN.EO.21) GO TO 35
1434 IF (IN.GT.16) GO TO 33
1435 11=1)1 -8
1436 12=IPERM(IL)
1437 H(I1)=H(Ifl t 0.125kAH'.21)
1436 H(12)=H(I2-) + O.125*AH(21l
1439 DO 32 Pz1,3
1440 ?(3,I1Y=HJ,I1) i-0.125AP(J,211)

1441 32 P(J,12.=P(J,I2) i-0.125AP(3,21)

1442 GO TO 31

*1443 23 11=1r41 16 -
1444 12zl1 t 4
144'5 H(Il)=)Hkili t 0.125JAH(21)
1446 H(12)=H'.12) + O.125jA0(21)
1447 ['0 34 1=1,3

%;1440 10JI)Pt1) C.125AH'J,21)

1449 34 FJIl(I2't O15H,1
145U GO TO 31i
145 1 25c 00 36, hi1,
1452 H(I)=H(l) - 0.I2SAH(21)

4'1453 DO 36 JP1,3
1454 36 P(,)FJ1) .2SH,

4'14 55 (414rNNDV + '7

1456 IF (NN.E0.8P GO 10 SO
1457 DO0 38 1z9,tNf
1458 NC I)=H( I) j 21SAQ



1459 DO 38 J=1,3
1460 38 P(J,I)ZP(J,I) - O.25AP(J,21)
1461 H(NND9+8)=H(21)
1462 DO 39 J =1,3

1463 39 P(J,NND9+B)P'3,Z1
1464 C
1465 C
1466 C EVALUATE JACOBIAN MATRIX AT POINT (R,S,T)
1467 C
1468 C
1469 50 If (IELX.LT.IELD) RETURN1470 51 DO 100 1=1,3
1471 DO 100 3=1,3
1472 DUM=0.0
1473 DO 90 K=1,IELX
1474 90 DUM=DUM + P(I,K)AXX(J,K
1475 100 XJ(I,J)=DUM
1476 C
1477 C
1478 C COMPUTE DETERMINANT OF JACOBIAN MATRIX AT POINT (R,S,T)
1479 C
1480 C
1481 DET = XJ(I,I)AXJ(2,2)AXJ(3,3)
1482 1 + XJ(I,2)AXJ(2,3)AXJ(3,1)
1483 2 + XJ(I,3)AXJ(2,1)AXJ(3,2)
1484 3 - XJ(1,3)AXJ(l,z)AXJ(3,1)
1485 4 - XJ(1,2)AXJ(.,l)AXJ(3,3)
1486 5 - XJ(I,I)AXJ(2,3)AXJ(3,2)
1487 IF(DET.GT.I.OE-8) GO TO 110
1488 WRITE (33,2000) NEL,R,S,T
1489 STOP
1490 110 IF (IELX.LT.IELD) GO TO 42
1491 C
1492 C
1493 RETURN
1494 C
1495 C
1496 C
1497 2000 FORMAT (49HOERRORAAA NEGATIVE OR ZERO JACOBIAN DETERMINA'rT,
1498 1 23H COMPUTED FOR ELEMENT (,15,1H), /
1499 2 12X, 3HR =, F10.5 /
1500 3 12X, 3HS =, F1O.5 /
1501 4 12X, 3HT =, F10.5 / 1X)
1502 C
1503 C
1504 END
1505 C= =.

1506 SUBROUTINE INL(ID,B,Tk,TMASS,NUMNP,NEQB,LL)
1507 C
1508 IMPLICIT REALA8(A-H,O-Z)

1509 C
1510 C CALLED Bf: MAIN
1511 C
1512 C INPUT NODAL LOADS Atib MASSEa

a- 28
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1515 COflNON / UNK / R(6 TX6),IFILL(406) I
1520 SHFz0

15 24 TMASS(i>0'.
1525 DO 750O Il,Ll.
1526 75 0 B (1,K) 0
1527 C
15J28 50 DO 900 NNz1,NUnNP
15 29 C

i530 DO 100jw
15131 TXI (1) =o.
1532 DO 100 J=i,LL

1533 100 TR(1,Jl=u.c
1534 C

*1535 IF(NN.EO.1: GO TO '300
* 1536 150 I F( N. N E.ri '0G TO 400C

1537 Do 200 hiZ,
15J38 IF()180,180,190
1539 1ao TXM(I)RWl
1540 GO0 TO 200
1541 190 TR(I,L'=k(1)
1542 200 CONTINUE
1543 300r RED (5,1nh NL,"

1544 IF (N.EO GO TO 150
1545 WRITE(33,20ol) N,L,R

.5416 GO TO 1'0
1547 C
1548 4100 IF(MODEX.EOI.l) GO TO 900
15J49 DO 300 3=1,6
ii55 Iz=ID(NNW)KSHE
155 IF (IT) 300,800,500o
1552 500 DO 600 K=l,1.1
1553 600 pF(I I , "TFR2(J ,K)

155 t 0 10 IF(1IN.2b GO TO Qu
155 WRITE (NT.' B.Ttan L

155ci7 hSHiF=K'jHFtUEO
LtJjG DO tv0 1 ztI,itEuu

1560 DO 700 K=1,LL
1561 700 B (I ,K)=0. 0

*1562 800 CONTINUE
1563 900 CONTINUE
1564 C
1565 IF(MODE/.E~it1 RETUkiN
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1567 WRITE (NT) b,TMASS
1568 C
1569 RETURN

1570 1001 FORMAT (215,7IF10.4)
1571 2001 FORMAT (2(3X,14),6EI5.5)
1572 2002 FORMAT (47HIN 0 D A L L 0 A D S (S T A T I C) 0 R

1573 A 29HM A S S E S (D Y N A M I C), ///

1574 B 3X,4HNODE,2X,4HLOAD,

1575 I 2(9X,6HX-AXIS,gX,SHf-AXIS,9X,GHZ-AXIS), / 7H NUMBER,,1,JiE,
1576 2 3(IOX,SHEORCE), 3(9X,6HmOMENT), / iX)

1577 END
1578 C& ...........................------------.................--

1579 SUBROUTINE INPUTJ(ID,X,'i,Z,T,NUMNP,NEO)
1580 C
1581 IMPLICIT R£ALA(A-H,O-Z)
1582 C
1583 C CALLED BY: MAIN

1584 C
1585 DIMENSION X(1),Y(1),Z(1),ID(NUMNP,G),T(1)

1586 C
1587 COMMON /EXTRA/ MODEX,NT8,IFILL(14)

1588 C
1589 C ---- SPECIAL NODE CARD FLAGS

1590 C
1591 C IT COORDINATE SYSTEM TYPE (CC 1, ANY NODE CARD)

1592 C EO.C, CYLINDRICAL
1593 C IPR = PRINT SUPPRESSION FLAG (CC 6, CARD FOR NODE I ONLY)

1594 C EQ. , NORMAL PRINTING
1595 C EO.A, SUPPReSS SECOND PRINTING OF NODAL ARRAY DATA

1596 C EO.B, SUPPRESS PRINTING OF ID-ARRAY
1597 C EO.C, BOTH AA* AND BA"
1598 C
1599 DIMENSION IPRC(4)

1600 C
1601 DATA IPRC,"IH ,IHA,IHB,IHC/
1602 C
1603 IPR = IPRC(f)

1604 RAD = DATAN(I.O[,O)/45.ODO
1605 C
1606 C
1607 C ---- READ OR GENERATE NODAL POINT DATA--------------------------------
1608 WRITE (33,2000)
1609 WRITE (33,2001) .
1610 NOLD=O
1611 10 READ (5,1000) IT,N,Jek,(ID(N,I),I=1,G),X(N),Y(N),Z(N),)K ,T(N)
1612 C
1613 C
1G14 CAA AA AA NEXT LINE IS DELETED FOR NOT PRINTING NODAL INPUT DATA
1615 C WRITE (33,2002) IT,N,JPR,(ID(N,I),I=1,G),X(N),Y(N),Z(N),LN,T(N>
1616 CAA *A *A A
1617 C
1618 IF(N.EQ.1) IPR = JPR

1619 IF(IT.NE.IPRC(4)) GO TO 15,
1620 DUM = Z(N)A RAD

B-30



i .,

1621 Z(N) = X N)AUC08<DUn
1622 X(N) = XkN)ADSIfl(Ldb)
1623 15 CONTINUE
1624 IE(NOLD.EQ.01- G I0 50
1625 C ---- CHECK IE GENERATION IS REQUIRED --
1626 DO 20 11,6
1627 IF(II(N, .EQ.Q.Ai D.ID(NOLD,I).LT.) 118N,IYalD(NOLD,I
1628 20 CONTINUE
1629 IF(EN.EQ.Q' GO lu 1SO
1630 NUM=(N-NOLD / Kr

1631 NUMN=Nun-I
1u32 IF(NUMN.L'T.) GO TO SI
1633 XNUri=NUm
1634
1635 DY= ( YN)- (NOLD ,XN0m

1636 DZ=(Z( )-ZOL,) ,;NUm
1637 DT=(T(N)-T NOLD)).xNUm
1633 K=NOLI
1639 DO 30 ]1, UrmW
1640 K f, =K
1641 K+KN
1642 X K):X(K)tDX
1643 y(K)Y (KK)D f
1644 Z()(tDZ
1645 T(K)=T ( KKlT -

1646 D10 30 I=1, 1
iU47 ID (K, I) = bD( KK, I) -

1648 IF (ID(K,I).3T. i ID ,,I I D(KI)+KN
1649 30 CONTINUE
1650 C
1651 50 NOLD=N

-% 1652 IE(N.NE.NUnNI- -O TO 10 r
1653 C
1654 C---- PRINT ALL Nb3riL POINT DATA
1655 C
1656 IF(IPR.KO.iPRC(2. .OR. IPk.EU.IPRC(4)) GO TO 52
1657 WRITE (33 ,200S
1658 WRITE (33,2001)
1659 WRITE (33,2005) , (N,I),I=,6),X(N),Y(N),2(N),T(N ,:=1,NUMNP
1660 52 CONTINUE
1661 C
1662 C ---- NUhBER UNtoOWNS AND 6ET mASTER NODES NEGATIVE------------------

1663 C
1664 NEO=O
1665 DO 60 N=I,NU N P
1666 DO 60 I1,6-

1667 ID(N, I ) = 1A, ( IL, (N, I)
1668 IF(ID(N,I)-I) 57,58,59
166-) 57 NEQ=NEOfI
1670 ID(N, I)=NE"
1671 GO TO 6O
1672 58 ID(N,I)=O
173 GO TO 60 %
1674 59 ID(N,I) -b N %>

%- l.
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1675 60 CONTINUE

1676 C
1677 C ---- PRINT MASTER INDEX ARRAIr

1678 C
1679 IE(IPR.EO.IPRC(3) .OR. IPR.EQ.IPRC(4)) GO TO 62

1680 WRITE (33,2004) (N,(ID(N,I),I=I,6),N=I NUNNP)

1681 62 CONTINUE N
1682 IF(mODEX.EO.0) GO TO 70
1683 CAAA DATA PORTHOLE SAVE

1684 WRITE (NT8) ((ID(N,I),Ii,O), =,HUMNP)

1685 WRITE (NT) (X(N),N=1,NUMNP)

1686 WRITE (NT8) (Y(N),N=l,NUMNP"
1687 WRITE (NT8) (Z(N),N=1,NUMNP.

1688 WRITE (NT8) (T(N),N=I,NUmNP)
1689 ENDFILE NT

1690 C

1691 REWIND 2
1692 WRITE (2) ID
1693 C

1694 RETURN
1695 C ,1696 70 CONTINUE

1697 REWIND 8
1698 WRITE (8) ID

1699 C
1700 RETURN

1701 C
1702 1000 FORMAT (2(AI4),515,3FIO.O,I5,EI0.O)
1703 2000 FORMAT (//23H NODAL POINT INPUT DATA
1704 2001 FORMAT (5HONODE 3X 24HBOUNDARY CONDITION CODES 1IX

1705 23HNODAL POINT COORDINATES / 7H NUMBER 2X IHX 4X IHY 4X 1HZ 3x le
1706 2HXX 3X 2HYY 3X 2HZZ12X IHX 12X lHY 12X 1HZ 12X IHT
1707 C

1708 C
1709 CAA AA AA NEXT LINE IS IGNORED WITH LINE 31600
1710 C2002 FORMAT (1X,AI,14,AI,I3,515,3EI3.3,I5,FI3.3) -4
1711 CAA AA AA

1712 C
1713 C
1714 2003 FORMAT (//21HIGENERATED NODAL DATA)
1715 2004 FORMAT (//17H1EQUATION NUMBERS/

1716 1 35H N X Y 7 XX YY ZZ /(715))

1717 2005 FORMAT (15,615,4F13.3)
1718 END
1719 C&=--------------------------------------------------------------------------
1720 SUBROUTINE INP21 (NUMMATMAXTP,NORTHO,NDLS,NOPSET,NT8SV,NUMNP,X,
1721 1 Y,Z,DEN,RHO,NTP,EE,DCA,NFACE,LT,PWA,LOC,MAXPTS,
1722 C

1723 C CALLED BY : THDFE
1724 C CALLS VECTR2,CROS,2.

1725 C
1726 IMPLICIT REALAS(A-H,O-Z
1727 C
1728 C

ek.
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C.

1729 C THIS ROUTINE READS AND PRINTS ALL 21-NODE SOLID ELEMENT DATA

1730 C BETWEEN THE CONTROL CARD AND THE ELEnENT DATA CARDS
1731 C
1732 C b
1733 COMMON / JUNK/ L4 ,LE4,ZLF(4,TLF(4),PLFC4),FILLI(22),V-,i
1734 COhMON /EXTRA./ MOIDEx,Nr8
1735 C
1736 DIMENSION X'I 1 , f(1) ,Z(l J,DENWI,HO(1),NTP(1),EE(iAXTP,13,1) , -"

1737 1 DCA(3,i, i) ,NFAC&1i ,LT(L ,PWA(7,I) ,LOC(7,1i) , -
1736 2 m1APT'S .L I .
1739 DIMENSION HED(6.,

1740 C
1741 C READ AND PRINT OF nr-IEIIAL YAOE1RTIES

1742 C
1743 WRITE (33,3000)
1744 C h.4
1745 DO 10 I=l,NUMMAT
1746 C
17417 READ (5,1001) nNTP(,DEN(1),RHO(1),(HED(N),N=I,6)
1748 C '. I
1749 C SET DEFAULT VALUES IF REOUIRED AND CHECK FOR INPUT ERRORS
1750 C
1751 iE(RHO(1).E.0.u MRO(I) = DEN(I) / 386.4
1752 IF(NTP(1).EO.0. rTPW 1
1753 C
1754 WRITE (33,3002" r,NTP 1 ,DEN(I1,RHO(1), HED(N),N=I,6)
1755 C -
1756 IF(I.EO.M) GO '1 2
1757 WRITw (33,4001.
1758 STOP
1759 C
1760 2 IF(NTP(M).LE.mA,(T?) 130 TO 4
1761 WRITE (33,4002, MAXTP
1762 STOP
1763 4 NT = NTP(M)
1764 C
1765 C READ PROPERTIES FOR EACH TEMPERATURE

1766 C
1767 DO 6 K=I,NT
1768 READ (5,1002) (EC(K,L,n',L=I,13)
1769 WRITE (33,3003 .EEUK,L,n,L=I,13)
1770 6 CONTINUE
1771 C
1772 C TEMPERATURE CAUiS nu' BE ASCENDING ORDER

1773 C I"-

1774 IF(NT.EQ.I 60 TO 10
1775 :10 8 J-2,NT
1776 i(EEJ,ln..GT.LL,] i,l,fl') 10 TO 8
1777 WR IT[S (33,40u3 "

1778 STOP
1779 8 CONTINUE
1780 10 CONTINUE
1781 CAA DATA PORTHOLE LAVE"
1782 IF(NTdSV.EG.O. Go Ti

b 13* -.. -. ..
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1 83 DO 11 M=1,HJMmAT

1784 WRITE (NT8) hNTP(m),DEN(M),RHO(M)

1785 NT = NTP(m)
1786 WRITE (NT8) k(EE(K,L,h),L=1,13),K=l,NT)
1787 11 CONTINUE
1788 CAAA

1789 C
1790 C MATERIAL AXIS ORIENTATION SETS

1791 C
1792 12 IF(NORTHO.EO.O) > TO 21

1793 C
1794 WRITE (33,3004)

1795 C
1796 DO 20 M=l,NUO HO

1797 READ (5,1003) N,NI,NJ,NKa

1798 WRITE (33,3005) N,NI,NJ,N<

1799 C
1800 CAAA DATA PORTHOLE SAVE

1801 IF(NTOSV.EQ.1)
1802 AWRITE (NT8) N,NI,NJ,NK
1803 CAAA
1804 C CHECK FOR ADmISSAbILITY OF DATA

1805 C
1806 IE(N.EO.M) GO TO 13

1807 WRITE (33,4004)
1808 STOP
1809 C
1810 13 IE(NI.GT.0 .AND. tiI.LE.NUhNP) GO TO 5015
1811 L = NI
1812 5014 WRITE (33,4005) L

1813 STOP
1814 5015 IE(NJ.GT.O .AND. NJ.LE.NUrNP) GO TO 5016
1815 L = NJ
1816 Go TO 5014
1817 5016 IF(NK.GT.0 .AND. NK.LE.NUmNP) GO TO 14
1818 L = NK
1819 GO TO 5014
1820 14 CONTINUE
1821 C
1222 C GENERATE DIRECTION COSINE ARRAY FOR THIS DATA SET
1823 C
1824 CALL VECTR2 (DCA1,1,h),X(NI),Y(NI),Z(NI),X(NJ,Y(NJ),t J,ER)
18215 IF(IERR.O.O) GO TO 1'
182G WRITE (33,4006)

1827 STOP
1828 16 CALL VECTR- (V2,IKNI) ,(NI),Z(NI),X(NK),Y(NK),Z(NK),IEhi.
1829 IF(IERR.EQ.V) GO TO 17
1830 WRITE (33,4007)
1831 STOP
18j2 17 CALL CROSS2 (DCAkl,I,m),V2,DCA(1,3,M),IERR)
1833 IF(IERR.EO.0) GO TO 18
1834 WRITE (33,4008)
1835 STOP
1836 18 CALL CROSS2 (LCA(,3,M),DCA(1,1,M),DCA(1,2,M),IERR)



1837 IF(IERk.EQ.0) GO TO 20
1-038 WRITE (53,4009)
1839 STOP
1840 20 CONTINUE
1841 C
1842 C READJ AND PRINT VSTRIBUiib )UREACE LOAD DATA
1643 C
1844 21 IF(NDLS.EQ.0 '20 10 21

1346 WRITE (33,2306)
1847 C
1-348 00 30 MQINDLS
1349 C
1850o READ ,13. ,CkL(
lduji WRITE (33,200?) N,N~lC2km),LT(r1)
1852 C
1853 C CHECK( FOR DATA niAILT
1854 C

1if IEN.EO..M) GO '10 2
1856 WRITE (33,4010)
185j7 STOP
1858 2 IF (OEACE (ml.GE.1I Nhi. N IAC E nLE. 6 GO TO 2 3
1859 W RI TE 2,I
1860 STOP
1861 23 IF(LTIM).EU.0, LTlri, 1
1362 IF(LT'a).'3C.1 .ANUI. LTkri.LZ.2) GO TO 24
13L-3 WRITE (32,4012)

*1864 STOP
*1865 24 IF (L ( h) .EU 60 TO --

1666 READ ( -,125 (PW-In) 1=1,4)
1867 DO 2512,
1868 2'jEPAIi.O~.' ~1i PWA(1,M)
1869 WRITE (33,3.,03) AIr)1-,.
1870 GO TO 30
171 b READ S5iJ'~ , 1f IL ~ 1
1872 WRITE (33,3v, PW(1m)IJ,7
1873 3 CONTINUE
1874 C
1875 CAAA DATA POhrHOLE sAvE
1076 1E(NT3'0'.E0. 0 1O TO j1~
187 DO 5030 h121,NDILS
1873 WRITE kNTScl NCEACE i L,,(WA ,),I1Y
1879 S50 3,0 CONT lINhE
1880 tuJI CONTINU'E
1881 C.AAA

1883 C READ A(uD [i lrT Gu£TL OUTPUT REQUEST LOCAT ION SETSa
1884 C
1885 31 IF(NOPSET.L6.o, 1.u T6 49)
1886 C
18107 WRITE ~ 1,1,.
1088 WRITE (34, A. OSiS UTPUT LOCATIONS---'

DO 40 i - I ,uu t4L L

u3-35



1184 Bb = 0.0
1185 CC = 0.0
1186 DO 120 I=1,3
1187 AA = AA + XJ(mm,I)kA2

1188 CC = CC + XJ(MNl)AA"

}. .4

%'

1891 READ (5,1006) (LOC(I,mU,I=1 ,7)

1892 WRITE (33,3011) m,(LOC(1,m),I 1,7)

1893 WRITE (34,3011) m,(LOC(I,t),I=,
7)

1894 C
1895 L = 0
189G ['0 35 J=1,7
1897 IF(LOC(J,m.EQ.Oj GO O 36

1898 L = L t I
1899 IF(LOC(J,M}.rE.l .Ati. LOC(J,M).LE.27) GO TO 35

1900 WRITE (33,.J13 ]
1901 mODEX = I
1902 GO TO 3u
1903 35 CONTINUE
1904 C
1905 36 IF(L.GT.0) JO To 37

190G L = 1
1907 LOC( ,m) 21--,
1908 37 MAXPTSim) L
1909 C
1910 40 CONTINUE
1911 CAkA DATA PORTHOLE SAVE
1912 IF(NTBSV.EO.1I
1913 AWRITE (NT8) ((LOC(I,J),I=1,7),J=I,NOPSET)
1914 CAAA
1915 C
1916 C ELEMENT LobD CAtSE MULTIPLIERS
1917 C
1918 49 WRITL (33,2312)
1919 C
1920 READ (5,1007) XLC,iLF,ZLF,TLF,PLF

1921 WRIfE (33,3013) XLFfLF,ZLF,TLF,PLF
1922 CA*A DATA PORTHOLE SAVE

1923 IF(NT8S .EU.)
1924 AWRITE (NT8, XLE,YLF,ZLF,TLF,PLF
1925 CA* /
1926 C A A

1927 RETURN
1928 C
1929 C FORMATS

1930 C
1931 1001 FORMAT I2iS,1j.cA,.'

1932 1002 FORMAT KTFI,.O,'L:1O.O
1933 1003 FORMAT (41,,

1934 l1j4 FORMAT<]IS
1-35 1005 FORMAT 7Fiu.v)
193G 1006 FORMAT '1',
1937 1007 FORMAT 'E1o..
1938 C
1939 3000 FORMAT .,3 rmATLRIAL Fht+'ERTY TABLES

1940 30u2 FORMAT /,/ :2HomATLRI,;. JUMBER = ,I3,1H),
1941 1 i u Ui bLR k iL, /

1942 2 .1H rLmFIpL ,TUL POINTS = (,13,1H),/
1943 3 .....-.H LKr; . 1T = ,El " .4,1i, ..,

1)44 -1. .1 ,>L(J 13 I ,E12. 4, H

Ni,



1945 523H IDENTIFICATION =(,6A6,1H),//

1946 6 IX, 1IHTEnPERATURE,9X,3HEII1,9X,3HE22,9X,3HE33,4X,3HV12,'L,3h,; lli
1947 7 4X,3H)2,dX,3HI012,8X ,3H0.13,3X,3H13'23,3X,7HALPHA-1,3XA,7HAiL~riAl-2,'
1948 8 3X,7 HALPHA-3,/1I)
1949 3003 FORMAT p1l.,11. 37331.,E03
1950 3004 FORMAT m'Q1~ A T E R I A L A x 1 0 R I E N T A T [ *~P

1I51 1 3X,9$T A E. L E i
1952 2 28H LET NOD 0 L LNOE NOJDE ,
1953 3 23H NUmbLE N ti, /K lx)
1954 3005 FORMAT (417)
1 S55 3006 FO RmAT(," ii- D 1 -1 1 R I b U T E D S U R F A C E L 0 1

1957 3007 FORMiAT ?-X ,27$LCA1'b 3ET NUMB8ER =,6

19S3 1 ;X,*?7HLtUAD SUkEACE ELEM~ENT FACE = ,16
1959 1 7/ ,-7HLO.AO TfE CODE =,16/IX)
19)60 3008 FORn1 T ,I--H DI fF IIbbTL', ll(4HP(),11X,4H2,IX,4H' j;,11. ,
1961 1 -4H?(4), /' 4X,6HPRESSURE,4E15.3)

*1962 3Q09 FORMAT Hin IOROLTATIC,IOX,5HGAMA,IIX,4HX(),11A,AHY<'',Il:
1963 1 4ZS 1X4-XN lX4B)1X4ZN
1964 2 4XBPESR,7F15.3)
1965j 3010 FOIRMAT 1$3 T P< E £ S3 0 U T P U T R E U U E S I -, A b L E
1966 A/'

1967 A-i 'LT ,7ShHi,/8 NUMBER ,7(4X,lH'(,I,1HW,. I.(
1968 3011 FORMAT (18,717)
1969 3012 FORMAT kx/i;4h E L E ri E Nl T L 0 A D C A S E '

11)70 1 21HMi U L i I I' L I E ?, 3 /
1971 A 2iA',6HCASE A,4X,GHCASE B,4X,6HCAlSE C,
197) 2 4X(,6cCA3£- 1,"IX.
1973 3013 FORMAT
197 4 1 27 H X - bIR E CTIU0r Gh A3Q IT~ f4F10.2/
I1J7 5 2 27H Y -bIRECT JO00 'jRAV ITY = 14FI0 .2/
19j76 3 27$ Z-DIRECTIOeN Gki'r z ,4FI0.-l/
197? 4 27H THERMAL LOAI11aO ' 4F10.2/
19718 5 27H PRESSURE LOAD101.1 -4F10.2 1/11X)

195 0 4001 EOkMAT MA~hLA nT ER IAL CARDS OUT Of ORDER. ,1A
1 961 -1",0 2 F 0R mArT k '1 0 LRR, OP A AA NUMbER OF TEMPERATURE CtARL'S EXCELL, C, .
I 'u2 1 10$ MAXI dJl ,I4,2H., / IX)
1'903 4003 FORMAT ktjlhOEIRRURAAA TEMPERATURES MUST IiE INPUT IN A~
196)4 I 1H 7uRDER., /J(

1965 40u4 FORMAT 4,-7H0LRROI-AA*) AXIS ORIENTAT ION CARD OUT OE RL~
lVbu 40u05 EukMAT it U E kRO ,A A A uUDEF INED NODE NUMBER ,15
I C7 4006 FOiriAT "2HI1UEPRRAAA VECTOR IJ HAS ZERO LENGTH.,,'Ixi
1960G 4007 FORMAT kjjhOERkORAA* v'ECTOR IK HAS ZERO LENGTH.,/1n)
1989 4o08 FORMAT 13t0ER$AA I AND IIK VECTORS ARE PARALLEL.,.
1990CJ 4009 FORMAT *LsH0EkkORkAA C3 AND FE1 VECTORS ARE PHRALLEL. ,
1991 4010 FORMAT k'HERRAAk iLT NUMBERS MUST BE IN ASCEND IN' ~ 1.
1992 4011 FOJRMAT 40GRUAA Ir'.ALID SURFACE FACE NUMLER. ,/l

1993 4012 FORMAT 2ukRA0 INVALID LOAD TYPE. ,/IX)
1994 40 13 F 0R MAT 4 h t)L'k hUR. P- A 1WYAL IL OUTPUT POINT NUMLi SR

1996 C

1P9 C



SUBROUTINE PRINTD (ID,D,B,NEQB,NUhNP,LL,NBLOCK,NEQ,NT,nU '
2000 IMPLICIT REALA8(A-H,O-Z)

2001 C
2002 C CALLED BY: SOLEQ,SOLEIG,RESPEC
2003 C
2004 DIhENSION ID(NUmrN,6),b(NEQB,LL),D(G,LL)
2005 DATA 011,021,12,022,013,023/ LOAD',' CASE','EI EN-',Y CTP.',
2006 1 ' MODE ','NUMBER'/

2007 C
2008 REWIND a
2009 READ (8) ID
2010 M=NEQ

2011 NN=NEQEA*NBLUCL
2012 Ci!2013 IF (hO.E0.. UUO I0 u
2014 IF (MQ.EQ.3) Go0 55

2015 REWIND NT
2016 01=011
2017 02=021
2018 GO TO 60
2019 50 01=012
2020 02=022
2021 GO TO GO
2022 55 01=013
2023 02=023
2024 REWIND NT
2025 READ (NT)
202G 60 continue
2027 c-- WRITE (33,2)03) 01,02 'removed as there is a print in, SOLE0
2028 C
2029 N=NUMNP
2030 rewind r.t ! A*AAAAAAA A,
2031 C
2032 DO 500 KK=1,NUMNP
2033 C
2034 I=G
2035 DO 250 11=1,6
2036 DO 100 L=I,LL
2037 100 D(I,L)=O.
2038 IF(M.GT.NN, GO TO 150
2033 IF (M.E0.0 130 TO 150
2040 READ (NTj b
2041 NN=NN-NEOEi
2042 150 IF(ID(N,I).LT.1l 'U TO 2't

2043 K=M-NN
2044 M=M-1
2045 C
204 200 200 Li,LL
2047 200 [ L> ,LL)
2048 250 I=l-I
204) C
2050 cc- WRITE (33,Z&04 N,L,dI'I,L),I=I,6),L=,LL)

, 2051 C

2o52 500 w=N-I

0-30
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-10'3 C
20514 RETURN
2 05 5 C
2-0'6 23.03 FORMAT klH1,36ir U bi E Li I 6P L A C E fl E N T S/

207 1I-HR Ci A I 1 N S, ,/ 3X,4HNODE,2X,AG,2(12X,2HX-,V-.,
2058 2 2H-,2 2Z) 'H? NUMBER,2-X,A6 ,3(3X, 11HTRANSLTi ;i,
2059 2 3.,H R 0T A Ti N 1X) 33

1C0 Z'01) 4 FORMAT (Ii C14,:/(7X,I8,GE14.5)
2061 C-- 2004 'kJRMAT (flH0,1G,I6,u~l4.5 I (i,8,EI4.5) )4

2o63 ENJD

2C'05SUBROUTINE SOL li
LA C

207 C' CALLED Bi ELTIPE
2 6 8 C CALLS :ST S-C

2069) C
2o70 IMPLICIT EL(-,C-Z

207'1 C
207 C ? / 0 TO 21 NODE "OLDL ELEMENTS
2073 C
2'074 COMMON /ELieR; A4r- 14),NUMNP,MAND,NELTYP,N,N2,N3,N4,N'JiTu,- C
2075 COMMON /Em/ Nr'S,Nl1,Li(63)
20%6 COiIMON/lUNK/ LT,LH,L,Nb,,S1G.-(42) ,N7,N8,Ng,N1O,N1I,N12,N13,a 14,

2078 COMMON /EXTRkA/ MODEX,NTU,NIOSV,NTlO
2079 C

*2080 COMMON A4,
201C

2083 1 F(NPAR(1I .EO0. 6 0 TO 500
2084 C
21 2085 C ERROR CHECK~S AitD '3ET DEEMULT 'JALUES if' REQU IRED
208G C

20u7WRITE 22',1000)

2 08 9 WRITE ('13,1)00l .NA'JK110)
2090 WRITE (33,10021
2091 STOP
29 2 10 IE(N±-AR(3).'IT.0, GO TO 20O

21093 WRITE (33,1001) HAd,~,0
21094 WRITE (33, 1003)
2 0') STOP
2090i 20 IF(NPAR(4.i.EQ.0) =iAR 1
2 0l IF(NPAR(7) EU.0) NFAR(7 21

IF (NPAk 7 11~E .8 r'lrIb. r AR 7) LE.21) GO TO 30
21099 WRITE (33, 1) Ou If~1,0
-)1 0 WRIT E (22, 1.~4
2101 STOP
-102 30 1EOIPAkJ). DA.j, L1> i
21103 IF(Nf'AR(9)..) E. .AioL. riiR (9) .LE. 4) GO TO 40
2104 WRITE (33, 10'JQ I , J I:10)

.j0 wpRIT E uj
i uSTO 0



.7.

2107 40 IF(NPAR(I0).EO.0) NPAR(10) 2
2108 IF(NAR(IO).GE.2 .AND. NPAR(IO).LE.4) GO TO 50
2109 WRITE (33,1001) (NPAR(R),KzI,1O)

2110 WRITE (33,1005)
2111 STOP
2112 C
-1113 C STORAGE ALLOCATION
2114 C
2115 C A(N6) = STARTING LOCATION Of WEIGHT DENSITY
2116 C A(N7) = STARTING LOCATION OF MASS DENSITY
2117 C A(N8) = STARTING LOCATION OF VECTOR CONTAINING THE ACTUAL

2118 C NUMBER OF TEMPERATURE POINTS FOR EACH MATERIAL T,4LE
2119 C A(N9) = STARTING LOCATION OF nATERIAL PROPERTY TABLE
2120 C A(NlO) = STARTING LOCATION OF DIRECTION COSINE ARRAYS FOR
2121 C MATERIAL ORIENTATION AXIS
2122 C A(NII) = STARTING LOCATION OF SURFACE LOAD FACE NUMBERS
2123 C A(N12) = STARTING LOCATION OF SURFACE LOAD CODE TYPES
2124 C A(N13) = STARTING LOCATION OF PRESSURE WORKING ARRAY
2125 C A(N14) = STARTING LOCATION OF OUTPUT REQUEST LOCATION SETS
2126 C A(N15) = STARTING LOCATION OF VECTOR CONTAINING THE ACTUAL
2127 C NUhBER OF REQUESTED OUTPUT LOCATION IN EACH OUTPUT SET

2128 C A(NI6) = STARTING LOCATION OF ELEMENT STIFFNESS MATRIX
2129 C
2130 50 NG = N5 + NUMNP
2131 N7 = N6 + NPAR(3S
2132 N8 = N7 t NPAR(3) I.
2133 N9 = Na * NPAR(3)
2134 NIO = N9 + NPAR 3) A. NPAR(4) A 13
2135 Nil : N10 t NPAR(5) A 9
2136 N 12: Nil + NPAR(6.
2137 N13 = N12 + NPAR(6)
"138 N14 = N13 t NPAR(.) A 7

2139 N15 = N14 t NPAR(8) A 7
2140 NI6 = NI5 t NPAR(8)
2141 N17 = NI6 + NPAR(7) A 189
2142 C
2143 IF(N17.GT.mTOT) CALL ERROR(NIl7-mTOT)
2144 C
2145 C PROCESS ELEnEUT DATA, AOD GENERATE ELEMENT MATRICES
2146 C
2147 CALL THDFE (A(rI ,A2),Ai(N3),A(N4),A(N5),A(N (NY),A Nb,ANci
2148 1 AtNlO),A(NII),A(NI ),A(NI3),A(NI4),A(N15),A(NI..,
2149 2 N2ARn),NFAR(3,NPAR(4),NPAR(5),NPAR(6),NPAR(?
2150 3 NPAR<),NPAR(9),NPAR(IO),NUMNP)

151 C
4152 RETURN
2153 C
2154 C RECOVER ELEMENT STRESSES (STATIC CASES ONLY)
2155 C
2156 500 WRITE (34,2001"

2157 NUME = NPAR(2)
2158 C
259 re ,d (5, A r, ru.

2160 501 tfAt'.J1,

r - ,40



-'I U-2 if (r:1 . le .0 roju

'163 DO 800 nM=l,NUM-.
'164 C
2165 C --

21 6 CAkA STRESS PORTHOLE
2167 CALL STISC 1),Ai4S),NEOC-
2168 IF(NlOSV.EQ.1.
216'j kWRITE (NTIO) NS 'p

2171 C5-"

217 I(NS.EL I flu TO 2uo
,173 C

2174 C- WRITE (34,5000
217c C

2176 DO 700 L=LT,LH
2177 C
2178 C
.179 CALL STRSC (NI,A(3;,,EQ,>

2180 LOC NS/6
2181 KI -5
2182 C
2183 DO 600 N=I,LOC
2184 Ki = Ki + 6
2185 K2 = KI + 5

218 C
2187 if , .ge.nll .3r, c.~. ~le.r, uuj ther,

2188 IF(U.EO.I) WRITE (34,3001) t,L,N,(SIG(1,I:I,K2)
2189 IF(N.GT.1) WRITE (34,4001) rl,(SIG(1),I=K1,K2)

2190 end if
2191 C
2192 CAAA STREc c. PORTHOLE

219 4 AWRITE (NTI 0 L ,N, (S I ,-I, I, i '2
-'1 9 i C A A
2196 600 COriTINUE
2'197 C

2198 C- WRITE (34,5000.
2199 C 00 CONTINUE
2200 700 CONTINUE

"-J" RETURN '

2203 C
2204 C F0RMiTS

205 C
2266 1000 FORMAT (53H121 - 0 b E 0 L I D E L E M E N T I N P U T ,

2207 l OHD A T , ,38HCONTROL ICOriR'ATION
2208 1061 FORMAT (4OHOERieOR DETECTED WHILE PROCESSING MASTER ELEMENT
2-09 I 12HCONTROL C,[D,'.;u',,H(,15,IH),IIX)

2210 1002 FOkMAT k32H NO 3,D SULID ELEMENTS SPECIFIEI',/IX)
2211 1003 FORMAT (23H NO MrTERIAL'3 REUUESTED, / iX)
2212 1C,04 FORMAT (49H iA.,(Imlm tUrLi,' . E NUDES MUST BE GE.8 ,AND. LE.21,

2213 1cv: ERM;T E42H RMT U ,;T O J .E' tiojT BE GE.2 .AND. LE..I,,

2214 2001 FORMAT (S-if121 - U- b E 0 L I 11 E L E M E N T I E

'"

.......................
~ -c-l



'p

lIl

iA

2216 A23H ELEMENT LOAD LOCATION,9X,GHSIG-XX,9X,6HSIG-Yt,9X,GHSI-Z,-2,
2217 3 9X,6HSIG-XY,9X,6HSIG-YZ,9X,GHSIG-ZX,//IX)
2218 3001 FORMAT (I8,16,19,6E15.6)
2219 4001 FORMAT ( 14X,19,6C15.6
2220 5000 FORMAT ( /
"2221 c
2222 END
2223 C&=--------------------.................--.......--.................. -

2224 SUBROUTINE SSLAW (A, , TMP, LCA,KAXESKMAT,NEL,DUM,ALPHA)
2225 C
2226 C CALLED BY : HD-
2227 C
2228 IMPLICIT REAL8(A-H,O-2,
2229 C
2230 C THIS ROUTINE FORMS THE SIRESS-STRAIN LAW IN MATERIAL COORDINATES
2231 C (XI,X2,X3) AND TRANSFORMS THE MATERIAL SYSTEM LAW TO GLOBAL

2232 C COORDINATES (X,Y,Z).
2233 C
2234 DIMENSION D(6,6),E (12),IEmP(6,6 ),DCA(3,3),IPRM(3),DUM(6,6),
2235 1 ALPHA(G)
2236 C
2237 DATA IPRM / 2,3,1
2238 C
2239 C FORM THE DIRECT STiAIN PARTITION OF THE STRAIN-STRESS LAW IN
2240 C MATERIAL COORDINATES (XI,X2,X3)
2241 C
2242 DO 20 I=1,3
2243 ALPHA(I) E(1+9)
2244 ALPHA(1t3) = 0.0
2245 IF(E(I).GT.1.OE-03) GO TO 15
2246 WRITE (33,3000) I,I,KMAT,NEL
2247 STOP
2248 3000 FORMAT (23HOERRORAAA MODULUS E(,211,16H) FOR MATERIAL,,
2249 1 14H) IN ELEMENT (,15,1OH) IS ZERO., IX)
2250 15 rEhP(l,l) = 1.01E(l)

2251 20 CONTINUE
2252 C
2253 TEM=(,2 -E(4A TEnP(2,2)
2'54 TEMP(2,1) = TEMP(1,2)
2255 TEMP(1,3) = -E(5)A TEMP(3,C)
2256 TEMP(3,1., = TEMP(1,3)
2257 TEMP(2,3) = -E(6)A TEMP(3,3)
2258 TEMP(3,2) = TEMP(2,3)
2259 C
2260 C INVERT THE D IRECT STRAIN PARTITION
2 61 C

2262 DO 60 N=1,3
2263 X = 1.0/TEM?0,N
2264 DO 30 J=1,3
2265 30 TEMP(N,J, - - TLMP(:N,J . ,
2266 C
2267 DO 50 I=1,2
2268 IF(N.EO.) (0 TO ',u

b--42



'44

AS

2269Lu 40 J=1,3
2270 IE(N.EQ.J) GO TO 40 6

22"1 TEMP(I,3) =TErP(1,J) + TEri?(1,N) A TEMPE(N,J)
222 40 CONTINUE
,23 50 TEMPItN) = TEhP(I,r4) A X

2274 C
227- TEMP(N, N) = X

226 0 CONTINUE

-227 3 4- Ok' HECMLT STSi -J-RAr- LAW IN MATERIAL COORDINATES

2281 "o 7 J=1,6

-2203 C
2284 DO 80 I=1,2
2285 DO 80 3=1,3
2286 30' Dl'I,)=TcwI,
2 28 7 C
2288 (,)Zi7
2289 "5,') = &,h,
2290 D(6,6) =E(S)
2291 C
2292 C TRANSFORM THE MAl EkIAL LAw Tu 61LU8AL COORDINATES (XyZ)
2293 C
2294 IF(KAXES.L.T.1) RETURN
2295i C

* 2296 C TRANSFORMATION bETWEEN rATERIlAL STRAINS AND GLOBAL STRAINS
2297 C
2298 DO 100 11=1,3
29 IN)2 IPRM( 1)

2300 DO 90 31 = 1,3
-'SO I32 = IPRn(J~I
2302 TEtIF( I 11LI~ I] i I6(1 11DA c JI, I I

2Q3TEMP( 11*3,11 DCA J II 1), CA J I, 12) A 2.0
TErIP(11 ,I3) DCA(J1, 11Ai)CAJ2, 11,
T'"MP( 1+,J~ 'A 11 AC03,2

LILA,1 J*-0. 32, £ALCA( 1, 12)

2307 9)0 LUNiT INUE
2u 8 100 CliNT Ir4UE

2309 C -L~LSSE
2310 C ROTAITE THiE mATEC, [L 'AW TO U H 00~ SiE

212 DO 120 1=1,6

23 214 X 0.0
2315j DO 110 '= 1 '6
21316 110 X =X + D(I,K)ATLm~kK,J,

*217 1-0 DUM(I,J) = X
* 2318 130 CONTINUE

23 19 c
21320 DO 1IGO 1,
21321 DO 150 J=1,0

X O.Q
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U-7-

2323 DO 140 K=I,b

2324 140 X X + TEnP(K,I)ADUr1(K,.J)
2325 D(I,J) = X

2326 D(J,I) = X
2327 150 CONTINUE ',
2328 160 CONTINUE -
2329 C
2330 C TRANSFORM THE EXPANSION COEFFICIENTS FROM MATERIAL COORDINiTES.

2331 C TO GLOBAL COOkIDINATES
2332 C .4
2333 C
2334 DO 200 1=1,6 -.

2335 X = 0.0
2336 DO 190 K=1,3

2337 190 X = X + TEm?0(K,I)AEK+))
2338 IF(I.GT.3. X =XA2.0

2339 200 ALPHA(I) = X
2340 C
2341 RETURN

2342 END
2343 C&==...---------------------------------------------------------------------...

2344 SUBROUTINE STRESS (STR,B,D,NE-B,LB,LL,NEQ,NBLOCK )
2345J TMPLICIT REALA8(A-H,O-Z,-
2346 C
2347 C CALLS: ELTYPE
2348 C CALLED BY: SOLEG
2349 C
2350 DIMENSION )(NEQ,LB), B (NEB,LL) ,STR(4,LL)
2351 COMMON /ELPAR/ NPAR(14),NOMNP,MBAND,NELTYP,N1,N2,N3,N4,NS,MTOT,ME-
2352 COMMON /JUNK/ LT,LH,IFILL(428)
2353 COMMON /EXTRA/ MODEX,NTS,NIOSV,NT1O,IFILL2(12)
2354 C
2355 READ (8) SIR
2356 NT=(LL-1),'LB +1
2357 LH=O
28 C AA -TRESS PORTHOLE

2359 IF(NIQSV.EQ.1)

2360 AWRITE (NTIO) NELTfP,NIT
2361 C
2362 DO 1000 II=I,NT
2363 C --
2364 LT =LH+
2365 LLT=I-LT
2366 LH=LTtLB-1

2367 IE(LH.GT.LL) LH=LL

2368 C
2369 C MOVE DISPLACErMENTS INTO CORE FOR LB LOAD CONDITIONS
2370 C
2371 REWIND 2
2372 CAAA STRESS PORTHOLE
2373 IE(NIOSV.EQ.)-
2374 AWRITE (NTIO) LT,LH S
2375 NO =NEOBAibLOCK
2376 DO 200 NNI ,NbLOL."

b "*../.44d' '.V.Q -



2377 REAL' (2. b
2378 N=NEQB
2379 IF (NN.EO.1) N=NEO-N~tNEOB
*-3 80 NOZNO-NEOb
2381 DO 2,00 Jrj1f4

2382 I=NQti
2283 DO 200 L=LI-, LH '

2.384 K=LtLLT
2'385" 2 00C D k ,K =bK'I , L
'336 LKzLH-L.Tr1
-l87 C
2338 C CALCULATE 1 ,ID'-Qm r ; LL ELEMENTS FOR LB LOAD CrDI u

9 2389 C

2391 D'0 1000 l1i, N ELT F
2392READ (1) NEAR

2 39 3 CAAA STIRE'SS' PORTHOLE
2394 I(lS.U1
_2395 AU'i *RITE (rtilfl rihi
21396 MTYPE=NFALR. 1.'
2397 NPAR(lsuv
2398 CALL ELT4PEkAIT? L
2)399 1000 CONT INUE
21400 C
2401 RETURN
2402 END

24104 S:-UBROUT THE 'STRSC, SI3R,L',NIEO ,NTAG)
2405 IMPLICITRLL8-,-
2406 C

-7 C CALLED Li': IRUSS,LE't1,?LANE,THREED,SHELL,FOUJND,PIPE
24-03 C
2409 DIMENSION 5TR(4, U ,D(NLO, 1)
2.110 C OMMON i um<K L T ,LH, L ,IPAD,SG (20), SIG ( 7 EXTRA 1S6
21411 COnnON /EMt' NS,NL',B(42,32-),TI(42,4),LM(63)

2412 C
- 2413 IF' -NrU. 0 TO 3c0
d2414 LL=L-LTr1I

2'415 DO 0 Ii N S
2416 56. I " =0.6
2417 DO 300 3=1,4 p

24118 J00 S6,( I )z=S,I t.'f I1,1 <Ih.,L)
2419 1 0 00 J=zI ,Ni'
2420 3JJLM( I)
2421 GOJEO& TO S0OO
2422 Lu 400 I=1,NS
2423 400 S 1( 1 j 1 i b 1 ADLi J JL L
2424 C
242'5 500 CONTINUE
2426 GO TO 900
2'427 800 READ (1,1 1& .Ln\i It I -1ID ,( (1 B IJ3 I ,1 J I T1N :
2428 1 (1111 ,M ,'
2429 Dki~j RETURN

2430 END,



2432 SUBR OUTINE 218R21 (E,B,S,XX,NOD9,H,P,SIGDT,DELT,FT,DL,XM,NEL,ti,
2433 1 IELD, IELXKTL,KGL,'MS,N INTNINTZ,WTDEN,MSDb)EN
2434 C
2435 C CALLED BY : THDE"
2436 C CALLS : DER3DS
2437 C

2440 C I
2441 C .............. ....................................
2442 C
2443 C
2444 C HEXAHEDRAL CURVILINEAR THREE-DIMENSIONAL ELEMENTS
2445 C
2446 C ISOPARAmETRIC Ok SUBPARAmETRIC
2447 C ,
2448 C
2449 C ................ ........................ . . . . . . ..
2450 C
2451 C
2452 C
2453 DIMENSION E(,I;,b(6, ,SW,1),XX(3,1,NODg(1),H( ,P'3,
2454 1 IGDT(D,D2LT(1),FT(1),DL(1),Xh(I ,D(9),SLT(6),b , , ;
2455 2 U(3) , FEkr(3,3),)DX(3),LDX(3)
2456 C ,3.
2457 COMMON /GAUSS/ XG(4,4),W63T(4,4)
2458 C REAL MSDEN
2459 REALA8 MSDE-
2460 C
2461 DATA IPERM / 1,4,6, 4,2,5, 6,5,3
2462 C
2463 VOL = 0.0
24G4 C
2465 C DETERMINE IC THE nATERIAL IS ORTHOTROPIC (ISO.EQ.I, ISOTR6iIC.
246G C
2467 BUM = 0.0
2468 DO 20 1=4,6
2469 1 1--
2470 DO 20 k=l,J
2471 20 BUM = DUM +bAbS(EK,I))'
2472 ISO = 1
2473 IF(DUM.GT.I.OE-6) ISO 0
2474 IF(ISO.EO.0) GO TO 24
2475 DO 22 1=2,3
2476 DUM = DUM +DABS'E(1 ,I -E(I-1,I-1))
2477 22 DUM = DOM + bA BS(.( I + , It3) -E( 1+2,1+2))
2478 DUM = BUr +1'AbS(E(1 ,2 ) - E(2 ,3 ))
2479 DUM = DUM +bAbSEk2 ,3 ) - E(3 ,l ))
2480 IF ( DUM.GT.I.OE--6 ) IS0=0
2481 24 CONTINUE
2482 C
2483 C
2484 C VOLUME INTLuRAT ION LUt'.

I -46"
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2485 C
2466 C
2 4 7 DO 10 LX-1,NINT
2488 DO0 10 Lfzi,NINT
21489 E1=XG(LXNINT)
2-190 E 2 = A G 0,N I NT )

,19 I DO 10 LZ~l,NINTZ
2492 E3X(ZNNZ
24'3 C
14,74 W T WGT (LAk, f(i f T A i' I Li , N 1IT A W GT LZI7 Z

24 ' u L E',IALLIATE IT :, IN- I 1JPi L EnCNT MATR IX Bi AND JACOB IAN~ LE".Ezi
C,

2'4j6 C HL L L i;'A3Lb: kP ~EL , b L T, E 1, E 2,E 3),N0D 9,HPI E L. i, jE Wf

2 5 00 C ADD LDNTR I.UTIO 1D 1 ELEmnE T '31IFFNESS

~502FACT = TA LiET
25F ACT-'[S~T L~AT

2S04C

2500K3 3 3I
21507 K2 K .5

250& KI ,2
2509 8'K) b1rI f*CTI

2510 bv K2) L,2,K I2)A FACTZ
211 Y,3 Bi(3.K3)A FACT2

2512 25CON! lINhE

214 [D0 30 1-1,N1,
2515LIU 30 Jz1,cND

2516 30 SkI,J) = S,I,J)i + bVYWA bV(J)
25lj17 c

258C ACCUMU'2ATE ELLEEN VO6LUME

2520 VOL = YOL t ACT

2522 C COmPUTE Gk~iTf L 0A 11
25j2 3 C
25)24 lF('L.Eu.'l) u2 Tu 15 0

25 I b' CL , L . K) K L AriLLA WTDEN

258C COMPUTE TfIERMAL LuAD i~3 i0 FORCE VECTOR
2529 C

231
2532Z C 1. ELEflLNT LLmfiE RATU RE Di I F ER<ENC E AT TN I~ I ITEi-PAT IlJ, i-r l

253 4 C
25:U [T = .t)
250 '01DO1 IELI,
257 100 LiT DT t ~ LiELT

q 4*~,C
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250C2 NTA SRSE AT (R,S,T,

2541 C v

.542 DO 170 K=1,6
2543 170 SDT(K) = SIGDT(K). DT ',
2544 C2545 C 3. NODE FORCES:-
2546 C
2547 DO 180 K=,14D S

2548 DO 175 =II, F

2549 175 T(K) = F,(K) t BTkI,K), SDT(1)

2-56 190 CONTINUE

25570 10 CONTINUE

2558 C
DO 35 IL,2

25)60 IC ND- I
2561 DO 35 J=,IC
2562 M=J+I
56 3 35 S(MJ)= J

2564 C
,,5 C COMPLETE THE K-ATRI WITH APPROPRIATE MATERIAL CONSTANT ULT- 

2J66 C 0LICATIONS OF THE 1UETE13RATED B(I)AB(J) ARRAY.
2567 C
256 C 1TETFOR mAERA TYP~E
2569 C
2570 IF(ISO.EO 0.-I TO .

2571 C

2572 C IS OTROIC mATERTAL
2573 C

2574 DI E(1,l)
25 2 = E ( 1,2)i
2576 03 =E(4,4.'
57 C

2578 D 0 60 IAILLD
K59 3 = 3

2580 K 2 K .

2582 K 1 K2-1

2583 DO 60 J=IIELD
2584 L3 = 3(,

* 7L8 L L3 ,
* 2586 Li = L2-1

2587 LO = LI- *1
2588 K2=K-C'

2S89 I = , -j

2590 DO 40I-1,3
*21 11+ h o

.. 2 DO 40 fJ=lI,

2584 L3.=-3*i]
.J8., L = L3-

25 6 l L -



593 N = JJ+ LO
294 IC = IC+ I
2595 D(IC) = S(M,N
2596 40 CONTINUE 
2597 C ".

2598 S(I,L1) = [LI DI t ,D5) + D(9))A D3

-1599 S( 1 ,L2) = bi5)A DI I- I [,(1) + D(9))A D3 Of
-1600 S(I<3,L3) f n9' D1 t (L(5 5 + (1))k 13

I S KI(K1,L2 [,( 2A D2 + [, 4A D3
.602 S(K2,Li ) , 4 ', D 2A 113
2603 S(K2,L2 .. 'o)A lii D'. A D3
-'604 SI3,L 2 b +. [,' L ,3 "

2605 S(K3,LI) k 'A D2 I- L D 3
260, S 11,L3 U A L D [k L3 b -

260, C
.130 60 CONTINUE
.109 C $2
2610 GO TO Ill.0

2611 C
2612 C B. i N I I]PO-iL T E >L
2613 C
2614 75 [0 100 =[ I LD

2615 KO = 3AI-3
2616 DO 1 30 - 1, lOLL',
2617 LO = 3A-3
2618 C 9.

2619 DO 80 111,3

220,-, 1 Ih+1
2621 DO 30 J J,
2622 N = JJtLO
-.623 WII,JJ"
26 24 80 CONTINUE

2626 DO 100 i>1=j,
262'? II = K0+i.
2628 DO 122 I=1,3
2629 32 K ,IbI. IEl<m I1],
2630 DO 95 LziL
2631 12 = LO+L
2632 DO 83 IJ> i , 3
2633 83 L U IX IJ1 'i M' I],J L
26,4 C

2636 C

2637 Du 9)0 It,

.0831 D1 r. ['AIi
26,0 62 = LD .J
.641 C

2642 .S : nLsfl .t iM, U ., ,r,'"
-u43 90 LONT INUL
-644 C
.],45 S.. II I .
.14G L

,, d N
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2647 95 CONTINUE
2b48 100 CONTINUE
2649 110 CONTINUE
2650 C

2652 C REFLECT FO[R SimnETii
"6 ,3 C
2654 DO 200 I=i,;41p
:655 DO 200 J= I, It

2657 C
6 58 C CONSTRUCT Ti LlimPEi' MASS6 MATRIX
265 9 C
260 IF(KmS.E0.Q) RETUrhN
2661 C
2662 FACT = IOLA MtDEN/ IELD
2663 DO 0 "o K=,ND
2664 220 XM(K) = FACT
2665J C
2666 C
2667 RETURN

*2GGa ENE,

*2670 SUBROUTINE THDFE (1D,X,Y,ZT,DEN,RHO,NTP,EE,
2671 1 DICA,NFACE,LT,PWA,LOC,MAXPTS,SS,
21672 2 NUME,N4U~hAT,hAXTP,NORTHO,NDLS,MAXNOD,
2673 3 NOESET,lNTRS,INTT,NUMNP)
2674 C
2 6 75 C CALLED BY : SL21
2676 C CALLS 1tP21,CALBANI,SSLAW,DER3DS,ST8R21l,FACEPR
2677 C
2678 IMPLICIT kELA8tA-H,O-7Z)
2679 C
2680 C ROUTINE FOR THE STIFFNESS, MASS AND STRESS MATRIX GENERATION
2681 C FOR THE 8-TO-21 NODE ISO-(OR SUB)-PARAMETRIC ORTHOTROPIC
2682 C HEXAHEDRON.
2683 C
2684 COMMON /JUNK/ XLF(4),YLE(4) ,ZLF(4),TLF(4),PLF(4),EILLU(22. ,V2k3 ,
2685 I F'ILL2(12.),LS(4),K'LS(4),NOD(-21),NOD9M(13),KOD(2-1.,
2686 NREAD,TAG,E(12))
2687 COMMON /ELPik/IFILL3(15),MBAND
2688 COMMON /EM/ S DT(42,63),SF(42,4),NSND,LM(G3)

* 2689 DIMENSIOti RF(63,4) ,XM(63) ,D(6,G) ,TEMP(6,6) ,DUM(6,6),
2690 A ALf'HA(6) ,XX(3,21),B(6,63),H(21),P(3,21),SIGJT(6),
2G91 A DiELT(2-1) ,FT(G3) ,DL(21),PFL(63) ,LOCOP(7) ,VIS(6)
2692 C
2693 COMMON /GAUSS,' (C(4,4),WGT(4,4),STPTS(27,3)

*2694 COMMON /DlYN / IEILL4(11i,NDYN
2695 COMMON /EXTRA/ MODEX,NT8

*269G6C
2697 DIMENSION ID(NUMNP,1),X1l),Y(l) ,Z(1),T(l),DEN(1),RHO(1),
26%c NTP(l),EE(MAXTP,13,1),DCA(3,3,1),NFACE(1),LT(l.

* 2~~~'699 2 W(,)LC7iACJ.631
2700 C

%-5



2701 c
2702) DATA 161, T132 .''

2n703 STFTS(1,1Vz1.
27o4 5TPTS(4,1 -I.

-08

7 10
2711 STPTSV 'A

27 STHS(10, 1'

2714 S T FT1 1,1'

271'6 ST p IS 13 1, 1.
271G SIFTS 14, 1, 1
278SIPTS 1'j, I

718 ST c16, 1 1.
PTS17 1)1

S T P i ) ( 1 i%

2724 ST1PTS(2211 1.N

2 726 STEPT3'(.41) .

2727 STPTS 2 0 .
2728 TT~ 4~

2729STPTSC'',1 O.
2730 STPTSkI -)I.
271 STFTS(2,2)1.
2732 STPIS(22)=1.
2733 STPTS(4 Th 1.
2734 SIPTcS(5, !)=1

35) TP IS (6 , Z
-'7 3uSTi'TS(7,2) 1.

2738 5 TP1 (1 )q 1.

2,7 40 STPTSO(1,)1

2741 Z5r(1'
-1744STPTS(1 '-1.

27 43 ~ ITT,) ( 1
2744 1T6~1
27 45 SIFTS( 18 2 1
21748 STPTS( I I.

27 49 STPTS(1, 1
2750 STPTSl 1 :-- .

2750 STPTS(22,2)=O.
2751- SlfeTS(23,2)O.

2/53 STT'P 24,I 1
2754 SPSt,~-



27SG

STPTS( 2,3)=.

276 STFTS(2720

-, STPTS( 71j i-I.

59 STPTS(
-75 TPTS( 9,3)= 1.

2761 STPTS(12,'))=-I.

269 STPTS(137 1-I
27706 STPTS(18 3)= 1

675 STPTS( 1,3 -.
27672?S~0~ I

2773 STPTS(17,3)=v1

2769) STPTS(19,3')=i.
2770 STPTS(20,3h-l.
2771 STPTS(21,3)=-L
2772 STPTS(I16,3)=-1.
2 779 STfPTS(27,3)=.

2770 STPTS(24,3)=O.

2776 STf'TS(2cl,3)=0. -

27778 STPTS(-1,3)=l.
27786 STPTS(27, 3)=0.
2778J ST( ,) 0. S

2781 f CI, S( ) 3)0.

..7873r(,) 0

278 XG(1,1') .57352618-0
2789 xG(2, 1) = .5751689D
270XG(3,2) 0.

2 XG(, 1 . 4566944D

27893 (02,3) = 0.57302a89
27904 XG(3,3) = 0.74962icD
179 c) Gr(4,2) 0
2.796 XG(1,4) -. 6 3 19 4 1 D0

2797 XG(2,4) - .3399810435849D0
:78XCI(3,A) .339981043584900

2799 Xf0(4,4) .361136311594110
2800 WGT(l,l) .0
2801 WGT(2,I) =0.0
2802 WGT(3,1) = 0.0
2803 WGT(4,1) = 0.0
2804 WrGT(l,2-) 1.0

18 v- WUT (2,2 2) = 1.0

2806 WGT(3,2) = 0.0
2807 Wr3T(4,2) =0.0
288WGT(1,3) = .j j5 5555'i'i'1 6 [10



280WGT(, 3Joob~ 33 [0St6 1k

"all WGT(4,J) = 0-

2812 WGT(1,4) = 3478t46-451375 Do

201 W G T(2, 4 ju2 154 j2 [O

2814 1O(, u214 154bbu25 Do

W 1 T G4 , 4) 4- J'4i 13. D
2816 C

2817 NTBSV

2818 DO 10 1=4,U'
_-;8i9 DO 10 Bi3

2 b211 DO 14 I~1,4
222 DO 14 >1i,4
22 23 14 SF (I1, j)~
2224 C
2825 C PR INT ELEMEN'' COR L
2826 C
2827 WRITE(3,01
2628 1 1NI
2329 C
28B30 C READ APND iHECf li UJ[ UP T6 THE ELEMENT UATA CARDS

2831 C
2832 CAILL INP21 (NUmnA,,AXTP,NORTHO,NDLS,NOPSET,NTSV,iinrfP.(. I

2833 1 f,2-,'1EN,RHO,NTP,EE,DiCA,NFACE,LT,PWA,LCvflhAFTS )

2834 C
2835 C READ ELEMENT DAT' AD

2836 C
2837 NREAUb 3

2838 IF(MAXNOD.GT.8) NRhEAD 1

2839 C
2840 WRITE (3-1,3014) 11,U

21341 IF(MAXNOD.GT.8)
2842 WRITE (33,3016) (1,>9-:,21)
2843 C
J44 NEL = 0

2845 C
2346 C CARD, FOR EL~mLiT NUmbEk ONE ONLY

2847 C
2848 READ (5,10u8) INEL,r)iII,NXYZ,MAT,MAXES,1 OPT ,T,NK'l.",. LiUi

2849 1, 1REUSE ,(L.:(1,1=1, 4
2850 READ (5,09 N1(,zRED

2351IREUSE =0

2852 1',1,EL.EQ.l) FO TO 51 '

2353 WRITE (33,4014. 1i'ZL

2854 WRITE (33,4014)
235 STOP

2856 C

2859 50RA 5,1'
236 S, REUS (L3i( 6 I, N E ,4NL SN MATMAXS,1

2361 READ N5,Li0 flD1 1 1 , N RE AD1

b-53



2863 C DATA ADIuSSIBILITY CHECK
2864 C
2865 51 IE(NDIS.EQ.0) NDIS =MAXNOD
2866 IF(NtiIS.LE.MAXNOD) GO TO 5051
2867 WRITE (33,3015) INEL,NDI-S,NXYZ,NMAT,MAXE-S,IOP,IZ,KG,NRSINT,NTINT
28G8 1, IREUSE,(LS(I),I=1,4)
2869 WRITE (33,4015) NDIS,MAXNOD
.Z370 STOP
2371 5051 IE(NDIS.GE.8) GO TO 52
2872 WRITE (33,4023) NDIS
2873 STOP

2874 52 IF'NXYZ.EQ.0) NXYZ =NDIS
2975 IE(NXYZ.LE.NDIS) GO TO 5052
2376 WRITE (33,4016) NXYZ,NDIS
2877 WRITE (33,4099)
2878 MOEJEX =1
2379 GO TO 53
2880 5052 IF(NXYZ.GE.8) GO TO 53
2881I WRITE (33,4024) NXYZ
2882 WRITE (33,94099)
2833 MOEIEX =1
2284 53 IF(NMAT.GE.1 .AND. NMAT.LE.NUMMAT) GO TO 54

28db WRITE (33,3015) INEL,NDIS,NXYZ,NMAT,MAXES, IOP,TZ,KG,NRSINT,NTINT
2886 1, IREUSE, (LS( I), 1=1,4)
2887 WRITE (33,4017)
2888 WRITE (33,4099)
28 8 MOEIEX =I
2890 54 IF(MAXES.LE.NORTHO) GO TO 55
2891 WRITE (33,3015) INEL,NDIS,NXYZ,NMAT,MAXES, IOP,TZ, ,G,NRSINT,NTINT
21892 1,IREUSE,(LS(I),I=1,4)
2893 WRITE (33,4018)
2894 WRITE (33,4099)
2895 MODEX 1
2896 55 IE(IOP.GE.0 SAND. IOP.LE.NOPSET) GO TO 56
2897 WRITE (33,3015) INEL,NE'IS,NXYZ,NMAT,MAXE3, IOP,TZ ,K'G,NRSINT,NTINT
23 9 1,IREUSE,(LS(I),I=1,4)
Z2819 WRITE (33,4019)

2900 WRITE (33,4099)
2901 MODEX =I
2902 5G DO 57 I=1,4

2903 IF(LS(I).GE.0 .AND. LS(I).LE.N[,LS) GO TO 57
2904 WRITE (33,3015) INEL,NEIS,NXYZ,NMAT,MAXE-S,IOP,TZ,K'G,NRSINT,NTINT
2905 1,IREUSE,(LS(J),J=1,4)

290G WRITE (33,4020) LS(I)
2907 WRITE (33,4099)

*2908 MODEX 1
2n09 57 CONTINUE

2911 c DEFA~ULT VALUES iF REtiUIF~l

2913 IE(KG.Eg.0) KG 1
2914 IF(NRSINT.EO.0) NRSINT =INTRS
2915 IF(NTINT.EQ.0) NTINT INTl
2916i C

B-54



a, -,- .. :%,., , . , & . ,a-., . - - -,, -. _ : . .4 a.., - - .'--4' ' " ,

2917 DO 58 Iz1,8
2918 IF(HODI).G3.1 .A~iQ. NO ).LE.4UMNP) 60 TO 53

2919 WRITE (33,3015, INEL,ND1S,N.VZ,NMATMAXESIOP,TZ,Kj,NRE lrUTufTlNT
2920 i, IREUSE, (LSE) , J=1,44

2921 WRITE (33,4021) I,NOD ,,

£.922 STOP

2923 5S3 CONTINuE
2924 IF ,nAsnOb.LT.9) G TLO

nqflc
--- U11= 0

, 92 DO 59 1=9,21
2927 IF(NOD(IGEO.0) CO TO $ 5"
2928 II= 1

2'929NOD9ii (ID I 4

2930 IFkNOD(I,.LE.NUmNP 10 T 59

2931 WRITE (3S,3015) INEL,NDIS,NXYZ,OMAT,MAXES, IOP,TZ ,KG ,NRSi .uT J.l

2932 1, IREUSE,(LSj) ,J=1,4)

2933 WRITE (3.,4021) I,NODIk1

2934 STOP
2935 59 CONTINUE

2936 C
2937 1 II t 8

2938 1F(I.EO.riDIS) ,0 IN 60
2939 WRITE (33,4025. I,ND3
2940 STOP
2941 C

a, 2942 60 NEL = NEL t I

293 ML = INEL - NEL

2944 IF(ML) 65,-,30
2945 65 WRITE (33,4022; iNEL
2946 STOP
294? C
2948 C SAVE THE DATA FOR ELEMENT NUMBER AINELA FOR POSSIBLE USE Ir

2949 C DATA GENERATION'
2950 C
2951 C
295 2 70 KDIS = NDIS

2953 KXfZ NXIZ

-2954 KMAT NmAT

29, KAXES MAXES

2956 RIOP = Iop
2)57 TTZ TZ
2958 K K = KG

2959 KRS INT = tS £i
2960 KT INT = NT iNT
2961 KREUSE = IPEUS"
2962 DO 72 11,4

2963 72 K LSE(I) = L3(i)
2964 DO 74 I=I,NriEAD

223. 74 OD(1 I) =  NOL,( I)
0 2966 TAG = TGI

2967 C

2968 GO TO 9Q
2969 C
2970 C INCREMENT TiE N Ni-ZEPiJ NUDE NUMBERS FROM THE FRECEEDIN ELEmENT

a.-5
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L ~~~~2863 C DATA~*iISi~I lI HC

2864 C
2.965 51 lE(Nbl.Eo.o) NLxI~nAN

~9?1 C
2972 s0 DO 85 I=I,NREA0
2973 IEKDI.~~ GO TO 8,
2974 KODCI) = 0D( I t K
2975 85 CONTINUE
-2976 TAG 162
297? C
2978 930 NOj 3 A KLd11
2979 C
2980 C COMPUTE THE iVER~lE ELErmENT TEMPERATURE USING COORDINATE NODES
2981 C
2982 TAV 0.0)
29 83 Li0 95 lll=1,iAY
2984 1 = Ka0DK)
2985 95 TAV TAV t T1W
2986 TAV = TA;V .KXiZ
2987 C
2988 C PERFORM TEmPERPATuLE 1r4TERPULTION FOR THE PROPERTY SET
2989 C
2990 NT =NTPki~nAT)
2991 IF(NT.G1.1) GO TO 100
2992 97 DO 98 1=1,12
2 )93 98 E(I) =EE 1,I11, KAT
2994 GO TO 1121
2995 100 E(V..E,11mT)GO TO 104
299G 102 WRITE (33,4030) TAV,NEL,<MA~T
2997 STOP
2998 104 IE(TAV.GT.EE(NT,I,t'1Ar ) (-,0 TO 1021
29 29 IE(TAV.EO.EE(1,l,KhAT)) GO TO 97
3000 C
3001 IE(MODEA.EU-1) 'ju TO 112-
3002 C
3003 DO0 106 K=Z,NT

3004 K 2 = 1

3005 Ki--K-
3006 IE(TAY.GT.E 1,I,.IKAT) .AND. TAV.LE.EE(iK2,1,tMAT)) GO TO 108
3007 106 CONTINUE
3008 108 DTl EE(K2,1,KMAT. - EE(KI,1,i'MAl)
3009 RATIO = TAV - ZE0f1,1,KtMAT)) /DT

3010 DO 110. 1=1,12
3011 110 Ekl) zEE0'1,Itl,KmAT) + RATIO AkEE(K2,1+1,KMAT)-EE~f1,Itl,Km~,lT,
3012 C

43013 112 CON1TINUE
5014 C
3015 C FORM THE TREEI--tIRAIN! LAW IN MATERIAL COORDINATES AND TRANSFORM
3016 C TO CLODiL k, ,. Coukl' INATES
3017 C
3018 IF(nOljEX.EG.0)
3019 ACALL E5SLAW (Di,E,rE P?,LiCA(1,1,1,AXES),KAXES,I',MAT,NEL,DUM,ALPHA)
3020 C
3021 C STUI<E THE NOSE LOORL' L4ATES FOR THIS ELEMENT
3022 C
3023 IF(rmOEX.EOi.i -Jfi TO 410
302,4 C

AS A



3025 DO 130 I=1,KDIS'
3026 II = K1ODU()
3027 IF(I.LT.9) GO TO 125
3028 3J = NOD9M(I-8)
3029 II = KOD(JJ)
3030 125 XX(l,I) = XIID)
3031 XX(2,I) = f(II)
3032 XX(3,I) = Z(II)
3033 130 CONTINUE
3034 C
3035 C COMPUTE THE ELEMIENT STIFiNESS, MASS, THERMAL AND GkAVITI LOAD-
3036 C MATI ICES
3037 C
3038 DO 170 I=i,3
3039 DO 170 3=1,,.
3040 170 RF(I,J)=0.0 i_
3041 C
3042 IF(KREUSE.EU.l) GU TO 300
3043 C
3044 DO 180 1=1,iDIS
3045 130 DL(I)=0.O
3046 DO 190 I=I,ND
3047 C
3048 C
3049 1 1. THERmAL LOADS
3050 C
3051 190 FT(1)=O.O
3052 KTL = 0
3053 DUX =0.0

3054 DO 200 I=1,4
3055 200 DUX = DUX ±DABS(TLF(1)
3056 IE(DUX.GT.I.OE-06) KTL = I
3057 IF(KTL.EOW) THEN U

3058 WRITE(99,A) '$$$$$$$$ ktl===l'
3059 END IF YIY
3060 IF (NDYN.GT.0) TL=O
3061 IF(KTL.EQ.0 .DR. NDPIN.GT.0) GO TO 235
3062 C
3063 C A.INITIAL STRESS CONSTANTS
3064 C
3065 DO 210 1 1,6 ON
306G SIGDT(1) = 0.0
30a7 DO 205 K=1,6
3068 205 SIGDTI) = SIGDI(I) t D(I,K)k ALPHA(K) I changed to I .irst)
3069 210 CONTINUE
3070 C WRITE(28,A) 'si.Jt in THDFE'
3071 C WRITE(28,A) s3t( ,k=,3) t(VK
3072 C
3073 C B. VECTOk OUF NODE TEMPERATURE DIFFERENCES
3074 C
J075 DO 230 I=1,KDIS
3076 II = KOD(1)
3077 IF(I.Ll.9) GO TO 220
3078 3 = NOtvM(1-8)
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3079 IT = ROD.
3080 220 DELT(I) =T(II) - ITZ
3081 230 CONTINUE
211082 C
3083 C C. CLEAR THE THERMAL LOAD NODE FORCE VECTOR
3084 C
3085 C 2. GRAVITY LOADS

3086 C
3087 235 DUX=O.0

3088 DO 250 1=1,4
3089 250 DUX = DuX tDABIJLiE, ) +DABS(YLF(I)) +DABS(ZLF' .I,

3090 KGL = 0
3Q91 IF(DUX.GT.i.oE-,i kL =I

3092 IF (NDYN.f.0 KBL=0
3093 C

3094 C
3095 C 3. MASS nATRIX

3096 KMS = 0
3097 IF(NDYN.GT.QJ KmS =

3098 C
3099 DO 270 K=1,ND

3100 C
3101 C 4. STIFFNESS mATRIX
3102 C
3103 270 XM(K) = 0.0

3104 DO 280 I=1,ND
3105 DO 280 K=IND
3106 280 SS(I,1<) = U.O

3107 C
3108 C

3109 CALL ST8R21 (D,B,SS,XX,NOD9M,H,P,SIGDT,DELT,FT,DL,XM,NEL, rfLh,DIS,
3110 1 KXYZKTL,K KL,KnS,KRS INTKTlNT,DENKMAT) ,RHO( KMAT
3111 C

3112 C
3113 C NODE FORCES DUE TO THERMAL DISTORTION
3114 C
3115 300 IF (KTL.EQ.CA 30 TO 225
3116 DO 320 I=1,ND.
3117 DO 310 K=1,4

3118 310 RF(I,K) = 10T(I TLF(K,
3119 320 CONTINUE
3120 C
3121 C NODE FORJCES DUE TO STATIC ACCELERATIONS

" 3122 C
3123 C
3124 325 IF (KGL.E0.%i GO TO 350

3125 DO 340 1=I0,15 I
3126 K3 = 3A1

' 3127 K 2 = E3-1

3128 K1 = K--1

3129 DO 330 L=1,4
3130 RF(KI,L) RF(K1,L) t XLE'(L)ADL(I)
3131 RF(K2,L) = RFE'2,L) + YLF(L)A DL(I)
3132 330 RF(h3,L) = RE'K3,L) t ZLF'L)* DL(1)

v--S
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7V: A- .- -. - 77-7. *

3133 340 CONTINUE
3134 C
3135 C COMPUTE N6DE FOi.CES DuE TO ELEMENT SURFACE LOADINGS

3136 C
3137 350 1F(NDL.L". L.-IJ k. L& u.T.0) G0 T0 405
-'133 C
1113) DO 400 L 1,

3141 M :KLS(,
142 P} .Lr T& q 1

3143 D 0 K I'

3144 C
31i45 360 FLw.) O

C.~LL ..... :LL L'i " NCD9M,H,?,FL,NFAC6 m1,LT' 2:3146 CALL F',E i..; , D 1, . ..,
314'7 1 PwA i,n; ,ii

3148 C
3140 DO 7 0 ?11,,D
3150 C
3 15 1 1'70 &F(IL) ,I L r iL t , PLE(L)

3152 400 CONT INUL
3153 4 05 CONT INUL

3154 C
]155 C AcS5 IN LuUAiui mjnbE3 TO THE ELEMENT DEGREES OF FREEDOM

3156 C
3157 410 K = -3
3153 DO 420 1=1,KDIS
3159 II = <OD(I,,

310 IF(.tT.-L ) GO TO *,fiJ
3l1u JJ NoDgtiI-8
3162 II KOD(J
3163 415 K = 3
3164 DO 420 L = ,3
2105 u :i i
3166 42' Lnnr = ID I,,i,L:
3 1b7 C
2168 1L(K IGP.0T.O} aS - 0AiA.TS(KIO?)
3160 11>KIO.2.0i Nu = L
3170 IF (riDt.T.. uNL42

_2121 C

3172 C 'AYE sTIFFNES Avi LOAD nmATRICES

3173 C
3174 CALL C'ALL.AU (uir l' DDIF,Lm,XM,SS,RE,ND,63,NS)

317G C COMPUTE 0TRESS ECOVERi MATRICES
3177 C
3178 IF (ND i.L.T 1 ,, T2 425
3179 NOP=7
3180 DO 422 1 I,7
3181 422 LOCOP(I1- + 'u
3182 GO TO 450

3103 425 IF (KIOP.Eu.u 'jO TO 4.10
3184 NOP = M,'.PTS.Klop,
3135 DO 430 I=1 NOP
13 4S0 LOC OF,. I LOC[t Iu16

ND 59
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3187 GO TO 45u

3188 440 NO? = I

3189 LOCOP(1, = 21

3190 C
3191 450 IF(MODEA.Eu., '.U TO 5iO
3192 C
31'93 C CONSIDER EAiCH Ui-UT LuCATION

3194 C -

3195 DO 500 Lzi,rouP

3196 C
3197 M= LOCOE,L"
3198 E1= STPTS(in,b p-

3199 E2= STPTSrn,2)
3200 E3= STTS(m,3 ':
3201 C
3202 C COhPUTE THE ITA IrN-DISPLACEmENT MATRIX AT THIS LOCATION
3203 C
"204 CALL LEh31[VS ,NEL, t,.XDETE1 ,E2,E3,NOD9M,H,?,KDISKXtZ.
3205 C
3206 DO 470 I1, ,

3207 N= 6AkL->)I
3208 DU 46'j 3-1,N b

3209 0 = 0.0
3210 DO 460 K1.u
3211 460 0 = 0 + [( I,K)A boK,J)
3212 465 SDT(N,J) z 0
3213 470 CONTINUE
3214 C
3215 C FORM THE lruITIAL ZILK SS CORRECTIONS DUE TO THERMAL LOADS
3216 C
3217 IF(KTL.Eu.0 .OR. NIDu .'3T.0) GO TO 500
3218 C
3219 C
3220 C 1. TEiPERATUkE U iFEiENCE AT THIS LOCATION
3221 C
3222 = 0.0
3223 DO 480 K -I,1"1 i',,
3224 C
3 225 C 2. YECTOR OF INITIAL STRESSES
3226 C
3227 480 0 : + H"r)A DELT(K.
3228 DO 485 K =I
3229 485 VISK) = O A SIfj[,T(tJ
3230 C
3231 DO 490 1=i,u
3232 N = G L-,tl
3233 C
3234 DO 490 K=1,4

3235 490 SF(N,i<) YIS(I't TL ,,-
3236 C
3237 500 CONTItNUE
3238 C
3239 C SAVE THE STRESS REOYEIVRY NRRAYS

3240 C

,A



3241 C
3242 510 CONTINUE
3243 c
3 2 44 IF(MODEX.EO)

3246 RIE E ( NS LM2 I~ 1, ND SD I J1 I 4)S
*324G C

]2143 C PR INT DiiTA fi. THE CJJRR-EtT ELEMiENT
3 249 C

WRIT NE Kkit Ii I~ SL, , KAYh Z , K lA T KAX E SKIO T,&~T .J
j5 I1,REU':E K

w3252 d1T Z ( 3 , 3Qo1? uLW1 I E A D
3251 C

3254 C, A A LA TA PORTti6LE

3 2 d6 1WRITE (NTj) NE K E; 15,KX 12,K AT, !AXES K IOPT 12, hRS1 I IN f
32:5 7 2 USKLSN E
3 258 3 O, 1,A.
3259 C AA A
3 2L) C
326 1 C CHECK FO IThL L ,iT ELEMLNT
3262 C

263 F(rE-NLL)6,U,3

3264 '13 0 IF(ML, 50o, t3Q, 60

3 32i6 600 RETURN
3267 C
328 C FORMiATS
32 69 C
7 270 1008 FORMAT 3,FO,1,4)

I27 1009 FORMAT (I61I

32-73 '3001 FORMAT 7A,3T4HNUtibER OF 21-NODE ELEMENTS IG//
3274 1 7X,34HNUMBER OF MATERIAL SETS 1/

3275 2 7X,26HMAXImUm NUMBER OF MATERIAL,
3-276 3 >.,34HTi]MPERATURE INPUT POINTS13'
327 4 ?I,1IOHNUmBER OF MATERIAL,
3278 7);",34HAXIS ORIENTATION SETS Ii
3279 A >',34HNUMBER OF DISTRIBUTED LOAD SETS =lu/,
3280 6 7;(,34HMAXIiU NUMBER OF ELEMENT NODES =IG
3281 7 ?X,34HNUtmbER OF STRESS OUTPUT SETS =lo
3282 8 7A ,34 HR,S COORLINATE INTEGRATION ORDER =6 /
3283 9 7X, 34HT COURD IrATE INTEGRAT ION ORDER Ilu 1
3284 301A fO3,MAT b5H T 0 21 N 0 D E S 0 L I 1i L L E
32935 1 18H m E N T D A T A, // 8HELEMENT 2(2X , HNOES,2-. -I
3286 2 5NriATL. ),2X,OHSTRESSZ:,4X,GHSTRESS,2X,4HNODiE ,22X,'JHGAU3 ,L,y,
3287 3 2NK - , 5, 3HLSA, -X , 3HLSB ,3X ,3HLSC ,3X ,3HLSD,/
3-283 4 8H NUtibE?,7H -NDIS-,7H -NXYZ-,2X,SNHTABLE,3X,4HAXES,2,luuT'UT,
3289 1 6X,4HFkEE,2X,4HINC. ,2(3JX,4HPTS. ),2X,6HMATRIX,2X,4(2X,4H-ih- ,

3 29 0 6 2 6X ,3H 14 4A ,3 HS E T,5iX , 3 HS ET , 5XHT EM P. , 2X , 4H -KG-,2X , H- 4Y.
3291 7 3H-T-,2X,6HRE-uSE,--X 3 2X,2HN-,I2)
3292 3015 FORMAT(I8471,1.,L278,X1)
3293 3016 EURMAT (84A,8.2,2HN-,12),: / 84X,5(2X,2HN-,I2)
329,4 3017 FORMAT (x,16:/84X,816,:/ 84X,516G)
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3295 C
329G 4014 FORMAT (33HOERiOkAAA ENCOUNTERED ELEMENT (,I5,13H), BUT E>'i-CT,
3297 1 21H TO READ ELEMENT ONE., I IX)
3298 4015 FORMAT (42HOERROkAAA NUMBER OF DISPLACEMENT NODES (,15,4h) IS,
3299 1 30H LA'RGER THAN MAXIMUM ALLOWED (,15,2H)., / IX)
3200 4016 FORMAT (40HOERROR*AA NUMBER OF COORDINATE NODES (,15,6H: nOSUT,
3301 1 39H BE .LE. NUMBER OF DISPLACEMENT NODES (,I,2H ..
3302 4017 FORMAT (36HOEhRORAAA ILLEGAL MATERIAL NUMBER.
3303 4018 FORMAT (44HOERRORAAA ILLEGAL MATERIAL AXIS REFERENCE.
3304 4u19 FORMAT (4IHOERRORAAA ILLEGAL OUTPUT SET REFRENCE.
3305 4020 FORMAT (41HOEREORAAA PRESSURE LOAD SET REFERENCE (,i5,4h) IS,
3306 1 9H ILLEGAL.
3307 4021 FORMAT (16HOERRORAAA THE ,12,18H-TH ELEMENT NODE (,I5,4H, I,
3308 1 9H ILLEGAL.,/ IX)
3309 4022 FORMAT (28HOERRORA*A ELEMENT NUMBER (,I5,11H) IS OUT OF,

3310 1 IOH SEQUENCE., / IX)
3311 4023 FORMAT (42HOERRORA A NUMBER OF DISPLACEMENT NODES (,15,
3312 1 25H) MUST BE AT LEAST EIGHT.
3313 4024 FORMAT (40HOERRORAAA NUMBER OF COORDINATE NODES (,I5,
3314 1 25H) MUST BE AT LEAST EIGHT.
3315 4025 FORMAT (38HOERRORAAA NUMBER OF NON-ZERO NODES (,13,6H) REtD,
3316 50H DOES NOT EQUAL THE NUMBER OF DISPLACEMENT NODES ,
3317 2 I3,2NL.H IX)
3318 4030 FORMAT (33HOERRORAAA AVERAGE TEMPERATURE (,FIO.2,5H) FOR,
3319 1 1OH ELEMENT (,15,29H) OUT OF RANGE FOR MATERIAL (,13
3320 2 2H)., / IX)
3321 4099 FORMAT (12X,SIHROCEED IN DATA CHECX ONLY MODE, / IX)
3322 C
3323 END
3324 C&--------------------------------------------------------------------------
3325 SUBROUTINE VECTR2 i.,XI,YI,ZI,XJ,YJ,ZJ,IERR)
3326 C
3227 C CALLED Bf : iNP21
3323 C
3329 IMPLICIT REALAS(A-H,O-Z)
3330 C
3331 C THIS ROUTINE FORS A UNIT LENGTH VECTOR AVA FROM POINT AI.,
3332 C TO POINT AJA IN X,Y,Z SPACE
3333 C
3334 DIMENSION V3)
3335 C
3336 IERR = I
3337 X = XJ - XI
3338 Y = fJ - fI
3339 Z = ZJ - ZI
3340 XLN =DSQRT(XAXAP*'tZA:)
3341 IF(XLN.LE.1.OE-08) RETURN
3342 XLN = 1.0 / XLN

3343 IERR = 0
3344 V(3) = Z A LN

3345 V(2) = *, XLN
3346 V(1) x A XLN

3347 RETURN
3348 END

," 1
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334t9 C&=..............................

3350 SUbROU'rINE srimE
,:,,:, lTS=O. 0

,352 RETURN
3353 END
33-,54 C
335 C
.3356 Ci~ ......................... ...-.........

,.I7 C SUbROUIINE 'TnE
3358 C T - ULJunLLuIVE TALL TinE, RETURNED IN UNITS OF SECO;Li
3359 SUBROUTIN2 TTIME(Tj
3360 IN TEGER A4 9t t~i ,L..

3361 DATA 3et..tii
33G2 CALL LIb$VTAT T [EP,3t.L Iii,e,tlAej

.363 T = time ' lO.0
3364 RETURN
3365 END

_;3366 C ................................................ --------
3367

3368 SUb hROUTIL 'L4
3369 InPLIC IT hEAL'3 ,A-l 0-Z
3370 C
3371 C CALLS: Et.0L I TD,STRLSS
3372 C CALLED b" nA I
3373 C
3374 C STATIC SOLUT1ON F HASE
3 375 C
3376 COMMON Al.-j ????

3377 COmMOE4 'ELIPA P, N 141,NUrPMBAND,NELTYP,NI,N2,N3,N4,N','TIT-,ri N,,

3378 COMMON S 0L 'N6LUCr,rtiEB,LL,NE,IEILL(7)
3379 1ImErNSfr iN .D,3-j.,6), t4000 0),NX(3,200)
3380 CU0r dCtN . iLR., IC ( 9') Q V
3381 DATA NCrKI, -??
3382v
3383 ^AAA A MM. i IiiiKth , t 6Anp3ir/ : also check irl SESUL , ire

3384 DInENSIO 4 TnAT, .0 ,C.O
3385 COrON,'TMnT'T'nA1(L ,O,-UC),TCOL(600),TCOL2(GOO),TCOLm(6v;. ."3366 .IST(60 ,Lt 9Ouu; "

338d

3369 . 3RCrIE, ,3i1,1',L~i C£ ,-'-,,FORC'2(3,2OO) ,ENEk' 3

3390
3391 C
3392 R EALk4 '1 4 t, , uL

3393 1rNTF.z 106 INLRMEDIlATE PR, INTING
3394
3395 rewind 3
3396 reid Go) =, . ,1 ,r.p),i1,6) i d:rees f .- t..

3397 c WRITE(3, . i, -- rray in soleq AAAAkAAA---
3396 c do r 1, .,j ,r,
3399 c WRITE( ]I 31 1,r,),~, "

3400 c crd do
3401 1oZ3 for r .;t -,6, -
3402 ..

b; - 63
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3403 *AA TO read d-ita re,3.rdlni3

3404 c nodes where forces to be found whose disp. are specifiLed .Nb.

3406 rea3d (5,A) F. L rjo of boundary rkodes where forces 3re tu zur,I3
3407 IE(INTPR.LE.2i' WRITE(33,A) I rib -'ri
2408 c -- input niodE, oe,3ree of' freedow, displacement
3409 do lj~l,rib

3411 if(INTPk.LE.2)
3412 WR ITE (33, A n i f ixix( Ij),ds ave ( i
3413 end dio
3414 ncrk.dz0

S15 1t'f INTPR LE 2WR-iTL kAS noraeix ,rdof ,rcrkd, icr rdof) ,i t r~

3416 1 N F L Z W T k j 1d - 1 =1 6 1j IIG-

3418 do it-=l'rn
3419 niodeznibc ( it,
2420 xiifi)
3421 rjdofzid(rode,ix-
3422 ncrkd=ncrkdtl
3423 if(INTPR.LE."
2424 URITE(33,1C29),,.je,i,,,mi,ofricrkd
3425 1 cr ( rjof ) rc r Vd
3426 1 st (ricr k.d ) =-rcr kd
3427 if(1INTPR.LE.2-)
3428 WR ITE (33 ,10 29 ,ro-if, 1; , rdof , rcrkd icr (neofi st cr kJ
3429 enid do
3430 1029 format (;565

* 3432 if (NIRL.) WRITE(33,1028) IST
* 3433 1030 FORMAT (,Q63
* 3434

34135
1 '436 read (5,A) rp-ir riu of double nodes &the double riod&
3437 1 if(INTPR.LE.2)
J438 WRIIE(33,A*. r np -i r rinpiir

*3439) do ipairl 'Fpir
21440 read('5,A ) p~~pi:,~,),(XI~parJl3

3443 do i1 ,I2
3444
344S do iyzl,3 J.o.f. at each node
3446 rdfi~oei

3448 ric r kd, z r, c r
*3449 1 cr n d o frc r k

3450 1 st rc r kdrc r .d
3451 en~d if
3452 end do

h3453 enld do
3454 e nd d o

'U. 3456
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3457 C '

345'18 C SOLVE FOR THE DJISPLACEMENT YECTORS
3459 C

-3 -'oCALL TTIr1E(TT(1))

3462 C- N 1 =l
3 4 S3 C- NCRr.D - TOTAIL NO. OF -mDD~IT IGNAL COLUMNS '

3464 LL 1 +NCRLi
3465
3466 N7Db0= kfl8,Tt1
3467 W-3 BIt 'r ~~1'+ L L AN LM b
3 4 u C NJ3 3E .

r4 3 N3 -L LA. n L dE.

3472 4r. mj

3473 il fMiANLI rED 1
3474 if !TPR.LE. 2
2475j WRIT LL mbAND w12 N 3 N B B N 4 MI Ni N2 rl

l477 .WRITE(33, 10301 LL,nESAHL,NSB,N3,NSBB,N4,hI ,N1,N2,N3

3478 10301 frut2,28
3 -179 rUCW1Fid 15
3480 rewind 4
3481 doj iylI,rtick
3482 re3d (4) (I f~ rSO
3483 WHRITE(1S) Ili'K), IJK1,rSbO)

3484 eid d o
.034a5CALL SE'SOL .N~Aa,~4 LBO~NOSI43.,~

3486 CALL TTIeE TT('2)
3 487 N L.

.53483 NL1=1B
3 489j IIWVLL*NE~b
3 490 PEW INI tNL
3 49 1 REWIND i4Ll
349 2 £10 NJ='INL'LOCK

3494 W RI TE (N L AI,~1NV
'495 END ['0
3496
3 497 WRITE 16, Tm1AT,tcol
3,14Y3 do IP311-i-pi
3499 roda.1e I CIP-- I I Ir J

0 0 rode2=- 2i p i r

3501 do Idi=l,6

3503 rid o fIid rci -J;--, id f

3504 ±ndI.eCrdro.e0,then
3505 icr1~icrIurdjo1,-

3506icr2=icrr~dox2
3507 if(istiicrI).,t~ idi~~c2 3 t.0) sc2'it
J3-cc8 end if

3509 end do
3510 end du



9 35 11
3,j12 - -

3513 write (33 ,A) --- NODES D.O.E. RELEASED--
do itr=1,100

3516 r ead ( cIA ) I d 1, Ip 2, I;;
3517 write (333,A) lpl,lp2-,i,-

351 if( ip I. e q .9 S. rd1p. Zq J,) 1): o t o 199 5
3 519 do whil1e k Ip Ife .3)
3520 if (ip .eq.0) ther,
35 21 riode= 1p I
-. c 22 do il

J j rjido f re.)0 t;e n

35 24 1 cr 1 =i c r ,rdo f
3525 15st Crl 1Lir1
352 u end if
3527 else
35S28, nooelzipl
3529 rnode'-=42
3530 idf=ix
3531 ndofl~id(rtode1,idf)
3 35 32 rdof 2= id( node2 , 1 j
3t 33 1 f (ndof I.ne .0 . rd. rdo 2 . re. 0 thert
353 4 icrl=icr(r,.jofl)
3 35 3 icr?=icr(nrdof2)
3536 ist(icr2)=icr2

3537 end if
3538 end if

*35139 re 3d (5 , A) i p 1 i2 ,
3540 write (33,A) lpl,lp2,i;:A
3541 end do

p4 3 if(INTPR.LE.2) tner,
35j4 4 WRITE(3)3,A) -- -- - --

*35 46 enrd i f
35 47
3548 REWIND 16

*3545 READ (16) TMAT,tcoi
3 55 0
3551 do 1,e
3552 irzc~
3553 isti~ist'icvi)

*3554 if(icri.1, .r-b.;ird,.i~ti.3t.0) tcol(icri)=tco1(icrl)+tcol2 icri)
2555 e rid d o
3556
3557 djo i=1,rjcrkA
3558 isti~ist(i)

P 3559do j=1,ncrk.d
356G0 istj~ist(j)
3561I if(isti.qt.0.3vd.i.stj.Ie.0) to()to~)TA~~)dvw)Ws
3562 if(isti.le.O.ov.istj.1e.0) TMAT(i,j)=0.

3563 if(isti.1e.0..5r.Ilstj.1e.0.AND.isti.eq.istj) TMAT(i, j) I.
356 G4 end do

10



- --- .A. .. . .

end do
3566 I (INTP.LE.1) LEI ITE 2,3

J567 r u,T OL t ter IST wr pul.tion -..

568 DO I=I,NCRJ'hI
35G69 IF I NT P R. L E. I wh[IT E,3, 133 P)9 1) T MAT IJ),J=1 N C RK I, ,' L. I,

3,70 END DO
3571 do 1,ncrKd

j573 do j = I , fiC I v I
3574 t.5tii( I j C.
3c7,  end do
3576 end do
&577 do i~i,r fL d

3580 do j=l,rcri.,.
3581 tJ i , .L t, ,

3582 t i i i j L i , t i i, is t j)+ AT (i, j
3583 end do
3564 tr do
3535 do .:, icr,

3587 ed d, Io

3583 I3(INTFP.LF.I.E. I ITE) ,W I T MATm,TCOLa) before 

3589 Lu I1 14 C L;
3590 IF( I iTPE.LE. I : W2 IT£ E33,1091) (TMATm( l,J) ,J:I,NCRK[I ,TuLC'. I
3591 end do
3592

3593 ci tt , ttL.2;t
3594
3595 cil a 1 ATINt,.-li L i- , 01l ,1,DETERM)
3596
3597 cii1 tti t:uL.(2)
3598 IF(INTPR.LE.1) WRITE(33,A ' T ATM ,TCOL i fter atjtiiI- - .,.,
3599 [0 1=1 ,lCDI'
3600 IF;INTPR.LE.I W ITEk33,1091) (TMATm(I,J ,J=I , NC RI ,,jL',A k I.
3601 erd do
3602 Jo i11,ncr, d -r
3603i- i Js i t ).|
:3604 tool (1, ' :tcoia( 1 t

Jb05 i(IstWi .1e.'; tco ',i , ,sve(i) I ,Jsp
3606 erd do
3607 WW V = LtLN EQ
3608 Rewind r1.

Wdo rjzl,rL - i

611 ,d do -
3612 do r, j = I, r, L. I c
361VI )t,c t 1-1 )A.Jt2
3614 r e d ( r Il

uio , k ckspice fiI

Jul? do 1 1,r, IeqL
8 I, iItCO-i.t: - i u r t I

1. -0?
I



J620 rnk=reqbt V -I ritqL-+1

622 enid do

~62 ~ IE INTP<.LE.1i 1TKA r, t- ne r wed ia te L) Iu tir 1 -

6 INTP - I I ~ 1E 3 3 1,1) b I

U-1~

end d

3635 REWIND NL
3G36 [10 NJNBLOCK,1,-l
3637 NCONST=(NJ-1)ANE~bt-1
3638 NU=NCONST+tNEUB-1
3639 WRIIE( NL) (b( I]j IJ =NCOtNSINU)
3640 END DO
3641
3 642 call ttiawe(tt~juL(4))
3643
3644 do i=l,req
3645 r(il=0.
3646 end do
3647 rewind 15
3648 do rij1,rbloc.
3649 DO0 IJf1'NSBO ,tSD
3650 A(Iji")=0.O
3651 END DO
J-6 52 rea3d (15) (.(IJK),IKz1,NSBO)
3653 icors t(rj - I)Arie qb
3654 i=
3655 Jl=1+NCONST
3656 do i=l,reqt
36 5 7 ij~ij+l

3658 i r =1 i ors t
3659 r ( in) =r ( inr) t- i(1 j Ab ir.
3660 end do
31661 do j=2,r8ANJD
3662 do i=1,reqtb
3663 initrconst%2
3664 jri J+Ficoanstt± -1

3666 r ( in) r (l + ~ ij AL b j
3667 r ( jn rr j jn) + 3 i j A( n %
3668 end do
3669 e nd doa
3670 end do
3671 c WRITE(33-,A --------- r vecto----
3672 c WRITE(3'3, 10,)I U(1 ) ,i1=1 ,req)

B-68



3 L74 C i

3675 C Correct1or ftor ther,,.a I case --
36, 6 c To f ind the fmech. ri zc I lo 3,Jz subtr act the ther m. I io:,Jc-
3 67 7 c frow R(A)
]67- "8 c ( It i .  n e jro -. e , load-s are .applied .it ,juit-le r, ode._L
3 c,79 Rewxi 15.

36 0r, -b, I =neqL,,- b ir,,J

3681 do rj=Irb lock
3 U- 10, 2 read (15) ' 1 ,ij, 1j 1, f, , 1
3663 rcorst(r, j- )Are .Jc
3634 do lj=ret,

r25 r i j+rccr, j r I. i t const 3- (ris. +1 j)
31~ e nd ,do '

]687 erid do

3689 ITRI=ITR-i
390 WIT(32,522 ITRi
3691 582 FORMAT ',hil, $tisi STEP t ',14, M$$$$$$ lX,40(lH

3694 WRITE(33,A; uOLAL DISPLACEMENTS AND FORCES IN SGL~w----
395 WR ITEA33, AA A*AA*AAAAAAAAAAA*AAAAA A A A*kA AAiu,,.
3L)6 CC WRITE(33,r rco ;acch. loads at the double rodes
697 WRITE(3,303 -

S1) a WRITE(33,20035 )
.:39 2",4 FORMAT(: x ,75illH-)

3700
3701 NAUX=I
3702 DO 500 NZI, UPINP

3703 IFLAG=O
3704 ('0 250 1l,3 -
3705 D( I)=0.
3706 D(I+3)=O.0
3207 150 IF1ID(N,I'.LT.1) GO l 250
3708 IDN I= ID,, NI,
1 72709 IF(1cr IDNI) .NE.u) IFLAG=I
3710 200 D(1)=B(NAU/.,

3711 D' f I tfR(NAUX x"_.-, :12 . rAU ,,=NAUX ' I!1

* -, .. 1cori, tirue
3714 L

T15 1 I'. I NT. LE.JLL I.ELi. £0.0 GO TO 500
* 3716 WRITE (33,'0' , ' 1=,V1,6)-217 0 >

.216 500 COrtINT DiU Gu

3720 1'91 torrn.t ',. , .S
372 .12001 FOR MATA(-X 16..J
S,7 2 WA k I TE DT , j , A - - q .
I723 2-035 FORMAT,,, UE,>,' d' ,I1X, '' , lX, '' , 1OX, 'F, ,1-, f ,
3724 10, , ' z "') I;, H-,

.3724. .. . . . .

2,25
322 "k 1£.rU9 ,LiN

: t.



3"7ENERQI 1=0 0
3723 ENERG(2)=O.O

2 30 Do IPAIR=I,NPAIR

3 31 NPI=NPC(1,IPAI()
N?2=NPC(2,IPAIR)

NPO- , I:1,

i'uC- WRITE( 333,A a?1NL1 NZ i1,NP2,ND1,ND2
3737£C- WRITE(33,A) 'FORCfI, EB11GII)DN1,bN2'___
J738 ruz~~iii.1
3739 IF rND l~ .0 .AHD.NL'2- .'Wi .0..r fU rie. 0

3'7 42Z END DO
3743 END DO0
37 44

37 46 Do IB=l,NB

3748 c DO Dlo=,3
3749 idq=ifi~zib)
,/ NDO=ID (NPOIDC3

3751 lF(NDO.GT.0)EEIIGEEI(IG-OC(III)*N0).5
375,'j2 c END 11O
3753 END DO
3751
3755 WRITE(34,A)
3756 ---- ENERGY RELEASED in :, y, z )directions ------
3757 URITE(34,1048) ENERG
3758 IF (ITR.EO.2) WRITE(19,lc49)

3759WRITE(193,1048) ENER6
3760 1046 forma3t (5;,3(91'.S,3;0)F
.37 &1 1049 forwat ('J:<','',8 Y 1XZ

WRITE(34,A)
3263 END IF

* 3764 DO IAIR1,P4FAIR

* 3767 DO0 IDGf=1,3

37G9 ND2=ID(NP2,IDO)j'
3770 FQRC1(DGIPI=Rf<~NW
3771 FORC2(lD, I?AIR=RND2)
3/72 C- WRITE(33,A) 'PfdDN2',NPI,N?2, ND , ND1
3773 C- WRITE(33,A)'ID3IAFFC1ER2,D3IIROC(IGIIF,
-'74 C- . ORC2(IDG,IPAIR)
3775 END DO

3?76 END DO
3777

3778 DO0 IB=1,NB
-79 NPO-NBC(IB)
3730 DO IDCG=1,3



-0- -. END 110'~. -

'1 END MUri'Q11
£O3N( 73,1b=kND

* 38 C FRINltD 1)Ec AENTS

A N3ZN2tGAL L
7 9

-7913 LLIh1 -AAAAAAAA REASSII3NEr' A*AA

j CAiLL ?khIuTb 'Mfi),NJ),,i23,NEOFNUMNPLLINBLOCNEU...

3)79'S C AL L T T InE'T(3
3 9 7 C
-"3798 C COMPUTE AND FR juT EL.EnEi4T STRESSES
37,99 C
3 8 00 N2-=N1+4ALLI
3801 N')zN2± NEOE;LL1
3302 LBz(mTOT-d2).NEO 12
a8C'1 C iL L S1TF: EtAfl ti I it; i k13) ,N EOBLBLLIN EON BLOCK'

3305 C COMPUTE T liZ LOS- FIR THE DOUBLE NODES SOLUTION PHASE
3808 C
3307 D 0K =I, A
3803 t t sub (K; tuLt t+ It t ub(NK
380$): end. do
3,810 IF. NTRLEZ FTE ~2,18)(ttsujb(L),L=I,4)
31 2935 j f o rratt. t un t ta r titiu formation =',8.2,.

3812 . 5:, tin foLr tii I f.,
3813 t i~ tfle to I ird 910b31.a dip. =',f3.2/

3314~ i w. ie to f ind gl0b 31 niodal forces ' 32
3315i C

e81 end j L 'Atr

3J1 1 95 I Con t truejt
3813 CALL TTImEkTT(4.',
3319 C
3820 C COMPUTE TIME LOG fO]R THE STATIC SOLUT ION PHASE

282 D'0 'a- Kz1,
3823 510 T'KK ir tr i1fTIT
3 24 WRITE wu~ E(,LI3

38 2 C
30S2 6 2'00EIORMAT 4 3 HSTIA T IC SO0L U TIO0N T~n 1 6
3827" 1 J~i11-'hEUATION SOLUTION F 8.2

2823 2JIJ"HDISFLAENENT OUTPUT : £.2 /
3 2 17) 1 ,.-rr rI.:- ' ErCrflYIER'( £8.2 /

3830 C
38 31 L KEfUPN
38.32 1,ET U R0
3833 E ND
3834 C------------------------------ - -i*-*



%7 N-J'l -. - - - - ts.- x- .. "d *-- , *

IN.

3336 SUBROUTINE SESUL
3837 .(A,B,MAXA,NY,NbLCK,,NEUb,NiAV,MI,NSTIF,NRED,NL,NR)

3IMPLICIT REALA3(A-N,O-Z)

.3340 reai1A4 tt(10)
3341 C CALLED BY: SO 0LS E 0

38 43 COMMON /ELFAKI, NF\14),N UmtkP,MA,NELTYP,NZ-1,NZ2,NZ"3,NZ-4,N5,nTUT,r4E&

3 4 4 COMMON/CRK /fiCIL, ICkk'9000) NEG
3345 c DATA ICR/',,, 0,3IQ,4vcharnge C'JT,C')T2 lirie 31506

31846 c- DIATA IS/1,2-,r11T(NCRgD) t

3347 c DATA DJISF3 -.0,2C2Ou, ./ 'D IS? ..NEU)
11146COMMON/TrTI'Tn, 000, 600,TCDL 600,TCOL(600,TCOLM (100'

385)0 D IMENSI1ON A(NtiY ,hkiY i ,XA (M I)
3851 ca11 tt1rne'.ttkb)1

3852 INTPR=100
J853 1 f (IN TPR. L E. 2)'Wk-ITE (33 ,A.) 'NV, NBLOCK,NEB, NAY,1, NS TIF, OREL', (4LUU
J65 4 if( INTPR.LE.2-)URITE(j,1029),N,NBLC,NEB,NAV,M,NSTI,t ELI, L,JN

3851029 formiat(2x ,1218)

38517 iV( INTPR.LE.2) WRITE33,1028) ( ICR( IJ),I=,NEO)
3858 if(INTFR.LE.2) WRlTE(33,1028) (IST1JI<) , IJKI , NCRND)
3 853~ 1028 FORMAT( 2X ,20I4)
3860 1if( INT PR .LE .2) WRITE'.33,10'30) DISP
3861 1030 FORMAT .XFG3)
3362 MM= 1
3363 MA2=nA-
3864 IF(MA2.EQ.0) nA2=1
386-5 INC=NEOB - 1 ~
3866 NWA=NEOBAmiA
3867 NTB=(MA-2)/NEQE t 1
3363 NEb=NTBnNEHE
36 9 NEBT=NEB + NEL~h

3870 NWV=NEDBANV
38"1 NWVYVNEBTANY
3872
3873 N1=NL
3874 N2=NR
3875 if(INTFR.LE.2n
3876 W RIT E (3, A mw ,~ icn , ieqb , riwa , ritb , reti, rebt , Fiwv , iv
5877 if(INTFR.LE.2)
387 8 .WkITE(33 , j9 , i ii 2vxri c, rieqbl rwa, rtb ,rteb,riebt , rwv , i&.v
3879 REWIND NSTIF
3380 REWIND NRED
3881 REWIND NI
3882 REWIND N2
3883
3884 if(INTI'R.LE.:2 WRITE33,A) 'NA') =',NAVYA*
3885 DO IJzl,NAV !AAA
3886 A(IJ)=0. !AAA
21887 bk13)Z0. !AAA
3888 END DO 1AAA

B-72



)9 A. T kin 3  t i * ar corft- . oiit a-a, pl.cing- - r 3 - tc i- 1-S..-

3892 C- NCRKDi -TOTAL NO. OF ADDITIONAL COLUMNS
3893 IF(INTR.LEu.1; WRITE(3,3,.) I ; C C J I C l i , i]

,. -,l 4 No =NAV -tNC R D N O A,, N
36951 DO I=l,rlI 7
33 ') D 0 j=I , 4C 'ri "

3393 B( IJ i 0. ..
3 39C9 END DO ".

-"s-

3900 E ND It It.

, 9 0 2l

90 3 DO3=1~~l [
39 04 1a=J -I .nI -
39J05 INJ=NEu .* t j-i,., £
390 Q6 DO I=lI, mA,-I
3907 j J= I J + i "
3903 IN = INJ I

39 10 E ND [1 , 0 .
391l 1 END [DO"-

3913 ,Jc J i ,, . c trt?

3215 do - OT, , D
3"d5 L'O T I = C

33_4 Du I , N FL'

3399 END DO "L

J ICI0 "f ,

3923 DO N.JQiLO -"

3~~~~ oi3 1- k

3934 IB IC I ,NIbt -.I-I'm/

3935F DO C1 , ,.E,."
53906 IJ=( J-bCI r 11! Ib z,1

] 37 IF : IB+C O T I .E l l o . T E

.2905k INNIc lt..J ;Alij

3906 DC =1~ rA-1b' 5 i, -

390? I13=3±1,.
3903 ItNJ= ICEUJ

3909 J I=J2 Ic I- I I
9 14 P J:i , '. I £;

4915 IO ICI~+3 , ,  t21IiAJ
3910 I bIpCj.NE S: btJ:(J

3918 end do. . .+ , .3 DT E
3919 endT Ij [ IC ,,;,

392- : J 0I :3

4..£121

- .. -.. .- %+,-. ..-. 9 -%-,32 . . .&E. ..TIL ,,-, Ii". I- l,.N. -. -..0% " -"+.- , ',,." %,. ,",.,", . %, 1,,,",e -%- -,-%-%
"...""". +"' -.. ''''..-." 3923,..."* ' .CN T N ' A U] *'"i+,-.- - -" "." , -.- ••" •"- '", "P - ,' . " ,", ,",", .



~Cl 4 ~'A-
-946

-i3 1013 FORMA IS 1 2U. j

1IF I EG. 3 1J. 1~

). ENE, IF
END IF

END DO

- rie q
J5 5 9t

3964 erd if
3 C" 6 5en~d do

3967 N IJ zND
3963 D0 J=1 , Nc~i
3969 DO Iz I NEQb'
39-70 N 13= HI1J+1

3973 END DIQ
237 -4 END, DO

9 6 WITE( 33, ' J- pt ,I,' u -&io red A -MATI)X'
39 77 IF( INZPR-LE.l tI h

3981E 0 E32119) r 1 ], i-I9NAVNEUB) '

3363 end if

j8GWR ITEkN1

')8 EPD 1 o

3)90 REW IND N1 4

399 I . 'W I ND N ' If
3292 DO Nj; I, NkLoci .5

J-993 R EA D r~ N ' '-

>CJ4 W kIT E ( Ncf I IE
C99I END 110



4,,.

" I

'a.!

..

a-

4003 WIT E,II .n ;INOP-),T----I)
4e0 ri READ ri NAV)

401 ,P. L. L2 '-'."_=' NJ'A4m;T
- 11 1 RITL, 00

4,v 0 F N C0 G. i , jj T '0 1

-4 C' I AXA.. ,

-4Y. U 27 1 T

SC i i t,.. . . .

3. 1 1 IA Fij NT . . L .I i , ' TO

40 Ei hw IN sl r

4A I L' I T L Z I I E

Ac2 v TAN Am^" "'

413 IF, tL .,, L I W7- IN LOP-NJ0J
4024 ..

•4t015 -- I ~iN iE. I : [ .S ,1 1 ) K N),'

40 7 ) (I LkIN P. L L ., -r W, N ) 3G
4A4 IF'(INTt .LL. i , WPITE 3 A 'N MA N' A RI(

443111 1R =Ttt I , 1, Kt.) tz , ib;

A 4 IFUNTL L. . I XITE0 (A(IJ),)J,1,NAVV.-''

41''7 IFi, EO T. I6 33, 0" 1 .
-1 ~ 1 1 =AXI :

I .' Is I NA1' r.V', §

40.4 1O fK ,e '

*i42 - IF(INT~.E.1 1' 4h'rL%3,1010 KKLI , ANC X',1)B A r) m

403 3 [0 5~ L,uYO[
40274 AC1±L t.L.IL,WI£,_,02 t(JJ:,MEb
4023 IR~n.YI

,143 REWU=  l ii'

4537
4036 00 cat',u"

4039IE~ NTP.LL. 0 TE~ 3, ~ ' E FRE FND NC C~um HE U 1
.. '' ', ','5" 404". '2"" ''J-<"""''" . '"''".¢ ,-f..'''"", ",-',/ % ii -% 'r''#; -""'':



WI LDO 110 N=201i
:F (N.LEam') THENA
KUzKU +. NEOED

A,,, 1j i mmMIN0(N,KM)
-, , ELSE AAA

49IF r1.LE.NEQB) i] TO 14,,

ivul Ef;D IFkAA
2~ !'IQ lO 160 K I, mm

4 JL 60 Lu =Ki INC

* 4v L71 IF ~A( 1) 172,174,176
4.', -3 174 LIK=(NJ-lANEUE- 1 '

6 9IF (I<K.GT.NEQ) 30 Tu 6

4,)-1STOP
4 0 72 172 KK ( 03- I) ANEQB tI
49 C- IINTPR.LE. I ITE 33 ,10 10 K A, A(I

41-76 AA*A F~ctorize leadi1rc3 tlcck.
4077

6 176 DO 200 N=2,NEQP
4~. 3NH=r AXM'(N)

41080 1 F kNH -N! 20
4081 2 10 E.L=N tINC

D=0.
D~ DO 220 ',=VL,NH, IrN

4Jci8D~Do CAAdJ(
4089- 22 C. A K
-1090 A(N)zA(N) - Li

9 *) 2  IF (A(Nh) 2,22,224,230
* 03 224 J -I NE 0B t

4,-,4 IF (LGTNO u TO 9 0
4 409 I)1F INT PR .LIE. I k W , ' L 33J, I0 C.
4096 STOP

11110D 240 j=1 mh'2

I 1F (MJ .LE .N )p GO W R
41~4 UzN~a~,1JNH



4iC'C ~ C-0.

4110 300 Ki=>C ~u IN

-C

1 2 0 C, CNTIriu

41 11 DO43 L1,Y

13

* 4134 [IQ 400 NK1=m NTB i'~

-113 jI 1. K -T R LC RIP J JB A

-?413721N

4138 IF .NTR.E 1. 6 k K .E N32,B -- T IF OCZN LAiG~L

* 4124 ifRtAINQE

4147 DO L=NE~b

4 130 I

4 132 K~zKL +~r vr int r 11r 1o

4154KN3

4 111G DO 420 t., , 1 i , L L

1 8 L)I - , ,



4162 IF(D.LE0juC

4163 1c=NEUB
4164 110 540 JzI,niu

N4165 JMXA i - IC
416IF fJ.LT.iL) 110 TO t-j

416 KU=MIN0(mJ),NH
4168 KN=N + IC
A416-l9 CZ0.
4120) DO 575 KKKL[ UINC

41-3 A40 IC1IC +NEQB
4124
4175 580 KN=N + NWA
1,6 K=NEQb + NW

4177 DO 610 L=1~t4Y

w 19 C Z0.
4180 DO 620 KKIKLLI NH, IN~C
-1181 H~ % , ,; I.

*4182 620 K 3 K - I
4183 B'(fN)UBft,) - C
4184 KN=KN + NEOEB
4 165 C.10 K=K( + NEOEB
4186
4187 S 05 hi0D - I

14128 5300 N=N + 1

41It) IF (NTB.NE.1 130 TO 56 0
41I91 WRITE (NRE11U A,,MXA
4 1 )-l113' £0 I7 1, r

i 14 '9O TO 600
4115 S 6. WRITE (N2)

1197~92 CONT INUE

4200o NV=N2
*i2~'1N2=rM

q 422 5 0 WR ITE (NRELU
4,203
4 --v 66 CONiTINUE
4 20'j

PN42'A3 AAA Vet I I ~ t ti t tr1

4269

I2 DG 020 K1 IrY

42 kEW IND NL IbI



4214 DO 300 'iJ=1,NbLjCK
421 S BCKSPACE flRED

4 217 READ (N'dELI) (A'IJz1N JA AIJJ1f
.13 -- WRI112(33,A) ' V-ctof tLick i;ub. NJ=',NJ,' A- MAT,

BiACKSPACE NPlEI'
N NEET

4.4

i4 1 2LJ K , ' B~ .rL

4....K, .. U kK -

4 230 ND IE~rLUb
.!-,j I IF O.ui Ni 4'F=L0B - NDLOCKA,4EOB -NED)

42 32 DO 855 L =I NO

4233 DO S 'j0 K =lIN DI F
42-34 81-0 B kh( f, ( + Kl( f
4 2 35 KKLKK +tLO
42230 35 5 Kr4=KN i rPL'BT
4237 IF.MA.EQ.1) 6O TO 91t
-1233 M1L NE01: f I
4 21 KL=NE0 B
-1 24 0 DO 360 M n L, m I

I241 KL=KL +

4 43 1IE ( KU -KL 5UC -0 -0 ,.S 0
4244 370 K=NJE~b

124c. DO 332" ' Lr')

['U 90 K~>L ,Ki'

-1-j 360 JNTIo'hJE

.1 j K0PK'Il - i lEcb

4252 230 K= q -

4 1:5 U M E A 1
i [0 I f Kj - j-'

4

* 4 DOO '
-)i L .3

422 O b 4. K 2l , A L,

120 10 K rJ - I



4267
4268 9315 Kt =O

4270/ D0 950 L=1,NV
-4271 Dto 960 t ,fIU

4273 S ewin A(K(Nstif
4 23 49 5 .c~.c 0ri~f' tNB

429
A276 WREd (rstU AK,=1N

4274 I IN TP.E1 WRITE
429 3000 OTIU

4230

4297
42831 AAA eo d yr - vector 1rwv

4283 rewindac rii
420 backspace ril
-1 .90 ricj neqbAirua rck

4206

4297doJck
4308 redo Il,

*4309 backspac .0

* ~~43110220±LNO
4302d.3lnq
4313 NI10=NO±
41305 N1U:QNE A(YNtl11'

43081o7=~

4319 tard do

432 do k,= ,rrf a

4313~1' '80=IJ~



-j _ - . . . . ., - , . .. . . - I ; . I. . .. A . -.... - - . -.: w % .

4321 uo i=,3-l
4322 t .t(j, 1)=tw t (1,j
4323 end d ,o

34 e n d d o
4325

4326 do i=. ,c ,

2 7 + ?l~ =

4328 N IJO=N IJ I Jt (i-- I ANE B
4329 do k=1 ,r, eqC
4330 NIaO NIJO1+

4231 t u =tux-NIijE

4332 erd ,-

4:334 e dj oi ~ ~~ F I( I -. It, .

-1336 Wf,'ITE( " I'mAT, TOL towards end -...... -
4337 DO 1=1 , NiirL
4j38 WRTE(,1091 tTn t 1,J) J=l ,iCRKD),TCOL( I
4339 1091 forr r ,r, -. ,
4340 END DO
-1341 end if
S434

N 4343 end do n]
4344 C.311 t l et S

4345 if(INTPR.LE.2. WRITE,.3,A) TIME LOG IN SESOL - -

4346 do k=,4
- 4347 tt (K.* =t*'( f 1 t t," k.

4348 end do
4349 if ( INT .LE. 2,, WRITE 33,995) (tt(1),1=1,4)
4350 995 for toi.t1u,;, Tiii.e to iorrm iatrr:. for ouble nodes etc.r : 'J .
4351 1 1O, T:iwe to decoiipose A - ia'tri ,ft.2-
4352 1 10;, Time for vector back substitution =
4353 '10, Time to form TMAT , 3.2)
4 354 1000 FORMAT 46H STOP AA ZERO DIAGONAL ENCOUNTERED DU I0G,
4354J 1 1.H EQUATION SOLUTION,

2. i,,1SH EGUATION NUMBER =, 16 )
4357 1'lO FORMAT O,' 50H WARNING AAA NEGATIVE DIAGONAL ENhCOUNTEREL' L']BI ,
1358 1 18H EOUATION SOLUTION, /
439 i',(,I H EQUATION NUMBER =, 16, 5X, -HYALUE -,

S 4360
4361 RETURN

4362 END

4364 SUBOUiIR in rAI1N,;i, ,iiDETERM)
4365 IMPLICIT REALA3 (A-H,O-Z;,

4366 D IMENS Ir A.0,&', , B 600, I, IP IYOT (600), INDEX(3 00, ) , "','
467 EQUIVALENCE i 4,J u ) , ( ICOLUii,JCOLUM) , (AMA;,,SWAP
4368 DETE-1.
4369 do -, >1,rl
4370 20 IPIVOT(J,=,.9
43'1 do 550 Vi,1
4572/AM A;( m,' . 0

4373
4324 do. 105 I [,,-

I'

,-s

. - v 5-'bc- 1.



437 u 6-0 do 100 K=1,1*q
4377 IF(IPIVOT(K)-1' 30,1V-0,740

42~ 3,a,3,0 ZF(AM'AX -DAbS3 (J,X%)) 35,100,100 4

4I3'9 35 IROW=3 '

4280 ICOLUhM:K
-! 3 81 AMAX = IAB S (A ( j,K)
4362 100 CONTINUE
Jo* 43 0 CONTINUE

* ~438G IF(IROW-ICOLUmi 1020, 4
4zs37 140 LIETEknz-DETERn
4388 dJo 200 L=1,N
4389 SWAP=A~IRDW,L.-
41,90 A(IROW,L)=AICOLUr,L'
4391 200 A(ICOLUM,L)=SWhAp
4392 IF~m) 202020W
4393 210 do 250 L=l,m1
4394 SUWAP=B(IROW,L)
4395 b(IROW,L)=BICLU,L)

*4396 250 O(ICOLUM,L)=SWA?
*4397 260 INDEX(1,1)=IRO4

4,1411)3 INDEX(1,2)=ICOLUM
4 39)9 PIVOT=A( ICOLUm, ICOLU'u,

*4400 DT(I)=P1Q07
4401 A (ICOLUm, ICOLuu~)-I

S40 2 Jo 350 L=l,ri
4403 350o A(ICOLUMi,L)=A(ICOLUm,L,),PlVOT
4404 Hkm; 330,380,360

4405 36 0 do 370 LW1,m
4406 3,70 B(ICOLUM~,L-b(ICOLUm,L,/?IVOT
4407 380 doQ 550 L1=I,N
44108 IF(Ll-ICOLUh) 400,550O,400
4409 400 T=A'(L1,ICOLUm)

*4410 A(L1,ICOLUm) 0.0
4411 do 4'50 L=1,N
4412 450 A(L1,L)='(Li,L-AkICULUm,L)AT
4413 IE(M) 550i,550j,460
4414 460 do 500 L=1,M
4415 500 B(L1,L)=B(L1,L)-b. C'LUm,L)AT
4416 550 CONTINUE
4417 do 710 IQ!N
4418 L=N41-I
4419 C-- DETERM=DETERM 'T(L)
4420 IF ( INDEX (L,I)- INDEX L ,2 630,7 10,6U30
442.1 630 JROW=INDE.<L,1;'

*4422 JCQLUM=IN~EX(L,2)
4423 Jo 705 K=1.N
4424 SWAP=A~,,J~owJ.
4425 A (f<, 3 OW)=A I, .1CO Lum
4426 A(I<,JCOLUmriZSUAP
4427 705j CONTINUE%
4428 710 CONT INUE



aq

a,5

442'9 do 11 ht:.N

4430 IN IPIVOT' L;.AE. i) '3 TO 12 '

4431 11 CONT INUE£
'14132 RETURN

4433 12 WRITL3-,99LUtINUL
4.444 991 EORMATK1V,<, r"h i. [ Rf
4435 7,40 RETURN

44 ],6ENI'

ti

'pi

''I

.1.

'p, -8

"'p

-p . ,,,. ,,,., ,i .'--,-. , ,: T,';,t, -,, , i ,,Ii : . . , .,-' ',_ ', ,' . ,. ,-, , . . . . .
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a

Iv

I.

a

q 
9.I'PL. -

LISTf~c uFI uK KUSIPROCESSOR, 'PLOT'

a,

a'

a,

*1

a,

'I
S* *'11' * . *.~.* .~ *...I.IIW.
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~r -.. .. . .. .. . ..... ...... ... .,r.-,.-

I

3 -- THIS IS PiO'An iuP iLuTTIING 3-D GRAPHS USING -. ;LATE '

4 ROUTINES. &ikOm riE uUl' OF KSA? II, THIS PROGRAM CAN

- !-- SORT OUT S1FEt[E-3" Aiib LORRESPONDING COORDINATE LOCA]lIf. 1

6 THE STRES ,ili t :CLALED CONVENIENTLY AND EYE
S7 I-- COORDINATES CAN E CHOSEN TO OBTAIN 11IEFERENT SIZES OF

8 -- THE SAnE '3-. VLuT.
9 --------------------------------------------------------------

1i DInENSION ,'...;.,v..L",O,4O),3TRESS(IS,1.,,'.

12 DIMENSION i-A ?
13 CHAkACTL,,:'
14 INT:'GSh .LU 7

IS,

lu DATA 1U/S/, _.,'; ,- ,ib s.C,,.OUTEILiB.Oi,FONTFIL,'I1.C, '

1? DA'TA ,?CN ' . -.,-. , ..

20 WRITE L, A) L. ILL, i ILLNAnE'

21 R EAD (5 ,fI5 I wn Filt
22 ,.,5 LOR Ai' (A)
23 OEN(UNI l= b,'ILE=E IL An,STATUS='OLD')

24 WRITE( IO A :S6I£r. IA:,P INTER,2:LOTTER' V

26 REAL, (1011,22, Ln L k I) ,I .6)

27 22 FORMAT(IX,.r4l l
26

29 READ ( IOU, NOUL, 'SfL'C

30 IF (NLOC.NE.bIACALL SORT21URAD, IOD,XXYY,NX,Nf,STRE,nro,. c,i. C)

31 I (NN[,t '.OUi.21) GO TO 899
Si' (r. I cc. r,eo. I , t o 89 "'j,

33 READ( IO[,A NX,ti'l NL

34 k IlTE(A*A NX,NY,NL

35 READ( IOD. ,(X( 1, ,1 X 14.

36 WIRITE(5,A; it I) . VI *-")

' READ( IO . ((. I I N .
28 QWRITE ,- , ; i . l, ""

39 1;;=n:

40 r / o
r1 REALI LL '. b), ' I J, , L) ,K=I,6) I=I NX) J--I .N( . 4.

42 7000 FOMAT(2&(X.LEIS.--

3) W .R IN E :Z t .T"'-IJ L ',
44! J=IN
I1 20 WRITE( 1O,,. £t.Tl.' 31k~1 LAYER '
46 REA[I ( 1O, A U , Lhi

49 l

S DO =I.N'

c,- . .STR E K ) I< I.,hb _ I J lI Lt I

53 EtiL, DO

END DOii)

C- i" ".i



UC-- f indiriq strecs b0c tion coorlirt 3te O.

*: 57 c-- from riodal coordir3tc for 0 ro-le nilc-nienrt
58do i =I ri:

60 end do

u.. o i=1.rly
3if ( i t .1I yy 1)'y 1 1 -))I
64 ~e nd d o
35 yy(ry)=yy(rytl)

9 CONTINUE
38 NXNY=NXAN'
0. SMAX=-1.OE+30
70 'M IN=1.GE +30

11 110 I=1.NXNY
2 IF (T RE ( I.GT .S M1'X SM AX S TR E I

73 IF (STRE(I).LEr.SMIN. 3h1N=SjRE(1)
74 END DO0

i6 10 WRITE( IO.A' 'E EX,ZY'Y.EYEZ
27 READI(IO,A)EX.EYEZ
-79 WRITZ7(10.A)'TYPZ- SCALE FCTOP,

R:EAl" IO.Ai FACT

STRE( 1')=TRE(I)/FACT

C1I 10

1'0 111+ N -2

E11=l1101

ENjD 1iD

END D10
W T 5O .>.7SPiI11 .

C WRITE(5Ai ' ' Z( .1. E1NX

S CAL ING THE COORD INATE- ---
1 CMAX=XNA

I I F ( CMA X. 1 Y Y( NY L M,) Lti(YY

r M fX s 0. OC MAX<

I ~ 1 4 * 4 DO 144 I1. N.
4' L4 4 XX ( I) K, (1I)A MAriX

[10 4,1' J=1.Ni
1 1 Y ( I f I 1AcL(1,.'

Z,



7..

F!

110 IF ( 1 EV .EL2 L.LL uCL'' .)

112 CALL USTART
113 IF(IDEV.E.b &I L L i' L 9jr' UUT FIL)

I14 IF (IDEV.EQ.O') C,,I.L UL'-A:,".L
115 CALL UPSET ( F7;LI'L L' 4 r
11 C CALL USET ( L1.>

17 CALL USET ( ""
lid CALL USET ( '3
I I -DCALL USET ( .

1.10 CALL USET ( C,
121 C CALL uCr u ii
i2.2 CALL UVWFI I
123 CALL UPVSK ,f , . . EX. . x.ErfEZ, PE: -

124 WRITZ SA:.~

S'66 IF (IIIEV Ef -J.'. Lu.LL z
127 2 fORnAT (Al,,
12? CALL UEND ..
12 9:'0 STOP

END

132 C urltn

123 C-- THE FOLLOI pI'L ih TL i 1'1E; LOCATIONS USED IN KSAF II
i 4 C-- PRO6RAM. L, KK> 4i ur in ImE REUUIRED STRESS PLAN' LOCATI0 1
I 3,5 C-- SORT IrJO WILL bE birt:. A'.J'X,;iaN IS ALSO CARRIED OUT
i36 C-- BETWEEN AUJACL.i' Lz:"Cfvli.
137 C-- LOC 'ST kL-- _ITi UT LOCAT i1S IN SAP ....
138 C--

i31 c-- 3--13T-- 13 --- -- i7 2-- 9-- 1 v1-jo c*--

1-i2 - - - ---

144 c bottom L,,1,]di t0o
1U ------------------------------------------------------------------

I-iC [ Imr<5 m OP ',.' . -i ,. / ). LDC 7)
:47 .,,(Z0) ,Y(,K,,. 5'., a.,, .. 3), lO(W ,..]D(3) ,STRES (3uO,.7,i

A'IA IEmf , :, .i V.6, 1 , . 15,25,11 .- 7,21. .

1 :. WRITE' S '. ,Ilti f...S rG 1,2 3,4, , ' ..

1 hEAD (5,.-'* L "
. ZA [. 1 ' J . i N -

RE k,:ALI A III -.,-,

153 R h ' l J [I Lob Vi II , K.

1:7 IF (NNODEC,. 3 '',, '.

18 NONX=2ANu,,,-

iLO NONZ = 2AN'n Z-i

Iu" 3=1/2

- 3"

~ -* **~'~ .**.**. .. . .~/ -' .- . . .



P3~ I (MOD( 1.2) .NZE.0) .01- X(3+1)

164 IF (MODi(I,2).E0.0) X(I)=(X((I+1)4-.J))!2.
I~ b 11 CONTINUE
166S DO 222 IzNONY,1,-1
16?' J=I/2
168 IF (MOD(I.2).NE.O) Y(I)=i(3+l'
11.9 22 IF ( MOD ( I.2_') . ED. .0) Y I) Y ( I + 1 +Y ( J 2
17l DO 333 I=NONZ,1.-l

17 2 IF (MOD(I,2.'.NE.0)2IV(~
173 333 IF (M11,)1O0 Z~= 4 1+Zj))
17-1 END IF

I.7 WR ITE A5 * LELT LEI)EL ~-or.N.'C1;'-1sl
1- 7 [10 4 1 1=1 d8ONZ
1 -:3 .1 w r ite (5.51) I.Z( I)
I 1 FORMAT (2X,12_,2X.F.
1,110 READ (5,A) nilev

13 1 33=0
182 IF (MOD(NLEV.2.j.NE.0) GO0 TO '10
183 c_ M ID ll.. .. .. ..

Di '0 2 0 j =1. 3
Id [0 20 I=1I.3

I F ( LOC (lKO£rT2J I GO TO 21
CONTINUE
GO TO 2G

7' II I F t NL 'V .Z G. 'I T0 253
IIS- 3

[10 10 3=1 .3
P 'l 10 1=1 .3
IF (LOOl 1.E0i. I1*T..1;) '11 TO 21

I' 1 CONTINUE
Ii (OLEV.LO Jji) r0 2

22 51=1
DO 11 J J.

£10 11 1=1 .
I E' L'O ( 1 L EU. L mT I.1I, I. I 5 TO 0 i

1 LUHT INUE
'JR ITE 5 I'..LEVEL NJO. ["iIEON T MAISH '4 1TH 9

i CONTT IN UE
1I' 40 31.2

I1 IF (L:, I' i .E 0 i rmT' 3 THEN

GO0 TO 40
FNI [IF

4' ~.,CONT INIJE

91 10 CONTINUE



I"I

217 J(I=

2f3 DiO 55 ]= , .
219 ['0 55 k-,L=

220 IF (LOC(K '.EI. THEN'.J-,.

''222 GO TO 4S

223 ENDIF

• 224 55 CONTI-uE
22 5 45 CONTINUE

NEX=(N .- .
-2-- 2 Nx= .,

223 ,o 70 j] i
229 if (.d 1 . .. . .. 1 ) .;o to 70

231 if i, k.. j . . q. o to
2312 " NX=NXT 1
233 X?(NX)=X,. ;
234 ?0 CONT INLJE

", . J' :,: ':N< :.... ,L,,,.TO KEEP £IZi....
23 XF(1) TO KEL2E SIZL .

23? NEY=(N
238 Nr=u

235,~ ~ C) 80 - 1,,,:.,.

240 if N~' q,.. ..-.. .. 1, qo to 80
241 f (1d.. '. .a.rq .g. nY) 3o to 80

24- If (0' ,. , ).&q.0) 90 to 80

2-4 Yiry.=Z

245 E) CONTINUT
2-iS Y P(NY) r'w2 i, 'TO KEEP " 17-

2 '7 p(1 ' TO0 K 2 2 2P 17.

2'4 NEZZ IZ- L Z -

250 ; 5LZ:NO tN.,-' )/2-I ,

• 252 t4 Lg (t4 ur Ii t! "
,. 4 IF

S254 NEY =NE.AATh f

: ~ ~~ L::: 2N, I L

IL
1

ii ""__,,' [DO 1i i .H

2. L,.: I CNT E ,16If E

2s-) I" t~m' ,... ... ........ ri*)6

Z,,Zt , 4L. , -. .

t . _.-o.,L , ri ,. ro -3 r e r e:1j r e,,"

L: , NiE: r * ,' t,

4,•
N I tr

* . 4 - -- . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. .



.71 110 33 3=2v
SIF (JD(3J).EG.0) GO TO 33
[0 91 Il-- .N

IF ( -IIP[.0.0 8,0 10 91

LL=O
DO 92 L=I.ULOC

IF (IL.EG.LQiL)) -LL-L %.

Z F (K) = TRE'. I, LL. N t, 
U IF ( I.NE. 1.,. I .20.i tI, O 10i

IF ( II 3) E1.4.0 , ILI(1I EF,.0' 8' .T0 91
2 q .1 }',= K- ] "

2PK=2FK+? p K' K
8, -,1 CONTINUE

kh ') CONT IrJUE
1.j =K -NX+ i
IF ' J.N-.I.0R.J.L,.. 88 TO 13
IF (JD(3).ECO) GO 13 88 18

£1K= K- 2 NX

DO 93 LK=I.NX

"'4'I ZI'(rI,)=,F'r%+ZP(KtflX) '2,+J

corit r ue
do 1j .r,v

2q;) jii 11' r ( -1 )

forr,t (,1 clI1.4)

' rld dj G

&rid

3

,°

• "N

- "-) "-'- .' v , . . ,''.2 .- '-...'..- . ' .. , .- .."......-..-...% .'-'.% " .,' .'. *.',*." %* %-
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I, LT'2 [, A I ot r ; ir ,, i , I ip

I .' 1.[02/902h I II- 1 r 1, Dn ,J: '.,3;, MESH-rm-r,.irp (10/30.
' . r, . e .' .; . ,-1 .....:r~ '8 OR 21)

3 ,. . , tiu. it ccor.j. in ,y IZ dir.. F ,. o hole .
I nJO, 2.0, 4.0,6.0,8.0 IK. - .'Col.Ji..s 'Fvld. :0 ner, :

S2). 3., . .) -.0r,. 3,. 1 r,

S, , "1.5.1.0, . ,. . 0 z - c o:in _-
Si. V .C, 75. 1 1rw C -11 ) . -r. .iIL t!(tp..to node no.. UC, t',

, ;3.-, 0, 0 . t i. I , -L. r, diic3tO r....
> .2, 1 r ... .. c . * treis free tenp., to . r o.

r o -1r IL, , 0 '.Ijt ,ro..to.,t or rr,,dctor ....
i ti ,i io , i ,Iic3tcr. . . .II i. 1. I2. i ;r,, . ,,,.rt row *,o .. i eo..to r . .ErcrL o. ,

..' -1. o it, 0 sL t. : L r.r, trit, r ic 2tOr ....
ii [ [, I. [u. I ;row A.. rc.;,.t. ': ; oriert :.et r~..tc r~o]c .. ...

I . t .j t rIII i. r .,,jt.I;IE'l orient ot no.to nod. ..

0 -. . 0 nitoi ttrnoor rtio aIeC3t or .... u
1 2.1 1 roi, c . ric., to e . ro., for s3,,e st i fr, e :

I' 13.2-2 rol, ci. rno., to ei. no., for siiie stiffness :

J -1,. t . t r:litr- ticr, ird c3tor . . for same stiffr, - . .,L

I-,:o -o. c r, od,2-L to simul3te split, dir. r, or i-31 1f, I
I S no. u 1' Jout, I nodes for Ve 1.3nM1r, 3 t i or, ke 1 or,

i 3,d.I3.18,23,23,33,A, 3,~.5, 03,G . A.73 double rode

.:20 . ), .0,.O, 1 ,.0 i'i lTinits of the solid that h-s ,.

.L 1 21.OE06 E1 jstic constant...
24 ET I 1. E06 EI -t i c constan t...

I 1 1.7EO6 E I ist ic constar t...
btULT 1 0.3 EI-stic cor, strt... as per el-stici L .. .

"'Tt'UL'Z 1 0.3 El stic const.rt... .3s per el c; .,,,tji

2n TI 1 1 ).54 El it 1 const3nt...

' GLT I 0.94E06 El tic constar t...
?, 1 0.94EOG LI ist c con t3nit...

I 1 'TZ 1 0.50E20 EL stic cor st 3r,t...
I. rL I 0.2E-06 T ierat l e::p n sron coefficient ir, L-

jL'T 1 0. -0 Tera, e::prsior coefficient in - .

-i L V2 1 6.6E-0-1 fI,-, I e::pinsion coeff1icient ir Z-

t-I ,i..1. t eriir ti or in iic tor for mt.
I S 25 5 1 s. :; ) is r , ertition for element s t =1

i, it5 5 i .oi or1e t ation for element set =2
- JL tc , ir, jtior, inoi ctor ....

j' -i ,d t3 termiritior, 1 r ..

4 1J ". 2-4 5 from,ttype, . luu to . .. .
I , Ur u. 2 2 5 1 o :

- Il U.( '-' ,1 25 ,Jisp. boirdir' c .... i ,

-. ILI .: U , (, S 2 2 5

,i* '5Jt k j . 5. 2 5
1 L'k L. §.r 25

u x C. CL:

• I L Z 0.0 71 Z

.tiJ -1 Ul 0.0,0 L. n o r,.'ero disp. L,.c
•1" -1 ,1.it3 termlrotior, 1:. 1.,. .. :
, t.t,L.0,0.0,0 e - . r oL.

C, 0 0 0I C . C,~

[i-

.,...,~~~ ,..'..,, .. .. .,



"t uT VL 6ri ~ i%

1 ~ ~£i.~02,922~; ~ ~t10/0/0.
.a i. 1 0 1 1 1 .. 0 r 0.C'0 0 300.

3 1 0 0 1 i y.~0 .0000 0 3QU.
u 1 0 1 ~ .C00 1.0000 0 300o.

s~~~~ . AO 0 .co~~a 300.
I 1 0 i.-* .- Q 2.0000 0 300.

S 7 0 0 1 1 -.. .~2 0. OU00 0 300.
S 0 0 0 i . . 0.u * uo 0 3Jl.
S 0 0 0 1 .~. 100 3.

lo~~~~~ . Mo 0) 1ho.~ .. ~j 100 0.

I~ 12 0 0 1 1 .. 30 0.0000 0 'j
1 ~ 14 0 0 0 1 .-. V^,v00 0.5000 0 j tt j.
V~Is u u 0 1 I V. Wv M.ooO 0 3u

1~v U J. 0 0 1 3uo 1.0000 0 30

12 1 1 .0000 0 1300. 4~0 19 0 01 1 ~ u 02.0000 0 300.
211 U a i 1 1 1 U. u 0.QM0 0MO0G 0 300.

3: 21 0 0 1 0 300.
24 22 a a 0 1 .U v J.uo 1.00o0 0 300.

23 0 1 0 1 1 . V O .-400 1.5000 0 300.
u24 0 1 0 1 i Q."Oo 2.0000 0 300.

~~5 0 0 1 1 1 Q.0o 0o.0000 0 300.tj 20 0 0 1 1~O.Woo 0.5000 0 300.
~ 7 0 0 0 1 1 1 0.000 1.0000 0 300.

v -,a 0 0 0 1 1 1 .Quu 0.0000 1.0000 0 300.
I 2 u 1 0 1 C .~o .3000 1.5000 0 300.
30 0 1 0 1 1 1 J.Vu 4.Ouoo 2.0000 0 300.

31 1 .0. 3.C000 0.0000 0 30
342, 1 0 0 1 V.1v J .UM0 0.5000 0 300.
-2 1 0 0 1 1 1 U.Qv;A 3.0000 1.0000 0 300.

. ' 4 1 0 0 1 J, 3. UVO 1.0000 0 300.
iu 1 0 I. 3.QOOQ :.0000 1 300.
-7 J .0600 0.0000 0 200.

.;' 33 0 0 1 1 1 . J .UooO MAO00 0 300.
~, .9~0 v i li V 1.00 .0000 a ]'00.

ii 40 u u 0 1 I .. ; .00 1.0000 0 300.
'. 42 u u I 1I ~ 30o .00 1 20

4J 42 0 0 1 1 1 1 i.Jvvj 3.OUUO 0.0000 0 300.
41 44 0 0 0 1 1 3. 00 0MA00 0 300.
4t: 4j 0 0 1 1 LUvuj I.000 1.0000 0 20
-1u 4L) 0 0 0 1 1 .v Q, 000O 1.0000 0 200.
i7 48 0 0 0 1 1 1 1.~v 3.OoO 2.0000 1 300.

46 9 0 0 1 1 1 U.,;Qv 2.0000 0.0000 0 300.
4 i 50 0 0 0 1 1 13 .0000 0.5000 0 300.

*J 1 0 0 0 I .Ju 3.0000 1.0000 0 300.
§11 J2 0 0 0 1 1 .Uu ] .0000 1.0000 0 300.

0 1300 
2.00 1Ai

,j 5 0 0 1 1 J.vv 2.Uoo 0.0000 0 300.4 u o o 0 1 3 .Qou 0.5000 0 300.



'7 7 0 0 0 1 1 1 3i.1)J0 1.0000 0 300.
0~ 0 0 1 1 1 E .3820 2.00 1000 0 lo0.

i U0 0 0 0 1 1 1 6. 0 3. 0000 2.0000 1 300.
0. £1 t. I 1 i 0 0 r).0000 '.3l.00 I) 300.

;9 2 1 0 0 1 1 1 0. 000 6.0000 0. AMO 0 300.
90 U3 0 0 1 1 1 0.Q0 2.070 1.0001) 0 20

1 1 0 0 1 1. 1 l&0 2.0 1.0000 0 300.

13 2 0 0 1 1 1 1 .' L .GMY 0. 0000 0 300.
A 20 .1 0 0 1 1l 2. o7 L. vcQ 0. 5000 0 20.

(C 9 0 0 0 1 1 i 200 ."2 .00 0 V
0> 0 0 1 1 .)0 0

67 0 0 0 1 1 1 2.2uOO73 2.0000 1 30

'3 74 c 0 0 1 1 1 4.2 .601.) .. 000 0 300.
7 -1, 2 0 0 1 1 1 C.38 "A33 1.0000 0 200 .

"G 7 0 0 0 1 1 1 . 30u C.20 I.00 0 30
70 3 0 0 1 00 8 .0000 1 300.

. 74 u 0 1 1 1 1 6.000 6.2 .0000 0 300.
4 ) 3 0 0 1 1 1 U. 3000 6. viC0 0.0000 0 300.

'- 1 3 0 0 1 1 1 .0 0 000 1.000 0 300.
32 8 0 0 I I L .0600 b.0000 1.0000 0 300.

. 34 8 0 0 1 1. 1 o 6. 0'00 .oO .0000 1 300.
77 5 0 0 1 1 1 I 600 6.0000 0.0000 0 300.

'> 0 0 0 0 1 1 1 .00 6.0000 0.0000 0 300.
18 7 0 0 1 1 1 S.7c0a 6.0000 1.0000 0 300.

37C 0 1 1 827 O.&0 1.0000 0 300.

2 700 0 1 .7 .80 2.0000 i 300.

l 1 2 1 j 1 .&~ 0 0.0000000 0.100E+]1
62 1 2 1 7 1 0 u006;' 00 0.0000000 0.lOOEt2l

32 1 7 1 0 .. 70 0.0000000 0.I0OE+2l
: 1 2 1 7 1 0 .0(0K'V%0V 0.C000000 0.100E+21

£ 1 2 1 7 1 o .630800000 0.100E+21
.7 ~ ~ ~ ~ ~ OOOOO 1 1 0~ V~2~0.100 0E+21

* 1 2 11 3 * bl0U400 0.0000000 0.100E+21
V 1 2 1 7 1 0 U.OQL C'7 Q.00000-.00 0.100E+21

"1 2 1 7 1 0 11060u .0080A 0.LOOE+21l
* 2 1 2 1 7 1 0 0.00677O 0.000000 0.100E+21

"57 1 2 1 7 1 0 0.-006700 0.0000000 0.100E+21
74 I 2 1 7 1 0 0.O-00"0 0.0000000 0.100E+21

7 '5 1 2 1 7 G.0.0o7*7u 0.0000000 0.100E+21
7 2 1 7 1 0 0.0vuu 0.0000000 0.IOOE+21

"B 1 2 1 7 1 0 0.006000 0.00000100 0.100E+21
L7 7 2 1 7 1 0 0 -0-''U0 0.0000000 0.100E+')l

* 1 0 1 2 1 7 1 o 0.070000 0.0000000 0.100E+21
0o2 61 1 2 1 7 1 0 0.0060M7 0.0000000 0.100E+21

12 8. 1 2 1 7 1 0 0.0060000 0.0000000 0.100E+21
104 4 1 2 1 7 1 0 3.-00000 0.0000000 0.100E+21

17j 65 1 2 1 7 1 0 0 -OOEO''O 0 O000U"00 0.1OOE+21
8L)d 1 2 1 7 1 0 0.8008 0.3000000 0.100E+21
3) 7 1 2 1 7 1 o 30'J) '3 A0 0.0000000 0. 100E+21
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