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ABSTRACT

A material database has been established for the evaluation of
critical flaw size in structur§1 components subjected to fatigque
loads. Specimen/size, load amplitude and mean stress and material
type can be varied such that their combined effects can bé accdunted
for in determining the condition of globa1ihstab111ty. This
}'cOrresponds to the onset of rapid crack propagation. The computer
database permits quick access to material se]éction and geometry

alteration in design.

The concept of non-destructive evaluation (NDE) is also
discussed in connection with linear elastic fracture mechanics. A
- procedure for establishing the particular NDE method is proposed
and can be modified for materials that behave nonlinearly. Future
development in this area is fmminent as quick access to structural

integrity evaluation becomes more in demand by the industry.
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I. INTRODUCTION

With the advent of modern technology, more sophisticated
methodology is needed not only in design but also in evé]uating
the structural integrity components during service. Unexpected
failure can Tead to costly repair and delay of production. One of
'the prerequisites for assessing structural component behavior is a
knowledge of the mechanical and fracture properties of materials
such that they can be used to forecast the useful 1ife and to
develop inspection and/or procedures. Conventjonal design criteria
such as maximum stress, maximum strains, etc. do not yield suffi-
cient information for non-destructive evaluation as they make no
reference to the physical dimensions and locations of damage in the
material. No reference can thus be established for estimating the

remaining 1ife of components under service conditions.

Fracture mechanics became a recognized discipline after World
War II because of the inability of continuum mechanics to evaluate
failure by fracture. The alarm;ng number of ship structure failures

were indicative of the lack of understanding in design against

brittle fracture. The fracture toughness and transition tempera-
ture quantities [1] were thus introduced to charaéterize material
failure behavior in addition to the conventional mechanical prop-
erties such as yield strength, ultimate strength, etc. Most
important of all, the interaction of defect or crack size with

matéria] comes into play. Allowable load and net section size are

-2-




thus determined from a knowledge of both uniaxial and fracture
toughness data. The standard K]c test as endorsed by the American
Society of Testing Material [2] has received worldwide acceptance
and been adopted for industrial application. This methodology
referred to as Linear Elastic Ffﬁcture Mechanics [3], however,
could not yield accurate predictions when fracture is preceded by‘
plastic deformation of yielding of the material. The strain energy
density.criterion [4—7]-w%11 thus be adopted for determining the
critica]coﬁdition of fracture. In particular, crack growth
resistance curves involving the rate change of strain energy density
factor with crack length denoted by dS/da can be developed to
reflect theicombined effect of loading rate, specimen geometry and

size, and material type.

The characterization of the material damage process involving
nonlinear behavior is complex and cumbersome as it can involve an
overwhelmingly vast amount of numerical data. In addition to
having a sound theory, an easily assessable and usable database
can provide the practicing engineer with a powerful tool in design.
Alternative consideration in material loading can be'made. The
change in the mode of failure can then be weighed in relation to
cost effectiveness. By specifying the nature of loading, material
type and specimen geometry and size, the critical érack length at
which rapid fracture occurs can be automatically determined from

the database in the computer. This includes the time histony of

o -3=-




crack growth such that non-destructive inspection procedure can be

established accordingly.

Developed in this thesis is a database that has the capability
of assessing the critical crack size for cracked panels and
cylindrical bars by making.use of the basic material properties.

The corkeSponding fracture data are computed automatically and used
in the failure analysis. A non-destructive evaluation procedure is
developed together with sample calculations so that it can be
easily used by the'ordinary'éngineer. The main contribution'of this
work may not 1ie in the completeness of the databése but in
developing a quantitative formalism based upon which the database

may be broader to cover a wider range of application.




II. STRAIN ENERGY DENSITY CRITERION

Prior to the development of a material database, it is essen-
tial to have a valid failure criterion that can rea]istically J
characterize the behavior of material for the entire Toad-time
history. This includes the stage of non]inearstressand strain
‘behavior up to terminal failure. The parameter selected should be
sufficiently general such that its fundaménta1 character would be
retained as loading material type and specimen geoméfry are
damaged. Up to now, only the strain energy density function dW/dV
can satisfy these requirements. In particular, the 1/r behavior of
dW/dV with r being the distance measured from the crack front is the
same for all material and crack geometry discontinuities. This will
not hold for the stress intensity factor approach used in LEFM
because the order of the crack front stress singularity changes

. *
with the constitutive relation and crack geometry.

2.1 Mechanical and Fracture Properties

The uniaxial tensile test is most commony practiced in gather-
ing data on material behavior. Depending on the specimen size and
loading rate, different response can be obtained in a plot of true

stress o versus true strain ¢ as shown in Figure 1. As the load is

*For example, the stress singularity at the point where the cragk
border intersects with the free surface is different from that in

the interior of the solid.

U




True Stress o

True strain e

Figure 1. Schematic Of Stress And Strain Curve -
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increased to the yield point y, a stress level Oys will be reached
beyond which the material will experience permanent deformation.

That is, the material will unload along the path pp'. A permanent

strain Ep from o to p will thus be registered. The distance between
p' and q is the recoverable strain such that the total strain can be

written as

* \ |
e=ept.e (1)

Subsequeht loading will follow the 1ine p'p rather than oyp. uHénce,
the area opp' may be regarded as the energy density dissipated
during deformation while the area enclosed by p'pq represents the
avai]ab1eenergydehsity. They will be denoted, respectively, as
(dW/dV)p and (dW/dV)* so that the total strain energy density

function dW/dV becomes

Q%.= (G (W (2)

The stress corresponding to the point f at which failure occurs is
known as the ultimate stxess o . At incipient failure, (dW/dV)
becomes critical and the amount of energy per unit volume that is

, _ * _
available for release is equal to (dW/dV)C or the area f'fg.

In general, dW/dV can be defined in terms of a factor S in

the form (Figure 2)

dW _ S - B
- 3 _ (3)

e —

dVv




Strain Energy Density Function

P
[0
Site of |
Possible ' | Distance
Failure -
Initation

Figure 2. Variations Of dW/dV With Distance Near Site Of
| Possible Failure. '
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where r is measured from the site of possible failure such as the
crack tip. The function dW/dV generally decreases very rapidly

with the distance r. Shou]d the point of investigation o coincide
wiph the crack tip, then the critical va]ﬁe-of S or SC can be 1inter-
preted as the fracture toughness of the material i.e., the amount

of energy required to extend a unit area of crack surface at

incipient fracture. The relation

(T+v) (1-2v)K3 .
> ” T | - (4)

can be used provided that the ASTM plane strain condition
5 > 2.5 (29 (5)

is satisfied with & being the smallest dimension of the specimen
such as the plate thickness. In equation (4), v is the Poisson's

ratio and E the Young's modulus.

A typical feature of metal behavior is exhibited by the trade-
off relation between yield strength Oys and fracture toughness SC
as illustrated in Figure 3. The fracture toughness of higher
strength metal is usually Tow. Such a material is proned to
brittle fracture. Increase in fracture toughness can only be done
at the expense of lowering the strength. For metals with cys in
the range of 40 to 5,000 MPa and S, in the range of 900 to

4,000 N/mc, failure will most likely occur in a ductile manner

under normal constraint conditions. For very Tow strength

-9-
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>
O
- )
5 High Strength |
S (Brittle Behavior)
b
V)
©
2 Medium Strength
>

(Ductile Behavior)

Low Strength
(Flaw Behavior) - .

Fracture toughness SC or (dW/dV)C

Figure 3. Variations Of Yield Strength With Fracture
Toughness For Metals.
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“~ to Figure 1, the strain energy density function at a given point,

materials, metal tends to flow and frequently may not satisfy the
stiffness requirement in design. What has been described, of
course, applies only to the behavior of materials under uniaxial and

normal loading conditions.

In a structural component, the local eléments are subjected to
triaxia] stress states. The local strain rafes may be many times .
higher than those averaged on a global basis. This is mainly
because the local mechanical constraints are not uniaxial in
character. Care'must be exercised in translating uniaxial data to

b
stress states that are multi-axial in character.

2.2 Critical Strain Energy Density

) are

) and failure point (gue’eue-

Once the yield point (Oys’eys

known, a stress and strain curve may be generated to obtain the
strain energy density function dW/dV which is the area under the
N e J

curve. To this end, use will be made of'thejhamberg-OSQOOd

relation

»
m|Q
L J
Q
Q

e =¢ (6)
| n

-1]oys} s 030

L .
%{ ol (=) vs

ys

in which m and n are the strain hardening coefficients. Referring

-11-




say p, may be computed as

dw _
a-\-,-= foade (7)

Making use of equation (6), equation (7) may be integrated to yield

dWi _ 1 ¢l n o |
v -F @ T 2] | (8)

The critical value (dW/dV)C may be found by simply letting ¢ equal
to o, From equations (2) and (8) the available energy density at
failure can also be obtained

* g2

-1
dwW e rr . . luey .
(1) = 7 [1 + m(=—) ] (9)
dVv c 2E dys
Once, Oys andoue are known, appropriate values of m and n for a

given material may be selected to generate a complete stress and

| * |
strain curve from which (dW/dV)cior (dW/dV)C can be obtained.

2.3 Fatique Crack Growth Properties

If the loads are applied repeatedly at a value considerably
1ower* than the yield strength, failure will eventually take place
.after many.éyclés of repeated loading. The LEFM approach [1]
assumes that the rate of crack growth da/dN is related to thec

chahge in stress intensity factor AK, i.e.,

* |
The stress amplitude is usually taken as 50% of the yield
strength while the mean stress level can be zero or non-zero.

-12-
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g2 - (k)" (10)
where A and M are empirically determined paramet;rs, they cannot be
regarded as material constants because they are sensitive to
changes to specimen geometry and size [9,10]. As AK is determined
from the theory of elasticity, there are conceptual difficulties
associated witﬁ the application of equation (]0). "Fatigue is a
process where damageJis accumulated over many cycles of loading
while elasticity considers only processes that are reversible
involving no energy dissipation. For this reason, da/dN should be

estimated from quantities that account for damage accumulation.

The strain energy density criterion [4-7] discussed earlier
applies equally well to fatigue by assuming that failure of an uni-
axial specimen subjected to cyclic loading o(t) in Figure 4 will
occur when the strain energy density function after many cycles of
accumulation reaches a critical value, say C, i.e.,

T (A = l (11)

J=1 av J

A weighted average AW/AV can thus be obtained such that
'A-_W _ | :
W AN = C (]2)

Referring to Figure 4, the variation of AW/AV when the distance r

-13-




1 0 Time t . T‘

Weighted Average Strain Energy Density dW/dV

Fatigue
Crack

Distance r

Figure 4. Schematic Of'Permanent'Chénge In The
Strain Energy Density Factor.
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ahead of a fatigue crack is shown. Because of the irreversible
nature of the fatigue process, the AW/AV versus N curve will not
coincide with that after AN number of load cycles. There prevails

an incremental change in the strain energy density factor AS which

is the area

Combining equations (12) and (13) gives

2 = B(aS) - | (14)

in which B is the reciprocal of C obtained from the cyclic uniaxial

test, i.e.,

=1 £
B = & (15)

\
It can also be deduced from a fatigue crack growth test. Bytakin§
logarithm of both sides of equation (14), B is the y-intercept on a
log (ar/aN) versus log(aS) plot (Figure 5) with a 45 degree slope
line. Indeed, the work in [11,12] shows that the 45 degree-line
correlates well with fatigue data on metals. What should be
emphasized is that AS must now be computed from~thegtheory of
plasticity or any other theories that includes the mechanism of

energy dissipation.

The unique feature of the strain energy density criterion is

that only one parameter C or B is required to characterize the

15—




Log (ar/aN)

L/ Log AS

_+
Log B y,
T

Figure 5. Fatigue Crack Growth Versus Change
| Of Strain Energy Density Factor.
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fatique property of a material. The parameter C-obtained from a

cyc

eva

luated independently from a fatigue crack growth test.

of checking the validity of the model is also provided.

-17-
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IIT. DEVELOPMENT OF MATERIAL DATABASE

The concept of a centralized material database is not new [8].
Depending on the objective of the user, the contents of one database
may diffef widely from another. Such information.will not normally
be made availab]e to the general public, mainly because database
development requires a great deal of efforts in addition to know
how. The ease‘with which useful results can be made available
quickly becomes a measure of the effectiveness of the program. In
what follows, the "Fracture Analysis Material Evaluation Database
(FAMED)" program will be developed. It has the capability for
determining the integrity of simple structures with a crack.
Materia]-behavior.owing to changes in geometry and size, lToading
and material type can be automatically adjusted. Only metal alloys
are considered although the same procedure applied to other

méterials.
3.1 Preliminary Information

The three commonly used metals are aluminum, steel and
titanium. Their basic mechanical and fracture properties are
given in Tab]é 1 in which material 1, 2 and 3 refer respectively
to aluminum, steel and titanium. Fatigue Load will be defined 1in

terms of the stress amplitued Ao and mean stress o

- -.]_. - . _=_
Ao = Z(Gmax Omin) 3 O 7% ax




'
—
w0

!

Table 1. Mechanical and Fracture Properties of Aluminum, Steel and Titanium

Material
| roperties | Young's V 5 5 | . ] S ¢
Material Modulus |Poisson's | "ys ul ys ul (qu C Tc_
Type E(MPa) Ratio (MPa) | (MPa) | (cm/cm) (cm/cm) dV’ ¢ | (KN/m) (MPavm)
* 4 | (MPa)
1 1.66x10°| 0.33 1413.69 1585.81 | 2x107° 4.08x10'2uh49.82 19.815 | 222.54
v | . X %22
2 2 07x10°| 0.25  |s17.1 L378.97 2 5x1073 1.34x1o'24_12.32 13.485 |183.60
ST e RO -—l-l-ndr -4 .
3 2 e0x10®l 0.321 | 620.53 |1172.12] 3x1073 7.08x10°3| 4.7 {9.104 150.79




in which Omax and'omin are~respect1ve1y the maximum and minimum
app]ied streSs indicated in Figure 4. Refer to Table 2 for the
three combinations referred to as type I; Il and III. Variations
~1in specimen geometry and crack shape are also considered. They
consist of a solid circular cylinder with a penny-shaped crack,

rectangular plate with an edge crack and a hollowed cylinder with

an edge crack at the inner boundary. A total of nine cases A, B,---,

I are obtained. The dimensions of the three specimens are selected
such that they have the same three corresponding V/A ratios. Refer

to Figures 6 to 8 inclusive for details.
3.2 Data Code System

Based on the strain energy density fatigue model described in
Section 2.3 and the procedure for obtaining AS in [13], the crack
growth data for each load type in Tab]e}2 can be obtained. For the
case of a steel circular cylinder of specimen type A (Figure 6)
subjected to load type I (Table 2), Table 3 summarizes the crack
growth data for 5,700 load cycles in increment of 300 cycles. The‘
corresponding values of the strain energy density factor S are also
given-which will be used subscguently for constructing the crack
growth resistance curve a procedure that will be used to generate
additional data for evaluating loading rate and specimen size
effects. With three different variations of specimen type,

material and fatigue loading,- there results a tota1ﬁof.27 combina-

-20-




Table 2. Fatigue Load Type I, II and Il

g
Loading ] -o(MPa) ] aa(MPa)
Type ='§'(Gmax + Om1n) ) ?'(OmaxA' Omin)
| T , N
| I . 206.9 _ 124.1
i (Opax = 48 5 i = 12)
i S _ — |
II 258.1 155.2
(oax = 00 3 Opin ~ 15)
— —
II1 284 .5 170.7
(Gmax = 65.9 3 Orin 16.5)
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pe-

Crack
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Specimen Radius Length %—(cm)
Type | b(cm) L(cm) -
+ e -
A 12.7 50.8 5.08
1 4 s S—
B 19.05 76.2 /.62
1
C 25.4 101.6 10.16
L b
N e N
|
|
.I
| 3 |
< |
-
Figure 6. Solid Cylinder With Penny-Shaped




Y i Y

~ Specimen | Thickness Width Height !(cm)
Type h(cm) 2b(cm) L(cm) A
) ' — -
D 11.684 116.84 233.68 5.08
)
E 17.526 175.26 350.52 7.62
1
F 23.368 233.68 467 .36 10.16
S L
r
1
' h

Figure 7. Plate With Edge Crack
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: Inner Outer |
Sp$c12en Radius Radius Length X(cm) I
yP c(cm) b(cm) L(cm)
G 4.6 9.2 36.8 5.08
H 6.9 13.8 55.2 /.62
I 9.2 18.4 73.6 10.16
C
|
L :
|
| | |
| | |
B
| 1
| |
| |
| X
1 — — 4
Figure 8. Hollow Cylinder Arch Edge Crack
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Table 3. Fatigue Crack Growth Data For Material 2,

a(cm)

.540
.604
675
758
.859
.983
128
296
491
719
.986
.298
.663
.090
583
.154
.812
566
421
.382
439

N(Cycles)

300

600

900
1200
1500
1800
2100

2400

2700

3000

3300
3600
3900
4200
4500
4800
5100

5400

5700
5705

Aa/AN(x1'“4)

Specimen A and Load Type I

S(kN/m)

-25-

0
2,133

2,367

2,767
3,367
4,133
4,833
5,600
6,500

7,600

8,900
10,400
12,170
4,230
16,430
19,030
21,930
25,130
28,500
32,030
114,000

.

W W —= O 0 N O Gl BPWww NN

.149
1.277
435
.630
1.866
127
429
780
190
671
233
.890
.723
.610
746
884
391
845
383
.485




Table 3. Fatigue Crack Growth Data For Material 2,
Specimen A and Load Type I

-25-

a(cm) N(Cycles) Aa/AN(x10'4)_ S(kN/m)
2.540 0 0 0
2.604 300 2,133 1.149
2.675 600 2,367 1.277
2.758 900 - 2,767 1.435
2850 1200 3,367 1.630

2.983 1500 4,133 1.866
3.128 1800 4,833 2.127
3.296 2100 5,600 2.429
3.491 2400 6,500 2.780
3.719 2700 7,600 3.190
3.986 3000 8,900 3.671
4.298 3300 10,400 4,233
4.663 3600 12,170 4.890
5.090 3900 14,230 5.723
5.583 4200 16,430 6.610
6.154 4500 19,030 7.746
6.812 4800 21,930 8.884
7.566 5100 25,130 10.391
8.421 5400 28,500 11.845
9.382 5700 32,030 13.383
9.439 5705 114,000 13.485
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Table 3. Fatigue Crack Growth Data For Material 2,
Specimen A and Load Type I ]

-95.

a(cm) N(Cycles) Aa/AN(x10'4) S(kN/m)
2.540 0 0 0
2.604 300 2,133 1.149
2.675 600 2,367 1.277
2.758 900 2,767 1.435
2.859 1200 3,367 1.630
2.983 1500 4,133 1.866
3.128 1800 4,833 2.127
3.296 2100 5,600 2.429
3.491 2400 6,500 2.780
3.719 2700 7,600 3.190
3.986 3000 8,900 3.671
4.298 3300 10,400 4.233
4.663 3600 12,170 4.890
5.090 3900 14,230 1 5.723
5.583 4200 16,430 6.610
6.154 4500 19,030 7.746
6.812 4800 21,930 8.884
7.566 5100 25,130 10.391
8.421 5400 28,500 11.845
9.382 5700 32,030 3.383
9.439 5705 114,000 13.485




Table 3. Fatigue Crack Growth Data For Material 2,

a(cm)

2.540
2.604
2.675
2.758
2.859
2.983
3.128
3.296
3.491
3.719
3.
4
4
5
5
6
6
7
8
9
9

986

4.298

4.663
.090
583
154
812
.566
421
382
439

N(Cycles)

300
600
900
1200

1800
2100
2400
2700
3000
3300
3600
3900
4200
4500
4800
5100

5400

5700
5705

1500

pa/aN(x107%)

Specimen A and Load Type [
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0
2,133
2,367
2,767
3,367
4,133
4,833
5,600
6,500
7,600
8,900

10,400
12,170
14,230
16,430
19,030
21,930

25,130

28,500

32,030

114,000

S(kN/m)
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1.149
1.277
.435
.630
1.866
127
.429
780
190
.671

233
.890
123
610
.746
.884
.391

.845
13.383
.485




tions. That is fof the solid cylinder configuration in Figure 6,

a total of 27 cfitica] crack sizes are found, Table 4. This number
will increase to 81 if the two other specimen configurations ih
Figures 7 and 8 are also considered. Because of thé enormous
increase in accumulated dafa as more combinations of loading,
specimen geometry and material are included, a code system needs to

be developed.

Data storage in the FAMED program will be referred t5 by a
four digit code*. Letters and numbers will be assigned consecu-
tively to denote the specimen type, material , load and flaw size
including location in the order stated. For example 1IAa refers to
material 1, load type I, specimen A and flaw size a. Specimen A as
defined in Figure 6 is a solid cylinder with radius 12.7 cm and
L = 50.8 cm giving V/A = 5.08 cm. Material 1 is aluminum and load.
type I pertains to o = 206.9 MPa and Ac = 124.1 MPa (Table 2). In
this way, each one of the 27 critical crack size in Table 4 can be
identified by the code numbers 11Aa, 2IAa,---,3IIICa. Additional
data may be added and they can be coded as 11Da, 21Da,---3I1IFa.
Specimen type D is defined in Figure 7 while the other tﬁree digits

refer to material, load and flaw type as before.

I%An additional digit may be added for flaw location such as o would
denote a flaw at center of specimen.

T
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Critical Crack Size For Different Combination
Of Fatigue Load, Material And Specimen Type.
T

Table 4.

| Critical Crack Size a_(cm) .
Specimen Material Load Type Load Type Lazdéfype |
Type Type I I1 I11
A 1 10.375(cm) 9.215 8.456
= — L - :
2 l 9.439 8.020 6.817
3 H 8.753 7.187 5.384
4
B 1 11.263 9.912 8.984
— - 4 #
2 10.137 8.797 7.431
3 9.595 | 7.893 6.244
C 1 12.000 | 10.643 9.263
. —
2 10.634 9.437 8.095
3 10.312 | 8.606 6.954
p— S St S
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3.3 Crack Growth Resistance Curves

When crack growth is accompanied by yielding, the load versus
displacement relations for a cracked specimen or'the crack 1ength
versus number of load cycle relations become highly nonlinear and
are not readily adaptable fbr-use in design. The objective of
constructing the crack growth resistance curves (R-curves) there-
fore is to linearize the nonlinear fracture data. Criteriansuch as
the crack opening displacement [14] and J-integral [15]-approach
are not useful since their relations with crack growth remain non-
linear. Such an exercise defeats the very purpose of constructing

R-curves.

jFigures 9(a) and‘(b) i1lustrate schematically that plots of AS
versus Aa could be parallel lines if the specimen size is altered.
The larger or thicker specimens corresponding to a higher V/A
ratio* would behave more brittle and rapid fracture would occur
with little or no slow crack growth, Figure 9(a). The precise
amount of slow crack growth aa prior to incipient failure is deter-
mined from the intersections of the S_ = constant line with the

parallel dS/da = constant lines. Failure by plastic collapse would

result if the specimen size is reduced so small that yielding be-

*

It is more expedient to express size effect in terms of V/A rather
than thickness or cylinder radius so that the brittle and/or
ductile behavior of specimens with different geometries can be
compared on equal footing.
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I >
Crack growth Aa - Crack growth Aa
(a) Size Effect - (b) Loading Rate Effect

Figure 9. Crack Growth Resistance Curves For Change In Specimen Size And Loading Rate




giﬁS'to dominate. Loading rate also has an influence on slow

crack growth behavior. Figure 9(b) shows that as the loading rate
is increased the dS/da = constant lines tend to rotate in a counter-
clockwise direction. Crack can grow in a stable fashion for a long
period of time if the loading rate is slowed down. This corresponds

to the phenomenon of creep.

More specifically, Figure 10 displays the AS versus Aa plots
for a cylindrical sﬁee1 bar specimen subjected to load type I.
Three parallel lines ;re-obtainéd that correspond to V/A = 5.08,
7.62 and 10.16 cm. The amount of slow crack growth can be obtained
from the 1nferactions of the SC = 13.485 KN/m constant line.
Similarly, the cylindrical specimen V/A ratio may be fixed at
V/A : 5.08 cm and the material is assumed to be steel. Three dS/da
= constant lines are again obtained. It is seen from Figure 11
that the lines rotate counterclockwise as o and Ao are increased.
Fatigue slow crack growth is therefore entranced by lowering ¢ and
Ao. The material type may also be varied as it is done in Figure
12. The material with the highest S = 19.815 KN/m being the
aluminun attains the largest crack growth Aa. Next in line is
steel and titanium comes in last with S. F 9.104 KN/m. The
material possesses the highest toughness value in this case also

has the longest subcritical crack growth period.
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oF o Specimen C
15.0 ~ (V/A=10.16cm)

Specimen A
(V/A=5..08cm)

Specimen B

(V/A=7.62cm)
SO— .. A . —L. AL | T -
0 1.0 2.0 3.0 4.0 50 6.0 7.0

pa(cm)

Figure 10. 'Crack Growth Resistance Curves For
| Load Type I
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S = 13.485 KN/m

Load Type
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a(cm)

Figure 11. Crack Growth Resistance Curves For Load
Type I, II and III.
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S =13, 485 KN/m (Stee])

SC 9. 104 KN/m

Material 1
(ATuminum)

" Material 2
(Steel)

Material 3
(Titanium) (Titanium)
5.0
[__ﬁ — — ! L )
- 2.0 4.0 6.0 8.0  10.0
pa(cm)
Figure 12. Crack Growth ResiStance Curves For Material

1, 2 and 3, specimen A and Load Type I.
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3.4 Interpolation of Data

Of particular interest is the critical crack Si;e at which
rapid fracture occurs. A situation that should be pre-determined
if possible and avoided. For a circular cylinder with a initial
crack radius of 2.54 cm, Figure 10 gives three values of-aC
corresponding to V/A = 5.08, 7.62 and 10.16 cm. Hence, a plot of
a. versus V/A may be constructed such that other combinations oi/*aC
and V/A may be obtained by interpolation or simply graphically as
given in Figure 13. This, of course, can be accomplished by a sub-

routine in the FAMED program.
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Figure 13. Variations of_AaC With V/A For Material 2
~ (Steel) and Load Type I.
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IV. FRACTURE ANALYSIS MATERIAL EVALUATION
DATABASE (FAMED) PROGRAM -

This program [16] is developed for those users who may not be
familiar with fracture mechanics involving the nonlinear analysis
of material behavidr‘ Such a knowledge is beyond the capability
of most engineers in the industry. A user friendly pfogmamw0u1d
therefore enable the ordinary engineers to design more sophisti-
cated'componenté that they otherwise should not have beeh-ab]e to
do so. As modern technology advances more and more rapidly, such

a trend is the future.
4.1 Flow Chart

A flow chart of the FAMED code is shown in Figure 14. The
user must first select the material type according to the number 1,
2 and 3. The mean stress o-and stress amplitude Ac must then be
decided so that a Roman numeralﬁbetween I to III is chosen. If the
fatigue load falls outside of I, II and III, the user may obtain
three answers and find the answer by interpolation. The specimen
type and size is designated by the letters A, B,—-—,I; Three
different values of V/A are available for each specimen configura-
tion.ﬁ Again, an interpolation scheme must be used if the V/A value
does not coincide with those Tisted. The flaw Size and location
must then be specified so that a four digit code such as Alla,
A2la, e£c. can be fed in the FAMED program. The critical flaw size
a.. and number of cycles Nf to final fracture are then obtained as

output. B -36-
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Material # Load ' Specimen Flaw I
Aluminum—+1H g = 206MPa} : Solid Cylinder—A,B,C Size———a
Stee]—2 Ao = 124MPa” Plate »D,E,F Location—-o0
Titanium—3 o= 258Mpa}_+11 Hollow Cylinder—=G,H,I T

Ao = 155MPa |
V/A = 5.08cm——A,D,G
o = 285MPa | v
Y ( }—I11 V/A = 7.62cm——B,E,F
Ao\31.71MPa
| y - V/A = 10.16cm——C,F,I
Code System
Alla
A2la
o
|
F3II1la
FAMED
| -
L Qutput
- a. and Nf,

Figure 14. Flaw Chart Of FAMED For Evaluating Critical Flaw Size And Fatigue Life.




4.2

User Procedure

To use the FAMED code, follow the steps indicated in the flow

chart, Figure 14. Refer to the-Appendix in Sec*ion VII for the

computer progran.

will

Step 1 - Material selection.

(1) If user chooses aluminum, indicate number 1
(2) If user chooses steel, indicate number 2

(3) If user chooses titanium, indicate number 3

Suppose that steel is chosen, i.e., type 2, the user's manual

furnish the following information as in Table 1:
Gys = 517.11 MPa 5 gue = 1378.9 MPa

e = 2.50x107%cm/em 3 e = 1.34x10™%cm/cm
Vs . , ’ ue . |

Then the first digit in the code is chosen as 2, i.e., 2XXX.

Step 2 - Fatigue Load

The choices available to the user are shown in the flow chart

(or Table 2). Again, these will be given in the user's manual.

Suppose that the user selects load type I referring to

5 = 206.9 MPa 3 Ao = 1241. MPa

" the second digit in the code is then decided, i.e., 2Ixx.
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Step 3 - Specimen Configuration

For a solid cylinder with length L = 50.8 cm and radius
b = 12.7 cm, the V/A ratio is 5.08 cm. This corresponds to speci-
men type A, Figure 6. Determined is the third digit in the code
number: 2IAX.

Step 4 - Initial Flaw Size and Location

Suppose that the initial flaw size is 2.54 cm and is located
at the center of the specimen. Then, the fourth digit a will be

assigned. This completes the four digit code 2IAa.
Step 5 - Input Code Number

The code number 2IAa is punched into the FAMED program.

Step 6 - Request for OQutput

The output of a_. = 6.812 cm and N = 4,800 cycles will then be
obtained as they are shown in Table 3. Except that the information

will be stored in the computer and can be made available on command.
4.3 Additional Subroutine

If the user's input data does not coincide precisely with
those in Steps 1 to 4 or those stored in the FAMED program, then

at least three outputs on aC-and Nf should be obtained such that
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the actual answer can be obtained by interpolation as discussed in
Section 3.4. Additional subroutines may be developed by the user

so that the procedure can be done automatically by the computer.




V. NON-DESTRUCTIVE EVALUATION

One of the main objectives of fracture mechanics is to determine

the onset of unstable fracture in terms of a critical crack length a,

so that such a condition can be prevented in service. This can be
accomplished by periodic inspection of the structural component in

question. Such a methodology is known as "fracture control”.

Figure 15 shows a schematic of crack length versus number of

load cycle. As the crack grows very slowly initially, the number of

cycles Ns_correSpOnding to a certain growth rate Aa/AN should be so
‘as to establish the inspection interval. The number of cycles
between the useful and fatigue 1ife may be regarded as the safety
margin. The fracture mechanics discipline may thus be applied to

find ac, N, and N_ with a predetermined margin of safety. The

f?
implementation of fracture control in practice requires the applica-
tion of nondestructive testing [17-19]. An estimate of the remaining
1ife of the structural component is needed. Depending on the

environment and available personnel, recommendation on the use of a

particular technique can then be made.

5.1 Commercially Available Non-Destructive Testing Devices

Non-destructive testihgissti]l an.arf in that only the more
experienced individual can reliably detect defects in a given
structure. The reliability of detection depends on many variables
such as the flaw size, flaw location, material, etc. A brief -

description of some of the common methods will be given.
| -41-
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Figure 15. Crack Length Versus Number of Cycles.
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- 5.1.1 Dye Penetrant

This method applies to surface flaws in metals, ceramics,
and materials that should be non-porous. It is generally used to
locate cracks in welds, castings and machine parts after grinding,
étc. It is relatively inexpensive and can be readily administered.
Inspection can bé'madelvisually. No information, however, could be

obtained on flaw depth.

5.1.2 Magnetic Particles

It applies to ferromagnetic materials where the fine
magnetic particles or powder Can reveal the presence of flaws or
surface cracks. The free surface or opening of the crack acts Tike
a pair of magnets as a result of flux leakage. The defective
surface of course, must be assessable énd reasonably clean so as to
achieve good resolution. Grinding or machining of the surface

becomes necessary if the material is too rough.

5.1.3 Eddy Current
A relatively inexpensive means of detecting embedded:cracks
is by correlating the change in current as a result of alteration
of coil inductance due to the presence of cracks. This method 1is
widely used in the nuclear industry.
5.1.4 Ultrasonics
. High frequency wave is transmitted into the material by a

transducer made from piezo-electric crysta]s. Waves are reflected

when encountering a surface boundary and/or a crack and monitored

on the .oscilloscope. Distance'between the first pulse and
~43-




reflection gives the location of the crack. The crack size can also
be estimated from the wave reflection pattern. Ultrasonic measure-
ments usually underestimate the crack size becauséithe adjoining

surfaces may be closed.
5.1.5 X-Ray

X-ray is one of the most widely used techniques in non-
destructive testing. The intensity of radiation is interrupted by
defects in the material. The nonuniform absorption of radiation
appears on the film. X-ray wave]eﬁgth is in the order of one
angstrom or 10'8cm. It becomes tedius if detection were to be per-

formed over a large area.
5.1.6 Acoustic Emission

This technique relies on a high signal-to-noise ratio. It
assumes that the acoustic¢ energy released is proportional to the
size of defect created during loading. It can be used to monitor
the creation of flaws in a full size structure that is in service.
The location of a flaw can be determined by using several sensors
positioned in a trinagular pattern such that the loci of failure

role can be found.
5.2 Flaw Sensitivity In Material

Cracks in the higher strength materials are usually more

difficult to detect because the adjoining surfaces can be extremely
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tight; Detection becomes 1mposs1b1e when the crack opening is
closed and of the same order of magnitude as the grain boundary
thickness. According to linear elastic fracture mechanics, the
crack opening governed by the radius of curvature p in relation to
crack length 2a centered in 3 uniformly plate by the relation

a = %—(2"—1)20 | (17)
where o is the applied stress and . the local crack tip stress.
- Since the tightness of the crack measured by p is directly propor-
tional to a, cracks in materials with higher yield strength such as
titanium'will be more difficult to detect than cracks in aluminum.

This 1is i]]ustrated in Table 5.

In view of uncertainty in detection, it is useful to define a
confidence level at which flaws or cracks can be found by non-
destructive methods. A series of experiments can thus be performed
for a given material and flaw geometry toJObtain the results as
displayed in Figure 16. A confidence level of 80¢ for detecting a

Flaw of Tength 2a = 0.25 cm in aluminum [7].
5.3 Fatigue And Useful Life Gf Cracked Hollow Cylinder

Consider a thick-walled cy11nder with inner radius b = 17.78 cm
and outer radius ¢ = 20.32 cm in Figure 17 (a). It is subjected to

an internal pressure that fluctuates in time as shown in Figure

17(b). The maximum interna] pressure p. 1s 69 MPa while the minimum

s zero, The cy11nder s made of 300 M steel with u = 82800 (MPa )
-45- |




Table 5 - Critical Flaw Size For Aluminum
And Titanium Alloys

(1) Aluminum Alloy 7075

Yield Strength: Oys = 50 to 80 ksi -
Toughness: k]c = 25 to 39 ksiv/in
Critical Crack Size: 2aC = 10'1 in

(2) Titanium Alloy 6A-6V-2Sn
Yield Strength: Oyg = 150 to 180 ksi
Toughness: k]C = 30 to 50 ksiv/in
Critical Crack Size: 25c = 10-2 in

- -46-
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pmax = 69 MPa

0 Time

(a) Pressurized Cylinder (b) Cyclic Pressure

Figure 17. Fatigue Of Pressurized Hollow Cylinder With
| Edge Crack
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and v =

0.25. Since the stress intens

ity factor k] can be
approximated as

(18)
It can be found from equations (4), (18) that
S. = 2°2%2 = 2 45010 *N/m (19)
C 4y ¢ | AR

o =p(Ci*b2, {0.2032)2 + (0.1778)2 . _
“max Pz opz) = (020329 -YLo.ms)T) = 219.8 MPa (20)

The critical crack length is thus found.

_ 1, 4y 2 _ 4x82800 2
aC—E(T:ZV.]']Z.UmaX) - §(]-2-0.25-].72°519.8)

= 8.2x10-3(m) - (21)

The crack growth relation in equation (21

) must be modified with an
€Xponent m on S becahse damage accumulation.is-not accounted for

by using Tinear elasticity in computing as, i

s 1.€.,
g§-= B(as)™ (22)
. For 300 M stee], 1t can be found from [4] that
B =3x10 m/cycle) (Mpavm) =3 5 ooy . . 2 (23)

This leads to
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and v =0.25. Since the stress intensity factor k, can be

approximated as

k.l = ]']ZomaXVHa' - (18)

C C

"It can be found from equations (4), (18) that

1-2v2 = 2.45%10™kN/m ‘ (19)

S = —Ki¢

C,

o =Y

in which o . is obtainable from the strength of material as

_,.C 0.,'_:-2 + . 0)2 |
o PETE) = OGS0 o 177a)) = $19-8 WPa (20

The critical crack length is thus found.

. =1 4, )2 =_1{ 4x82800 )2
¢ w'l-2ve]l.120 _ %'\]1-2.0.25+1.12-519.8
ma X | -
- 8.2x1073(m) (21)

The crack growth relation in equation (21) must be modified with an

exponent m on AS because damage accumulation is not accounted for

- .

by using linear elasticity in computing AS, i.e.,
da_ ppg)m | (22)
For 300 M steel, it can be found from [4] that
B =3x10"

g(m/C‘YC]e)(-MPa/ﬁf)":B s and m = 2 (23)

This leads to
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%% = ¢(as)" = C(]—EY-) - (1.12~51'9'.8-/ﬁ);4'

- 3x107 . 1.6x1078 . 1.10x10'2 . &2 (24)
= 5.2.7)(10'3 a2
Infegration yields
- N |
[::5.272?0'3a2 - fN:dN B | (25)
and
N,= (- Ly  (26)

T o503 3 ¥
For a. = 0.00127m and ae = a, = 8.2x10'3m in equation (21), it

is found that

N = 1.26x10° cycles (27)

If a 85% useful life is assumed, then

a = 8.2x10°3 . 0.85 = 6.97x10™° (28)

5

which corresponds to N, = 1.22x10° cycles. The interval for NDT

inspection may be set between 55000 - 70000 cycles, i.e.,

ac = 0.0020m  for N = 55,000 cycles and

f

a. = 0.0024m for N = 70,000 cycles. The results of a, N

f f
and da/dN.can'be found in Table 6.
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Table 6. Crack Growth Rate For 300M Steel
With Stress Amplitude 69MPa

a(m x1073) N(cycles x10%) Aa/AN(CyE%eS x10™)
.27 0 0
.36 1 9.00
.46 2 9.50
.59 3 10.10
.73 4 11.50
91 5 2.80
12 6 4.17 |
.39 7/ 16.00
74 8 18.38
.20 9 21.44
.85 10 25.80
.82 11 32.27
47 12 43.33




5.4 Non-Destructive Evaluation
Example for NDT Method (flaw criticality evaluation)
Rating for an inspectable crack length

a, =a, (1-1)(1-D) (29)

Fatigue Of Pressurized Hollow CxJinder-with_EdgeaCfaCK

R

0 Time

(a) Pressurized Cylinder (b) Cyclic Pressure

¢ =20.32cm ,b=17.78 cm, Material.. 300 M steel
maximum internal pressure (Pmax) = 69 MPa

critical stress intensity factor parameter ky = 93.47 MPa/m

e + b2y _ 00020.32)2 + (17.78)%y _ ¢
0nay = Plez—p2) = 89020 32)z—(17.78)%) = 5198 MPa

(direction normal to the crack)

e




" k]c-= 1.120max/xac

| ky _ - -
o= A ) = alTTzetey) T &2I0

a. Factors Influencing "I" (Material and Frequency)

~ A ——————————— — e ——————————————————————
Factors Material | Range - Value of Factor I}

| High  (50+) | 0.1

ATuminum Medium (40-50) 0.2

l | Low (30-40) 0.3
- — —

| - High  (100+) 0.1

k]c(uPa) Steel Medium (80-100) 0.

Low  (50-80) | 0.3

t High  (70+) 0.1

Titanium Medium (50-70) 0.2

Low (30-50) 0.3

Continuous 0.1

Inspection Frequency Frequent 0.2

Infrequent 0.3

JML

Aggressive Environment 0.1
(Stress Corrosion)

Other Factor e ——— e
Complex Failure Mode 0.1
(No Previous Experience)

R
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b. Factors Influencing "D" (Operational)

Factors

Good 0.0
Accessibility Moderate 0.1
0.2
Good | 0.0

Surface Finish Moderate . R
Bad 0.2
. Available 0.0
Experience None 0.1
Comparisons with Available 0.0
Standards None 0.1

c. The Value Of Factor I For This Thick-Walled Cylinder Specimen:

k]c (300 M steel) Med. 0.2
Inspection is frequent 0.]
Complex Failure Mode 0.1
Agressive Environment 0.

+) (Stress Corrosion)

d. The Value Of Factor D For This Thick-Walled Cylinder Specimen:
Area of inspection (not accessible) 0.2
Surface finish (moderate) ]

No experience
- +) No standard available for comparison
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“a = a_ (1-1)(1-D)

- 8.2x1073(1-0.5)(1-0.5)

=2.05X10-3(m3

So the ultrasonic method is recommended.
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:APPENDIX: FRACTURE ANALYSIS MATERIAL
EVALUATION DATABASE COMPUTER PROGRAM

This program utilizes known data to obtain the critical crack
length for a cylinder with a crack subjecﬁedto cyclic loading. The
user's manual should be referred to for more details [16]. The data
bank is constructed and based on the strain energy density theory.
Use is made of the incremental theory of'pTastic$ty-éombined with
finite element method. A critical crack length is determined from
the critical strain energy density function togéther-with the

number of cycles to fracture. The following factors are considered:

(1) Material type
(2) Loading condition
(3) Specimen geometry

(4) Flaw size and Tocation

The computer program for the FAMED code follows.




BEST COPY -

AVAILABLE

PAGE(S) c0-87




Computer Program for the FAMED code.

L0 FROGRAM Fé H FEDCTRFUT » OU 1 - U Ve TP ES= NP U Ty TaE J.\ =TT
1.8 CHARACTER STRESSTEIoFECIHEL» THX l Kl THXZ2HLy TREIR]L

1 INTEGER &Ml

130 1 Cald. ML

140 WRITE (&e2) .

150G SOEOEREMAT (S "PLEASE INFUT SELECTED MATERIAL D"/

L& Febdyisk s AMTL

177G TFOaMTL JEQ. 1 GO TO 3

180 TECAMTLEG. 2260 TO 4

(Y TFOAMTLERZ60 TO 5
200 3 Call Al |
RNy, ("3 0 7T0 &

S 4 Call. BT

pete GOTO &

a0 el T

SEQ s WRITE (A7)

0 POFORMAT S e "FLEAD
A READ (ks LOOISTRES
280 100 FORMAT (A3 -

e TF(STRESSLEQ. T OG0 TO 8

L 260 70 0% . s
TG0 TO 16 |

_09_

FOINFUT LOADIRHG COMDITION:" )
3eN)

1)

L':'*Il('I'(} IFISTRESST Q.71
S10 IFOSTRESSL . EQ. 7

— e . - , ' W




Computer Program for the FAMED code (Continued)

N\
A

) Call. GOMTIL
JE0 GO TO 81
340 YoEalll. GOMT2
A0 GOOT0O 81
HiH i) 1o il l"fj ("1 MT 3
BEG ELOWRITECSy 1L
&1V, L1aFOREMAT CHXy "FLEASE CHOOSE THE SFECIMEMT" /)
A0 FEADCEy 101 FETCT
V{10 LG FORMAT (AL
410 TFORECTLEQ. a7 Y600 TG 12
&0 TFORFECLEQ. 7172060 TO 13 v
TF(F F"[" T .EQ: 7CT G0 1O

~
o~
"—“
Lt
ey
S e

&

' 40 L4

2 }if' E'l:' l 6" ll“\ ' i l () F o nu.} .)

3 450 ARD FORMATC"THE INITIAL FLAW SIZE=9,08CH »aND I8 LOCATED AT THE CENTE
460 FROOF THE SFECIMENsFLS JIYFE B ")
AFG READCE s 1023 THX

GE AR ORI W l3" Mt Cad ol
G50 L ‘f 1 X x sl (o 7F73G0O TO 104
iy 1OA LR f TECHe 2] }

w0 L1 FUR x’mf (UTHE ANSWER
sl l FoamMT l o l::. (el oAl 'I"

WR CODE MUMBER 1853°/)
ST AN FECLER. A LAND TAXL JEQR, TP

wE 3 1 I ST I I Tel e ANDLGT M S6LEQTT FoANDPECLEG: &7 cAMI TAXL JEQ. P73

G50 GO TO 23 |
960 TFCARMTL EQ L ANDLWETRESSL . EQ. LTI s ANTLFECLEQ. A7 AND TAXL EQ. P72
a7 G G0 TR 24

BB TFOAMTL dEQ. 2 ANDOSTRESSL . EQ. 7T CYANTGFECL sERTA T Hl\‘U o 1 H Lok ll o TF
T T ' _——M : e
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Computer Program for the FAMED code (Continued)

------

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

&H Q0 lkknﬁlfﬁlu¢avnﬂh¢n]hlﬁﬁléﬁu;’II AN PECLEQ, TA7 cANDL TAXL JEG. TR
H10 FEO TO 26

&2Q TFCAMTL EQe 2 ANDLSTRESSL JEQ. 7T cANDLFECLER a7 cANDL TAXL EQ. T F )
(330 +L0TO 2

&40 TFOAMTL G EQe S ANDSTRESSL JEQ. 7L 7 ANl FECL JEG: 7A7 ANl TAXL QR 77
&0 a0 TO &dH

H&EO TFAMTL EQ 3 ANDSTRESSL JEQ 7IT FANTPFECLEG: A7 cANDLTAXL JEW: 77 )
&0 FGO TO 29 C

&30 LFOAMTL EQe 3 AN STRESST W E f..I LT CANDFECL EQ. TAaT cAND L TAXL EG. 7 F
570 +EDTO 30

el wd WRITE Che 3l g |

Ry S FORAAT CRCRITICAN. CRACK LENGTH=10, 38 C0M v MUMBER OF FalllRbE CYDLESZ=4

S PRI Gy ey g - i
Ay 12 )

R

LN

"2.9'

P40 28 WRITE(&y 320
PO 37 FORMATC"CRITICAL CRACK LENGTH=9.22(0CHM) yHUMBER OF FATLURE CYULES=S2
760 + 00 ")

A O T 96

£0 ad WRITECHy 33
| I

ORMATC"CRITICAL CRACK LENGTH=8,44CCM » NUMBER OF FAILURE CYCLES=36

’u.

Saexy i ")
§10 GOTO %0
G20 25 WRITECS v 34)
830 24 FORMATC"CRITICAL CRACK LENGTH=%.44C0M) » NUMBER OF FATLURE CYCLES=357
&40 +05 "/

850 GO TO 90

BEO 26 WRITE (6 35) L | )

g ey

() 3% F
4 s
{ ,
rd
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'Computer Program for the FAMED code (Continued)

bl SEOFORMATCCRITICAL CRACK LENGTH=G, 0200 « HUMBER G

__[. ’ 1 il ..."

A TLURE CYOLESS45

-
oo ae

35 () GO TO G0

2 (30 27 WRITECSy 3

10 FE FORMATO"CRITICAL CRACK LENGTH=&.82(0CM) f NUMBER OF FATLURE CYCLES=33
LK +35 "

A 28 WMRITE & 37 :
YU A7 OFORMATOYCRITICAL CRACK LENGTH=8.?5CM2 o MUMBER OF FATLURE CYCLES=ET
o .y §os
Y0 GO TO %0
| QR A WRITE A 38)
n WL A FORMATOCRITICAL CRACK LENGTH=2 o190 o HUMBER OF FalilkE CYCLED=30
o R eTEIY L ")

NSRS GO TO %0 , L

RONELY A0 WRITE (4 39 |

1330 A% FORMATCYCRITICAL CRACK LERGTH=H. 58 C0M 2 » MUMEBE R

s G RS LA
Joiiadi} A _,_g,s 1 ;

-.
Ry
e

GOF Fallure CYCLES=EE

RN o VA

1050 GOOTO 20
1 Cé (s 13 WRITE(SG» 433
1070 AFE FORMATC"THE ITHNITIAL FLAW SIZE=7.42(CHMY »AND 1T
LOBG FROOF THE SPECTMEN FLS  TYFE Q0 "
150 FE AR 1086 TAxX2

T _ 11 1 G !UIHnl*HIJ
111G TFOTAX2ER. 0 60 TO 499 -
1150 A9Y WRITE S 400 .
1136 A0 FORMATCOTHE ANSWER
1140 IF(ANTL.EQ. L ANDST

LOCATED AT THE CENTE -

W S

OR YOUR COOE NMUMBER IH3 S
b5

F
RESSL.EQ. 7T 7 JANDFECL.EQ, U'enﬁh¥1ﬁ“apﬂﬂafm’}
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Computer Program for the FAMED code (Continued)

o

1o $H00TO 41

L&l TFCAMTL cER L AN GTRESS L R T ’aﬁﬂﬂoPEﬁieEH+’E’eﬁHﬁeTﬁﬁﬁeﬁua’Uf}
177G FEDOTOG 42

18 [FCAMTL JEQe 1 AND STRESS L EQ.  TTT o AN FELL . EQe SRS AND TAXZREQ. 717
150 +E0 TO 43

200 TECAMTL EQ 2 AN, STRESSL EQ. T
ERRY LEDOTO 44

e TF AT CECL 2 AND . STRESSL.EQ. 7 IT CUANILFECTEQR. B AN Taxe B, TR

A A0 TO 450

e

’fﬁHH«PEﬁ1+EQ@’B’+ﬁﬂﬁe“ﬁﬁx¢FU (377

%,
. .
Sutne
» .

L

, 4240 IlanTI¢IH¢“wnNh+o[hlﬁhlolUo’III’eﬁﬂﬂéPE61¢EQ¢’B COHD TAXZER. 0
g RERTE FGED TO 46 '

120 TFCAMTL EQ 3, ANDL STRESS L EQ. 7] L AND FECT (EQ 7B ANDL TAXREQ. 707
RENEY LEDOTO A7

1 G CFCAMTL EQ .3, ANDLEBTRESS L EQ. 7 TT 7. artll FECTEQ. TR caMi, Taxa B0 7870
1280 FEOOTO 48 .
1300 T CAMTL  EQ. 3 ANDGSTRESS L EQ. " TTL7 « AN FECLLED. TR AND. TAXEJER. TR
1310 +EDTO 49
1330 a1l WRITECS 50 -
1350 sy FORFAGT O CRITICAL CRACK LEMGTH=11 . 1&00M)Y » MUMBER OF FATLURE C¥ CLE B
1340 $G I 540

L AE D GO TO 90 m
1340 AT BWRITE (& 51 0
LA70 s FORMAT (C'CRITICAL CRACK LEHGTH: gLl (CH) P NUMBER OF FalLURE CYCLES=
Lapo CED " S |
1 B0 GO OTO 90

1400 A% WRITE (6sB3)

1410 s FORMAT( CRITICAL

R R

[Ea

CRACK

@ S
e s @

LENGTHﬁﬁé?ﬁiﬁﬁByHUﬁBER OF FATLURE CYCLED:

.....




Computer Program for the FAMED code (Continued)

I BN T ")

1 A5 GO TO Y0

] 4G Aa WRITE (& 53)

RN LEFORMATC"CRITICAL CRAUK LENGTH=1G 14 C0M) « NUMRBLE oo OF FalluRe CYClLkses
1 A&0 4G "

1470 GO TO 90
L4B0 A% WRITE (6 54)
1450 54 FORMAT(C"CRITICAL CRACK LE

| S TR

4 4

HGTH=8, 80CCHY » HUMEER OF FATLURE CyCOLES=Z]

]

-----------

1516 G TU 2
L B0 Ad WRITE (&858
1 oA B RO MAT O CRITICAL CRACK L.

PMOTH=7 . A3 (MY » HUMBER OF FATLURE CYCLES=13

.......
e o

e

peteas

L)

:

:

-

H

L

papube

- -
-

_499_

------------

L5 ED &7 l[]lsuadw‘ |

RAY 54 IlH MATOYCRITICAL CRADK LEMGTH=%.60C00M) » NUMEBER OF FalLURE
1580 +44 {3 "
LR GOTO 20
1&H00 ' WHITE (& 57
L& Luhmhrg"(ll
L&D 450 "
L& &0 HOTO G
1640 49 WRITE(S»58) ' |

1 &50 S8 FURMATCOYCRITICAL CRATK LEMGTH=& . 24C0HM) o MUMEER QF FalLURE CYCLES=10

N . L )
1&GO A !

1670 GO OTO 90
1460 14 WRITE (4 434) I -
24 FORMATOCTHE INITIAL FLAW SIZE=10:16CCMY sAND T8 LOCATED A

CYOLlES=16

D
. .

%
et

I
e atse

TICAL CRAECK LENGTH=? 89 C0MY » NUMBER OF FATLURE CVOLES=13

oo~ N
T s A
e’ $

»
a——)
.

THE CENT

ST e : ’ e S VS s




Computer Program for the FAMED code (Continued)
AO0 R OF THE SFECTMEN FL S, TVFE b WA

210 READ Cky 109 TAXS -
720 109 FORMAT (A1)

50 [FCTAXEER. 78760 TO 110

40 110 WRITE(&»5%)

sEG 59 FORMATC'THE ANSWER FOR YOUR CODE NUMBER IS3 "/

1760 TFCANMTL EQ. 1+ ANDLSTRESS1VER, * T 7 «ANDLFECL (EQ. 707 o ANDL TAXZ L EQ 787
1770 +GO TO 40

1780 TE CAMTL (EQ. L« AN STRESS1L.EQ. 7 TT < ANDLFECTEQ. 7C7 - ANDL TAXEEQ. 787 )

1790 +G0 T &1 e

LEGG TECAMTL B, Lo ANl STRESSLEQ. A TIT7 ANl FECL EW. 70 RN TEXE ER: 7570
18l +H0 T &
1820 TFCAMTL CER. 2 ANDLSTRESS1 . EQ. 7

1830 6O TO &3

Pt

,_99_

AN GFECL JE T AND . TAXEER. 787D

ay
[] o
]
.. .
e,

334

$

4G TEAMTL  EQ. 2 ANl STRESSLEQL 7 TT 7 oANDLPECLEQ. 707 ANI TAXS . L, 7570
WiV FH0TH &4 | ' ‘

3 TEFOAMTL - FQ 2 ANl STRESSLEQ. 7T 11
3
3
Y
}

ooooooo

CAND L FECLER. 07 o AMD TAXSER 7570

."

370 FE0TO &G

30 TFCAMTL FQ 35, ANl STRESSL . EQ. 7T
3% 0 G0 TO &b B

200 TFOAMTL  EQ. 3 AND . STRESST EQ. 711
19190 FEOTO &7 |

157 TFCAMTLEQ: 3. AND.STRESSL EQ, 7ITTL7 o &l D FECLEQ G ANl TAXS ER. 7573

.

OO FECLEQ 707 cAND TAXSEQ "B 7))

CANDLFECLEQ T AMDL TAXI QR "0 72

N, .

.




Computér Program for the FAMED code (Continued)

1 &30 +5H0 TO U
1540 O WRITE (e &Y | | ' .
1950 &Y FORMATCE l BTTICAL - CRADK LEMGTH=12.000CH) »NU MEER OF FalLurE CYCLELsW

12 &0 + 550 "

csn eee veea sbe i ew

JRCR LY. ::i':'- LWk LTE (& 70
1 HYO PO FORMATOTCR
BOO0 .4lmn; "
ISR S WRITE (Ge 7102

REVIELY L FORMATC "l RITICHL CRAER

EAEIAY 414 £¥

j |
TTiCaL CRAUK LENGTH=10. &4 C0M 1 » HUM FEROF FalluRE C YL ES=1

.....

ERETH=, &2 00M y HUMBER OF FallUki CYCLES=1.a

 eiaad
b .
.

(oI

o U A3 1y T YU
A.'_'\)\.J’:..} ' &AW I H (Ge 73 o |
ROE we ORMATCTCRITICAL CRACK L CRIGTH=10, &3 C0MY » HUMBER U FoFaTLURE CYCLES=1

.‘ i {, ,; (I ,i N ‘ | i .;.-" ']

—Lg-.

v ao—e
.

NAVEEY Gl TO Fa

G090 @ WRITE (6730

f

anres s

O v FORMATCCRITICAL CRACK LE
2100 +7E ") o
ERRELS GO TO §0

£ CWRITE (S 74) |

ER1E T EORMATE P CRITICAL CRACK LENGTH=B, 09 (CM) » HUMEER- OF FATLURE CYULES=LL

TG F50) S

NETH=, 44 C0M) » MUMBER OF FallUR Oy CLES=15

‘ a— . ) . . o _ o

a
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Computer Program for the FAMED code (Continued)

21,60
2170
R RELY
SN Y
200
AIRRY
DR
PG

2280
2290
f’:, ..' \ o‘\

Aoe ¥ed

------

2350
2360
2570

2380

-

GO TO 96
G4 WRITE (e 73D

PE FORMATCMCRITICAL

+360 "/
GO T $0
67 WRITE(6+76)
76 FORMAT (" CRITICAL
50 /)
60 10 90 -

CRACK

CRACK
!l’f}
30 TD 90
CITE Che 78)
WviaT " IF
RITE Che79)
29 FORMAT (" IF
t[ﬁh*‘ﬁnn

YOU WANT TO

YOU WANT TO

T0O 1
TO 8GO

J[J(]

|| ( If(J[1 ¢| [1
o STOR
FEoNT

ooorT

—_—

LENGT M=

LERGTH=& @S 0M

QUITyFLS

TYFE

AGATNYFLE .

i':,

Noe

CRACK LENGTH=10.31(CM) » NUMEE k

TYFE

OF

8,60 (CM) y NUMRER OF

i T L URE

Fi T L RE

v

I .,.." : 1

ST CLES=]
CYCLES=]

."MG

CYCLESs

210

.-.' .....
( ao-
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Computer Program for the FAMED code (Continued)

2390
2400
)"} ‘(o:!. .l ()

%
"; A7

R Y™
2AE0
HAH0

)'A!I(‘:’

2%
oo 'f(‘! '\

AT
ARG

RER L

,"3 wiVI e

2510
LIPS,

'.:l i::"""'
ol o, } '\.-'

A

-'x! l (}

------

e f)(J.

'l! {'.I\

7L}

| '..;')')
| ¢

.

B4 FORMAT CLOX e " keloskiokoltololoololet okt siodolok okl soloionkni ook dookolo g

SURBROUTINE MTI.
WRITE (S 9300 )

F00 FORMAT CLOX s " Adoiokokdok dckdokdok soiokoddodok ook ook ook oinioi ok kodok skl )
WRITE(&HEy 301D ) -

F0L FORMAT CLOX y "k INGTITUTE OF FRACTURE & S0LID MECH&AENITCS dk" /)

WRITE(&6y3002)

302 FORMAT CLOXy "ok LEHIGH UNIVERSITY 5 A
WRITE (&9 303)

BO3 FORMATCLOX » "k DIRECTORIOR . Ge Co BTH 2 S
WRITE (&3040 |

g

WRITE (& 305)
SO0 FURMAT C"CLYTHE A T A BANK TS CONSTRATTED AND RBALE ON THE STRAIN ENE
H" ( T'H'"i' 5 'l' T "r' THEQRY .

Wl I Ul an ( i T' U‘ 0 TS MADE OF THE INCREMENTSL THEORY OF PLATICITY COM

+EINED WIT l l FINITE EILE MENT METHOI . oy
WRITE (&S50 ) :
G010 FORMATO"(3)A CRACK LENGTH IS DETERMINED FROM THE CRITICAL SBTRAIN I
TENSTTY FURNGCT IUN ANLE M UMBER Fall.URE © ll R )
W IHH‘HNJ’) |
| UI\! AT CAYTHE FOLLOWING FaCTOoRS aRE CONSTDEREDG "/




Computer Program for the FAMED code (Continued)

K LS
.’:-{ l,’.‘ 3 r\-’
’.!} .. ) L X “‘
26580
LIy I
SO0
Foy ey on oo
at S
2A10

'} 0!.‘ ..'. .l‘

2 s .s'.{ ’\.‘J
.‘-‘- ll-.' .':’ ’\

S AN L

SR RPN

vee r’f } !;I!
N IR M
e {{ B '\.}
, .' ..') ."
R { }

Ay

AL

WRTITECE 3660
S0& FORMAT CSX " (LY MATERTAL TYFE 5/

WIRTTECS e 307
BO7 FORMAT(5Xy
WRITE (S 308
FORMAT CEXe " (BIBFECTHMEN GEQMETRY 0 /)
WIRITE ¢S » 309
FORMATCOX " CAIFLAW STZE aND LOCATION ")
WERTTE(A 3107
FORMST CEHOW

WRITECS» 311

‘e

AFLOADING CONDITION /)

et e e
13

=2
-
R
e
Saeter®

TO USE FaMED:D "/

Al
e STEEL o TITaANT UM
WRITE (S 312

SLE FORMAT ZEy " 00 3 TF yYOU CHOOSE
WRITE (& 31357

AL3 FORMAT 2Ky " (33 IF

WRITE (S 3140

FORMABT (27X v

T U

-

THREE KIMNDE OF MATERI&L . /)

SLUMINTUM FLS . TYFE 1 "7

G Ty R oD sy

YOU CHOOSE STEEL«FLS. TYF

S3IF YOU CHOOSE TITAMIUMyPLS. TYFE 3 v/3

A4

]

\'

- g

FORFAT CEXy "FLS . CHOUSE THE MATERIAL TYRE FIRGT » THERE HaUE

Lo U

iil..

11Ny

LI

SENNY




Computer -
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iad
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Te, o

PO
R |
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Program for the FAMED code (Continued)

SUEROUTINE &L
WRITE Sy 3150

FORMATO"ALS YIELD STRESS
WRITE (& 3160

FORMAT " {MFA
WRITECSH 3170

FORMAST CF A413.6Y
WERITE (& 318)

B OFORMAT (" CLYFLEASE CHODSE THE
TONG

RS OF LOADING CONULT
WRITE(&H:31%)

FORMAST O MEAN STRESH
WHITE (A 32070

..'. seee |.I’ -’.'.. .’. ‘. I
S TS
SRS HRR.

LDﬁﬁIHG CONDITION THERE Hi THEEE

LR

SIGMAaMIN

LG Ao -

T =0 GCHTHMAMAX S TOMAT

WRITE (& 3210

FORMAT (" 204, 9
WRITE (628250

FORMAT ¢ 251
WFITE Céy 3230

FORMAT (" 2845
WRITE (623247
FORMAT (' C2)IF YOU CHOOSE

WHTTE Cé&» 3250

e LS. TYFE T

L OAT LT NG

e R N —"—
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Computer Program for the FAMED code (Contiinued)

..‘-"

a5 FORMATO C3XTF YOU CHOOSE LOADING Z»PLS. TYFE I e
TWRITECH» 3260 |

G FORMATO" (A3 TF YOU CHOOSE LOADING 3.FLS. TYRE LI "

J b TURRM

i

I
.
D

<, .

..z-e LIPS i
.
o » 4 & @

el ..._J

P

DS -y
2

P
,-.
‘,_.

L

z ‘-.

-’

\

I
Al i
Al

‘-
oo,
. .
~

3 .l. .:s-u
E140 C | R
3150 GUERROUTINE ST
GG WRTTE (& 327
. TG R0 FORMATO'ST: YIELD STRESS UL STRE
r 3160 WRTTE (&0 328)
L]

o

'~!‘

3 T BTRATH e F e BTRS TR

e

90 326 FORMATC (MFA) Sy "

0 WHTTE (& 3297

R0 320 FORMATC" 51711 137897 xvﬂﬁ ¥ 1o BAE-
KAEiely) WRTITE (&2 330)

HIEG G FORMATO (O FLEASE CHOOSE THE LOADING CONDITIONs THERE HAVE THREEDR K
T FHIG OF LOADIHG CONDT T 10 - | "

~z

| AE5H0 WRITE (&0 331
A260 Sal FORMATO" MEAMN STRESS (MFA) COELTA BTRESE G S
3270 . WRITE (s 3320

GO Y N ) '-o‘.

RIERELY, F32 FORMATC =0, GOETEMAMAKFETEMAM TN s GOBTEMAMAX-STOMAMTIRNY "7
A2P0 WHRITE (& 3330 |
300 Adu FORMaATO! | 206 Y e T Ay

Ve R




Computer Program for the FAMED code (Continued)

LR | WRITE(SH 334
A3 334 FORMAT Y ” 2561 | 155, 2 YA
A5 a0 WRITE(Sy 3350
B340 aEE FORMAT " 284.5 ! 1707
BEEO WRITE Sy 3340
A0 BG FORMATO" (22T YOU CHOOSE LO&DING 1eFLE. TYFE 1 ") -
HEA0 WRITE (63370 '
AEARD X7 FORMAT O (3Y T Y Ou CHOOSE LOADING 29F l . TYFE II W

LY

E R WiRTTE (& 335 |
. HAGH Eﬁﬁ‘FUhhmla AT TE YOU CHOOSE LOADING 3syPLE. TYRE ) "
o F410 T LR ‘
g R F '
wau (G
wA40
5 A COBURROUTIME TT
HAG0 WRTTE (S 339
A wre FORMATCTIE YIELD STRESS UL« BTRESS ¥, BTRESS UsF L. 8TRESSEY )

ZAE0 WRITE(Hy 3400 |
R LA 240 FORMATC" {MFA) ) (M ay "
KHG0 | CWRITE (S 3410

cxmin E4l FORMATC" 620,53 2P b~ FE - 7L 04E-F 1)
B CWRITE (éy342) | |
x530 342 FORMAT (LY PLEASE CHODSE THE 1 BATITNG COMOTTION: THERE HAVE THREE KT

e i S : e




Computer Program for the FAMED code (Continued)

S5A0 FNDE OF LOATING CONDI TIUN e,
Gwiv WRITECSHy 34.35) | |
i1 343 FUORMAT O MEAN STRESS (MFA) DELTA STRESSMFA) "

G WIRTTE (S 344 -~

=0, SIS TEMAMAXTSTGMAMTING =0, SOSTEMAMAY -8 TGMAMINI )

-

RAGTILY 44 FORMAT
HEE G WRITE (&3
FH00 34 FORMAT
AHL0 WRTTE(S » 3460
A T FAS FORMATY
K& WIRITECH e 347) |

FOFORMATO 2845 - L0 F "
ARG WRTTE (& e 348 :
AhHA0 4G FORMATC(2IF YOU CHOOSE LOADING LyFLS. TYFE I "
XS0 WRITE (& y 345 )
FHE0 T4 FORMATC" (3 0F YOU CHOOSE LOATING 2ePLS. TYPE T "
AE90 LT TE (e 3500 |
5700 E500 FORMATO" CAYTF YOU CHOOSE LO&ADING 3eFLES. TYFE LTI "
3710 T TURN
370 N
3PE0C
740 0

G0 SURROUTIME GOMTL

-
i,)-.-
e
o v

oue

“oeet”

2069 | e | "

258.1 1582 "

-v/-
\
oum'
N
L
LS
o2

1+
‘.A
-

YR WRITE{(&y 3310




Computer Program for the FAMED code (Continued)

Ky 351 FORMATO"LL? MEAN STRESS(HMPAY OELTE STRESS(MPAY ")
3G WRTTECE» 3520

IR0 352 FORMAT (" 208 .9 124 .1 n
AEO0 WEITE (S« 3550 )

FH10 A0 FORMAT C"PLEASE CHOOSE THE SPECIMEM, THFERFE HAVE THREE EINDS OF @BpDI
EEiely $ME 2 | "/ |

EHE0 WETTE &y 354)

o’

LA
FBA0 BEA FORMAT (5Xy " (A CYLTNDER (0 3 ")
BHED COURITE (& v 355)
N FESD BEE FORMAT LS50, 8 R=l2, 7y U/, Of "
7 B850 WETTE (hy 360 .
@ | ReHo ENE FORMaT T LEVEL Ry Rl Ee USART LT "

;
350 WRTITE S » 3575
Y0 St FORMAT O L LGl e Gel=2004 UWAas13d,14
SEIL0 WETTE (& 358 )
SG 0 FEHE FURMAT OOy " (RIHOLLOW CYLINDERCCM 3 | .
S A0 WERITE (& 3590

A4 B09 FORMATO"
SWE0 WRITE (& 360
B9 50 SEG FORMAT (" Le=B8edy ROO)=13.8yR{I)=d.9y VAAT 62 S
SHF0 WREITE (S 3610 '

A9H0 A&l FORMATO LeZ3séy ROOI=l8, 4RO =92y VWAA=1G18 ")
A0 WRITE (S y 36320

' W . S - - ————
; : : . \ .
.
.

. ll ."., '.l

L3 8By RIOI=9 .2y R{OII=d 8y UWAH=E,08 "/

RIS




—9[—

GGG
A4 G
4020
A0
ACAD
A0
(350

&4

Y

367

*e0e aue ’I
'.f‘ ") ."\4'3‘

le ..l.. !!‘ 1
“ o7 ,S
“wd S

WRITE (&
FORMAGT " CAYTF

FORMAT CEGX "
WRITE (&S 36530

FORMAT ("

VIRTTE (S e3840
FORMAT ("

!}”'\ LTE ,\u?:ﬂix,}’} 4}
FORMAT O _
WERITE (S s 36E)

EORMAT (" (1) TE

WRITE |

s\.'Ps.‘c\.'/ .’

F '-”" 13T Y ( AT ';;-

WRITE (& 368 )

FORMATC" (3 TF

WHITE Sy 349

FORMAT (" (4) TF

IR T TE (& e 7000
FORMMNT |

VIR

WRITE (& p373)
FORMAT (" (73 TF
WRITE &

:\)." J:‘)

FORMAT O (8 IF

' " { 1!!; ) "' F:'

TOU
TOU
Y OU
YOU
T 0U
YUU.
T OU

YU

wd3A

Computer Program for the FAMED code (Continued)

CCIPLATECCHM) ¢

G 32y

CHOOSE
CHOOSE
CHOOSE
CHOOSE
CHOOSE
CHOOSE
CHOOSE

t:HOnsE

m

GYL.

FLATE

We2 33

CYL TN

Ll

3

CYLINT

HOLL O

HOLLOW

FLeTE

¢ -,“)(() ¥

[k

bk

R

CYLTHOER

CYL T MIE R

L) 2y

v F '..'

L1

{1
l{ o
Vi

’.J .‘.-" ll evee .-,.-'

HOLLOW CYLTNDER

=03

'l._',.l f"l.':' PP ',.". & &y .

l lt-(u. ¥

17

Se, se g

..._"{ ‘ j ..'

.'6&."\5" ’ s:‘(

ity

R BV :..'j .!. ¥

Ay

VAsl0, LasPLE .
L} A

X.'

U fy

Bam] O, 16 LG,

.x.’.-ra’& .}l l...\.:'é

LS

UAb=0,.08 "7

WSt=7 063 "7

)

10,16 */

Cagr®

L) 7 (o

b

TYFE & "/)

TYPE C "/
TYFE

-, ._l ....= l"z l .(.1’
. LLA) .I ’ 113 e -
FARENE 36 W o fed

T

TYFE F

[

N sem -
.l,_ | S
ain S



N

Computer Program for the FAMED code (Continued)

4330 WRITE{&y374) |

Fod0 374 FORMATCCOVIF YOU CHOOSE FLATE U/8=10.16vFLS, TYPE T tA
A250 RETURN

}

A2 b NI

A290 SUBROUTINE GOMT2

S84 FORMAT "2 MEAN STRESS (MPA DELTA SBTRESS (MPaY "/
A0 WRITE (& 385

A3 50 385 FORMaT 2581 1a%e 3 v

GEA 0 WRITE (& 384D 5
4550 386 FORMAT("FLEASE CHOOSE THE BFECIMEN THREE HAVE THREE KIMDS OF SRECT
AZ&G +MEM e |

QR0 WRITE (&y387)

AA80 387 FORMATHX e " (AYOYLINDER(CM) ¢ .

~LL-

)
AEGG WRITE (& 385
FAGO 88 FORMAT (" L3008y Rel2,.7y U/G=5,08 il
4410 WRITE (S 389) | |
4420 389 FORMAT (" Le=Zé ey Re=l9, 0500 /0=7, 60 | S
SRR WRITE Sy 390) -
4440 BP0 FORMAT (" L1001 e R=25 04y UA=10, 16 AN
) T

A AT WERTITE (& 391 < /




Computer Program

for the FAMED code (Continued)

FORMATCEHX y " (BIHOLLOW CYLINDER{CHM) S
WRITE (S 392

FUPHﬁTi"' Lemdb oo RO =9 .2y ROT I =4,8y
'lJf LTECay 393

“’ ik _Y 7 | __ .. = {”j '"5 ¢ f y | ( f ] ] B LBy ROl mA 9 7

-8L-

Mhi!lﬁu;u"3

FORFATC L=73c6e RODI=18.4y HOFi=W 2y
WRITE (&y 385

FORMATCEXe " (CIFLATECCH ) 2

WRITE (S 3960 _

FORMATO" L=233.88y Welld.84y D=1l &8y
WETTE (be 397

A7 FORMATOY L=350.832y W=1L75.10y D=17.01y

Ukl]l(uyf? )
-IUFHHTK b7 32y Wes233.66y N=23.386y
WERTTE (& e 356

1 A=, 08 e

U 4 f 1 o o

V=10, 18

Y/, DR

U/ e _f' . ‘36

U/t=10.,16

FORMATOCLYTF YOU CHOOSE CYLINDER VYW/A=5.08sFLS. TYPE

R TTE (A 400 )

FORMAT(Y C23TF YOU CHOOSE CYLINHER_U/ﬁm?wéﬁvpLﬁs.TYPE B

WIRTTE (4 srf}().l. ]

FORMATC" (3 IF YOU CHOOSE CYLINDER V/6=10, 1(3 yFLE. TYPE C

Nhllh(mvﬂJﬁ}

2 FORMATOCAYTF YOU CHOOGE HOLLOW CYL THTER ufﬁmnﬁggu||d,

.‘~‘.

Veea?”
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Computer Program

-
17860 A0) &
AP _
AL : o0, y oo :
A 780 A0/
"{ ’ k' H
AG00
a1 G
A0

-

—

CY
-t
AN,
“om®
)

-

i
A48 70 40
.

410

3 FORMATO" CSYTF

06 FORMAT (" (8 IF

Z FORMAT " (Y2 1F

FORMAT L33

FORMATC i

g omAp L g
il

for the FAMED code'(Cont{nued)

WHITE (64030

WRITE (S 404
FORMATC" CaY TF
WRITE (& 405 )
FORMATC" (72 LF
WIRITE (49408 )

Y (L
YOu

Y (U
WRITE(Hy 407

S Y OU
FOE T LR

L T

GUERDUTINE GOMT3
WRITE 4y 408

31 HEAN STRESS
WRTTE (65409 |
D845
WRITE (44100

"

WRITE (Headll

YOU CHOOSE
CHOOSE
CHOOGE
CHOOSE

CHOOSE

HOLLOW CYLINIER V/A=7,62FLS,

HOLLOW CVLIHDER YVsa=10.186 LS,

lZZ' t ,‘I’I‘l I l

VIR

U e

e sas

. ’ K ! oo
R see ¢ oo .
. A l- !' -‘. : | \--‘ .'}

DTRESS

170.7

TYFE

“vmp
A

L

TvFE M

gl

TYFE

‘ ) — .l"- -I -‘. .”

FORMAT("FLESSE CHOOSE THE SPECIMENs THERE HAVE THREE KINDS OF SPECI

")

P,
S
— e
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Computer Program for the FAMED code (Continued)

4920
AQEO
4940 412
AP0

ﬂ?mb 413

WIVATY
100

WHRITEC& 41

FORMAT (S5X " (AYCYLLINDER
WRTTE (& 4120
FORMAT "

WRITE (S 3135
FORMATC®

WETTE (&9 214
FORMAT (Y L) (o

0 ST S N S
Crd s | . "5

......

LGy Rel2 7y UAR=Y (08 "

TOL e by R=20 4y VAB=10.16

WHREITE (& 415

CYLIHDER(CHY § vl

T

FORMAT CEX 0y " CRYHOLL. O

o

.

.

o
e

Ok AT ¢ Ladd o8y ROD)=9 .2y R{OTi=d,.84y U=, 00
WERITTE (&y 415
FORMAT (" I
WRITECSE» 418

FORMATC" Lm?ﬁeéf
IR T TECéd» 419

FORMAT (53X " 0 L ATECCHM) § YA
MHITE(&?wﬁU)
FORMATC" a2 33 68y =
WEITE(SH-A21)
FORMAT (0

” ' ] I ((: P ‘. ..... ‘

FOREATC W 2835 . A d

V=7, 62
'\f‘/] P

; s{ 2 H v ':;: i ' "J e (., . (.Z’:r y

Lla8ae T==l1 . &8y

L3N0 ERy W=1FS.le Dl LEL

1 S
R 3

g 'ﬁ%
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Computer Program for the FAMED code (Continuéd)

W RWLe WL TE (&
S A AR FORMATOY O IF YOU CHOOSE CYLIMBER VWon=h, 08 PLE . TVFE & "
R PR TTE (& 4240
SR RELY Aaa FOREMATOC 3
5 e0 WRITE (e 4200

GO0 425 FORMATCPC3YIF YOU CHOU GF CYLINDER WAa=l0déePlu. T YRE U A

WP R, WRITECS 426 ..

HR20 A% FORMATC" (A TF YOU CHOOSE HOLLOW CYLIRDER U/d=8. 08 PLE. Ty L "7
RN WETTE (&» 427 A

T AT FORFMATO (S5 TF YOU CHOOSE HOLLOW CVLIHDER WAh=7. a0 Pl TrHe oot
RPEISTY WERTTE (& 4287 |

Wtr.1e) AZE FORMATCCSYTF YOU CHO O5F HOLLOW CYLIHDER WAh=10.1ae LD TEEOF A
Gyl WRITE (& y 4297

5280 429 FORMATC"(ZYIF YOU CHOOSE FLATE V/d=5, 08 PLE. TYPE O A
SRR WRITE (& 4300 | |

_ 40 FORMAT " (CEYTF YOU CHOUSE FLATE W/a=7. 8 PLE. TVFE K O
o WRITE(Ar 4310 B
H320 431 FORMATO" (Y
WA FETURN

gse oy

F
SE40 END o

e
et
- .
o o
-

e

~

-

YOU CHOOSE Oyl DRIER

=
~
FOT
Pled
e . »*
.« e
bt
“‘

=]

. o
s
-
S’
v

TF YOU CHOOSE FLATE U/a=10.18PFLE. TVFE 1 i

lt.o sses. 00 &
.. ;.

4
'y i
/ .
i
an \
g . {
) s




EXAMPLE

*"*
i
s
v....'
-
‘.—.
o2
-
—tee

R PRRTRR ERS % TR VIR FI0s REX PIEX KR WIS RS S Pt Tl ¢ % TR TS ERX ¥4 o Je <de e 2 STRS VIR EEX LR REX VRN Vg IS IR PEX X FIEN A PR R
$&$$$$$$$$$$$$$$$$$$*$$$$, kel bl N AR R R R R A

I TPy OO S R IS KOS T

2

XK LEHMIGH UNIVERSITY A H

oy PR

Ak DIRECTORIOR Ge Ce SIH ok

%#%*ﬁ$$$*%%%#%%#*%ﬁ###%x#**%$$$$$%$$%#mmamﬂx.%.:

(13 THE DATH BANK I8 LU NETRACTED aND BABE ON THE STRATH EM ERGY DENSTTY THEORT .

1
e CoapaED IE MADE OF THE THCREMENT L THEORY UF PLATICLTY COMBLN o WITH FIHITE ELk
T METHOL . L , o
(23a CRACK LENGTH IS 1 CTERMIMNED FROM THE GRI TICAL 8TRATN Uk METTY FU MOCT IO AMD N
UMBER FaAalLURE CYCLES. -

(4o THE FOLL iﬁle MG FACTORS ARE CONSIDE RN

i f“i’ﬁ TERTAL TYFLE
oy LOATTIHG CONDITIO N

CEYSFECIMEN GEOMET RY

- ___':’4 ) F LA _ld STZE AN LOCATION
Lo

o

¢ \ - o - o




Example (Continued)

HGW TO USE FaMED:

Fli. CHOOSE THE MATERIAL TYPE FIRET: THERE HAVE ALUMINIUMy STEEL: TITANTUN THE
FEOKIHOS OF MATERTAL.

CIOTE YOU CHOOSE ALUMINIUM»FLS. TYRE 1
(2 IF YOU CHOOGL STEELyPLES. TYFE 2

(A3TF OYOU CHOOSE TITANIUMyFLE. TYFE 3

- E 8_

FLEASE TNFUT SELECTED MATERIALS

2 "..
r

5T YIELD SBTRESS UL« STRESS Yol e BTRATN WP o B8TRATH
CPF e O MEPAD

51711 S a 2 GE 1o AR~




Example (Continued)

CLyFLEASE CHOGSE THE LOADING COMDITIOM: THERE HaVE THREE KINDES OF LOADING CUNTI
T 10N

oo g T R N S W . el gese o .;-_u S T T e A A Y
FE SN STRE DS (M) DL TS STRESS CMEFA)
=0 HOBTEMAMAXPS TEMAMIN =0 SR TOMAaMAX-ETEMAM T

IR, . IRt T I
SUG Y | RCEL I

o vee
,\\
oy

-8~
|

SV YO CHODSE LOADTHG LePLE. TYFE I

[ '™

C
-

. >

P

. .
(=

SyTFOYOU CHOOSE LOaRIHG 2PLE. TYPE

-

CAVTEFOYOU CHOOSE LOADRING 3eFLE. TV FETLE

a~

,o:‘ g [ 383 ege
] |-
. »..Q a¥. o9

LA MEAN STRESS NELTH STRESS

’ DE4.5 170, 7 —




Example (Continued)

PLEASE CHOOSE THE SFECIMEN: THERE HAVE THREE KINDS OF SPECTHEN!

CAOBOLTD CYLTNIERCCM) 3
L0, 8y Reld, 7y U/ A=, 08
L5762y R19. 050U/ A=7062
L0l GrRm25 4y U/ G100, 16

CRYFLATE CCM) ¢
L=, 68 Welld B4y D=1l,68y U/ A=5.08
L0 B, Wl PE, 1y Dsl7.Sle UAAET .62 ~ - .

Lad&?, 30y WaRE3o66y D=23:34y VAa=10:146

R RIS A I B I
| amdd B RO rm9 o2y FODisdode VA, i

L5, 0y ROD)=13.8yR{II=d.9y Vina=s,ad

lL=d3say R COY =184 (184U ms]100 18

SRS . ' — : . o o
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Example (Continued)

LA TE YOU DHOOSE COYLIMNOER V/a=5.08FLE. TYPE

TYFE B

s
et
<

(23T YOU CHODSE CYLINDER V/A=7.62yPLE
CryTE YOU CHOOSE CYLINOER V/0=10.169FLE. TYFE ©
CAVTE. YOU CHODSE PLATE U/6=5.08yFLE. TYFE T
TEVIF YOU CHOOSE FLATE U/A=7.62vFLE. TYFE E
CEITE YOU CHODSE FLATE U/t=El0. 16 PLE. TYFE F

CEOTE YOU CHOOSE HOLLOW CYLINDER /=S, OB LS. TYPE G

CEYTF YOU CHOOS £ HOLL OW CYLINDER U/a=7.62FPLS. T TE M

cou TF YOU CHOOSE HOLLOW CYLINDER U/és10.16rPLE. TYFE ]
FLEASE CHOUSE THE SPECIMENS

PR .

HE INITIAL FLAW SIZE=3.81CCM)vAND 18 LOUCATED AT THE CENTER OF THE SPECIFEN:FLS
o TYFE O ﬁ : '

T T — : - . 5 J._M. - .1 ‘ ' " :

—

. @ i S Ve T————

(12




Example (Continued)

Cd

THE aMSWER FOR YOUR CODE NUMBER 153

CRITTCAL CRACE LENGTH=?, 43 (CH) o NUMBER OF FaAll URE CYCLES=15460
TFOFGU WaNT TO DO IT AGAINsPLE. TYFE 1

TF YOU WaNT 70 QUITFLS TYHE

TR




VITA

Kung-Yan Lee 'was born on December;26, 1956 in I-Lan, Taiwan,
Republic of China. His parents are Chung-Ping Lee and Yu4Hsueh
Hsieh. He grew up in Taipei and gradﬁated from the Muncipal
Cheng-Kung High School in 1976. He will be married to I-Chun Chao
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