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ABSTRACT

This report describes a crack growth retafdation model which
utilizes an "effective stress" concept to reduce the applied stresses
ada hence the crack tip stress intensity factor. The derivation of
the model is presented as well as comparisons with existing experi-
.mental'and analytdical spectrum crack growth data for DbGac steel

and 7075-T6 aluminum.
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i INTRODUCTION

Current predictive analysis techniques for crack propagation
vnder cyclic loading rely'op the integration of basic constant amplitude
growth rate data derived from laboratory tests on simple coupons. Such
an aGtomated procedure is contained in Reference 1.

Variations between predicted and actual growth lives have been

L

noted for cases of variable amplitude spectrum loading due to the
in;eraccion of the stress applications (References 3 and 4)., The occurrence
of a tensile overload will retard growth below that normally expected,
To neglect these interactlon effects results in grossly toaservative
prediction of c;ack growth life. i . )

| chqéal attempts at develop%no mathenmatical medels for growth
retavdation have beeﬂ made. (References 2 ané S). In Refereunce 2,
Whecler calculates a retardation factor Cp which operates directly by
reducing growth rate da/du. The procedufe requires previous spectrum
growth data to derive a retardation exponént "m". Moderate success
has been achieved by the author in fitting existing spectrum data.

In the current study, retardationlis accounted for by operating
divectly on the crack gfowth driving function AK., An effective value
of the stress intensity factoxr range 1s computed by assuming & form of
the ;esidual crack tip stress present after the application of the
overload. Onee obtained, the modified AK is used in conjunction with
ordinbry coustant growth rate data and the CRACKS computer routine
(Reference 1) to caleulate life. No other empirical data ox factors
axe rcquiredt
The wodel development is contained in Section IX.  Application

of thu proccdure to existing Déac and 7075-T6 spectvum data is contained

in Section EIL,

L . A ; o © A T g sy e




SECTION TIT '

DESCRIPTION OF THE MODEL

To best describe the operation of the rétardation model, consider
The step-by~step solution

the simple spectrum as shown in Figure 1.

of this problem is outlined below:
Using the wmaximuwm stroess, 0l ’

Load layer 1 is applied
calculated and saved for reference.

1,

the plastic 2one radivs, ap , 1
K')f‘ LN
\ .

a = - 1

P 2u o) '
. E
2. The first load cycle in layer 2 is applied. The maxiumum
.  Since cz is less than cl , the

stress, 0 , is compared (O 01
2

retardation model is applied
3.~ The first step is to determine the applied stress, Sap

This stress 1s determined as follows:

required to reach ap.
The yield zone radlus for Oap is siven by

b@? e Q\ Ovg

F% i
247 G“ Bfr<3~3

Solving for °ap we obtain

PG( ‘Lp)

is the crack lgngth at Lhc beginning of the load e¢ycle or

where d, 1s
Heace, for the {irst cycle of layer 2, cquation (2)

load layer.




- : . . becomes

. - 0;?:-_5‘2“;_\{1(@;0..\‘ .
b Q. o

4, Next, we obtain the reduction in the applied stress, Opaq

dve to the progress through the plastic zone for a given layer.
= — @' 3

C _For layer 2 , equation 3 Dbecomes

When the crack has propagated through the plastic zone, 0.4 iy
set equal to zero since the crack propagation is no longer being

™~

‘ratarded.

S, Effective values of the maximum and minimum applied stresses

are then calculated as follows:

Owyb . WG © vedd '
€5y
' ) = OLo " eg 5
VWALAL, ALV ré_cj

e
AN
If cither of the effective stresses 1s less than zevo, it is

set equal fo zevo,

6. bEffcctive values of P and AK arc now calculated using cquatfons

Aoy




4 and 5, The crack growth law . then applicd directly, uwsing the

effective R and 8K, .to obtain the growth during the interval. At

the end of the first cycle of layer 2 ..z obtain a .

2’1 . -

7, Compare the.current value a . with ap. Since @ X is
» 2?
less than ap , the growth is still retarded. We now return to step 3.

Now we obtain

et 5| 2
e
)

We see that ¢gp diminishes as a, approaches ap. " When ogp

[}

equals Opqay » 9peq 18 zero and retavdation is no longer present,

eliogm 0 4 5 -
-

z , - . - T ‘ .lf J S .. - Sy b




SECTIONRN 111 )

CORRELATION

In order to test the validity ok the model, a8 few problems

were solved invélving two diLfferent materials subjected to different

types of spectra. The modél was Iincorporated into the CRACKS

computeyr progrnm {Reforence 1) to provide rapid solution capability. \
The first problem is taken from Nv. Wheeler's repoft (Reference

2, figure é). The spectrum is shown in figure 2 and the correlation

with test data as well as Dr. Wheeler's retardation moadel is given

in figure 3. The material was Db6ac steel. The Paris form of the

crack growth law was 2, 55

~&
da. = ¢.00r2x10 AV\)
In this example, the Paris form of the growth law was assumed

valid for all values of load ratio, R =_cuin .
omax :
A second problem, also a surface flew in a D6ac steel specimen,

was run using Forman's form of the crack growth equation.

e *.14
da. = 03798 %10 (_é K)
dN - -ryes —ak

Both the 5g and 7,33g versious of the spectra were used,

The spectra from Reference 3 1s given Lun figure 4 and the cor-
relation {5 shown in flgures S5a and 5b. For the 5.0g spectrum, four
laboratory tests were conducted., Specimen P33 and PIMIS indicate
the scatver of the test data, Also indicated on Figure 5a and 5b

ave predictions based on the Wheeler model using the same basice

grovth vate data,




Another material, 7075-T6 aluminum was also examined. A

tweive inch wide center-cracked panel was subjected to various

simple spectrum leoadings (Refercnce 4.) The spectra and corrclation

deta are prcsedted in figure 6, For this example, the plane stress’

furia of the yicld zone was considered.

R




IV DISCUSSION

.

Although of prelimina;y nafure, the data presented in this
report havérdemonstrated the ability of the proposed crack retard-
ation model to account fot the growth delay due to the agplication
Af tensile overlbads in a complex spectrum.

The most- significant feaﬁure of the model is iis ability to

predict growth retardation without the assistance of empirical

_Tactors or test data. This is clearly demonstrated in examples 1

and 2 of Section III, where widely diffeveuc values of the Wheeler

”_ .t

parameter 'm" are required to fit the spectrum data. This would

indicate that "a" is sensitive to factors other than material

difference.- _

Work 1is cohtinuing to further ;alidate.the model with-additional
;imple and complex spectra including the occurrence of single.spike
overloads. A test program currently underway at AFFDL will rrbvide
;dditional data for Dbac steel, 7075-T6 aluminum and 6al-4V titanium:

The successful use of the analysis scheme, of course, requires

valid and adequate basic growth rate data. Current efforts are

investigating the sensitivity of prediction, to the normal variation

in¢reported da/dn vs 4K data.

e
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