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MENNCONPOration Oan effeCtiVe SIeSS ratio:

This effective stress ratio (R.«) Is lower than the
actual R, which causes less crack growth during
each cycle



Parameter. definitions:

B Defined by current cycle (K. ., Aa)
m Defined by recent overload cycle (KO- ., r°b
m Material property (AKy,)

B Dependent on material and loading (SOLR)



ShutoffiOverioad Ratio (SOLR)

m Definition: The maximum ratio of the overlioad
maximum SIF to the subsequent maximum SIE

m Effect: If SOLR Is exceeded during a cycle, K., o IS
equal to AK;, /(1-R) and crack growth is arrested

W Practical Use: Tuning parameter



Determination of SOLR

—  Vateral'matching actual 'structure {]
— Geometry'similar te actual’structure "
—  Geometry simple to analyze
— Boundary conditions kKnown

W Spectrum test loads
— Comparable to actual structure
— Simpleto determine and analyze

Correlation analysis

B Simulate test as closely as possible
B Use different SOLR values until analysis matches test
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W Eracture toughness

o =-0.3
m Tensile yield strength % Rhi =0.85 _
..4#= Plain Strain Fracture Toughness =34
(3 Yield Stress =47
m Crack growth rates - Young's Modulus =10800
¢ Poisson's Ratio =0.33
0 Coef. of Therm. Exp. =1.29e-005

B[ imits on R shiit | % Ultimate Strength =66
.| Delta K threshold value =2.01
E T ct | O e =83

mAK threshold == BS .- i#= Plane 5tress Toughness

% Upper limit on da/dn =1.00e-002
% Lower limit on da/dn =1.00e-009
.| delta_K matrix 2:27




Sensitivity ot SOLR to
AFGROW Parameters
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B Only exception s’ Ke When using the Eerman eqguation
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No Impact on retardation
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B Determination GfiStress state forntoughness
—  No/impact onretardation

W Calculation of yield zone size
— The higher the yield strength, the smaller the yield zone

— Increasing the yield strength (and leaving all other. parameters
constant) accelerates the analytical crack growth
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(CYACKIATOWINNALES

B NCrEeasINgICrackigrowinrates accelerates the
analytical'crackigrowin

B SWRI'compared eight materials for differences
between ground rules growth rates and tested rates




(CTACKIATOWINNATESHIMPACTHON IS OIFRICANTNEN A GE
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uncoensenvatismin datafits

Small impact for materials reviewed
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B Higherlimiton R'shift (Ry): At SIress ratios aboVve this
value, crack growth rates (da/dN vs. AK) eqgual those at

this value

— Because the Willenborg eguation uses an R that is lower than
the actual, R, has no impact on SOLR

m L ower limit on R shift (R, p): At stress ratios below this
value, crack growth rates (da/dN vs. K,..,) equal those
at this value
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W SIress ratio ofisignificant'events in spectrum

— ensiondominated spectra will'show minimal impact
— Compression dominated spectrawill show significantiimpact




AFGROW Parameters
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B Amount elispreadin crackigrowth rates between
Stress ratios

— Wide spread will show significant impact
—  Narrow spread will'show minimal impact
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B Study o9 maternalssshowsideraultioli=0s0rapproprate
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m Typical values between 1 and 3 ksivin for. the materials
being reviewed

m\\Vhen no retardation Is assumed, an increase in AK,
slows crack growth
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14 1.6 1.8 2 2.2 2.4 2.6 2.8 3
Delta K Threshold (ksi-in"1/2)
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B Eracture mechanics model

&  7E6-47-Al
C1SOLR=3.88

B Curve vs. endpoint S

= = MSOLR =363

* 7F6-46-1
Curve fit

= = Endpoint fit
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B Constantraspectratio (a/c ="1) corner, crack followed by
Straight.through crack

M Constant aspect ratio (a/c = initial from test) corner
crack followed by straight through crack

W \V/arying aspect ratio corner. crack and through crack
(initial a/c = initial from test)

B Measured crack lengths and aspect ratios (input using
user-defined betas)
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INENSIHESTOISOLIRICOITEI ation:

& 7P6-71-5
C1 Unretarded
— =—C2SOLR =4.60
= = = VSOLR =10.00
— = MSOLR=4.50
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& T7E6-47-Al
C1SOLR =3.88
= =—C2SOLR =239
= = = VSOLR=410
— = MSOLR=3.63

& CP11-H-1
CSOLR=2.18
- = - VSOLR=1.87
= = MSOLR=1.88
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B Significantimpactin SOLR 1o MoStiteSt'SPECIMENS
B Not much consistency to results

m Constant aspect ratio = 1 and straight through crack

method:
— Higher on average than the other methods

— Generally provided the worst fit

= Corner crack growth slower than test

= Through crack growth faster than test
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N DeEpendingionigecmetny,seme SOLERWValUestncreased
and seme decreased

B Curve correlation generally fits early growth better.and
endpoint correlation generally fits late growth better




SO

tﬂm A Symmary and Recommendations

2 Llsull /, 3JL.;\§ LUHESICTECKSYTOWIHNONIIE:

Al Aty = . ey T .
C O D EGCLNHU e)ele AL 9]

mAlso dependent:on 'SpeCIMeEn thiCKNEesS, crack
location, etc.

B Also compensates for.inaccuracies in the analytical
model

Because SOLR compensates for inaccuracies,
making material properties conservative ends up
having no effect when accounting for retardation



Summary and Recommendations
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m Analytical’stressintensities should/thererore match
the test as closely as possible

However, the analytical' methods used in the final
analysis should also be considered







