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Figure 2.11 An example showing how the method used to determine
closure alters the closure trend as R ratio varies. If closure {is
measured using the intersection of tangents (dotted lines) K°p
increases with R, whereas if Kop is measured using the onset of
linearity (indicate by markers) Kop remains remains fairly constant
as R increases (data from ref, [55)]).
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Figure 2,12 Comparison of the offset elastic displacement technique
*y measure closure compared with the conventional compliance
determination of the crack opening point (after ref. [19]).



98

Kmes
stage C “ / A¥ prast
-

stage B AKet
’5')
Koo \
T DR
&
Sl

Figure 2.13 Characteristic regions of the offset cisplacement curve
(after ref. [56]).

Offset
Displacement

Load

Figure 2.14 Illustration of typical differences between Pop and
P
el



99

.60 Closure Strams O
N/ m

40

204

DA/ ON
mumicycle

IO.' 4

Hualf Crock Length 0 (em)

Figure 2.15 An Estimation of the resolution of the closure measuring
technique by using the crack increment between the minimum growth rate
value and the maximum closure value, from data according to [62).
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Figure 2.16 Fatigue load cycle showing the magnitude, of the
parameter CTOD relative to AK and &K ¢¢.
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Figure 2.17 Fatigue fracture surfaces illustrating the type of
surface roughness which produced closure a) compared to that which did
not produce closure b), (after ref. [25]).
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Figure 2.20 Strongly bowed fatigie crack front for 25 mm thick CT

specimen following growth under compressive loading (after ref [100]).
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Figure 2.21 a) The development of tensile stresses under compressive
loading. b) Movement of the tensile stresses (reverse plastic zone)
during compressive loading.
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Figure 2.23 Schematic representation of da/dN vs 4K for short
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ref. [118)).
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Figure 3.1 Composite 7.D microstructure of the as-veceived and heat
treated material conditions.
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Figure 3.2 Dimensions of compact tension (CT) specimen.
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Figure 3.4 Short crack specimen geometry, similar to that used by
Larson [131].



Figure 3.5 Typicul fractograph of a short crack used 1o determine

a/c ratios.
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Figure 3.6 Positioning of the various gauges used o measure closure

on CT specimens.
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Figure 3.9 Residual stress distribution around fatigue crack notch
after compressive loading.
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Figure 4.4 Illustration of wedgeing effect caused by a particle a)
close to the crack tip, b) far from the crack tip.
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Figure 5.2 Closure data in the AR material for 5 mm, 15 mm and 25 mm
thick CT specimens corresponding to growth rate daca in Fig. 5.1.
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Figure 5.4 Growth rate data for 5 mm thick heat treated CT specimens
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Figure 5.11 Roughneli trace of the fracture surface for a 25 mm
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Figure 5.12 Fractographs of fracture surfaces representative of

growth rates a) b. ~7 1074 mm/cycle and b) above 10°4 mm/cycle.

Figure 5.13 Schematic representation of the possible strain intensi-

ficatiur due t» limited asperity contact.
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Figure 5.1t Fatigue striations produced by growth under a) tensile

loading and b) compressive loading.



Figure 6.1 Fractured 25 mm thick CT specimens showing extensive
curvature along the crack front,
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Figure 6.2 Closure developmenc for the AR material after closure had

been eliminated by wake removal and a compressive overload.
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method, after a crack had been produced under compressive cyclic

loading.
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Figure 6.9 Fatigue crack growth at R = 0.75. Comparing growth rates
obtained during load increasing schemes after a crack had been
developed under compressive loading (circles) with growth rates
obtained during load shedding (band indicated by the solid lines),
(after Suresh et al [23)]).
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Figure 6.10 Fatigue crack growth rates in a 2124 T3Fl alloy at R =
0.1 for short and 1long crack growth, AK had to be increasad
continually to allow short crack growth to continue.
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gauges showing uncharacteristic curvature.
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Figure 7.1 Short crack growth data for the HT material at R=20.1
plotted as a) da/dN vs 2¢c and b) da/dN vs AK.
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Figure 7.3a Short crack growth rates at R = 0.55 for the HT material.
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Figure 7.3 b) Comparison between short and long crack data in the HT

material,
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Figure 7.4 Comparison between short crack data at R = 0.1 and R =
0.55 for the HT material showing a difference in growth
rates for AK ranges greater than 2.2 MPa/m.
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Figure 7.4 Comparison between short crack data at R = 0.1 and R =
0.55 for the HT material showing a difference in growth
rates for AK ranges greater than 2.2 MPa/m.
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