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ABSTRACT

A new analytical model which can discribe the relationship between the bridging stress and the crack opemng
displacement was proposed to investigate the microstructural effect on the R-curve behavior in a polycrystalline
alumina. The crack opening displacement according to the distance behund the stationary crack tip was measured
using m-situ fracture technique in an SEM, and then used for a fitting procedure to obtain the distribution
of bridging stress. The current model and an empirical power law relation were introduced mto the fitting
procedure. The results indicated that the bridging stress function and R-curve computed by the current model
were consistent with those computed by the power law relation. The microstructural factor, eg, the distribution
of grain size, was also found to be closely related 1o the bridging stress. Thus, this model explained well
the interaction effect between the distribution of bridging stress and the local-fracture-controling microstructure,
providing important information for the systematic mterpretation of microfracture mechanism including R-curve

hehavior of a monelithic alumina.
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u  crack opening displacement

Py : the peak stress

.. : crack opemrng displacement corresponding lo
the end of bridging zone

n . strain-softening exponent
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2.2. Insitu SEM ZA|EHE 7|7]

Fig. 1a)~(M)= FAFdA8 0] #(scanning  electron
microscope ; SEM)2] AT Wl 7} deo]p=
AL 23 [FsAG SGerpA) AREYE dyge 5
2= in-situ A& 77| BeJEr) o] 717)E Ca-
mbridge A} 258 -39+ SEM4& tensile stage® =
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DCB; Fig. 1(b)) w22 Ag% 5 gl=Z AFA 4
g el a5 M wleE siAdxe] e
knob& %34 A FFOE, xE &7 9 step mo-
torE o] $-5le AAFo s dAGY HnE fAlElwio 71
T 51l o] o load cellof] 2]=} 7= 1240 disp-
layers} recarderel] 2ls) A&3A] 715% 5 v} =5
o] 7|7 SEM €4 4=% video tape recorder
NVTRF= 7= sle) g6 Axshs =L
VIRe] 7]=% % frame by frame #4-& & 4 g)th
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Fig. 1. The in-situ fracture stage which was inserted
into the vacuum chamber of an SEM, showing
(a) the applied load double cantilever heam
(ALDCB) specimen set-up and (b) the applied
moment double cantilever beam (AMDCB) spe-
cimen set-up to measure crack opening displa-
cement (COD) and KIC {long crack toughness),
respectively.
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Fig. 2. Distribution of the grain size of a polycrystalline
alumina. The average grain size was measured
to be 5.9 um.
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og . local residual internal tensile stress
—of  local residual internal compressive stress
f, \ area fraction of the ith grain group

I . grain size of the ith grain group

dy,  characteristic bridge spacing of the i grain
group
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Fig. 3. (a) Distribution of the bridging stress behind
the crack tip for each grain group (i=1, 2, 3
*, 15) and (b) distribution of the total bridging
stress obtained by superposing all the curves
in (a).
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Fig. 4. Schematic diagram showing the bridging stres-
ses (P(y}) at the distance from the crack tip
(¥). Here, Co, AC, C,,, n., and u(x)} are notch
length, crack extension, bridging zone size,
crack opening displacemenl corresponding to
C.:, and crack opening displacement at the dis-
tance (%), respectively.
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Fig. 5. Mcasured and predicted crack opemng displa-
cements vs the distance behind the crack tip.
The straight fines in (a) and (b) represent res-
pectively the COIY's predicted by equations (11}
and (12) which are based on the power law
functions, and are compared with the measured
CODYs (solid square dots) and [rwin’s parabola®
(thick solid line).
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