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OPTICAL EXPERIMENTAL ANALYSIS AT THE INTERSECTION OF CRACK
FRONT WITH THE FREE SURFACE

Constantinescu D.M,

Summary

At: the interseetion of the crack front with the free
surface appears a vertex singularity. Refined three
dimensional photoelasticity and moiré interferometry
are used together in order to establish the displace-
ment singularity. Although there are some differences
between the analytical and experimental results, they

are in a good agreement.

Keywords: crack front, free surface, displacement singularity

Introduction

At the intersection of a crack fromt with a free surface
it is produced a boundary layer in which the classical two di-—
mensional linear elastic fracture mechanies (LEFM) is not va-
1id any more. In the point of intersection appears a vertex
singularity and the stress singularity order depends upon
Poisson's ratio. Subsequent to 1980 several amalytical and nu-
merical analyses include boundary layers and varying intersec-
tion angle effeots.in both through and part through cracks. It
is clear that when a straight crack front interseots a free

surface at right angles, a vertex stress singularity results
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and it has the same value as the classical (LEPM) singulari-
ty. When the angle changes its value, the value of the stress
singularity becomes differemt. The extemd and influence of a
boundary layer or transitiem zone inside the specimen, where
the classical stress intemsity factor (SIF) varies is a pro-
blem still open to question.
Analytical Background

The vertex singularity introduces a three dimensional state
of stress near the point of imterseotion of the erack border
with the free surface. Several methods are used: the variables
separable eigenfunction series expamsion, asymptotic methods,
or strictly numerical methods including finite element and
boundary integral approaches. Following Benthem [1], we define
the vertex singularity order or dominant eigenvalues )\ua.nd )\5’

from the truncated equations.

ui= I‘Au fi( e'?)
(1)
Gij= r/\GPiJ(e,cP) i, j=1,2,3

for displacement and stress components, where Xg=|Auf1|. Table
1l presents a summary of the results of several investigators
together with their respective methods of analysis.

Table 1

Summary of analytical Results
Vertex stress singularity

Method of Order A%-for various values of
Author Analysis 0 0,15 0,30 o, 40 0,50
Benthem (1] E® 0,5 0,484 0,452 0,413 0,332
Kawai et. al1l2] E® 0,5 0,48 0,43 0,37

Bazant et al[3] PEMN 0,5 0,484 0,452 0,413 0,352°
Burton et al [4] PERM 0,499 0,485 0,445 0,370

Honm et all5] FEN 0,452 0,323°
Shivakumar et al 5)FENM 0,497 0,451 0,407 0,356%

c
Pakakuda [7] ™®M 0,5 g:f:’,sd 0,452 0,413 0,332
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EF-Eigenfunction Series; FEN-Finite Element Method; IEN-Inte-
gral Equation Method; 8por crack border-boundary surface in-
tersection angle of 90°; b~)=0,48; %N=0,10; %:0,20; €9=0,499;
£3=0,45,

Experimental Results

Around 1980, Professor C.W. Smith and his colleagues under-
took a series of experimental studies of the vertex stress
singularityproblem and the corresponding boundary layer effect
using the tandem application of twe ep#ical methods, refined
frozen stress photoelasticity and standard and high density
moiré interferometry. They investigated both threugh cracka[&l
(9] andi surface flaws [10] and also included limited investiga-
tions of flaw border-boundary intersection angles other than
right angles [10]. Smith and Constantimescu [11] are revising
the latest experimental results. See (8-11] for details. Results
from the moiré and photoelastic studies are compared with Taka-
kuda's results in Fig.1l (11]. Clearly, discrepancies exist, amd
the experimental displacement singularity has a higher value
than the amalytical ome. However, since the algerithms used for

converting experimental data into dominamt eigemvalues were
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quasi two-dimemnsiomal, and idealized for 90°craok front-erack
border imtersection angle amd, im view of the crack fromt ir-
regularities in the moiré experiment and the thiekmess avera-
ging effect in the frozen stress surface slices, it is surpri-
sing that all these factors do met have a greater influemce

on the experimental results.

Coeneclusions
The analytiecal effect of changing the craek border-free
surface intersection angle has not beem acouratly assessed ex-
perimentally, but preliminary studies seem to indicate less
deviation from the Benthem result tham predicted by Takakuda.
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