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ABSTRACT

The displacement fields »_, u, at growing crack tip of LY12~M speci-
mens with double edge cracks are measured using moire method. The experi-
mental singularity ficlds are compared with GH theoretical field [12—14]. The
size and shape of the experimental GH singularity fields are obtained. The error
in both the experimental and theorstical evaluations ie controlled with in *

10%. The experiments show that there is (l’né)ﬂn singularity dominant
I

around a growing crack tip. The shape of this dominant reglon ranges from
butterfly wing to then oblate and circular. Inside GH~ficld, there is a 3-D de-
formed damage zone, where no GH singularity exists.
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I .INTRODUCTION

The investigation of the deformation and singularity field at a crack—tip is
of central concern in fracture mechanics. For brittle materials, it s generally
recognized that the craclk tip field is chasacterized by the siress intensity factor
K with a 1/Vr singulagiy [1]. In clastic plastic materials under small scale
yielding the crack tip may be represented by the J integral(2] and the singularity
field is a funciion of the strain hardening index n, which was first given by
Huichinson[3], Rice and Rosengren{4] and is commenly referred as HRRE~ficld.
HRER~field applics to the case of stationary cracks only and is not valid in the
region near crack tip where three dimensional deformation dominates as inves-
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ugated experimentally by Chiang, Hareesh and Liu{5~6].1n the inidal stage of
crack—growth, the singularity field at the crack—tip was studied by Rice]7),
Drugan et.al.[8], Herraann & Rice[9], and Sorensen[10] for elastic perfectly plas-
tic materials and by Amazige & Huichinson {11], Gao & Hwang [12~14] for
power hardening materials.

In this paper, we investigated the displacement and strain fields of growing
crack for strain hardening materia! using moire and laser prejecied grating
method. The experimental singularity fields are compared with those predicated
by GH-ficlds and mapped oui the zones of agresment at different stages of
crack growth. The error betweer them is controlled with in % 10%. In addition,
3-D deformed damage zone is found inside the GH—fizld ai the very near of a
crack~tip. In this zone GH singularity does not exist,

I EXPERTMIENTAL PROCEDURES

The test mairial s an aluminum alley LY 12-M, with strain hardening in-
dex n=6.5. The properiies of the material is determined by tensile jests. A typi-
cal stress—strain curve is shown in F ig.l. Tt is fitted with the following
s{ress—sirain relation:
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where o is the yield stress; ¢ the yield strain; ¢ material constant and n strain
har demmg index. Both n and & are directly obtained from the experimenial
curve, For LYI12-M ez terial o (o 2) =81.99M Pa, & (e, )= 3162.5ue, »
=§.50=1.132E =0.706 % 10" GP& and p=0.348,

The specimens were thin plates with double edge cracks. The geometry of
the specimen is shown in Fig.2. The cracks were machined through EDM
(electro—discharge machining) process with a tynical width of 0. 1mm.

In the surrounding area of crack—tip, the crossed grating of 20 or 40 lines
per mm was printed. The specimen was placed in a special machine, subjected
to displacement loading, and illuminated by a optical system|[5] as shown in
Fig.3. When the specimen Is deformed the printed crossed graiing distorts in re-
sponse to the in—plane defermation. The deformed gratings are photographed
and superimposed with an initial reference grating,. Moire fringes representing
contours of displacement components w, U, San be pgenerated respectively
through optical spatial {iliering technique [16-17], and the equations governing
these fringes are simply:

u = ]‘\?_P
x



u, = AP (23

where P is the grating pitch. Usually the printed crossed gratings have constant
grating pitch along x| and x, directions. I, N are fringe orders. Typical set
of fringe paitern are shown obtained in Fig.4 which indieatcs the displacernent
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fields », and u I X, and x_ directions under different loadings (—
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= 0.941,0.990,1.041}

I .E¥PRIMENTAL AND THEQRETICAL AMNALYEIS AT THE TIP
OF A GROWING CRACE.

In the experiments, displacemnent fields u aend n, in nc:md ., dirse
tions are direcily obtained. From thoss dﬂsphmmem fi J e can ovtained the
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displacernent  distributions  under different angles (0 = 0,157 .30
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» |, wvs logr curves.
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At the tip of a growing crack under mode I, according to Gao & Hwang
[3—9], the dominant singularity field Tor displacements, sirains and siresses are
governed by the following equations, respeciively:

u, = r(ihé)EJ' : i (0,E,v,n,6,F)
A g
g, = ([MF) aw\[@nﬁ‘iﬂ #6055 (3
0, =0n2Y &, 0,E0ma,F)
where & = ;—};—E , I and @ material consianis, B Young’s modulus, v Poisson’s

atic and T 2 constant. A is an integral constant depending on the Joading and

t, 0 =are polar coordinates al the growing orack tp,
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o

£ g
and ¢ y BrS angle distribution functions having different @Xpr@ggi@m in varicus
repions as reported in Refs. [10][13]. The singularity ficld a the growing crack
tip is divided into four regions as shown in Fig.5,
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In the experiments, for elastic plasiic materal of mode T growing crack
under plane stress, , the displacement singularity in regions I and I is shown
the following form:

A Fe
o= —zg r{In=)""cosb
I
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M= g, r(m-}f} sind {s)
where A is a undetermined constant depending on the loading. These equations
can be converied into the following form:
i
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These equations are called GH theoretial solution and are compared with
the experimental results,

NEXPERIMENT DATA ANALYSIS AND RESULTS

Based on experimental [fringe patterns represeniing  coniours of
wou, dn g, and x, directions, the displacement values were plotied
against Inr along various directions except #=0°, and strains (obtained by dif-

¥ NIy
ferentiating the experimental displacement data) were plotied 23 ((?g)mﬂ \E

Inr curves along various directions (6=0%15°30° 45° 60°,75°,80°%), too.

According to the experimental data, constants A and £, were determined

©

in most loading conditions (for example, for specimen Mo, L 0941

0.986,0.990, 1.036,1.041,1.061,1.067,....). The experiment shows that constant A
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mcreases with r and . We determine constant A and control the ervor within
about 5% in the whole displacement field in each loading case. Then £, is de-

2

termined. So GH solution along different angles can be calculated. The experi-

a~1

i
mental values (—Fi) in the whole field are compared with GH theoretical

a=1

u
values (~&) # , and twpical
's

experimenial ¥, 2=l

— (=) = wvalues vs ¢ curves along
theoretical r

different angles are shown in Fig.6. The experimental GH regions with error

about £ 10% of the theorstical soluiion are obtained. The experiments show

that there is 2 GH dominant region around growing crack—tip {the form of

singualarity is (Znif—)m‘z) for strain hardening raterial, called GH—field. Fig

7(1-10) exhibits that very ucar to the crack—tiip there it a three—dimensional
fracture process zong the size of which increases with the increasing of the load.,
Beyond that, there exists a zone dominated by the GH singularity field. The
shape of GH—ficld is changed from butterfly wing o oblate and circular with
the increasing of the load. If the load is lower, there is also a elasiic zone outside’
GH—field. In the experimoents, P vs A\ curve and COA (or CTCA) vs Ad curve
are obtained as shown in Fig.8,9.

V. CONCLUSION AND DISCUSSION

Using moire grating technigue, the deformation fields around a growing
crack tip for strain hardening material are obiained successfully. From experi-
ments we show that very nezr to the crack fip there is a three—dimensional frac-

re process zone the size of which increases with the load.

Beyond that there exists a zone dominated by the so—called GH singularity
field. It's shape changes from buiterfly wing to oblate and circular with the in-
creasing of load. If the loading is low, there is an elastic zone outside GH—feld
asg well.

The constanis A and € are determined by experimenis. For cach

@

loading, A is nearly constant, and £, increases with angle () in the whole

o

field. We can assume that this g is the corrective Munction of the angle distri.

a

bution sind for plane stress.
From the experiments, the resostance curve, erack opening angle COA (or
crack tip opening angle CTOA) vs the length of carack growth HAa is obained.
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From the curve in FLg 9, we can see thai the crack opening angle COA has a

constani value at ini desreases wit
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