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Abstract

The surface motions excited by acoustic emissions produced by fracture
processes at the edge of a buried, penny-shaped crack are inveétigated.
Firstly, wavefront approximations to the emiésions generated by the sudden
growth of a tensile crack in an unbounded elastic solid are reviewed. Then
these approximations are Fourier transformed to give.the high-frequency
portion of their spectra. Secondly, time- and frequency-domain approximations
to the surface motions excited by this growling crack, when it is buried in a
half-space, are calculated. These results are then sérutinized tq elucidate
what parts of‘the signals measured at the surface carry information about the

crack's size, its orientation and the fracture processes near the crack-tip.



Introduction

One important source of acoustic emissions, at least in metals, is a
tensile crack that suddenly,séarts to grow. By monitoring these emissions it
may be possible to study the fracture processes near the edges of such cracks
[1]1 and to assess the sevefity of these defects in important engineering
structures such as pressure vessels [2]. 1In aﬁ atteﬁpt to relate the fracture
processes to the form of the acoustic emissions, Rose [3] and Achenbach and
Harrisb[A] carried out asymptotic analyses of the waves radiated from models,
derived from fracture mechanics, of sudden tensile frééturés in unbounded
(homogeneous, isotropic, linearly-elastic) media. When the cracks are
embedded in an engingering structure, the form of the'emissions is also
greatly influenced by interaction with the structure's boundaries. To study
this Hsu and Hardy [5] measured the response of a plate at a point opposite
that at which an éxcitétion, such as the breaking of a gléss capillary, was
applied and extracted the source time behavior from the overall reéponse by
using a transfer function for the plate. .Pao [6] has also calculated the
response of é plate to various nuclei of strain,vwhich can'be used to model
sources of acoustic emission. To investigate the combined influence of
propagation path and fracture proceSses, Rose [7], using the body-force
equivalents to an elementary tensile and shear crack, calculated the
reflection of compressional and shear emissions at a traction-free surface
near the epicenter. The purpose of this paper ié also to investigate the
combined effects of the propagation path and fractureAprocesses. To do so we
shall place the model of the growing tensile crack used in [4] in an elastic

half-space and calculate the interaction of the acoustic emissions with the

1Numbers in brackets designate References at the end of the paper.




free surface both near (near field) and far (far field) from the epicenter.
We start by reexamining the asymptotic analysis of acoustic emission
begun in [4]. We then use thése results to calculate the surface motion
excited by the acoustic emissions from a buried, penny-shaped, tensile
crack. The crack is assumed to have.its plane sufficiently close to the
vertical that it caan grow toward the surface. .We shéll be concerned, in the
main, with that portion of the measured acoustic emission that arrives first
and is strongest. In the near-field we shall calculate the surface motion
excited by the incident compressional emission from the point on the crack-
edge closest to the surface. We shall also calculate that excited by the
incident shear emission, though this signal arrives later. In the far-field
the strongest signal is the Rayleigh wave which, though it does not arrive
first, constitutes an easily recognized coda. Thus we shall calculate the
surface motion in the far-field near the arrival time of the Rayleigh wave
that is excited by the point on the crack-edge closest to the surface. This
later calculation is done using the same method as that used by Harris,
Achenbach and Norris [8] to calculate the Rayleigh waves excited by the
starting and stopping phases of a faulting event. Throughout this paper we

consider both the time- and frequency-domain results.

Acoustic Emissions from a Growing Tensile Crack

Figure 1 shows a two-dimensional, semi-infinite, tensile crack that is
imagined, at t = 0, to suddenly start to propagate in its own plane with a
constant crack-tip speed cpe Following reference [4], where this crack-
propagation model is discugsed at greater length, for small times, and hence
for small distances ahead of the original crack-tlp, the displacement at the

surface of the newly cracked material takes the functional form F(t - spx)

where



F(t) = H(t) U £¥/2 (1)

and sp = l/cp. The parameter Vv =1 for brittle fracture, otherwise

V> 1; U is a constant. Achenbach and Harris [4] calculated wavefront
approximations to the acoustic emissions from this créck—model. We have
repeated their calculations getting the same resﬁlts, but we have given a
different interpretation to the form of the shear emissions in the headwave
region of the crack. The results of both these invesfigations are summarized
as follows: The compressional emission ur(r,e,t) near its arrival time

s;r, and the shear emission ug(r,0,t) near its arrival time sqr are given

by
up(r,0,t) = r" /2 B (sp,0)er(t - spr) @
ug(r,0,t) = r Y/ 2[Ey (sp,0)ep(t - sgr) + Epg(sp,0)Ep(t,spr)] (3)
where
Eq(SFae) = S(SF) 04(0), o = L,T (4)
ETl(SF’e) = Re[ET(sF,G)]; ETZ(SF,G) = Im(ET(sF,e)] (5)
e, (t = Byr) = %'ig'__-l—i7i' ft F(t - ©)(t - s r)—l/sz, o = L,T (6)
5r (Zsa) s, r ot
S m
fp(t,spr) = %'EI"';L’ETE [7 R - or - . (7)

R (28.) e



The functioﬁs S(sp)s 01,(0) and Op(8) are given by eqns. (34), (35) and
(39) of reference'[4i, respectively. The constant sy = l/cg, sp = l/cp
and sg = l/cR where cp, cp and cp are the compressional, shear and
Rayleigh wavespeeds. The term m = min(t, spr). Note that the definition of
the emission coefficient ET(SF, 0) differs slightly from that given by eqn.
(38) of [4]. |

Equations (2) and (3) represent the compressional and shear cylindrical

waves shown in Fig. l. Also present in the region 6. < ’9' < 7™ where
By, = cos_l(-S /s7) : (8)
hw L/°T

is a headwavé whose arrival time is ty,. This wave is discussed in [4] where
it is given by eqns. (41), (45) and (46). 1In the headwave region, eqn. (3)
differs‘from the éorresponding expression, eqn. (37), in reference‘ [4]. The
second term is new; it 1s non-zero only for 6 > ehw . Previously only the
first term was included in the wavefront approximation in this region. Note
that the first term is zero for ¢t < spr while the second'is not. Thus the
new term comes from that portion of the shear wave just ahead of the wavefront
at t = spr. As a result of the square-root singularity at ¢t = STT, the two-
sided cylindrical shear wave makes a more important contribution to the shear
emission 1n the headwave region than does the headwave so that we have ﬁot
included this latter wave in the summary above.' Near 4|6| = Ohw eqh. (3) is
not an accurate description of the wavefield because éf the confluence of the
headwave and cylindrical-shear wavefronts. A uniform approximation in this
region 1is given by eqns. (37), (47) and (48) of [4].

To extend our results from two dimensions to three we shall make the

assumption that, at t = 0, all points on the érack—edge start to grow normal



to the original crack-edge. Note, however, that this does not imply that

cp 1s the same at each point on the crack-edge. For this case reference [9]
shows that the two-dimensionai results can be extended to three-dimensional
ones by multiplying the former by (1 + rfa)-l/2 . This is a first-order

correction for the curvature of the crack—-edge. The term p 1s given by
p = p/cos8 (9

where p 1s the radius of curvature of the craqk-edgé. When considering a
finite crack there is an additional complication to be noted. The sudden
extension of the crack also excites surface waves on,thevcrack-faces which are
subsequently diffracted»by the crack-edge producing emissions as strong as
those first emitted. These emissions can be calculated using the techniques
describéd by Acheﬁbach, Gautesen and McMaken [10]. However, because we are
interested in first arrivals we have chosen not to include them here. All
these considerations also apply to the frequency-domain results of the next

section.

Spectra of the Acoustic Emissions

Wavefront approximations in the time domain correspond to high-frequency
results in the frequency domain [11]. Therefore, when calculating the spectra
of the transient acoustic emissions given in the previous section, the Fourier
transforms can be approximated for large w , where w 1is the angular

frequency. The transform pair used here is

e [ &' fods s Bio) w 2 [ ey . (10a,b)

=00 o

An explanation of the particular form of the inverse transform given above can



be found in reference [12]. The asymptotic approximation to the Fourier

transform of the compressional-wave displacement ur(r,e,w) is

iwer
up(r,0,0) = (sy/sg)(2rer) "M 28, (sp,0)F(w)(~1w) 1/ 2e (11)

where F(w) 1is the Fourier transform of F(t) . The asymptotic approximation

to the Fourier transform of the shear-wave displacement ug(r,0,w) is

iws, r
wg(r,0,0)=(sy /5 ) (2nenr) 2 (B (0,0 (1) 22 By (s 0B 1P T (12)
where
1 -1/2 -t
b(w) = =73 - 2 eT g (13)
w (o]

The functions ETi(SF’e) and Epy(sp,9) are given by eqns. (5a,b); the
latter function is nonzero only for |6| > ehw. The term c¢ = (8qr - thw).
The function b(w) may be approximated as

12 _ e—iwc

b(w) = (1)} o) 21wy 1 + 0wy} (14)

Retaining only the dominant term in eqn. (14), eqn. (12) becomes

1/2 iwsTr
e

/ZET(SF,G)F(w)(—iw)_

ug(r,0,0) = (s/8)(2msr) ™" : (15)

Equation (1) expresses F(t) for small t; therefore, F(w) for large w 1is

given by

F(w) = U T(v/2 + 1)(-1w)~(V¥2)/2 | (16)



By using eqne (10b) to invert eqn. (1l1l) or eqn. (15) we can recover the
time-domain wavefront approximations to the compressional and shear emissions
glven previously except for |9| > Opy» where Enp(sy,0) 1is complex. This
exception arises because, by approximating b(w) by only the first term of
eqn. (14), we have, in essence, let thy > — ©¢ Thus inverting eqn. (15) in
the headwave region leads to eqn. (7) for fT(f,sTr) with ¢ty replaced by
(- ®). But F(t) 1is known only for small values of its argument, and not in
the domain (0, ©®) . Therefore we are lead to an integral that has lost its

meaning.

Model of a Burled Acoustic Emission Source

In the remaining sections of this paper we shali consider the surface
motion excited by the acoustic emissions from a growing tensile crack. The
overall geometry is shown in Fig. 2. At t = 0 the crack is penny-shaped
with radius a. At that instant the crack suddenly begins to grow outwards,
normal to the initial crack-edge, with a crack—tip speed that varies along
the edge of the crack. The plane of the crack makes an angle ¢ with the
normal to the surface. Because we are interested in cracks that grow toward
the surface |¢| is imagined to be small, though technically it need only be
less than 7/2. The crack is described by a toroidal coordinate system

(r,0,¥). The angle ¢ defines a point on the crack-edge and, in each plane

1

constant, (r,0) form a polar coordinate system whose origin lies at that
point. The inset to Fig. 2 shows this for the plane ¢ = 0. The plane ¢ =

0 1is, moreover, a plane of reflection symmetry. The point B 1lies in it and
is a depth d below the surface. A second coordinate systems (x,y,z) is
located with its origin at the intersection of the crack-plane, the symmetry
plane and the surface of the half-space. The two coordinate systems are

related as follows:



x = =d tan¢ + (a + r cosB)cosP sind + r sinbcosd - a sing (17)
y=d - (a + r cosb)cosy cosd + r sinb® sind + a cosé (18)
z = (a+r cosB)sinp . (19)

Note that these coordinate systems are consistent with that used in the
previous sections. Though in some cases it 1is possible to calculate the
surface motion out of the plane of symmetry (this point 1s discussed in
appendix B of reference [8]), this is in general difficult so that we eschew
it here and confine ourselves to calculations in the symmetry planes
Therefore, the first arrivals will come from point B, where the crack 1is

growing outward at a speed cp.

Near-Field Surface Motion

The near-field surface motion will be dominated by reflection at the
traction-free surface. Because we are interested only in high-frequency or
wavefront approximations, the reflected waves may be calculated either by
using ray theory [13] or by the integral-representation approach of the next
section. These reflected waves are then added to the incident ones to give
the net surface motion. The details are omitted.

The net particle displacement at the surface caused by the incident

compressional emission is given by

u P(r,0) = - [Ri(e)i 4 R;(O)j](l + R cose/a)'l/zur(k,e) (20)

where
Ri(e) . . 2¢ sin[2(0 + ¢)]siné
K cos (28) - sin(28)sin[2(0 + ¢)]

(21)
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2K2cos(26) cos(0 + ¢)
chosz(ZG) - sin(28) sin[2(0 + ¢)]

L -
Ry(e) = (22)

R = d/cos(® + ¢) (23)

and u.(R,0) = u.(R,0,t) (eqn. (2)) or wu,(R,06,w) (eQn. (11)) for the time-

domain or frequency-domain results, respectively. The angle { is given by
sy cosS = = s sin(0 + ¢) : (24)

and Kk = ST/SL' The net particle displacement at the surface caused by the

incident shear emission is given by

uw'(R,0) = - [RI(O)1 + R§(6)j](1 + R cos/a) /2y, (r,0) (25)
where
2
Ri(e) r e 2k“cos(0 + ¢) cos[2(0 + ¢)] (26)
K- cos [2(0 + ¢)] - sin (2Y) sin[2(6 + ¢)]
Rg(e) - — - 2 sin(2Y) cos(6 + ¢) (27)

c2cos?[2(8 + ¢)] - sin (2Y) sin[2(0 + ¢)]

and ug(R,8) = ug(R,0,t) (eqn. (3)) or ug(R,0,w) (eqn. (15)) for the time-
domaln or frequency—-domain results, respectively. The distance R 1is gilven
by eqn. (23) and the angle 7Y by

sy, cosY = = spsin(6 + ¢) . (28)

Note that for values of (0 + ¢) such that
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splsin (0 + &)| > s (29)

Y becomes imaginary and both Rz(e) and R§(6) become complex. This is
caused by the incident sheaf wave exciting a critically reflected
compressional wave at the surface. Therefore,-for vélues of (06 + ¢)
satisfying eqn. (29) the above expression, eqn. (25), is valid in the
frequency domain but not in the time domain.

The phenomena indicated by eqn. (29) has been exaﬁined within the context
of the present analytical framework by Harris and Achenbach [l4]. Here it is
enough to note that eqn. (25) in the frequency domainbhas the same analytical
structure in the region defined by eqn. (29) as does the shear emission, eqn.
(15), in the headwave region of the crack. Further, near points such that
eqne. (29) becomes én equality, uniform approximations arevneeded to understand
the surface motion completely, just as in the case of the crack a ﬁniform
approximation is needed near th .

To illustrate these results consider the special case_¢ = 0, - The
normalized horizontal (i = x) and vertical (i = y) amplitudes of the unet
surface motion are
1/2

Ag - l(Sa/SL)

a — .
R(O)[(R/D(L + R cos8/a)] 2 B (s, 0)] (30)
where o = L when the incident emission is compressional and o = T when it

is shear. 1In Fig. 3 we have plotted the A% against x = x/d for d/a = 2

3
Poisson's ratio = 0.25 and sg/sp = 0.5. Also plbtted are the corresponding

horizontal and vertical amplitudes of the incident compressional emission. As

expected reflection amplifies the incident disturbance. Moreover, the figure
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shows that for x = 20 the surface motion due to reflection has decayed to
less than 20% of its maximum. Thus, for our model of an acoustic—-emission
event, we can estimate that tﬁe near field ends near that point (also see
conclusion 2). 1In Fige. 4 we have plotted the AI against x for the same
parameters, as well as the corresponding components of the incident shear
emission. The large spike in Fig. 4a and the éero in Fig. 4b indicate the
point at which sy sinb® = s; . As indicated above the present calculation is
not accureate near this point; however, it is possible to conclude that the
surface motion varies rapidly near this point. Comparison of Figs. 3 and 4
(note that these two figures have quite different scales) shows that, except
in a localized region directly above the crack-tip, the compressional emission
is the more important. TIn the time domain this motion will also be the first
excited.

More generally, note that in the frequency domain the surface
displacement, whether it be that given by eqn. (20) or eqn. (25), is directly
proportional to F(w)(-iw)“l/zexp(iwsaR) . The particle displacement at the
surface would thus decay at high frequencies as w—(v+3)/2>. A measurement of
this decay, by assigning a value to Vv , would give some indication of the

fracture processes at the crack-tip.

Far-Field Surface Motion

The far-field surface motion will be dominated by the presence of a
Rayleigh wave. We shall begin by considering this wave in the frequency
domain and then use eqn. (10b) to extend our results to the time domain, The
method of calculation employed here is identical to that used in reference [8]
to calculate the Rayleigh wave excited by a faulting event. There it was
shown that the Fourier components of the displacement of the first-arriving

R
Rayleigh wave u (x,0) could be expressed as

~ ~
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R G
Rz = | (a3 x0T o) = Wt G fages) D)

i ~ ~

where S; 1is a surface enclosing the crack-edge and n 1is a unit normal
GR GR 5
pointing inward. The terms Ui and Tis.x are the Rayleigh-wave
) j ’ 5
components of the Green's displacement and stress tensors for the elastic

half-space [15]. The terms ui(x,w) and T}j(x,w) coansist of the sum of the
compregsional and shear waves emitted by the crack as it starts to grow. We
are 1laterested in high-frequency results; therefore, we can approximate
ui(x,m) by an appropriate sum of the displacements glven by eqns. (11) and
(15). Further we need only the high-frequency approximations to ug?k and
Tf?;k' The surface 1ntegral eqn. (31l) now consists of a compressional~wave
part and a shear-wave part. The former is evaluated by selecting Si to be
the wavefront of the compressional part of uz(x,w) and then approximating
the integral asymptotically; the latter 1s similarly evaluated using the
shear-wave wavefrount,

As a result of the calculations described above, the frequency-domain

expressions for the Rayleigh-wave displacement in the plane of symmetry are
uR(x,y,0,8) = 4(1/c )[g B (s.,0)exp(-1us B~ * x,) -
e R/LSLM L\ P B h

~T
- 8p cot (ZOT) ET(SF’e)eXP(—inTE 4 fB)] X

x U(x,w) D F(wel™? (32)

where 9 takes the specific values 0 = /2 - ¢ - 8y, in E;(sp, 0) and

0 =m/2 - ¢ - Or 1in Er(sp,9). The angles 0, are given by
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0, = 1 cosh™ (sp/s,) (33)

The major terms U(x,w), 8y® Ea (sF,S) and F(w) are given by

~ ~

U(x,w)=2(1/KRK2)[dLexp(iwstL°x) (1/K)cot(29T)dTexp(iwsTpT'x)] (34)

~ ~ ~ ~ ~

sin(¢ + 0 ) -1/2

cosb
o

gy = [1+5 &+ tanp) (35)

eqn. (4) and eqn. (16), respectively. The various ancillary expressions are

as follows:

E = cosea i + sineag (36)
SRR n =
f = x i + yi s EB = - d tan¢ i + di (38)
DR [KRKZ(K§ _ L %E{4t2(t2 S22 Ly U2 (2 52020 (59

where « = syp/sy, kg = sg/s;, and, in eqn. (39), t = kgpe For Poisson's ratio
= 0.25, Dy = 6+2. The subscript or superscript o 1in each of the above terms
is either L or T, the L indicating the compressional term and the T the
shear term. The overbars in eqn. (32) denote the complex conjugate.
Time-domain results are obtained from the above expressions by using eqne.

(10b). Near the Rayleigh-wave arrival time the particle velocities are given

by
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Rx,y,0,) = (207670 ) (s, D2y (x,y,01 + vy (x,y, 03] (40)
where ,
vyt =2 BhrdsY 5 P,y 0 (41)

o,B=L,T

2% cos{[(2 - v)/2]tan"1(B%®) - egs - (/4y}

aB _ i
vy (%Y,t) = @By =02 (5082 (2 = W& (42)
aPexp(165®) = af 8% gy mo(sy, 1/2 - ¢ - 0etT/2 (43)
3% = [(t/s,d) - (x/d + tang)]/c®? (44)
¢ = 1 - (s,/sP 1210 + 11 = (sy/5)71 2 (45)

In eqns. (41)-(45), 1 = 1,2 and o,8 = L,T. The terms 5B are given by

gLl - ¢ ST

L= (sp/sy)cot(207) - (46a,b)

°
s

gLT

- (sy/spcot(200); ST = - cot?(26,). (46c,d)

The parameter V must satisfy the inequalities 1 < v < 2, where v > 1 for

physical reasons (eqn. (1)), while v < 2 in order that the particular
transform inversion used to calculate eqns. (40)-(45) remain valid. This
range of Vv 1includes the important case of brittle fracture (v =1). We

chose to calculate the Rayleigh-wave particle velocities rather than the
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displacements because, for the special case of brittle fracture, the waveform
functions of the incident emissions are step functions, making a comparison
with the Rayleigh waveform clearer.

For the results above we have adopted the following sign convention. The
angle ¢ can take positive or negative values, but (x + d tan¢) 1s always
assumed to be positive. This, however, means ﬁhat 0 1is positive in a
downward sense for ¢ positive, but is positive in an upward sense for ¢
negative. The horizontal distance from the crack-tip, in the plane of
symmetry, is (x + d tan¢) so that when ¢ 1s varied fhis‘distance changes
even though x 1is fixed.

The arrival time, which follows from Bas =0 (eqns. (42) and (44)),
suggests that the Rayleigh wave is emitted from a point directly above the
crack-tip. However, no Rayleigh wave can exist at the surface unless the
incidenf waves prdperly couple to the surface [16]. As a consequence a
position at the surface‘where a Rayleigh wave 1s observed must satisfy one of

the inequalities
[(x/d) + tand] > [(sp/s,)% - 1]171/2 | (47)

where o =1L or T. Taking the more stringent of the two, and setting
Poisson's ratio = 0.25, gives [(x/d) + tan$] > 2.3. However, as we discussed

earlier, we are interested in regions where x/d 1is of the order of 20

for ¢

0, so that these inequalities are satisfied;

In the frequency domain the orientation of the crack influences the
Rayleigh wave through the emission coefficients Ey(sps™/2 - ¢ - 6,) and
through the geometrical spreading factors 8qc Figure 5 plots the magnitudes

of the emission coefficients versus ¢, for Poisson's ratio = 0.25 and
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sp/sp = 0.5. Note that 0y, 1is complex so that these coefficlents are being
evaluated at complex angles. This figure should be compared with Figs. 3 and
4 of reference [4] where the emission coefficients Ep(sp,0) and Egqj(sp,0)
are plotted for real 0. Of particular interest are the peaks for negative
¢o In the case of the compressional emission coefficient such a peak does not
appear for real angles near (37/4). 1In the case of the shear emission
coefficient, the negative values of ¢ mean that it 1is being evaluated in the
headwave region. Thus even through the crack is orientated so that aay
emissions from the headwave region of point B would not strike the surface,
knowledge of the emission coefficient in that region is essential if the
Rayleigh waves are to be calculated. Note also, that, whereas for real angles
the shear emission coefficient goes to zero at |9| = 0y,> for complex angles
its behavior is much more regular near O

The magnitudes of the spreading factors have maxima for certain values of
the triad (x,d,$), where x =x/d and d = d/a. However, for values of
d = 0(1) and |¢| = 0(m/4) or less, and Poisson's ratio = 0.25, the maxima
occur for values of x that do not satisfy the inequalities expressed by eqn.
(47)+ Thus for the values of x considered here the spreading factors fall

-1/2

off approximately as (x) , the geometrical decay for a Rayleigh wave

exclted by a point source. This situation should be compared with that of
reference [8], where, for d = 0.5 and ¢ = - 30°, the spreading factors do
have maxima for values of x that also satisfy eqn. (47).

Comparison of eqn. (32) with eqns. (20) and (25) shows the interesting
fact that, whereas the reflected waves carry the spectral term
F(w)(-iw)—l/zexp(iwsaR) » the Rayleigh-wave displacement, at the surface,

carries F(w) multiplied by terms containing exp {—w[(sa/sR)2 = 1]1/2d} times

exp[iwsp(x + dtan¢)] . Thus the high-frequency spectrum of the Rayleigh wave
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will fall off exponentially rather than algebraically, with the fall-off
determined by wd .

The influence of the depfh d can also be seen in the time domain. The
depth dependence of the Rayleigh-wave particle velocity manifests 1itself
through the normalizing term (st)(\)_z)/2 in eqn. (40) and through the term
(CO‘B)(Z—\))/2 in eqn. (42). Note that for v =1 (bfittle fracture) the decay
with depth 1is greatest. Figure 6 shows the normalized components of the
particle velocities vi(x, y, t) (1 =1, 2) evaluated at y = 0 plotted
against T=t-x , where t = t/(st) . The parameters in this figure
are ¢ =0, x =20, v =1, Poisson's ratio = 0.25 and sp/sp = 0.5; in (a)
d =2 and in () d =5, Comparison of (a) with (b) shows that the signal
strength decreases as the size of the crack decreases and its depth increases.

More generally, note that in the time domain the geometry of the problem

and the time-dependence of the problem are mixed together by the presence of

the angle G%B in the cosine term in eqn. (42). FEquation (43) shows that
9%8 comes from the geometrical factors 8, and E (sp, /2 - ¢ - ea)

evaluated at the complex angle 64 This should be contrasted with the
incident emissions, eqns. (2) and (3), for which the geometry and the time-
dependence can be separated near their wavefronts. This becomes particularly

striking for Vv = 1 as mentloned earlier.

Conclusions
bl ol ol e )

The results of this paper lead to the following conclusions:

l. 1In the headwave reglon of the crack, the dominate contribution to the
shear-wave emission comes from the region near t = spr  for both t > Srr
and t < Spre As a consequence we were led to redefine the shear-wave
emission coefficient Er(sg, 6) wusing equns. (4) and (5a,b). 1In the frequency

domain this leads to the simple result eqn. (15). Figure 5 and the
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accompanying discussion show how essential this analysis is to calculating the
Rayleigh wave. 1In essence the Rayleigh-wave calculation demanded a knowledge
of Ej(sp, 0) and Ey(sp, 6)‘ for all 06, including complex 6.

2, Our study of the near-field surface motion has shown that, in
addition to being the first to arrive, the surface motion caused by the
incident compressional emission dominates that caused by the incident shear
emission except in a localized region directly above the crack-tip. In the
far field the Rayleigh wave, though it is a later arrival, becomes the
dominant disturbance. A comparison of the amplitude terms in Fig. 3 with the
peaks in the Rayleigh wave in Fig. 6 shows that for Vv = 1 the ratio of

°

u
X

at x = 20 to Iﬁi' at T.= 0 is 1.

3. A measurement of acoustic emission should in principle, give
information about the crack's size, its orientation and the fracture processes
near the crack-tip. Certainly size and orientation affect the emission as we
have tried to show by our study of the parameters 6, ¢ , d in Figse 3-6.

But perhaps the most interesting result is our determination of how the
spectral function F(w) , which is directly determined by the fracture

processes at the crack-tip, 1s modified by the propagation effects in the near

and far field.
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"Surface Motion Excited by Acoustic Emission from a Buried Crack” by John G.

Harris and John Pott

Figure Captions

Fig. 1 Acoustic emission from a tenslle crack that suddenly starts to grow
with speed cp.

Fig. 2 A penny-shaped tensile crack growing in a plane which makes an angle

¢ with the vertical. At the ianstant shown, point B, which lies in the
symmetry plane ¢ = 0, is a distance d below the surface and is moving
toward the origin O .

Fig. 3 The amplitudes of (a) the horizontal Ak and (b) the vertical Ag
surface motion are plotted against x . The angle ¢ =0, d/a = 2, Poisson's
ratio = 0.25 and sT/sF = 0.5,

Fige 4 The amplitudes of (a) the horizontal Ag and (b) the vertical AT

y
surface motion are plotted against x . The angle ¢ =0, d/a =2 ,
Poisson's ratio = 0.25 and ST/SF = 0.5 o

Fige. 5 The magnitudes of the emission coefficients IEa(sF, B)I evaluated

at 6 =7/2 -¢-0,, a=1L, T, ave plotted against ¢. Poisson's ratio

]

0.25 and sp/sp = 0.5.

Fig. 6 The normalized components of the Rayleigh-wave particle velocity Vi
i =1, 2, at the surface are plotted against T = t-x. In (a) d =2 and
in (b) d=5. Inboth ¢ =0, x =20, v=1, Poisson's ratio = 0.25 and

ST/SF = 005'
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