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1, - INTRODUCTION
— et 2UN

tause of its great importance in applications where fractu
Te initiation jis difficult to prevent, The results of

¢S of propagation as a phenomenon in itself, independentl?
of the characteristics of the material in which it takes
place. Relatively little, however, is known about the in
fluence on Propagation and arrest of two important factors
namely, the loading system and the resistance of the mate-
rial to Propagation, so that the question of which parame-
ter should be taken to characterise the crack propagation
rYesistance of a material, and how it can be measured, has
not yet been Completely answered.

Some recent studies(l) have pointed out the impor-
tance of the loading system in determining both the crack
velocity and its length at arrest., However, the assump-
tion was made that the resistance of the material to frac
ture remained constant during Propagation. In order to™
compare the exXperimental Tesults with a more realistic
theoretical model, in the Present publication this assump-
tion is removed, and an attempt is made to find a theoreti
cal relationship between the dynamic G. and the crack velo
city.Furthermore,it is shown it is possible, from the measu

Tement of this,velucity,to arrive at the knowledge of the
dynamic Gc'

This quantity has already been measured in diffe-
rent ways, by means of strain gauges or load cells, gas
vell as by optical or photoelastic procedures, The pre-.
Sent authors consider these different methods to be unsuj-
table for a correct determination of G, the inertial for-
ces in the lcading System, as well as fn the specimen,
being neglected.

2. - DYNAMIC ¢ - cRAck VELOCITY RELATIONSHIP

Io order to determine the ¢ - crack velocity (a)
relationship, we shall refer to thé model explained in re-~
ference (1) 4p4 in Fig, 1, In this model, it was assumed
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that the $Pecimen-machinea (or loading System) complex con-
stituted apg acdiabatic System, uftep the Uastable onget of
Prepagaticn., A crack Propagation €quation wag
ved from the ?7inciple of pp
fo}lcwing dssumprions.

thea deri-
ergy Conservation, Making tha

1) the maciige and the specimen behave
: 2 tontentratad 1ass M apd tompliance o »oand masz g =g
and compliapee G (a) Yeéspeciivye]y. E g

e [~ v 3 @ - S : -
Z) %C'rzmaxnm €onstant during Prepagation,
tattial valye,

P o By ™ 2 >
3) the Kinetic fnzregy of rhe SPecimen dpeg AL coatribues

to the Prooagation, e¢ven though it 1. takan into account
in the énergy balapce, In fact, it WAS assumed that

the in[initesimal Variatiogp dE, of taisg energy was pro-
Portionsl o the fracturad Surface arey ds =“Bda, With
a ?roportionality constaat Yo @ "binegic
unit of surface:py tp, i

1S springe, laving

and equal t5 {pg

: energy per
speclmen : dE, = By a.
‘ ? § X Bykdd

Removing rhe assumption (2) and assuning G = g (a)
and vy, = YK(a), which are some functions, at the EuMu
known, of Crack length a, the dyn
me s

t nf un
4mic energy balapce beco-
Fde = dUs + HCu(a)da + BYK(a) da (1)

Here FPde jgq the oxternal work, di  rhe Strain ener-
£Y of the Specimen, and pg (a)da the a
o

- 1 2
Lt U = — B 2
w 2C (eto (s) Ecm S

Are the straip and kinetie cnergiesg, Tespectively, of the
machine, and U = }F"'L‘q =} (2B(c =+ Y, + v.)) C,/s the

dynamig fracture WOrK.,

« 2 5 2
b ual =
@ Méo 3 oMé

3

strain energy 8f the Specimen, thgn, s%ncc PFde ==(U +E )
(1) becomes mooem
etoﬂ‘.}“ " Cq Cq
T T de +Me de 4 - ~—=+B-2 a=
o o tMe de B [rc Ydes.st dI‘C‘i‘Brédd 0

(1)

where I' = ¢ = + +
] . < YK YS Yp YK

Assuming . = Since

O’
-4
des==d(1~‘cs)=(2{zrc)§ g?{ (css’)aa + (23)g

s“%() i‘(r )%d' 2
s “sda' ¢ 2 ()

it can be §hown that the Jast three terms in (1') ,re equal
g5 v - 1 .
to Fde = = dos. Equation (L) then 6lves
- m
" e
1 1 to
Me o0 ot = . -
1rs + (C t G ) e 5 (3)
5 m

To determine the crack Propagation €quation frop e~
quation (3), letr yg write (2) as

des = @ (a) da (4)

where the important function 0(a) is expressed through the

e

differential equation

%

driamt o ¢ +(2sr 1

[+

(=%

L]

i

H. = B otay (5)

a 8

With e tvaiuated by neans of equation (4) and sub~-
stituting in 3), the €quation wnich ig sought 1s found in
)

terms of a, 4 and 3 alone:

C C, -
Me(a)i + M g—g é2+(J+E—S-') [2BFC]5 s-g"(l"-as’i)(ZBFc)!so ey
il m

.

d With the auxiliary variables Y = (2BT )i, é2=2 z(a),
i = 22 »(5) and (6) can be written &

a
dY _ 8(a) - x(a) Y 7
da -4
s CS
C C
d0 1 s so - s -} dz
da = 2MZ(;Y[(1 M E__) Yo So L = E—) Ys H da ¢ ]

m

Once the geometry of t
ristics of the machine are kp

m

he specimen ang the characte-
own, i.e. given the function

¢, s, x(a) and ¢ » together with the initial conditions

S = Y(a ) and ¢ "= ©(agp), th
o dz
tfe function z(ad and T5 al
tial equations to be integrat
to determine the function vy =

viour of crack velocity 4 vs,

Figs 1 and 2 show the
DCB specimen ang the variatio
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¢ experimenta] evaluation of
lows the systen of differen-"
ed, Thus all that ig needed
(2e(c  + Yg))* is the beha-
crackclength a. .
load-extention diagram for a
n of 4 and I'oovs. a.

FIG. 1 - Machine-specimen
System scheme
and load-exten-
tion diagram for
the case of Fig.
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-~ CONCLUSIONS

The model described leads to a relationship between
the speed of a Propagation crack and the resistance to ’
fracture propagation I' , based on certain assumptions. The
most important of thesf is that the kinetic energy of the
specimen does not contribute to propagation., This assump
tion implies that, for crack propagation to occur, energy
must be supplied by the machine, and this could be veri-
fied in high-toughness steels, in which crack propagation

speed is not very high.
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NOTATION
—=2L 10N
: Cr§ck length .
2 {vxtxal crack length
jf Final Crack length
: Crack Speed
a Crack acceleratjop
. ?peclmen thicknegg
est i
cm(a) Spec1$:Chlne Gompliance
s Sy n comyllance as fungtiog £
S50 ni lél Specimen compliance e
. E}astxc modulusg
em lnetic enpey i
EK Kineess o 8Y of tha machine
E X €rgy of the Specimen
otal Specimen def i
: o élormatjop
°s 4stic parg of e
Sp Plastie Part of o
epf gxnal value of o
o
to LD;;lasgfzése? *+*"machine deformatlon
: Rl "0 the Specime
tic + gyury ¢
be urface ener £ i
- ?;::thelght in a DCBR S§Zc1;§na L B
. , ¢ + plages i i
e tic + kinetig energy for 4 unit
;3/2 g?rfa?e energy
p/2 astic energy for a yng
. . n
Yk/Z Kinetijic energy releasedlg sz;face_ ‘
" cracg by the Specimep g ° unie FHEass of
Machine masg
dCS
$ O
da
50 Init?al value of 4
Un gsra}n elergy of trhe machine
s rain energy of the Specimen
) gracturJTg work
a Ta (Css—2
£(a) F + ¢ JF + IE
2 1§ s da F
W = (l~ +
M 'C ol
W2 12 n
o C M
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