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O630p HOBbIX (hopMaTOB MapamMeTpPOB MeXaHWKU paspyLUueHus

Dok, O. NaHpeca X. P. JoHoco6

a YHusepcutet TeHHeccu, Hokesunn, CLUA

6 TexHuueckuii yHuBepcuTeT um. Pegepuko CaHta Mapuu, Banbnapavco, Yunm

Mpeano>keHbl HoBble MeTOAbl A5 ONUCAaHWA NapameTpPOB MeXaHWKM paspylueHus. MeTofbl npea-
nonaraloT WCMo/b3oBaHWe “'o6LLero qopmaTa’ OnpefeNieHUs B3aWMOCBS3N Me>Ky 3aKoHOMep-
HOCTSAMM Jedpopmaumy Tena wim obpasua C TPELMHOA U MPoLeccoM AeddOpMMPOBaHUS Mpu
UCMbITAHNUSX Ha pacTs>KeHVe, a TakxkKe 'KpaTKoro gopmMaTa”, B KOTOPOM 06blYHblE MOM-
HOMWa/bHbIE 3aBUCMMOCTM /Il OMUCAHWSI OCHOBHbIX MapamMeTPOB MEXaHWKW paspyLUeHust MoryT
OblITb CYyLECTBEHHO YNPOLLEHbI, YTO, B CBOK Ouepedb, YNPOCTUT WCMOb30BaHWE MapameTpoB
MEeXaHWKM paspyLleHnsi B aHaIMTUYECKMX MeTOofax pacueTa.

KntoueBble cnoBa: napamertp bl M exaHWKMU pas3pyw eHWs, Teno ¢ Tpeuw uMHON, pas-

feneHunue Harpysku, “ob6buw mih Gopmat”, “kpaTkuit ¢ opmart?”

Introduction . Traditional fracture m echanics param eters used to conduct
fracture toughness evaluations include, for linear-elastic behavior, both the Irw in
stress-intensity factor, K [1] and the G riffith energy release param eter, G [21].
For nonlinear behavior the J»integral and crack-tip opening displacem ent

param eters are used. T hese param eters are determ ined from both a crack-tip stress

analysis and bulk m aterial properties. O riginally K -solutions were developed
analytically, but the applicability of these analytical solutions w as lim ited .
N um erical technigues, like the finite elem ent approach, were able to solve a m uch

w ider range of problem s, and K -solutions could be obtained for m any different
geom etries and loading m odes. The usual finite elem ent solutions gave results for

the param eters as tabulated values, not a very convenient form atto use. To m ake

the resultmore usable, the tabulated values were fitted w ith a polynomial, written
as a function of crack length, a, to a structural or specimen dim ension, W . The
polynom ials usually contained about four to s ix polynomial term s in a/WwW

Exam ples of these polynomial fits are in the A STM fracture toughness standards
[3]. The polynom ial fits could easily be used in com putational program s but were
m ore difficult to use in analytical calculations. A lso, these fits did not allow the

user to understand relationships betw een various param eters.
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A n analysis of the elastic-plastic behavior of cracked bodies by Sharobeam
and Landes [4], led to the development of some sim ple relationships that allow ed

param eters to be putin a different and m ore convenient form at. T heir form ulation

of the param eters was w ritten as a function of the uncracked ligam ent, b,where
b= W — a, rather than crack length. The param eters that were evaluated in this
form at could be determ ined as functions o f b /W and could be expressed as
relatively sim ple functions rather than as polynomial functions. D onoso and

Landes extended this analysis to linear elastic behavior and showed that for m any
geom etries and crack lengths, the sam e relationships could be used to calculate
param eters lik e K and elastic com pliance [51. The form at for the elastic
param eters could also be expressed as a sim ple function of b /W rather than as a

polynom ial function o f a/W . The new form at offered an easier w ay to determ ine

and relate various param eters like K, J, and elastic com pliance.
L oad Separation. The principle of load separation w as first suggested by
Rice, et al. [6]in a paper that developed form ulations to determ ine J from area

under a loading curve im plied the need for separated load and geometry factors.
Ernst and Paris [7] m ore form ally showed that and expressed the form ula in the

form at

P =F(a/W,v/W)= c (a/W)H(Vv/W), (1)

where P is load, the other dim ensions are given in Fig. 1. T hey also showed that

this form is necessary for the J expression to be w ritten in the classical form at:

J = ~(A rea)/Bb. (2)

Finally Sharobeam showed from experim ental results that the load could be
w ritten in a separated form at like Eq. (1) for all com mon cracked geom etries
including test specim ens, tension panels w ith edge and central cracks and even
pipe sections w ith circum ferential through cracks. In addition he showed that the

geom etry function had a generic form that could be written as a power law by

G (b/W)= BW (b/W)m, (3)

w here the M is the sam e as the coefficient from Eq. (2). The H function in the
work of Sharobeam was w ritten only for plastic deform ation. It rem ained to be

showwn that separation would work for other deform ation types.

This load separation principal gave rise to several useful approaches that
w ere used for fracture m echanics testing and analysis. A m ong them are the
method of norm alization w hich is used in a J — R curve test like the one in

A STM E 1820 [8].H|e com m on form at [5] and the concise formal[8]ofDonoso

and Landes. This paper discusses some of the new form ats and the advantages

that they present in analytical calculations w ith fracture m echanics param eters.

Comm on Form at T he H function in Eq. (1) can be written is several
form s. However, th e H or hardening function contains th e deform ation
characteristics of the m aterial. It can be derived from the tensile test deform ation.
One form that is useful is a power hardening form given as
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Un

H = a v
N (4)
w here
a /n
-« 0a a2 0)I (s)
A nother form for the H function is the three constant form that is used for

the norm alization procedure [8]

vpl:
L+ M
IVpll\ 1 Wi )
H (VPi) 6
(w / v pl { W i
N +
W j
w here L, M ., and N are constants. Here H is w ritten only for plastic

deform ation .

Fig. 1 llustration of length parameters used in equations.

The comm on form atrelated the separated load to b the uncracked ligam ent
and Vpi the plastic displacem ent. However, if the load is really separated, then
th e H function should not depend on the G function at all and could represent
any type of deform ation, not only plastic deform ation. This could be creep or
elastic deform ation. This has already been dem onstrated for creep deform ation

[10]. The idea ofusing it for elastic deform ation gave rise to the concise form at.

Concise Form at. Ifthe separated form ofload could be written for an elastic
H function then it would have the form
P =const-BW (b/w)~E(vel/W), (7)
or
BEV6|/P:consl-(b/Wy*, (8)

but BEvei/P is represented by a polynomial form at of the form
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Fig. 2. Plot of log{compliance} polynomial vs log[b/W ], C(T) specimen.
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Table 1
Comparisons of Concise Forms
Geometry Range of a/w Elastic, [A Plastic, »
C(T) 0.45-0.90 2.28 2.24
SE(B) 0.20-0.90 2.05 2.00
M(T) 0.50-0.85 1.07 1.00
logE'Bc

log(b/W)

Fig. 3. Plot of log{compliance} polynomial vs log[b/W ], SE(B) geometry.

tttt

TTTT

log(b/W)

Fig. 4. Plot of log{compliance} polynomial vs log[b/W ], M(T) geometry.

U sing this the stress intensity factor K can be represented by

(11,
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Equations (10) and (11) are concise representations on the com pliance and
K for com m on geom etries. The comparison for this is the usual polynomial form
of K that is in the test standards, in this case the one for the com pactspecim en is
given as

p { g 'V g w3k

K = 0.886+ 4.641 —
Byfw 12+ W -~ W w
i —
"13.321 — 1+14.721 - 58 t— 12,
\wo ] Tw ] Iw
The standard form s in Eqs. (9) and (12) are usable in com putational and
num erical program s but are difficult to use analytically. Such things as solving a
da/dN Vs A K, problem to predict com ponent Ilife or taking th e derivative

d(K 2)/da can be very com plicated in the for the standard form of K However,

in the concise form at these operations are not very difficult. O ther advantages to
this new concise form at have been discussed by D onoso and Landes [11].
Conclusions. The separated form of load for a cracked gives rise to both a
com mon format for load, deform ation, and crack length in a cracked body. This
also can be used to form ulate the common fracture m echanics parameters in a

m uch m ore useable form at for doing analytical w ork using fracture param eters.

Pestome

3anponoHOBAaHDO HOBIi MeToAwW ANSs onNMucCy napameTpiB MexaHikKu pyihHYBaaHHSA.
M eTopAgu Nnpunyckatw Tb BUKOpPUMCTaAaHHA “3aranbHoro ¢ opmaTy” BM3HAYEeHHS B3aeMmM o0 -
3B 'A3KY M QK 3aKOHOMIpHOCTAM K pAed opwmayii Tina abo 3Ipaska 3 TpiWw nMHOIW i
npoyecom pged opMyBaHHSA nNpu BUNPOGYBAaHHAX Ha pPo3TAr, a Takox “cKopowue-
HOToO G opmaTy”, Ae 3BMUWYaihHI NoniHOMIianbHIi 3anex HOCTIi Ana onwnecy 0CHOBHMX
napameTpiB MexaHikKW pyWHYBaAaHHS MOXYTb 6YyTNW cCcyTTeBO Ccnpouw eHIi, W o, B CBO IO
yepry, cnpocTuTb BMUKOPMCTAaHHSA NnapameTpiB MexaHikKu pyidHYyBaHHSA B aHanitTumuy-

HUX MeTopgax po3paxyHKY.
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