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A Proposal of Round Specimen for the Determination
of Crack Arrest Toughness

0.S.Lee, S.C.Kim, J.I.Song and K.C.Lee

Crack, Arrest Fracture Toughnessi# 9 ® =] =}zl el 4 )}, Thick
ture (F e 5 4), MRL-CLWL Specimen(E F 4 7] 51 3 4] #H),

g ARAA A2

Walled Struc-
Round-CLWL

Specimen (4 @ #} 71 5} 4] 1), Fast Running Crack (»+ &2 F), Nuclear Reac-
tor Pressure Vessel (=12 g}l & 7))

Abstract

During the past decades. much studies have been carried sut to render proper theoretical and
experimental backgrounds on the use of the static plane strain crack arrest fracture toughness,
Kia(which seems to be a material property). K, has been used to predict the performance of thick
walled structures and considered as an estimator of the resistance of a material to stop a fast

running crack. Determination of such a material property is of prime importance to the nuclear
reactor pressure vessel and bridge materials industries. However, even standards procedures for
measuring toughness associated with fast running cracks have yet to be established. This study
proposed a Round-CLWL(crack line wedge load) specimen to compare the determination of the
crack arrest fracture toughness with the standard MRL-CLWL specimen. The shape coefficients
of the proposed specimen which needs to estimate K,, were determined. The validity of the
proposed Round-CLWL specimen has partially confirmed experimentally by comparing the crack
arrest fracture toughness(K;.) to those obtained by the standard MRL-CLWL PMMA specimen.
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Table 1 £,(a) of ASTM and calculated values
fr(a)l ASTM E399 | Calculated | Error(%)
a
0.20 4.125 4.125 0.0
0.25 4.846 4.846 0.0
0.30 5.629 5.629 0.0
0.35 6.504 6.504 0.0
0.40 7.501 7.510 0.12
0.45 8.705 8.705 0.0
0.50 10.171 10.171 0.0
0.55 12.043 12.043 0.0
0.60 14.512 14.503 0.07
0.65 17.891 17.891 0.0
0.70 22.792 22.192 | 0.0
0.75 30.304 30.304 | 0.0
are=-161.92, a,7=72.753, ar,s=98.841,
are=109.45, a-r0e=-100.09
Table 12 4 (4hb) o2 Folzi& f (a}oll thHdlod
ASTM E39901 F A5l ghab of 714 73 chab4 g
{7 [=]

(EEC),=Cr+24,n(1-a)
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= a7 20 ®
4a A3 Colte A®F slEen, 47
4 e sl gAlast FAARozY 83

Ar=441.85, C,1=443.95, C,2=-645.0,

Cr3=153.29, Cri=-12.467, C,s=43.257,
Cre=29.217, Crr=-6.436, Crs=-13.117,
Cre=2.2379, Cri0=12.512
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Table 2 Compliance for round-CLWL specimen
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(V/4)r=0.36040+0.832372—0.237594

Complianceg (EBV/P)r (EBC)r Error —0.248512° (10)
a (Eq.9) (Calculated | (%)
with £9.8) A% Round-CLWL Aj#eo] F-ate] 3 doin)
0.30 13.48 13.90 3.1 #(Y)v Addl 73" &9E (side grooves) #
0.35 17.38 17.57 1.1 £ (B/Bx)'?2 #A7} glos 4 (4b), AH@B) =
0.40 22.46 2247 100 ez 402 ¥E 4UDE A& 4 Utk
0.45 29.16 29.03 0.5
R
0.60 67.69 67.69 0.0 (a)(V/A)r
0.65 93.45 93.71 0.3 ="EBC). (11)
0.70 134.20 134.60 0.3
o714, Bu=BAHEFA)-ZFHE 7ol
Table 3& %4 2&HBiAF(Y,)§E Fadd
Tabel 2 4119iol o3 AZebojoda EBY. P, BAl@e] disted vepd el of V¥ ol %
s} 4(8)9] (EBC).& wlmg Helch e 2 odFoll4 A Round-CLWL <|He #
2 3E A ¥ 2 (load line displacement, V) 2} Azl A3} (K £ A (12) 8 2o} TEEY 4 AUk,
F4 7§F# 9 (crack opening displacement, 4)+
Hertzberg'VSo] 228 Vel dof S vg(V/ Km:T—J@—%fB—M—K (12)
4L a9 33 chghAle g JEld A(10) 3 Aol
73 A st o, 5 MY

Table 3 Dimensionless stress intensity factor for

Round-CLWL specimen

a/W Y. a/W Y, a/W Y.

0.30 0.236 0.50 1.184 0.70 0.126
0.31 0.234 0.51 0.181 0.71 0.123
0.32 0.233 0.52 0.178 0.72 0.120
0.33 | 0.221 0.53 0.175 0.73 | 0.118
0.34 0.229 0.54 0.172 0.74 0.114
0.35 0.226 0.55 0.169 0.75 0.111
0.36 0.224 0.56 0.166 0.76 0.108
0.37 0.222 0.57 0.163 0.77 0.105
0.38 0.219 0.58 0.160 0.78 0.102
0.39 0.216 0.59 0.157 0.79 0.099
0.40 0.214 0.60 0.154 0.80 0.096
0.41 0.211 0.61 0.152 0.81 0.093
0.42 0.208 0.62 0.149 0.82 0.089
0.43 0.205 0.63 0.146 0.83 0.086
0.44 0.202 0.64 0.143 0.84 0.083
0.45 0.199 0.65 0.140 0.85 0.080
0.46 0.196 0.66 0.137 0.86 0.076
0.47 0.193 0.67 0.134 0.87 0.073
0.48 0.190 0.68 0.131 0.838 0.070
0.49 0.187 J 0.69 0.128 0.89 0.066
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etaich ASTM E24.01.06004 #atgh 4ol
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Fig. 2 Schematic drawing of the crack line wedge

loaded arrangement
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Fig. 3(a) Configuration of MRL-CLWL specimen

Fig. 3(b) Configuration of Round-CLWL specimen
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