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Tab.1 Correration equation of CVN test data and fracture toughness Kic
(CVN )
Barson Rolfe Kic =0.22(CVN)¥2 3 82 [14]
Sailors Cortens Kic =14.6(CVN) ¥? 7 681J [14]
Thorby- Ferguson Kic =18.2(CVN) Y2 6 55J [14]
Marandet- Sanz Kic =20(CVN) Y2 [14]
Begley-Logsdon Kic- s =0. 09350.2 [13]
Jones Kic = 6600/ 60(T-FATT) [15]
2
Tab.2 Correation of the fracture toughness
CVN FATT SPTT Kic (5) Kic
() () (MPa- m”?) SPTT( ) (MPa- m"?)
1 125 - 133 35.8 120.3 42.5
3 150 - 120 30 153.2 35.1
12 100 - 145 49 89.8 52.8
1 100 - 148 57 82.2 56.3
3 110 - 135 55.5 115.2 43.9
12 100 - 145 49 89.8 52.83
3 145 - 125 52 140.6 37.6
12 95 - 132 53 122.8 41.8
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Tab.3 Mechanics Behaviour at room temperature(Jic is determinated by single Soecimen technique
o, (MPa) 0.(MPa) Jic (K- m”?)
HT-9 725 896 60
9CR - 666 325
A533B 495 620 219
A508 450 590 275
CuBe-Co 600 800 22
, t, tto w ro
t/to = exp[-O(w/ ro)¥?] (8)
to ro ( )it w
a=0.15,
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€ =0 (Wna 1) %2 (10)
) Mao
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] C
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B =0.09, k = 345k)/ m*, Jo = 113kJ/ m’ (15)
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Tab.4 The efect of neutra irradiation on fracture toughness Jic
Winex € o Jic (kI m?) Jic (k3 m?)
2.25Cr-1Mo D, 0.78 0.85 180 245
2.25Cr-1Mo D, 0.68 0.67 117 148
SP, 2.07 1.38 363 -
SP, 1.85 1.14 280 -
Suzuki *®  2.25Cr-1Mo :
Jic(k)/ m*) = 35€. - 121 (18)
Lee [
Jic (k) m?*) = 37@. - 40 (19)
Geary Dutton™ :
Jic (k) m?) = 128, + 135 (20)
Mao ,
Jic(kd/ m*) = 33¢. - 119 (21)
, , 0.2
Jic : [30]
Kic , )
: , , SC,
Y205, ZrO; , Al2Os S3Na , - O+ (sp)
Oi(so = 130£t”§“ - 320 (22)
Prax o , M Pa ASTM E399-78
Kic, Kic O+(sp
Kc = Ofsn (23)
c B , :
C=0.07, B=23 (24)
Mao Kc Jic ,
- , Wron Winax 0.6,
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Fig.8 Infinite plate containing crack and subject to uniform bending
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6
P,
_3PA+W|, . c K
Ke =5 o [In c o 4ch Ja (36)
, (35) P ASME SA
508 :SA508-1, SA508-2 SA508-3 10mm x 10mm ,
0.5mm, , , 1.0mm,
0.5mm, 2.0mm
2.4mm, HRC50
(LN) 77°K 298 °K
, (AE)
, (SEM) ,
5 (ASTM E1921) (MPa- m'?)
Tab.5 Fracture toughness val ues obtained by SP tests and ASTM E1921 master curves method (MPa- m"?)
77 °K 298 °K 77 °K 298 °K To( )
SA 508-1 38.19 57.03 35.75 245, 96 - 64.5
SA 508 - 2 35.03 52.55 33.61 243.99 -40.0
SA 508 - 3 41.02 59.43 37.02 249.21 - 75.0
5 El H
ASTM (471 SA508
( ) To,
Kicmeg = 30 + 70&% (T T (37)
Kc(med :To  25mm 100M Pa - m"?
[48]
5% , 5MPa- m“? 120MPa- m"?
5 1 1 1 1
t 1 H H J
2.6
Partheepan '*! 9a ,
, 10mm , , 9b
5 A R66 D3 H11 LC MC
, (ANN) 6,
ASTM E399*%! ARG66AI-alloy ,
t L 1 (CTOD)
1 (SEM) 1 ’
[51] , ' (6C) 60
Kic = Jﬁc@y/ (1 - \f) (38)
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Fig.9 Miniature dumb-bell specimen (a) Dimension of specimen, (b) Finite element mesh

6 ANN
Tab.6 Comparison of ANN predicted fracture toughness values with the experimenta val ues
CTOD o (mm) Kic (MPa- m”?)| ANN Kic (MPa- m"?) (%)
AR66-alloy 0.017 37 39.88 7.78
D3 steel 0.015 57 60.17 5.56
H11 steel 0.314 230 234.50 1.95
L C sted 0.302 218 217.5 0.23
MC steel 0.214 168 166. 8 0.71
(37) , (ASTM)
To . [52]
[53]
Kim> .
(D (Tse) ASTM
Tas (K) = 2.43Tsr (K) (39)
(2) - Tse :
Tsp ;
©)] (A Taws) (A Tep)
, A Tee
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An Overview of Methodsfor Material Fracture

Parameter Measurement of in-Service Equipments
——The Advance of Small Punch in Experimental Mechanics 11

DING Ke-gin', WU Yongli®
(1. China Secia Equipment Inspection & Research Institute, AQSIQ ,Beijing 100013, China;
2. Institute of Mechanics, CAS, Bejing 100080, China)

Absgtract : Over the past 20 years, small punch experimental technology for testing miniaturized
specimens has been developed to evaluate the mechanical properties of materialsin service. Although
there is no standard for test specimens, but disc specimens with 3  10mm diameter and 0.1 0.5mm
thickness are commonly used in practice. It has been used to determinate the elastic modulus, yield
strength, plastic properties, tendle strength, ductile-brittle trandtion temperature, fracture
roughness, creep properties, and micro-mechanical material parameters describing plastic hardening
and ductile damage and edurance strength o on. It is convenience for sampling and nearly non-
destructive, 0 is very suitable for the stuations where conventional sampling is impossble or
uneconomic, therefore, attracts attention from academia and industry. An overview of state of the art
about empirical and computational methods for determining the ductile-brittle transtion temperature,
fracture toughness and shift temperature of master curve from measured data of small punch test is
presented in this article.

Keywords: small punch test ; fracture toughness; ductile brittle transition temperature; master curve;
material mechanical properties



