H29% 555 S § =S Vol.29 No.5
2014 4 10 A JOURNAL OF EXPERIMENTAL MECHANICS Oct. 2014

XEHS:1001-4888(2014)05-647-08

£F ASME Rz 25 R ) 7 I )
NIRRT

KEF, RAL, mu, FRE, KRE, KOF

LRI RY, RIERGESE2HEWELALEE, L 200237; 2. P EFFFBARMOTIEGE . JLat 100013)

WE. DK (Small Punch Test, SPT)# K2 —Fr# A XA X B K, @44
AR B MM S A FHRE, AXAEARSF MM Q345R AR LA £, i3 ABAQUS
HBRAREEN D P F R SR FET DA FRAERAERZEAG N Z 4 E; KRB RE
ASME Py 1k By 3% K 2 88 5 & FRB) A N P K AR % 4w T AR PR 69 77 ik, A P 479X B 0 5 A A e
THATHR., ARERER . LT ASME R ERAEN G F ML B T EAR KGR TH,
AR T HE B 915 OB B T PR RO I R BRY ok R TTAT R . Ik, ok AT X AR B RT3 5 R
AR TR ELHw AR EOSFR AN T A TR ARG B T,

KB : Db RE; FAMAST; B ERAEN; RT2&E

hESES: TB302.3 SERARIRAD: A DOI: 10. 7520/1001-4888-13-063

0 BlE

20 40 80 AFANHIH] . £ H Ames LI E Baik 4 A4 H T — o 8 ORI 8 5 2 — /w56
(Small Punch Test, fiifx SPT), I HAF 5] T s 19 & et o /N ipoFT 3 08 12 S — A R oo DA — 52 o
h SRR 0 SRR NS TR 310 2% RO A o B v A 3 far — RS B L DR Lo B A HE R R4S R D 2R
RES IR0 ikt . BORh O Tk LA R BORE (0 P 34— R LA ) N A S ORI R R L B 4
B I i VR 2 B R F1 2 S B R B ) — MR AR DT B N AT R 56 A AN iR
FEARAT A RE A T 24 0 B L BB i) — 2B 22 55 ¢ FR R AR A ARG W S . Maot) S AR 45 K 13K 50 8K
it 53 T I B0 446 K 43 ) e oA el %) e S 40 R XUl 7 28 57 78 2 [ Sk e M O R T Pk A /N B B L
WA AR LR A 1)) L 5 M T 5 0 e TR /0N e AT SR A 0 U 24 AR R L 5 b R T R B T e K
F 0 R W7 2480 B 7 vk o T LA B9 9 /0N e T A5 A 1T 4 A S ATF 9 b ARk ) W SR e R B

AN AT ) IR RE A N L FE A2 0 R A AR R, LR AR B K IR B S RS AR R A
AN AT R I AT s — A8 2, AT — (1 1 4 T vk B A5 B IR 1) AR AT 24 N AR (B, R TR
/0N oh T I 6 A S T S 0 AR L BB A B TR A LAY ik o T AR R L [ SR SRR Ik O BF 5T 1 45 A SR AR A
PRTE A & . Rk B 5 AP BIF 5 3 S T B N R R 1 AR S R T R 3 o B A LA B R A
A B 2 W 2400 A i AR L A AT R RS A R A L 7 bR S R IR e AR G AL 1 N g — R AR OE R AR A
TR R L /NSRRI RE SZ 1 R = R RS AR AR B AR R 56 AR L IR AS TR A A 2 R [ A
7 — REAE I FR T LA Sy 0 2k £ /0N i 3 6 5 20 e 28 7 A A A9F 9 5 R T JEL I

*» YR BEHI: 2013-04-23; £iTBH#I: 2014-04-13
HETH: 863 Wi H(2012AA040105) . [/ ZBHE B 330 H (2011BAK06B03)
BiR{EE ;. XPL45(1962—), E-mail : guankaishu@ecust. edu. cn



648 S, (2014 4F) 55 29 4%

AR SCH S B As O A L X /I b 3 6 R PRl A a8 AT T BCE R K ASME 7 28 BR 1 v
) v SR figp 22 Bl 78 R BIR 9 753 T AR 5 /0 i AT K ) 4 ST RN

1 INEFFRIE

1.1 Resrsl
KR 2545 % AN Q345RUH EFR 16MnR) . B HA RIFMLZEG Jr = e Ml T2 Mg, Ak
e
# 1 Q345R WAL E AT (wt)o)
Tab.1 Chemical compositions of Q345R in wt%

C Mn Si P S Ca

0.18 1.33 0.42 0.015 0.021 0. 0019
R BRI IR TR IR GB/ T 228. 1—2010¢ 4x J@ hi {16 J7 v )ik AT . 5% FH 131 4 B3R i IR i 45
INSTRON 8800 # i, i fr] A 7 68 A4 BH X 4& ML, hr A9 R AZ B % 6. 67 X 107" /s, Q345R JI 2 fE WL
# 2,

£ 2 Q345R WY S5 MERE

Tab. 2 Conventional tensile mechanical properties of Q345R
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Fig. 2 Load-displacement curves of SPT
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Tab. 4 Parameters of GTN model determined by SPT
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On the Equivalent Fracture Strain in Small Punch Test
based on ASME Strain Limit Criterion

ZHANG En-yong', XU Tong?, YU Can', ZHANG Xiao-cheng', CHEN Ji', GUAN Kai-shu'

(1. The Key Laboratory of Safety Science of Pressurized System, Ministry of Education, East China University of Science and

Technology, Shanghai 200237, China; 2. China Special Equipment Inspection & Research Institute, Beijing 100013, China)

Abstract: Small punch test (SPT) is a new micro-sample test technology, which provides a practical
method of obtaining a lot of material mechanical properties by using a very small amount of material.
In this paper. taking Q345R common steel used in pressure vessel as study object, a SPT finite
element model was established by ABAQUS code and the test process was simulated. Stress triaxiality
of the first failed unit in SPT specimen was obtained by finite element. Then, equivalent fracture
strain in small punch test was studied, based on the method for solving multi-axis strain limit in
ASME strain limit criterion for protecting against local failure. Results indicate that the equivalent
fracture strain based on ASME strain limit criterion is conservative, and the method proposed by
authors for modifying strain limit criterion parameters is feasible. Besides, the specimen size effect in
small punch test has significant influence on the equivalent fracture strain; the calculated equivalent
{racture strain is smaller than that obtained from finite element simulation.

Keywords: small punch test; equivalent fracture strain; strain limit criterion; size effects



