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Evaluation of Dynamic Fracture Toughness Parameters
by Instrumented Charpy Test

Toshiro KoBAYASHI, Isamu YAMAMOTO and Mitsuo NunNowmt

Synopsis :

This paper presents methods to determine two fracture mechanics parameters using load—deflection curve
obtained from instrumented Charpy test. Two fracture mechanics parameters are dynamic fracture tough-
ness (J4) and material tearing modulus (T ,,.:). Ja is fracture resistance at crack initiation and it is neces-
sary to detect the crack initiation point on the load-deflection curve for measurement of this value. On the
other hand, T,,,; is a parameter to characterize a stable crack growth and it is necessary for this to estimate
an amount of crack extension.

In this study, it is attempted, for the measurement of J,, to detect the crack initiation point by calcu-
lating the compliance change rate from a loaddeflection curve. Next, j-Aa curve is estimated by using a
key curve method and T, is determined from its slope. In addition, Tpge: is evaluated by combining
KAIsER’s rebound compliance with Paris—HutcHINSON’s T45, equation. The above results are compared
with the ones of stop block test (which is a multiple specimens technique), and are discussed about those
validity ; a rather good agreement is ascertained.
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Table 1. Chemical composition of material (wt).
(ASTM A533-B Steel)

C |si | Mn] P s Cuo | Ni | Mo
018 | 0.30 | 150°] 0004 | 0002 | 0.02 | 0.67 | 057
L
T/ S
™
S g5 fatigue 5 \ fatigue
G crack crack
(a) (b)
Fig. 1. Test specimen geometries (mm).

A533 Grade B, Cl | $8f (B/E 134 mm) <5 %. 1t
Forpifiia Table 1 wird. RBA T~ CEFEHE
WEEFT NS, YIh REPREHFCIes L 51, S
D /4 TRV~ ko ERRL f-.
22 BHRWEEYE Ji ORTE

221 Rp o, 7 Te, R

i 190] DRy v L E—RBEED T v € L
WAL, 7 Fw, 7 285, Fig. 1 o d RABE
TR, WE-ZMHEY 0L, Fig 1) ot
BR OB, Fb i 600 (EEEE : 2.72m/s) T,
Fig. 1(b) DB 1256 FiF sy 40° (st : 1.86
m/s) ThaH. DAL, 7 - T, O/ ED T
Py 7ERSBTL L), RBRH OBRALTME O
~10mm DRICEHICB/ET X, e tEREA
Bo2lniTcEn. Zhiv, BYREED J-da
BMOBELTRETH %, J EWHEE, (1)%0 Rice o
BERC X b B L.

J- A(%V,E:;J et (1)

SCT, B E-AAME ToOR R, B: AR A g
S, W ABRHIE, a: IZHEXTHS.

FTRERB cmzgf (300°Cx 30 min) %5 L 7-
B, WHRERCRE L Th SIS X CRE A B
Lic. €08, THBEMBEYAGC RS FXHEIE T
OFHERELIE L. WEHER LOEY 2B
Aix, ASTM E813 (¥l U CfF 7. SR el
Ja 1, BB B & FRRIC, MULER (k9
BTk SZW kit X v S hoae sk 7a?) L R g o 2e i
D JEE L.

2:2:2 2v 7547 v AR

BE 490] DitsEby 4 v e —RERBE AT, Fig.
VR38R s B fg 140° 2o of78 L, f5E-
A R A

¥, TEHOMERMESORM I, BArEE, B
M=V 7547 Ak AE BB IR L3,
ARBC T 5 X5 eBAB STk, WThod
BB EOMBERKRE . 2 v 7517 v AT LK
H#Hix, TsENG 502 X oT Al A2 TRE SR T
WHH, WE-ZEAMEENLERD (2) K TEHEI R B
AT AT VAR ET AL OTH Y, BMR
PO L ORTIT R, FoB R A X .

AR Uit by v v e — R, ~1 2
RAVEL -2 —=FHWEZ Y, HE, TEF—
2 DRlE, BRMECEST2IEMEONE, BRHWE
HERAMEBOFRIIY, HFE-TREESHD = %
VF DR IO ERTTREL fe> T 59, Ll
EBIL, 2V T S5A47 v AR EEORE-L (7 i
KRBT % EFEA OIRFEICFT 5 Fedie, by 4 L v
—RBECERE Lcc M s ra vl — 2=, |
VYV TAHRDA VA -7 o A ABRRN LT =Y F L2
Y Ea =X —ICHE, BE L TBETEHEED 2L
TRERERETE S X 5L L.

TV ITAT VAR ()R CEREIRS.

4C Cc-c¢,
= C;l e (2)

SCT, dC/C: avF 5147 v AFHLK, C: fHH-
BN EOERMDO = v F 547 v A (B /158,
Cor - IR 2 v 754 7 v ATH B, 1 HL,
CHREDWTRIEDEE b, BIRFE Py & +DED
ENL I EARBIR 2 508 Lol I Cn 5. = o 4C/
C ZRE LM BRI OV Ta v oy — 2 —p
EROTEMETHLTT m oy b L, 4C/C 530 2 S1580
Liasdfetk, BRONCKE S BT 5 Mk S 2RE SARr
ELTHRIHLES EVSbDTHD. Chib Jaix
(DR X v EHETTHREEL 725,

23 ZFERBLZWEBRIBEROTME

2:3-1 F— - FHRICI D EFHUEREDOTH

Fig. 1 ICR3HHFEEMRBA % X 08 Fig. 1 o
THAATHAY ) REEXFHED (HRBA S
VR D I REVEI L a/W=0.6) REEH- %, 75 490
J DR LY v e —RBR IV CHY B IR 1400
WOITBL, ME-FRHRAYEESE L. FLTRE L
T - MR R LT — - —~ TR Fv, X
FERBLHELL. ¥ —7HERY, IUIERE
LT\ 2 556 OME-ZE(L AR & iV IR R A © & 2
RN O TR WEEDF e i+ 2 L, F—o
o/W HORRHENLZYT2 L WS REXFGS & O
ThHbH. APFRTE, F—  H—7LLT(3)REKRE

— 101 —



1936 % M

# 71 s (1985) #16%

L.

PW dpr\*
k)

CZC, P:NE, dprc MEEWER, b WY A
AV IR W—ay), k, n: EBTHB. D HHE-E
(rBafR A e A e UER L L, feR LRl =@
LCEUT 2D THS. (3)RDBOALT s8I
EENED RO RWRAREREMETELT, 7
4 RRBEH O RE-ZEA HR A HHE BT L D 1w,
k AsRot.. B, (3)RoOWIERE L 2T
Rafi, ZoREB/N2FECI) 1 RERIL %2
L, fHXxE vy G ERDLE. HEN n Ty a3k
ThDH. F(3)RVRITHEAY 2-2-2 Tdl
fea v 7547 v ABTREC LD BRH L EHURER
TR ECRE L, BHTEAMNRBN OFE-KA iR
AL EEK 1, k ARD.

LIAT, by 1o da OEBIHERLIHELEZLD
L, (3)RAEW L ()R E 1R 5.

Aa:W_{(fl?Z’;: >1/2 N aa} (4.)

chib, EHFEUSHBI OWME-LELMR £ O
HEEOECH L TEXERE de 2HEL, B L E
BERE L OBREY RS RELEME, =v 771
7y ARERKT C Lk h RBA BROHOEME
ELbLDTHBHY.

—F, JEMER(D)RTHEL, B—RBR T oW
EAEA R D J-da B EBIC. _

2.3.2 ERAHEREHT TV VI - Y 2 FA(Tmat)

E ]

MEORTF 7V v 7« 222 FA Tyet (material

T) X(5)RTEHEINB?.

E dJ
o da PN € D)

T, E: vy g, o0 MBEH GERMES L&
Rid X AN ; AEBRCIRBIRY TofE & BhR fhid
EELDHEE L), df/da: J-da @iRD HBE TH
%. ABgecy, dfj/da b LTx— h—THELLIVE
Sihvte J-da BEORAR RS Tmer PEHLA. %
hwﬁotbm,xryﬁ-fny&aﬁﬁmxo%t
J-da @B OREI Y Tma ZEHE L.

r =T Rice b3, 3 ABMTRBACHLT MHE
LA OGNS bhTWAEED J RORHXZ
(6YRD X O>RHELTBW.

Tmat=

o, bV H AV LIE, 4o BHEESOKC X D

TR THS. (6)R%x b Lic HurcHiNsoN it AFHR
OVERI L% Tapp (applied T) % (7)RXD X 5E
HiL TV %Y.

4P?E ¢\ JE
Terp=",1128 {I+C(8P/adc)a} oib (7)

o, JiJ BofE, C: BEABAOME =7
547 VA Cpe LREBEE=z v 75147 VA Copt EOM
ThHhH. Cu 1X(8)YRTHELDLIS.

1 §3 12/W\?
Coe="75 " TV—{{H_g(E) (1+u)l ......... (8)

CoT, ST AREERE v KTV VHTHS.

—%, Kaser B3, Coxr O b ICHE-ZEM R
DEERE T OH B © i (rebound compliance
C,) #ROCT(NRERHETH L, Topp PHEXRE DI
T B Tyat EL—BTHECIERHRAEL TL
9. i ErnsT B934 Zh ERBRD & & & BHTRYCH
WTWa. Thbb, OBFOEEREORAVIA
FROERERCH L, Mo b OBRERI SN &5
WCORBELTWALDEELBIEN TE 5. T
(7)Y (@P/34)e X(NAK IV ELDLRS.

3P> _ nP
<EM,; ¢ dp1+nPC(a)

282 a a\? a\3
C(a) = W[—lg.?”u—f +8.72<W> ——6.10(%)

2 98<i>‘ 0.82 i>5 +13.54 1n<1+21>
Ty ) T (W ' W

a
_9.961n(1—2)—10.39
221(1( W) 0.3

a /W
— /W+O.49

_a/W
1+2a /W

Mi?i@]
(I—a/W)?

—0.57

z o, E=E/(1-v?) : PHEESL, E'=E:FHEE
HChh, ATy, v=0.3 L LTEEE 4 REx
HE L.

F oA TR, (7)RB X O BAMEREED
C, AT Tmat RFEL, BIROHEC IO ERS
D Tmer LHELE. RBL, (TREFETS5 %
<, UHAVIBERF— - - THERIAE(H)AD
HEL, J Ex(1)Ro Rice Offfff xR
L7z

3. EBERBLIUEER
3.1 BROMEREM Jg (SDNWT
Aty 7Ty, 7 RBBCIVBE, Ji BRI
DONEEEUERED J-do fif% Fig. 2 1RT.

— 102 —



ML o oo ¢ — BUREIC X B BB EE B0 WA 4L 16 0 PR

1937

°:B=5 mm R
1.5f ®:B=10mm !
,
0//
4
// v
7
7
- //
o~ L
E 1.0 P /
2
-

1.0
Crack Extension(mm)

Fig. 2. J-da curves obtained from stop
block test.

Table 2. J; values obtained from stop block test
and compliance change rate method.

crack ) -
81 initiation -2
5 ; \
1
! compliace change
4t ! ra't’e 9 0.8
z ! S
x ! crack initiation f
33 I {stop block tes gfu
o 1
- i
ZL ! 0.4
i
1
1l 1
0
Q 1 2 3 4 5 6 7 8

Deflection (mm)

Fig. 3. Curves of load-deflection and compliance
change rate-deflection (B=10 mm).

thickness B (mm) |Ja (kJ/m?) |25 - Jg/0,(mm)
5 336.1 11.0
Stop block test
10 253.8 8.5
Compliance change 5 2193 %3
rate method J‘ 10 239.1 8.0

6t los
compliance

5t chﬁ'\ge rate

FAs crack initiation loa
z
P %u
8
~ Ncrack initiation

2 (stop block test ) 102

1+

0 i ) 3 20

Deflection (mm)

Fig. 4. Curves of load-deflection and compliance
change rate-deflection (B=5mm).

Table 3. 7, k£ values obtained from fitting for
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o:stop block test

key curve method

(using n,k value
obtarned from sub-
size specimen ) |

key curve method
(using n, k value
obtained from
fatigue cracked
specimen )

Deflection (mm)

0 1 2
Crack Extension (mm)

Fig. 5. Relationships between crack extension
and deflection (B=10mm).
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0 i z 3 4
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Fig. 6. J-da curves obtained from various

method.
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Fig. 7. Curves of load-deflection and 7, .~
deflection (B=10mm).
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