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Effect of Plate Thickness on Fracture Toughness by Means
of Elastic-Plastic Fracture Mechanics

Yukito HactwARA and Hiroshi MIMURA

Synopsis:

The effect of plate thickness on fracture toughness in terms of J-integral concept, J¢, has been
investigated using a heavy section A533B steel (165 mm in thickness) which has highly uniform tough-
ness in thickness direction except for surface layer. Notched bend specimens were prepared from this
uniform region by varing thicknesses from 3 mm to 100 mm in order to minimize the metallurgical
effects and tested at various low temperatures.

The results are summarized as follows:

(1) A new, simple technique of Jc estimation is proposed. According to this method, Jc values
can be easily obtained using only the information from COD test which is represented by fracture
load and critical clip gage displacement.

(2) There exists an evident effect of plate thickness on fracture toughness in cleavage fracture.
Using K¢ which is converted from J¢, the effect is formulated as follows:

Kic=Kc/(1+2.38c)v2, Bi=(Kc/oy)?/B
where Kjc is plane strain fracture toughness and K¢ is fracture toughness at plate thickness of B. oy

is yield stress.
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Table 1. Chemical composition and mechanical prof)erties.
Thickness Chemical Composion (%) Mechanical Properties
Steel
(mm) cC|sSi|M | P S | Ni | Mo |0v(ke/m?)|Ta(ke/m?) |Elong.(%)
orosBl 165 |0.17 0.251.400.0090.0050.60|0.50| 47.8 | 61.8 | 25
Heat Treatment % Vat Trans.Dir
Norma 925°C Xx3hr.(AC), Quench 880°C X3hr.(WC),
Temper 660°C xX5hr.(AC), S.R. 625°C X35hr.(FC)
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Fig. 1. Distribution of V charpy characeteri-
stics in the direction of plate thickness
of A533B.
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Fig. 2. 3 point bend test specimen.
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Fig. 16 w (19R& T Kc »oHfE Lz Kic &
TR OBIR AR, M O R ) 7o B8 R T
BEER LRI Kic fETHS. RBROIELOELHOT
SEEMEL D 2RI A RIS, W Ui Kic fH& B
BIZR LTk b, (1I9R0BFHENR LD LR S,

R Vel ? DEWRCOWCHRA T2 . JElmEDE
HFTh Jic BRAVE E A7) RicH~T 2 7 2354 3
WEOREBF T Kie ’RDOBI D LG5 HED Lz h
T BT 23 503, BB acix Fig. 14
KHLHTECCHRD CHEShIIEL L T4 k&
TERERFE %2 R

BL25~50( Jro/ay) -oeemeeneemeneenn (21)
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Fig. 16. Relation between K;¢ and test temper-
ature.
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FRIESRER D HRE AR DEYPEIG— TR 2 HERE LIt 4
DOREORER % - CHEERERBR YT e, do Jo
BB Ko & BIETTIH I MERHFELEF L, &k
D L5 FERBE bR,

(1) Mg ES MNTRE L0 3 Jilh B o
B ER L, MEORREEALALED 2 Lick
DT, MEREMB IO Jo HOMELHEERZREL
7.

(2) ABRZEPK LT COD R TE LR HIER,
T, WEFERIOCRRAZ Y » Fr—oBF N2 H
WC Jo BRDDBZENTES. ZOLS5LTEEL
o Jo ERREREMABERSHEEL, BECFHEL
TELhIc Je [HERL—FK L, KFECHE:L
D bhitte.

(3) H|WE% 3~100mm %% /-RERC, P
BB R IER R LD Biie. BREENMEE X
ETIRESROCEMN AL A, KR IO THE
BLFEBLIRBZ EDbpyDT.

Kic=Kc/[1+2.38¢112, Bi=(K¢/oy)2/B

PERDOWRERH R BT % KERIIH B O RE— A sk
INHDTH2leh, WRIRCLIZ23DTH % 7o
B, T THELhCEROERM, —ikrow T,
L HRABOWE TORB A EAERCEE LT\ SHE
BhH5.

Appendix 3¢ & Je OB

oc BIC Je Thd BEfEoREe R LTy
Ty 2D DR LY G2 DD THD D, M
MBS bID & LIXMATFEIR B L TH B, —
B Jo & dc OB KRARDEER D 5.

JC=MG g ++-erreernerserrrenerninns (A1)
T, mma7,9%%ukwéwﬁﬁéﬁb?ﬁﬁ
T&O,m~1ﬁ~&5kk5aubhfué.

Fig. Al o m L on/oy DEERRT. 72751, on

THEFRBRA T BT 2R EWE cOMTIRITH B.
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=
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Fig. Al. Relation between J¢ and dc.

oN/oy<1.8Cit m=1.0~1.5ChHrH, on/ocy>2.0
Tk m OEIKREL LYY 2.0 LxB. 20Xk m
DIETRABH OBUEVBECEKET IR TH Y, BHEE
HOETTHE L5y 7EBOBURENRED, mD
ERKREL B EELLRS.

B =2
a: RBRFERES
B : ABRRAHRE
¢ (FoXRF)  BRERZET
COD: 75y 7EAO 4L
E:%v/JyR
(Lo EIRF) : BRI ZEDT
G wAREEE
JJHLE
K : S VR KRS
Kic: FHEOF H b g4
P:H =E
Py : BRREGE
Py : FHHE [(12)RXNCEET B]
Pl(ED EWRT) : Mk S 2 Eb T
g HERALR T b :
gV) 70 9 T = OEMPLHE Litkhb2
Gest : Teb R DOHEEHE
r : rotational factor
R:gIRESLBRBFIEDOK, R=a/W
S giFR Y
T : ABRIBE
T;: [t A0
To:0c DEIC X 5ER
Vi:izye 75y —I%k (COD)
Vear : V O3 FHEE
W : SABRIE
Zia+2=HIRERPLI Y 9 T —-TBAMEE
TOFERE
Bc: Be=(Kc/oy)?/B
Bic: Bic*=(Kic/ov)?/B
dc: 73y 7%mo COD opERE
0; WY T o VRERERROZ Z v /%4 COD {E
on: RBRFOEUREHEICE T 5T EN
oy : BIRIGH
& :&=W/la+r(W—a)+2]
4 bR OMEERE
derack : 7 7 v /7 BRDHTEWTEB 4 O
dnoerack : 77 v I BBWEED 4 D
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