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Effect of Toughness Distribution in the Thickness Direction
on Brittle Crack Propagation/Arrest Behavior of Heavy Gauge Steel Plate
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Abstract:

Brittle crack arrestability of heavy steel plates with different toughness distribution in the plate thickness direction
was investigated to clarify the optimum distribution of properties in the thickness direction, which is necessary in the
development of heavy steel plates with excellent brittle crack arrest performance. Ultra-wide duplex ESSO tests were
performed, and the effect of the toughness distribution in the thickness direction on the arrestability of long brittle
cracks was studied. Even in plates having the same brittle crack arrest toughness value, plates in which the toughness
at the middle thickness position (1/21%) is higher than that at the 1/4¢ and surface layer positions displayed higher
brittle crack arrestability under no temperature gradient condition which simulates actually applications, than plates
in which the 1/2¢ toughness is lower than that at the 1/4¢ and surface positions. Furthermore, it is shown that this

superiority is maintained even in the case of long brittle cracks.

1. EC&IC

WEAE, EERhER Eoo, a> 7 Fifid 10 000 TEU
(TEU : Twenty foot equivalent unit, 20 7 + — k2> 7 F+ 0
TEETREME 2 RO T HAD) 2HEZ 2 KEM»EEI NS
£ TETVLA YD, av 5 FiE 2 DINRREE D 5
ERGEEM Ch 2 IR Ny FH A Fa =220
EHEE - JERIEDHE S, L TlE, BRE 70 mm #ifH 2 5 (%
R 55390 N/mm” #8522 B R 55 460 N/mm” §288 253 ] S
w3 37‘5)o
RERMEYTH 2RI BV TE, F—1aEs o etk
BAPRELTYH, ZOEHKEEILSE UL ARonE
P 2EZ WK 25 TWw 3, BEROMAREEH
RO 7 VA FEREICE L TUE, I g CRIUFAEEE
BUBE ORI Y s sh, IREEICH > CEEERE
L7cERMeME&R Y, HJE 50 mm % 2 5 [ERHTHEH T

2013 4E 9 4 5 H3Z A

(FIE 351213, MMARREHERE TH 5 —10°Ciz B\ THitk
D EBZMAIRE T Kea i 2072 < € H 6000 N/mm™?
PRz d~aTHa ehdgity LORShTws P g7,
ERHHA Y LRITS R, WM A —H—IZERE T LA b
MOBIFDRD TS,

JEAM TEMRE ST ORI AT L HE— 3R 7,
etk B EIRIE IEERE 2 Kl T 2 ¥ E X b N B T L ARE
HENZZAET 5, WES MO mORIEIE 7 L A FEF
MafE3E3000 >OTHREEZLNED, Ok
REFED D HEE OIS T Y SN B et ASUE RS
IEMEREIC G- Z 2 582 DWW THIZE L 72 Bll3 D v, RBFSE
TlE, BRE7 VA MBI T, BRIE TR A O
HYHEWELPICT B0, WESTOWIESH»EL 2
[ERM Otk & ZURIRE IR 2 TG T 2 ¥ ¥ b g, BIA
EE K ESSO sl & S2ita L, #0107 25 B KMk 2 n 1%
1B PEREIC RUE T C D W TRREE L 72,

E'/Ev



RS OO M A RS (2R B R 3 RS 5 A 5%

2. WEMRDT LA MEREICKRIET
REARFEDHOZE

2.1 {HEAER

(HEEA S L LR AR 55 355 N/mm” #L O M5 60 mm o [z
RO, BRI 2R 1IORT. #AIZERE, 174185,
1/2t FCHE V> v v — BRI OWESIK T T2 £ 512
BLELIMEICH 2 DICHL, B B LU C Il RE
BEO /4t 5zt L 1/2t SBOMEDS M E3 2 & 5 1c8hE L
TeMRTH %,

22 HEMOKEEREBFLFE

PEERE o i 1 BB RS - BHE Kea 3BT 2709, 1|
JE AR ESSO AR (Kca adBR) #5256 L 72, kbR /511
Kca 2888 /18 12 1 HERLL 72,

B 1 (iR A B RIAEE ESSO AlBRfS R 2 /R 3o AMARRHT
I —10°CI2 517 3 Kea fili1358 A 25 4 400 N/mm®?, #i B
#5 7200 N/mm®™? 3 & T8 C %% 6500 N/mm** ¢ & - 72,
TR Z v, BETIORT & 5 ICHEEREDHH A
TIIMREFOEBD KB IR LERADSETT 2 — RN 4
FANVIRTHZDIZH L, 8B B I O Cl3REHOEBIC

=1 HESOMRARE
Table 1 Mechanical properties of steel plates tested

Steel | Thickness | YS | TS vTrs (€)

(mm) | (N/mm”) | (N'mm°) | 12¢ | 1/4¢ | Surface
A 375 525 -36| —70| -85
B 60 389 491 | —108| —84| —73
C 393 491 | —111| —106| —87

YS: Yield strength TS: Ultimate tensile strength
vTrs: Charpy transition temperature
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Fig.1 Comparison of flat temperature-type ESSO test results
and temperature gradient ESSO test results
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Photo 1 Example of fracture appearance of ESSO test specimen
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Table 2 Results of flat temperature-type ESSO test

Thickn Test condition
ickness v P
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(N/mm’) | (\/mm?) (°C)| (N/mm*?)
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:1 Applied stress intensity factor (Fracture driving force)
? Brittle crack arrest toughness Kca of test aria
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Photo 2 Comparison of crack arresting appearance of temperature

gradient ESSO specimens and that of flat temperature-
type ESSO specimen
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Fig. 3 Dimension of ultra-wide duplex ESSO test specimen
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