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Evaluation of Delayed Fracture Characteristics of High Strength Steel based on CSRT Method

Yukito BAGIHARA, Chikahito 10, Noriyuki HiSAMORI, Hiroshi SUZUKI, Kenichi TAKAI and Eiji AKIYAMA

Synopsis : A conventional strain rate technique (CSRT) to evaluate the delayed fracture characteristics of high strength steels has been proposed. The

critical “maximum stress—diffusible hydrogen concentration™ at the delayed fracture initiation point near the notch tip is thought to be a ma-
terial constant, which was originally demonstrated using the SSRT (slow strain rate technique) test method. The SSRT method takes hours to
complete the test and uses a special test machine, which causes difficulty and complication. Therefore, a simple and conventional test tech-
nique, CSRT test method for delayed fracture was investigated. The crosshead speed is around 1 mm/min, so that the stress induced diffusion
of hydrogen is negligible. The results obtained are as follows.

(1) Since the stress induced hydrogen diffusion does not take place during the CSRT test, it is necessary to introduce the amount of hydro-
gen in the specimen, corresponding to the accumulated hydrogen at the vicinity of the notch tip region in the SSRT test. The electrochemical
hydrogen charging conditions were established to introduce a wide range of hydrogen contents into the specimens.

(2) A unique relationship between the maximum stress at the vicinity of the notch tip and hydrogen contents was obtained irrespective of
the notch configuration using the CSRT test and FEM stress analysis. Therefore, it can be said that this relation is the material constants for

delayed fracture.

Key words: conventional strain rate technique (CSRT); delayed fracture; high strength steel; diffusible hydrogen; hydrogen embrittlement; maximum

stress; notch tip; SSRT.
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Table 1. Chemical compositions of the steels used (mass

%).
Steel C Si Mn P S Cu Cr Mo
B13 034  0.19 0.8 0.020 0.017 0.15 1.14 0.15
B15 037 019 0.7 0.015  0.015 <0.01 1.02 0.19

2-2 KIFRFEFE

CSRT SR T3 SSRTIRBAIZ B T 2 EMAREICHY ¥
5KFEE DO CORBH ITHEIINE I3 0ERSH
%, Wang & DR 5 B ICBE < 72 KRR ITH
0.1~2massppm ¢=xf U T, IR ZHLROFFKRIEIBTIEAD
ERAKEEIR AN 4massppm E B> T3, 22T, 4
massppm Pl F & TOJRHBEA L KEELZ WK LB 3 KkE
Fr—VHBEERI L, KFF v — VIi20.1NNaOH K
WS VN 0.3 g/L & 7213 3 g/L D NH,SCN O fil i 5 4 VR b L
72 3% NaClIKIE RN I CTEBTHIEIC & 5B RET
1T o7z, KIBBROIREIZ30°C & L=, BBEIZES, B2
Iz )R & pEaABR T # i L, S 24y b T—
EBMEIT Z & TR KR ERE X872, Wikt
RUOBREEAELDIE THADLRLDOKRER S RER
FiZF v =V 352 &L 7,

AREEE T, CSRTABRIZBE W TRER OO » 4t UL
25 DBEWT ARG 572010, BRIRICEETAMIE, Al
HAEZATHRBELD 25mmOFEH A 5EZEITV2F 2V 2%
U, DhBRCENDKROBAEZIHIL /72, v 2%
i, BRIV ARV TF—-ThEx, 2015V
I-VEIRERD Z L TIT - 7,

FHDOKRROREE ST 57012, RBOFEPIZK
HiZNBKIEH 2 &2 20~ b o5 71 & 0EGER Il
U7z, CSRT&SR % 1T - 72 ikBR A % BRI 8 2 & %9 10 mm O
RITYUML, 7 by &EACTEFEMERE 270,
VIR S E T, 7272 B I SR MLEE S 7  (TDA, Thermal
Desorption Analysis) & FHWYTKESIT 1T > 72, FE#EE
1$200°C/h & U, BIEBEIZEIE~6000CTF v ) 7 —H
A& LUTAr&E W, 57 —HEDOEAETArhOKKERE
ZHE L7z, 2O &5 SO KREE 4 k%K
BHREE LTER L, bk, KEFv— DR THREIE
F CIZE T AFMIZH 25 min INTH - 72,

2-3 CSRTHER

BRLEE L - L 0 HEAM R uERBER 2#MI L,
CSRTAAERICHE U 72, BBRRTEIRIL, Wang 5 DEERIZAED
HFig. LWORT X ICHRBR OEZEE 10mm & U, UKRIF
M DOEFE d=6mm, YR ZFE, R=0.1, 025, 0.8mm
(SHERREIEZ T h49, 33, 21) & L7,

YR & IHED CSRTARER L, TXTEE (KB 15~25°0)
IZBWTI100kN D TREABREZ T o a2y FHE 1
mm/min T - 72, Bl £ TOREBERIIZ 1~5minTH -
7zo Z ORI TIIABR PRI TOARRDOHL, E£HIZIZ



R (notch root radius)

MI0OX 1.5
(=3 O
s st
60°
— 20 —Pp¢———— 40 ———P4— 20—}
unit: mm

Fig. 1. Dimensions of notched round bar specimen with
notch root radius of 0.1, 0.25 and 0.8 mm.
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Fig. 2. Effect of hydrogen charging time on hydrogen con-
tent. The detail of solution (a), (b) and (c) is given
in Table 2.

Table 2. Hydrogen contents by using electrochemical
charging with various solutions and current densi-

ties.
. Current density Hydrogen content
Aqueous solution (A/m?) (mass ppm)
(a) 0.INNaOH 1030 0.08—1.5
(b) 3%NaCl+0.3g/l NH4SCN 110 0423
(c) 3%NaCl+3g/l NHsSCN 0.5—10 0.5-59

0.1
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3.4 mass ppm

Solution (¢) 1.5A/m?
2.1 mass ppm
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Fig. 3. Hydrogen evolusion curves under various electro-
chemical hydrogen charging conditions.
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Fig. 4. Load-clip gauge displacement curves of CSRT tests for steel B13: (a) notch root radius of 0.1 mm, (b) 0.25mm and

(c) 0.8 mm.
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Fig. 5. Load-clip gauge displacement curves of CSRT tests for steel B15: (a) notch root radius of 0.1 mm and (b) 0.8 mm.
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with hydrogen content, Hqr: (a) steel B13 and (b) steel B15.
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Fig. 10. Comparison of o, ~Hgr H, between the present CSRT test results and Wang’s SSRT test results: (a) B13 steel and

(b) B15 steel.
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Fig. 11. Fracture surfaces indicating the area of intergranular fracture for hyderogen contents of (a) 0.26 mass ppm, (b) 2.1 mass

ppm and (¢) 3.4 mass ppm.
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