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Estimation of Delayed Fracture Property of Steels

Nobukazu Suvzuxi, Nobuyuki Isun, Toshio Mivacawa and Hiroaki Harapa

Synopsis :

A new testing method was developed which enables to quantify minute amount of hydrogen in steel and measure

resistance of steel to delayed fracture. This method clarified a steel had critical hydrogen level (Hy) for delayed fracture
under a constant applied load. Based on this testing method, a new approach for estimating delayed fracture of steel in
service was proposed. From the value of H; obtained by this testing method, together with amount of hydrogen absorbed
in the steel in a service environment, which is measured by a hydrogen monitoring device, delayed fracture of steel in

service can be estimated.
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Fig.l. Schematic diagram of hydrogen thermal analysis
apparatus.
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Fig.2. Typical peaks of hydrogen in thermal analysis
for SCM435 steel after charging hydrogen in HCI
solution. The samples were water quenched and
tempered at 693K.

Table 1. Chemical compositions of the steels for the
bolts (wt 9).

Steel C Si Mn P S Al B

A 019 017 081  0.020 0.005 0.058 0.0026
B 0.26 024 091 0.010 0.007 0.038 0.0016
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Fig.3. Shape of the specimen, (a) and schematic repre-
sentation of delayed fracture test machine, (b).



Degreasing L Dipping Rinsing Degreasing

by acetone into HCl solution in water

by acetone

Atmospheric Hydrogen

—71 | Shot Blasting

exposure
Delayed fracture test

Fig.4. Experimental procedure.

thermal analysis

6
lAtmotheric | Diffusible

. Mark | exposure hydrogen,

é time, h ppPmM

S 5 o 4 0.28

g [ ] 24 0.22

8 PaN o022 |
© g4} d & | & 48 | 013

= o

I \

. / )

g r /

“ ® \‘

£ / PYANE

8 ! \ SR

5 ?r / \ 7

S S A \ 4

5 ; I %
g | ! A\‘t 4 "
et /' A \ ’ ®
©

>

T

%00 400 500 600 700 800

Temperature, K

Dependence of rate curves for hydrogen evolution
on atmospheric exposure time after charging
hydrogen. The samples were water quenched and
tempered at 673K.
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Fig.6. Relationship between amount of diffusible hydro-
gen and time to fracture on the delayed fracture
test for BT110N steel (steel A).
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Fig.7. Change of hydrogen evolution rate for steel B
between before tested and after delayed fracture
tested (100h).
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Fig.8. Relationship between critical diffusible hydrogen

and tempering temperature for BT110N (steel A)
and SCM430 steel.
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Fig.10. Relationship between fracture stress and time to
fracture by JIS original idea’s method for
BTI110N steel (steel A).
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Fig.11. Relationship between critical fracture stress and
tensile strength by JIS original idea’s method.
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Fig.12. Hydrogen thermal analysis for BT110N (steel A)
and SCM430 steel. The samples water quenched
and tempered at 723K.
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Fig.13. Typical peaks of hydrogen in thermal analysis
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service. They were thermal analyzed just after
takken away from the bridge.
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AWML ZITT BB T, REZLDHFZDTHN
PIHS 3 LIz, B, B8RS o R BICIEE IRV b
RELOIREEFTHE S, & 709 B AR (BR) ETEHERI R+
& —3 & CERSHFSE L > X — DB KRBT 3
SUBRERESETHHEEY 2 Lic, RELD L, L
HLETFET,

X L7

EhHAR S ORABE, 6 (HASMEERSKR v M BEIRE),

(1970), p.4

2) Wz, /REFC L 2 BNBSEORE (SHERAMIERIESEN
AR SMR) . (1975), p.179

3) YURTavLATERESMOEBIEEE ) (SFR129% A 2%),(1975)

4) BlBEBEAmE, (1989) [ B THH4t]

5) WIED, MBS, BRE—, KR{E—, SRS #E, 29
(1980), p.1101

6) T. Otsubo, S. Gotoh and H. Sato: Proc. of 2nd JIM Inter.
Sympo., Hydrogen in Metals, (1979), p.241

7) N. Suzuki, T. Miyagawa, S. Gotoh and T. Takahashi : Wire
Journal International, (1986) 11, p.36

8) J.L. Lee and J.Y. Lee: Metal Science, 17 (1983), p.426

9) fEHB— L&, 55 (1969), p.151

10) /NEFRBHE, FNIZEEL, SHARE— AR L 7 e £ X, 3 (1990), p.1290

11) #2i&, H.H. Johnson, J.G. Morlet and A.R. Troiano : Trans.

AIME, 212 (1958), p.528; E.A. Steigerwald, F.W. Schaller

and A.R. Troiano: Trans. AIME, 215 (1959), p.1048

G.R. Irwin : Trans. ASME, J. Appl. Mech,, 24 (1957), p.361

RFIC L 2 BENBBEORE GRERABR RS B kL2

), (1975), p.125

N. Yurioka and H. Suzuki: Inter. Materials Reviews, 35

(1990) 4, p.217

1

~

12)
13)

14)



