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On the Delayed Fracture of Low-Alloy High Strength
Steels in Aciueous Environments
Shoichi FUKUI and Chiaki ASADA
Synopsis:

A cantilever type testing apparatus for delayed fracture was developed to mvestlgate the character-
istics of delayed fracture in several aqueous environments for two kinds of low alloy high strength steels
having a sorbitic and a martensitic structures the tensile strength of which were about 125 kg / mm? and
150 kg / mm? respectively.

These steels were failed even in the air after a long period of time under high sustained stresses, and
the fracture strengths were decreased in the sequence of air, water, pH 5-HCI solution, 0°1 % NaCl
solution, pH 3-HCI solution, 3 % NaCl solution, 0-1 N-HCl solut)on and acetic acid solution saturated
with H,S.

The results of the observation of the fracture surfaces, crack initiation behaviour in delayed fracture
and the quantitative analysis of hydrogen in steel lead the conclusion that the delayed fracture in these
environments occurs by hydrogen induced from the surroundings, and the more active supply of hy-
drogen promises the lower fracture strength of the steel under sustained load.

(Received May 2, 1968)
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Table 1. Chemical composition.

C Si Mn P S Cu Ni Cr Mo Ti
Steel A 0-36 0-25 066 0-021 0-013 0-20 0-10 0-98 0-19 —
Steel B 0-2] 0-75 1-34 0-013 0°009 0°16 014 167 — 013
(in wt %)
Table 2. Heat treatment and mechanical properties.
0'2 per cent . : :
Tensile strength Elongation Reduction of
Steel Heat t f
tee eat treatmen pzolgg/sgl;slsz) (kg/ mm?) (%) area (%)
Austenitized at 850°C
A for 30 min, oil quench, 115 124-5 9 575
tempered at 550°C for lhr
Austenitized at 885°C
B for 30 min, oil quench, 126 150 9-3 47-5
tempered at 300°C for lhr
R\ ARV VHERE L"CCi’L’i“C“LP‘iLﬁFﬁ‘«‘ ¢
LT3 JIS SCM 3 Y& {KKFE Si-Mn-Cr & w/ L
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w

L ELEELTHAR Y VN4 NEGIT, E788BI
TNT YA MEBE LR DT, TS OBLEE X
UBIERHROFEFE R Table 2 iRT. 3ERBRIIEFA
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S - Specimen
L : Loading lever
H : Specimen holder

Fig. 1. Testing apparatus for delayed fracture.
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Fig. 2. Shape of test piece of delayed fracture
test. .
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Fig. 3. The relation between applied stress and

time to failure for steel A in various
environments.
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Fig. 4. The relation between applied stress and
time to failure for steel B in various
environments.
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Photo. 3. Under surface crack observed on the axial

F:\:Algg\‘/'gge like section of the specimen after a long period
fracture of loading in 0-1 N-HCI solution.
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Table 3. The results of hydrogen analysis of steels dipped in various environments.

Environment Dipp(i}x:rg) time ;ieygroien content sge?ll / IBPOg)
Air — 0-24 0-22
pH5-HCI soln. 50 0-28 0-18
3 9% NaCl soln. 100 0°66 1-03
0.1N-HCI soln. 50 2-87 2:20
0'5 % HAc+H,S 50 7-06 9-35

Table 4. The thickness of shear lips on the delayed
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Fig. 5. The effect of notch radius on the delayed
EEROEE, KAaTE L OKRE CESEENEL b fracture strength of steel B.

PBEEAIND XS BRERTERMESET L&

DFEPD . b OREHE
DB BES HAIC T ¥ ARER D
 ABTEEEEE D3R8 B ToAs,
Rk ARSI NaCl } X
CHCLKBE®RP THBR LB S
WCHEED bz, 001 HEHCI
KB CRER 2 P L TSR
OFRERFEBREL R X
D&, ThBORABEIHER
R ONERT~ IR O R
EELZOBLITERL 72D OT
BB ek Thbb
IS ORBRERIIENET
~ R OEWMESRE TS T

0'2mm » 0'5mm

LR REELDBEREZL OB
DEEZLND. lmm 10mm

rzsnT, 001 HZE HCL o Photo. 4. Fracture surfaces of specimens with various notch radius, fl"?.lc‘
IS5 WBRIEROELWVWBEIT _ tured in 0'1 N-HCI solution under sustained load. Arrow i~

dicates the originating side of the crack. (X5)

EEMoORRIC X > THER

— 96 —



BEREBIC S5 ELLEIROBLHEEIC DT 1295

OEEFEOL, KHBEMT 5D TBiNETS
LREXLNBDT, EFT OB VW TRILTH
B ‘
WOBRREY ¢, PIHORBRRERZ 4, ARET
Eh#E 6o LT, BERXBUREROEL: XUE
FENHC L DBREEEOELZJ|EL, SOITHBRR N
BERE—CRBEIND LT, FRIS N BETRE s
BT HRER ¢ & L THITEHFRRKRD X S TRbX
hb.
op=00/(1—2ct/dy)?

KRBFE T CREEELZHZET D Z LIE#EROT, £
aRKETRBRE O2MESEREBELTLES>ETO
BRAEBEIEL, The t & 75 LRI e=d/2t: &
EXBHTENTED. '
Fig. 6 (1A IOWVT 0°1 $E HCl f T OBERREE
g C L BNRHEMR D LE2HBLTRLAEDOTH
5. MEBCRERDI> T t OREHEEEXRVTHE
K EDTkdr. ThX)EDOBEITE 5 B/
AT ORIEEOET IIFET X 2MEROBD O
BRREREEEEDEZEM¥bRrE. LELTDXS
LEBBPIVERE O L T 5 THEBNEERE LAY
AT L TR D, TRIIATFS T X 5 BREE OB,
ABCEBIEHEIFHIRL L EE L E L THIHERD
LOFECEIOTHETH Z EIR#THA 5.
Photo. 312 X % & ENREE XHITIREHL LR
KRV THRERKREELZOL, RHEICE»D TEAR
FULLTHRELRZ ESb25. T2 001 /E HCI
B L 3% NaCl /KiEHR e KiTiRE L 7254 1K@ ok
EDBEMT 5 EMBBDENLT LD, XEROBE
BN BRI 2h S O BRRE S S BRIk EN
PE S e 2 LI X BKERILOBHBSRE DR T CFHFE
LTWw330:E25N5. L 7= NaCl KigHkh T

Curve C colculoted from
d/6s8 =1~V )

Stress ratio, Oopplied /d'ss
Q
£
T

Q
N
T

Obgypnr 0yt 0 -
Static | 10 100 1000

bending Time tfo failure, 7 (hr)

Fig. 6. Comparison of delayed fracture curve D
and corrosion fracture curve C.
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Fig. 7. The relation between the distribution of

radial stress and the thickness of shear
lip measured from notch surface.
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The Reverse Transformation and the Accompanying Anomaly in Dilatation

on Heating of Meta-stable Austenitic Stainless Steel

Toshio SAITO

Synopsis:

An anomalous expansion in the dilatation curve of cold-rolled 18-8 stainless steel was incidentally
found at about 530°C. The present experiments were made in order to clarify the cause of the ano-
malous expansion observed in the dilatation curve of some meta-stable austenitic Cr-Ni steels cold-
worked at various temperature, and also to clarify the behaviour of the reverse transformation of mar-
tensite to austenite in these steels, mainly by the thermal dilatation method and the micro-structural
observations.

When a cold worked 18-8 steel was heated at constant velocity of heating, the martensite in the
steel transformed to austenite reversely step by step at the temperature range of 400-900°C. The first
transformation began at 400°C, and the greater part of martensite transformed to austenite martensit-
ically at 500-650°C, and the second at 680-760°C, the third at 800-900°C, respectively. However,
the amount of transforming martensite decreased less and less as temperature raised. In such reverse
transformation, the diffusionless process occurred at early stage and the diffusional process continued
in after the first stage. The lath type martensite was separated along {111} plane, by growing austenite
nucleated at that plane, and gradually thinned off. The second anomalous expansion was newly
found in this experiment at the second reverse transformation temperature range, in addition to the
anomalous first expansion previously found at the first reverse transformation range. The anomaly
appeared in two phase steels consisting of the predominant martensite and retained austenite in proper
phase ratio, regardless the steels were cold-worked or not.

It was considered that the anomalous expansion is related to the martensite which transformed
diffusionally and to the reverse transformation character of textured martensite to the certain oriented

austenite.
(Received May 22, 1968)
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