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Abstract

The cause of corrosion failure found in structures or various components operating in severe
corrosive environments has been attributed to stress corrosion cracking(SCC) which is resulting
from the combined effects of corrosive environments and static tensile stress. Slow strain rate test
(SSRT) provides a rapid reliable method to determine SCC susceptibility of metals and alloys for
a broad range of application. The chief advantage of SSRT procedures is that it is much more aggressive
in producing SCC than conventional constant strain or constant load tests, so that the testing time
is considerably reduced. Therefore, in this paper, the combined effects of material properties and
strain rate on the tensile ductility and fracture morphology of parents and weldment for SM45C,
SCM440 and SM20C steels were examined and discussed in synthetic sea water. The susceptibility
of SCC was the most severe under the strain rate of 1.0 x 107 sec”!, and R.O.A can be used for
parent and maximum load for weldment to evaluate the parameter for SCC susceptibility.
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Table 1. Chemical composition(wt% )

C Si Mn P S Cr Mo
SM45C 045 025 0.75 <003 <0.035 — —
SCM440 041 025 0.73 <003 <0035 105 023
SM20C 020 021 0.52 <0.03 <0032 — -

Table 2. Mechanical properties

. Tensile strength Elongation Hardness
Material (MPa) (%) (Ho)
SC45C 907 100 27
SCM440 729 130 20
SM20C 580 165 15
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Table 3. Friction welding conditions

Friction Welding Friction Upset
Material time time pressure pressure
(sec) (sec) (MPa) (MPa)
SM45C 5 3 392 785
SCM440 7 5 392 1177
SM20C 4 3 392 392
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Fig. 3 Distribution of hardness at HAZ for SM45C,

SCM440 and SM20C with micro-vickers har-
dness tester(weight ; 100g)
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Fig. 2 Macroetching photograph of welded joint
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Fig. 4 Schematic drawing of slow strain rate tester.
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Table 4. The composition of synthetic sea water.
(in 10 liter water)

Composition Quantity(gf)
NaCl 24534
MgCL6H:0 11111
Na,S0, 4094
CaCl. 1158
KCl 695
NaHCO; 201
KBr 101
SrClL6H0 042
H:BO, 027
NaF 0.03
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45C. SCM440 and SM20C (parent) SCM440 and SM20C (parent)

Table 5. Slow strain rate test results of parent

Material  Environment  Strain-rate  Max. stress  Frac. stress Elong R 0. A T. T F. Remarks
(s (MPa) (MPa) (%) (%) (min)
SM 45 C Air 417x10°° 907.1 10837 100 247 476 No SCC
Air 10x10°° 8905 1714 No SCC
S. S W 10x107° 89%4 1130.7 102 311 204 Micro cracks in necking
S.S. W 417x10°° 9199 10729 92 260 427  Micro cracks in necking
S. S W. 10x10°° 10572 12386 92 260 2162 Micro cracks in necking
S.S. W 417x10™" 960.1 11965 94 262 4124 Micro cracks in necking
SCM 440 Air 417x10° 728.7 11013 135 457 609 No SCC
Air 10x10°° 7620 No SCC
S S W 10x10°7° 7679 10817 149 437 273 Micro cracks in necking
S. S W 4.17x10°° 7453 11768 142 50.3 649  Micro cracks in necking
S. S W 1.0x10°° 8012 11052 109 404 2864 Micro cracks in necking
S. S W 4.17x1077 6816 9954 131 456 5590 Micro cracks in necking
SM 20 C Air 4.17x107° 4747 9160 365 618 618 No SCC
S S W 10x107° 4374 9277 379 64.8 631 General corrosion
S.S W 417x10°° 4295 8954 350 646 1429 General corrosion
S. S W 10x10°° 4089 8287 346 652 5954 General corrosion
S. S W. 417x1077 402.1 779.7 330 617 13448 General corrosion
Note : S. S. W. : Synthetic sea water (Free corrosion condition) R. O. A. : Redution of area

T. T. F. . Time to failure

128 Journal of KWS, Vol. 11, No. 3, Sep. 1993



53

1.5 mm
e —— ]

(a) SM45C(in air)
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(b) SM45C(in s.s.w.)

1.5 mm 1.2 mm

L — )
(c) SCM440(in s.s.w.)

Fig. 8 Microcracks in necking portion of specimens.

ANEH dHFEELS T2E W 6.7 271
RO g wFo] olue HAFETAME A7} F
Ak B = A o] AL Leach”7} 7143
®He] 9 (dislocation) & 88 A&t Hvte] o
e Aao] 4 Fs @ FEE P8l QA
IAA BAg WY F dtte AL Subas
.

SEM<E o83l #ag Al Figsa)st #eo] 2

71514 SM45Ce] WA FoNE mladgo] A%
2 g1 led diste] Fig8(b), (09 AFs5F
ol A= SM45C, SCM4409] 7% R E Alg MEE4E
FEfel M HE e A3 Al Yo A nlAaFgol
0 EAEE 4 A}k 2, MY ESEY
0E FEdolE AMYsl #aAshd, SCM409] A4

(a)

NEBIEELB G, A% H35%, 1993%F 94

HIEEST 10x10° sec 'NA FEAL} 73 A8
A(Z71 < 150um) & & 5= ATH(Fig9 #3). WhabA
Fig. 6, 7914 Bl BAF£E3 ANgo] SCM4d0
BA e SCCHd H7IAIEZAM ALgdE 4 qgn
AdET SM45CS A% HEE 10x10%ec ol A
TEAE 71 At ot (Figlo Z2) SCM4409]
B39 ol ojdfo hHE 5T dAlgo] Huxe
ol ole SM45CY AAEA ZF ANgH o
HeyEgo] 2ol SCM440E T 2H7] wfj Bof] 3 54
Wl ot} JojFeg B3 2 HWIT L Ho|x
23 HAog AdEn

E3 SM20CE AlPE BE WYEETN 7Y
T o] AHR2 o] dojikoni(Figll #=), o] AL
Ho&E, A48, BHFEEY HEELEE Wl

129



54

(b)

(c)

130

0.1 mm

1.2 mm

Fig. 9 Micrographs of specimen surface and fracture cross-section of SCM440 after SSRT in ss.w.

(a) strain rate : 1x107° sec™

(b) strain rate : 417x10°° sec™*

(c) strain rate @ 1.0x10™° sec™

(d) strain rate : 4.17x1077 sec™*
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(d)
1.2 mm
_—
Fig. 10 Micrographs of specimen surface and fracture cross-section of SM45C after SSRT in s.s.w.
(a) strain rate : 1x10™° sec™’ (c) strain rate : 1.0x10°® sec™
(b) strain rate . 417x107° sec™! (d) strain rate : 4.17x1077 sec’
P o g e e
(a)
(b)
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Fig. 11 : Micrographs of specimen surface and fracture cross-section of SM20C after SSRT in s.s.w.

(a) strain rate @ 1x107° sec™’

(b) strain rate : 417x107° sec '
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Table 6. Slow strain rate test results of weldment

Material Environment Displ. -rate

Max. stress

T. T F

(mm/min) (MP2) (min) Remarlks

SM45C Air 12x107° 1264 117 Dimple

S S W 12x107* 1178 130 Dimple

S.S W 30x10°° 1120 360 Dimpl & cleavage

S. S W 12x107° 145 960 Quasi cleavalge

S. S W 30x107 1099 4308 Quasi cleavalge
SCM 440 Air 12x107° 13112 1611 Cup & cone

S. S W 12x1072 12318 156 Cup & cone

S. S W 30x10°° 12318 513 Dimple & cleavage

S. S W 12x107* 10582 1150 Dimple & cleavage

S. S W 30x107 11200 4307 Dimple & cleavage
SM 20 C Air 12x10°° 61738 309 Cup & cone

S.S W 12x10°* 6218 205 Cup & cone

S. S W 30x107° 6159 726 Cup & cone

S. S W 12x107* 6012 1772 Cup & cone

S. S W. 30x10™ 604.1 5231 Dimple & cleavage

Note : S. S. W. : Synthetic sea water (Free corrosion condition)

R O. A * Reduction of area
T. T. F. : Time to failure

2000 _
T A\Q//A
i SMASC A
~ SCH440 O
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1000{ sM20c [
X
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10+ 107 102 107!

CHS (mm/min)
Fig. 12 ; The effect of cross head speed on maximum
load of SM45C SCM440 and SM20C(weld-

ment)
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Fig. 13 : Macrofracture surface after SSRT in s.s.w.

(cross head speed : 3x107° mm/min)
(a) SM45C  (b) SCM440 (¢) SM20C

KEREPEE A1E H35, 1993F 97

59

EH0 o]59 AAE #gAH HAFAAZA o
FREE 2480 AR AFAEE 2AINER
T2 o] s olwe] ke AJEE A4
HYe stz gE(Dimple)daddS Belga
AR o) B AFEZNAE ol 44S TE
#7]7} W) $ o3¢y o= AeHs AN g3
3 FE7MsEe & gEA th

e Qg AR 2HNN HYELSEE
HEA 7| AN AlgE TFE7 SM45C 2 SCM440<]
A AHe S, SEMe <3 st si#@A] sk
wel REL 7IAH 3EYd g Holv HEudiol
A8k glo] o] ZH olE MBS SCC AxE v
ojo)3lchal & = ok E=3 AH BEe] b 7Rl A
nAagdgol WAL Congleton 7ol AH|<Ud C
o] PR X I3 RozM FIAF L A
W7} QAT ol 48 Fi o] HYENA
Ao ddd = dAen, ode FdHn
Ex7t ¢ maez HEE o)FRE izt
Ao} Alzke] &7] Hel SCCol o3 A4zt o
o] W& He Aolzta AZrdrh

o] ulAFgol AHAELEAHT} FHF o] Lol
AEHE Scully? ¥ Vermilyea® 5ol 28t B g
slutatale) o3 AAMFEH FRES ) 2§ SCC
A2 w=e 22 SCColut Sdhe] Fiofo
dutga g Xof AYsle) S W IAE 7
gHAAAE Heshe AL FF9 AAZ P

A7F) SM20Ce Al EE& A SCOTA §lo]
GedA A LAY Aol e o= ApHIH o]
#do] AlZtE = gl FREAl0] AAHE Aol
Agiol obd7t AztETh

SHRE AHEES BAF w2 SCCE A
2 Aok 2y, 2725742 SM45C E SMC4409]
2%, HEEE 12x10 'm/minol A HEHES] HA
g B 4L SCCY Loz B £ glFed,
SCCE fwolA gld + UAWURL Tgol AN
Hqc} shd 2143 ddse £4% E4gREos
wadn w3 vbFEHA Upset §HE-& Bol &2
SCM4400] 71 & HAustee ZAE 9oz Ao
2R nEeges sz Ad=ED 2oi3)
4 AR TAE Fo] don ojRe] FHAFH
FAATZ gol3HA ke W71Fe] AFEHAYE
BARANE & 5 e /e AE HAFe A
oz AzZtAth A7 SM20Ce £A8¥E U
scetAol glar HEF e ik gle oz 7Y

135



60

SSRTeIXM = SCCE ¥2od + vtz FEdrh

ool A 422 dEsFe AARHzHANN 2
2= 2Ae Zf= uu@ SCCrt glew, o9
HYE 2AE HE8V] A8 Hishida® 50l 71&E
2 dXgEde gdHs&E0] SCC 14x=E #
9 F Qe At 28 B A &g F
ARL, ddgo] A9 e BT datd= Ho
3tz o] SCC 1A= A} 4 4 lvkal 2 %8
F A

4.8 =

AFAF A3 A 287 SM45C, SCM440 2
SM20CS] EAe} &35l sl SSRTAIHS HA|
st WMy E& T Wil W SCC A4S H7HsH]
3] ANHe FHY S SEMOZ B3t
A2l SCC B AR E g3y, HEE H
o) wet 2AHH e 48, dAFEE, 9
SAQ A7 SO RRE SCCH W ¥wdE AE
23 Age oS3 2o

1 27 =9 SM45C, SCM4d0e A9l 744, 4

Bo| IFHoz nihdgol HAHAL %de«l
B4 2R vjAwge glov HEEe A3t

o}

2

T EREE SCM45C 2 SM440 2R
= 10x107° sec” 'l A 7H A ek
E3) SM440] GHFZEL o] WY EoA HuUAE

3. SM45C, SCM4402] EAjeA¢e] niiadgde A
g0l Foll LA, Astsie, S8 F FAEA UA
THAE 7L e Aoz Az

4. SCC %= %7} AAZA, R thstd=
dRAFEEe], $HY= HUsEo] AH8E F Uk

7
€ A7E 1990dE ST A7 (901

—0907—028—2) A Y3}ol] o] 7 RF UKo
o FAY AAA A 8A A=Y,

i

nEH

1. W. H. Hartt s Proc. Int. Corros. Forum, No. 81—

136

105(1981) pp.1~13.

2 LI, WWH, /NE, BB, =2ETHE 18-5(1981
pp. 633~6338

3. B, Einer, Proc. Scandinavian Corrosion Congr. 7th
(1975) pp259~278.

4. Parkins R. N. ; Corrosion Science 20(1980) p. 147

5. Holroyd N. J. H, and Parkins R. N. : Corrosion
Science 20(1980) p. 207

6. Hinton B. R. and Proter R. P. ;5 “The Effect of Strain
Rate and Cathodic Potential on the Tensile Ductility
of X-65 Pipeline Steel”, Corrosion Science, Vol. 23,
No 2, (1983) pp. 101~123.

7. Leach, ]. S. L. “The possible role of surface films
in stress corrosion cracking”, ibid, pp. 16~20.

8. Theus C. J. and Cels, J. R. “Slow strain rate tech
nique s Application to Caustic Stress Corrosion Cra-
cking- Studies”, ibid, pp. 81~9.

9. Kim C. D. and Wilde B. E. 5 “A Review of the
Constant Strain Rate Stress Corrosion Cracking”, ibid,
pp. 97~112,

10. Karpenko G. V. and 1. L Vasilenko, “Stress corrosion
cracking of steels”, 2nd Edition, Edited by A. Aladjem,
D. Sc, Freund Pub. House, Israel, (1979)

11. Congleton, J. Shih, H. C. Shoji T. and Parkins, R. N.
“The stress corrosion cracking of type 316 stainless
steel in oxygenated and chlorinated high temperature
water”, Corrosion Science, Vol. 25, (1985) pp. 769
~788.

12. Scully J. C  ASTM STP 665, pp.237~253.

13. David A. Vermilyea, “A film rupture model for stress
corrosion cracking”, Hydrogen embrittlement and
stress corrosion cracking, American Society for Me-
tals, a troiano festschrift, edited by Gibala & R. F.
Hehemann, (1984) pp. 208~217.

14. 8 #E, “BEE AEERS Strain Eh2 FERE",
REERBGE, TIM, $15%, #4985 (1975 pp.
68~75.

15. Hishida, M. Begley, J. A. McCraight, RD. and RW.
Staehle, “Anodic dissolution and crack growth rate
in constant strain-rate test at controlled potentials”,
ibid, pp. 47~59.

Journal of KWS, Vol. 11, No. 3, Sep., 1993



