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Tensile and Fracture Behaviour of 500 MN/m? Grade High Tensile
Steel under Cathodic Protection by Slow Strain Rate Technique

Keishi NAKANO, Masao KANAO and Takao AOKI

Synopsis :

Slow strain rate tensile tests were carried out on specimens of a high tensile structural steel(JIS SM50B) in
3.5 %NaCl solution as a function of strain rate under freely corroding and cathodically polarized conditions.

The main rasults obtained are as follows ;

(I) A tendency of decrease in ductility was notable at potentials less than —850 mV (SCE) with strain

rates less than 7 x107% s~1,
induced cracking.

This decrease in ductility was attributed to cathodically charged hydrogen

(2) The hydrogen induced cracking resulted in formation of transgranular cracks and their crystallo-
graphic planes were found not to be cleavage but mainly parallel to {110} slip planes.

(83) The hydrogen induced cracking was not observed under constant load condition in the range of
cathodic potential studied, so it was suggested that the continuous plastic deformation played an important

role for the hydrogen induced cracking to occur.
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Table 1. Chemical composition of the steel used

(Wt%).
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Fig. 2. Effect of cathodic potentials on the
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Fig. 3. Engineering stress-strain curves for smooth
specimens obtained with different potential at a
strain rate of 7x10-7s-1,
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Fig. 4. Effect of strain rate on the mechanical
properties of smooth specimens at a cathodic po-
tential of —1050mV (SCE).
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Fig. 5. Effect of strain rate on the reduction of
area of smooth specimens tested at various poten-
tials.
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Photo. 1.
of those produced under region “Slant fracture”
conditions in Fig. 7.

Appearance of slant fracture typical
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Photo. 2. Morphology of fracture
surfaces of smooth specimen tested
at —1050mV (SCE) and 7x10-7
s—1,

Region Tand ][ : hydrogen assisted
fracture.

Region J[[ : final rapid fracture.

Table 2. The reduction of area in the case where
the strain rate and emvironmental condition are
changed before and after the point of maximum
load.

Cace Py Pa - R.A.
No. £ (s71) EV. & (s Ev. (%)
1 2.3x1074 CP. 2,3x10°4 C.P. 75
2 7x10-7 CP 2.3x10°4 CP. 60
3 7x10-7 C.P. 7x107 air 60
4 7x1077 CP. 7x10-° CP. 44
5 7x10°7 CP. 7x10°7 C.P. 30
6 7x10-7 air 7x10-7 C.P. 49
7 2.3x1074 CP. 7x10°7 C.P. 50
8 7x10°% CP. 7x1077 CP. 45
9 7%x1077 CP. 7%10-°7 C.P. 30

Pb: before the point of maximum load

Pa: after the point of maximum load

C.P.: cathodic potential at —1050 mV (SCE)
€ (s7") : strain rate

E.V.: environmental condition
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Fig. 6. Variation in reduction of area in the case
where the strain rate was changed from 7x10-7
s~1 to 7x10-5s5-1 during uniform elongation at a
cathodic potential of —1050 mV (SCE).
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Photo. 3. Fracture surface of smooth specimen
cathodically polarized at —1 050 mV (SCE) and
strained at a rate of 7x10-7s-1 up to the point
of maximum load and then strained at 7x 10-§s-1,

Photo. 4. Fracture surface of smooth specimen
cathodically polarized at —1050 mV (SCE) and
strained at a rate of 7X10-4s-1 up to the point
of maximum load and then strained at 7x10-7
s—1,
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Fig. 7. A map showing the types of tensile fra-
cture as a function of strain rate and cathodic
potential. Numerals in parentheses indicate the
percentage reduction of area respectively.
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Photo. 5. Morphology of internal
cracks observed in the specimen
tested at 7x 10-7s~1and — 1 050mV
(SCE). Test was interrupted just
before fracture.

Photo. 6. Fracture surface of slant

fractured smooth specimen tested at

—1050 mV (SCE) and 7x10-7s-1,

(a) : Central portion of specimen;
low magnification.

(b) : Enlarged photograph of the
circled area in (A).
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Photo. 7. Fracture surface of notched specimen
tested at —1050mV (SCE) and 1.8x10-3mm/
min. The etch pit has a shape indicating a fra-
cture plane 110.
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Fig. 8. Load-displacement curves for notched
specimens obtained with different crosshead sp-
eed at a cathodic potential of —1050 mV (SCE).
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Fig. 9. Effect of cathodic potential on the
tensile properties and emblittlement index of
* notched specimen at 1.8x10-3mm/ min.
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e\, FLTC, T X His= A FioBRE Tk SSRT
B L 5RSHORTIHELGD 25, —F, @®EKXK
BOEVERIRD H,S B SSRT kTl #HH
FRBRCEOhARRATECIZE L LVW2 L
T b,

0k kERERSEOEVEBREOCHE LR
AR BEILT LY SSRT Eanie LTty er
TRVORIR LT, KPR TR, SSRT 3KTH)HTEREZ
PEAVE U, 202 B LA X 5k L - A
Wik FEOWIL, B EEAHREYR-LT500
THAH. 0T, WENRANERTERITDETD
% {110} Hicip ol TH B &R 5753 % -

4. &

R EIE ISR SM50B #% 3.5%NaCl k¥ C
A DOEMETROTREES RRB 2TV, FIREER
B, BEOBHELCOWTRART VKD X 5 ok
BuEx.

(1) SM50B %1z 3.5%NaCl X¥&wHo SSRT
e XoT, # Y — FoEEMS —850mV kb RiHE
MTELVIEROE TEAE U, 1, SBEMIERR
BBV TREECE F L. CoOEEDOET
Wh Y — FORBIREES < KFBERETH O

(2) WBEI=ZS0FBCHT bR, 3, &KH
HBEEECOMTEUALAFRL, TOZARR , F VvV IE
AT THBRE LSRR o NTAENT & % R
I, #LTC, BEEHECIVELLT4 VI ALDBED
RO TH 5.

(3) EHOET b THREBIBERALE, Bk
BHEBECHALTEREL, *o v s/t b & & B
W, ZLULHETUTHEMCES.

(4) o sag 5% LITFIETFT5% EHlnizAs v
FRICAE U, ok, REAEGIE ek L
45° OAEE BT ANMBMEANFAL, £, #UK
I OB E L SEHE AR SRR LT e,

(5) #v— VPR s kERERE {110}

o

HTHhb, ABEOHEKEDOHR CRFKRERTVIK
FEEFEE O~ EBHE &1L E e >Tuwie.

(6) REBAEHREXMT B EFL S KRMER
ZHNAEED, EHOETFTORMYIRGIEEIBETL
Fo. Lo L, BRI ER 52 ieh2T.

(7) 4, $5%E Ur-lmEKE T 3.5%NaCl K
RGEBEO~ AL FIRBE T Y — FABRFRRWT
b AR ST Cl kR RZ /R &, SSRT
B Lo TS TAE . S h bilEstey B Ems
BEABREHEHEC T 5.

BRI ARROEERH I LTV wic B RITE
(H, v v 7REHRREE) CEEHLET.
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