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Synopsis :

The effects of calcium treatment on stress relief cracking were investigated in Ni—free type HT80 steels.
Calcium was added into molten steel in the fountains during bottom pouring. The y-groove restraint
cracking test method was primarily used as stress relief cracking test.

As a result, stress relief cracking was remarkably reduced by calcium treatment and close correlation
was observed between the susceptibility to stress relief cracking and the amount of free sulphur which was

calculated by (Stota1—32/40Ca).

The amount of free sulphur is considered to decrease by calcium treat—

ment. This is explained mainly by the reason that stress relief crack tends to propagate along grain bound-
ary as the surface energy of cavities in the grain boundary is decreased by the segregation of free sulphur.
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Table 1. Chemical composition of steels used. (HT 80)

(%)
k1) *2)
Materials] C |Si|Mn| P | S |Cu|Cr(Mo| V | B | Ca |Ca/S| Ceq|Pcm| AG| Psr
A—1 = —
A—2 0.1/ 0.25{0.86{0.018(0.004/0.23(0.77/ 0.4 1/0.036 |0.0007 000501 125 0522 0.246| 042 | 0.18
B—1 - =
B_> 0.12{ 0.27;0.90|0.016/0.003|0.26|0.76| 0.42| 0.040{0.0010 000511 170 0541 0.262( 0.47| 026

*1) 4G=Cr+3.3Mo+8.1V—2

*2) Pgp=Cr+Cu+2Mo+ 10V +7Nb+5Ti—2

Table 2. Mechanical properties of steels used.

Tensile test Charpy test
- Ca—.
Materials| = atment|Direc] YP | T.S |EZ|Direc|vTrs| vE-n
tion [(kg/mm?)|(kg/mm?)| (%] tion |(°C) |(kg-m)
_ 85.0 90.0 |20[1/2¢t-L|<-80| 229
A—q |MNen 1/4t-C

treated 84.7 89.5 20 C| —4] 102
A2 Ca-treated| 82.7 91.3 23 Jt/2t-L1<—80 | 23.0

—_— 7
(Ca/S=125) 84.2 91.4 |23 Cl —68] 179
Non-— 80.1 855 |25[1/2¢t-L| —62| 22.9

B—1 »
treated 81.0 86.0 [24 Cl -3 114
B Ca-treated | 82.6 87.4 |23 fh/2t-L| —93| 24.3
B2 lcars=110) 82.2 87.2 |22 Cl -5 | 142

Table 3. Chemical composition of steels used. (HT 80)

Materials Wig;ess c|si|Mn|P | S CrlMo| V | B | Ca [Ca/S|Ceq|AG|Psg
LS1 0.11021]0.89{0.012/0.002 070/ 0.42[0.041/0.0008| — 0 |0515/0418] 021
Low|LtS2 ’0 r|le|le |z |2 |2 | % | » j00003 015 | 2~ | » | #
S |iss AR AR 2| s+ | » Joootol ogs | 2 | 2 | »
LS4 [ B N % I % 100030} 1.50 2 % 2

HS 1 0.11] 0.16} 0.92(0.013(0.0050.25/0.70] 0.42|0.039(0.0008 | — 0 | 0518/0402| 0.18

High HS?2 ” 2| vl 2| 2 v e |lo]l s | 2 ’r. 0.0017] 034 7 ” (4
HS3 v | | # 4 o 2 B z 7z o,oosgk 078 % 7 &
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Time cracking specimen.
Fig. 1. Heat-affected-zone simulation treatments

(Solid line) and a 2-step austenitizing. (broken
line)
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Fig. 2. Y-groove restraint SR cracking test method.
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2) welding of the restraint beads
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cutting five sections
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Fig. 3. Test method to simulate the toe SR
cracking.
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Fig. 5. Effect of calcium addition on the suscep-
tibility to intergranular fracture at 600°C. (heat-
affected-zone simulation : 1 350°C, lmin. Arrows

in the figure mean that the specimens were not
ruptured.)
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‘(a) Heat LS4 (0.002%S—0.003%Ca)

(b) Heat HSI (0.005%8)

Photo. 1. Microstructure of test pieces shown in Fig., 6.
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Fig. 6. Effect of heat-affected-zone simulation
treatments on the susceptibility to intergranular
fracture at 600°C. (Holding time is varied to
simulate various heat affected portions in welded
joints. The figure also shows the effect of a 2-
step austenitizing.)
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Fig. 7. Auger spectrum and nitrogen image from
a intergranular facet exposed by fracture of a test
piece in ultra high vacuum, which was stress-
annealed 600°C and cooled just before rupture.

Fig. 6 ORBF oMMV ThL L L L~rT vy
4 bTHD. BF—-RAT 4 ML 1400°C FEr Lo
THBE T 2EHEARD R ED, #Hb+5 X5k Ca
BIMORE~DOHEIIRBRTH 5.

BHTERNCERAT L Ca o RBA C oW T o+
— U W ORES Fig. 7 i3 .Fig. 7 0BE R
TR, EFEFH CaiimiiiA 2 oRBA o AWE
T, NOBEBLLERIVRRD LR, £OXAX 27 F A
2, 2EFZHAYDOP C— 7 ofiic, CEIOND L —
7HF LV, —BRE? Bid L Lo RAEEO R =2
PARRNOZD LS HRE LWL E— 213D LR T Wi
WOT, COEMREERNABEEENESRS., Sov
— 21BN TH Y, Ca i X 3 LRERFALWHI TR X
NTWBZENRSbhs. (Hi#gY KRLEL 5K,
CaZ@mnlisv &, MRMABHZE LV S OBMHNR

— 124 —



80 kg/ mm? HEEEIMO Ca FINC X BN E LEhotksE 1781

Bond
HAZ——WM .
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Photo. 2. Typical SR cracking of Steel Al and A2. (SR temperature 550°C.)
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Photo. 3. SR cracking propagated from weld toe.
(Steel A1)
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Photo. 4. Boron-autoradiograph at weld portion.
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Fig. 10. Effect of restraint intensity on SR cracking.

(y-groove restraint SR cracking test, x:length of saw cut)
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Fig. 11. Effect of restraint intensity on SR crack.
(y-groove restraint SR cracking test)
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Fig. 12. Relationship between Ca/S and
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SR cracking test)
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€e:elastic strain

In a test piece, elastic strain does not decrease effectively(solid
line), because the cold portion does not deform plastically, even
though the hot portion does (blocken line). In a welded joint,
elastic strain would decrease remarkably(solid line), even though
the coarse-grained portion of HAZ does not deform plastically if
the other soft portion does (blocken line).

Fig. 13. Stress relaxation curves of test pieces
(Fig. 13-(a)), with schematic illustration showing
the difference between the stress relaxation in test
pieces (Fig. 13-(b), and that in welded joints
(Fig. -13-(c).
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Fig. 14. Schematic illustration of the state of
sulphur in base plate (a), heat-affected-zone si-
mulation treatments (b) and a 2-step austenitiz-

ing (c).
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