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Properties of HT980 Steel Plates and Welding Materials with
Low Cold Cracking Susceptibility and Their Applicability to Penstocks
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Synopsis:

50 and 75 mm thick HT980 steel plates and welding materials for SMAW, SAW, MAG and TIG welding have been
developed to meet the demand of saving prehealing costs in constructing penstocks. Preheating at 75°C prevented cold
cracking in a y-slit crack test performed by SMAW in a stringent atmosphere of 80% humidity and 30°C. No cracking
was also observed in y-slit crack tests performed by MAG and TIG welding with a preheating temperature of 50°C.
These results prove that the weldability of the new type HT980 is as good as that of HT780. The base metal and the
welded joints satisfied the target mechanical properties. The fracture toughness of the welded joints proved that the
applied stress of 400 MPa does not initiate brittle fracture from a 30 mm long and 10 mm deep surface crack at 0°C.

The crack arrest toughness of the base metal satisfied the WES3003 Grade A specification.
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Table 1 Target properties of HT980 steel plates and their welded joints

. Base metal Welded joint
Thick- Crack arrest fracture i CTOD Preheat temp.
ness | YS TS El [-;A vE virs toughness at 0°C i) vE vTrs at 0°C to prevent
(mwm) |(MPa)|  (MPa) | (%) | (%) ) 0 (MPa - m"3) {MPa) ) O () cracking* (°C)
50 |2 885 950-1130 | 212 | 225 |vE —-55°C= 47| = -55 =224 = 450vE — 10°C 2 47|= —10|= 0.098 =75
73 |2 885[950-1130 | 212 | 225 |[vE-60°C=47 | = —-60)| =224 z950| vEO°Cz=47 | =0 |=0.081 =7h

*Atmnosphere: 30°C, 80%, SMAW: Using as-dried electrode
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Fig. 2 Effects of dilfusible hydrogen content and hardness of
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Fig. 4 Effects of Ceq {IIW) and carbon content on hardness of
weld metal employed in the y-groove weld cracking test
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Fig. 5 Estimafion of tensile strength of even- and under-match-
ing welded joints in accordance with JISZ3121
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Fig. 6 Relation between Pem value of HT980 steel plate and the
maximum HAZ hardness obtained in the y-groove weld
cracking test
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Table 2 Chemical compositions of steel plates and welding materials
o {mass%)
Thick-
Steel or . . . Ceq Ceq
welding material (r;?rs;) C S Mn P 3 Cu Ni Cr Mo V Nk Al B (WES)«! (ITW) #2 Pem*
- Steel A 50 1 0.11 009 0.85 0.007 0.001 025 152 055 056 0.050 0013 0.069 00011 0.55 060 027
Steel B 75 | 0.11 0.10 0.88 0.006 0.001 025 1.99 0.53 053 0.047 0014 0.058 00011 0.55 0.63 0,28
KSA-146% (SMAW) | — | 0.05 062 155 0009 0.005 002 3.19 090 048 0.012 0008 0008 0.0004] 0.72 0.80 0.28
KT-100 (T1G) ’ . N
— | 0.05 046 192 0.002 0. ) X . . . 003 0.066  0.0002) 0. 97 3
KM-100 (MAG) 0.002 031 3.63 L14 054 0.002 0.003 0.0 20002 (.84 0.9 0.33
KW-103D (SAW) — | 006 036 220 0.005 0.002 009 333 110 0.67 0.002 0.002 0055 00001 091 1.01 0.34
* Ceq (WES) = C + Si/24 + Mn/6 + Ni/40 + Cr/5 + Mo/4 + V/14
* Ceq (ITW) = C + Mn/6 + Cu/15 + Ni/15 + Cr/5 + Mo/5 + V/5
** Pem = C + 5i/30 + (Mn + Cu + Cr) /20 + Ni/60 + Mo/15 + V/10 + 5B
** KSA-146: Diffusible hydrogen content = 4.5 ml/100 g (as dried condition)
Table 3 Mechanical properties of steel plates
} Tensile properties V Charpy impact test properties
. Strain
Steel Th(l;_nkmn;ss Location | Direction YS TS El RA Base metal aging* test
(MPa) (MFa) (%) : (%) |Test temp. vE vTrs vTrs
] - Q) ) €0 )
/4t L 933 972 23 71 167 —66 -G8
A 50 C 926 970 23 70 es 165 —63
' T L 927 972 23 71 i __‘7190 —88 -
C 933 975 22 67 175 —66 o
art L 929 972 23 70 183 —92 | -85
C 935 978 22 69 153 -95
B 75 L 924 974 23 70 —60 176 -96 .
/2t C 921 965 23 68 | 155 -04
_ ! Z 916 959 19 64 90 -72
Target value | =885 9501130 =12 =25 —_ =47 — —
*Strain aging : 5% + 250°C < 1h
Thick- . Conditions
3 Weld © ;
Steel (r::]s'f) miml:g forerlrécgtls_ger{gng
1hinair
% A 50 SMAW As dried
< MAG —
1 hin air
ﬁ SMAW s aried
“al B| P [ —
v TIG —
*Almosphere W 18°C, 60%

Others; 30°C, 80%

(@) 1/4 ®) /2t 1

Photo 1 Microstructure of steel plate (steel B)
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BTHB, MBLOThE  TIREED H (A ANL SR L 5 40+
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204
4.2 Bdstd .
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Preheal lemperature (°C)

1t 125
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Fig. 8 Results of the y-groove weld cracking test
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Table 4 Welding conditions
Stoel | Thickness | Welding | Welding Groove shape Cur. | Velt. | Speed | Heat input
(i) method material {mm) _ _(A),,,, ' v (cm/min) (k] /mm)
L |
BS 5 BS
kg 37
MAG KM-100 50 . 50 | 270~310133~35| 22~27 2127
AN =
) FS
A sl
60° 2 50
A 0 —
45°  wek
BS Bs [~
. 24
KB 24
SAW waggr) 50 5 50 —% 600~650 | 32~36| 30--40 3144
N —
B4 ¥ F5 L} |
a8° H0° H
B5 50°
47
SMAW KSA-146 ™ N 180~250 | 23~25| 15—~20 1.5~25
Tt
Fs 650°
BS
KB8OC .
B 75 SAW 75 420~500 [ 30~321  30-35 22~32
KW-103D 5 | :
; - I
|
FS [/ g0 ;
Bs
6° TIG | 60~250 | 9~11 2~9 1.4~1.9
TIG* + | KI-100* + s e )
MAG** | KM-100+* .
‘iﬁR
X MAG | 110310 | 18~26 30 14~21
B s
*Root passes **Fill and ”Cé]) passes ***For Charpy impact test and CTOD test
Table 5 Mechanical properties of welded joints
Thickness Welding -”_Fensile properties. 7 - V Charpy impact test pfoperties T
Steel (mm) method TS Location Test temp. vE ()
(MFa) of fracture (4] WM FL . Center of HAZ
A o MAG 1003 HAZ-WM 10 76 159 160
) SAW 964 HAZ-WM __ o 79 66 197
SMAW 995 HAZ-WM 89 165 168 .
B 75 SAW 996 HAZ-WM ] 81 130 183
TIG + MAG 1011 HAZ-WM 63 111 146 B
Target value = 650 — — =47 -
o 432 EFHE
43 BE#THMY Table 5 =, /R FOIERED KU v 0 - BRRER R R

4.3.1

Table 4 ZEZEF£1T, SMAW, MAG, SAW & kU #kg
TIG+ R HE MAG BROERUET L R]FEL . R4 £ L

7z,

BERG
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Fig. 9 Hardness distribution in welded joints (Steet B, SAW}
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Fig. 10 CTOD test results for base metal and welded joints of
HTY80 steel plates
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Fig. 11 Geometry of surface notched wide plate tensile test
specimen

Table 6 Surface notched wide plate tensile test result for welded

joint
Test Maximum stress| Critical Overall strain
S T
Steel | temp. | Gross | Net C'EOD Gage | Gage | Gage
©C) | (MPa) | (MPa) « | length | length | length
(mm) |100 mm|200 mm|400 mm
B Q 936 945 0.496 0.64 0.94 0.92
- 1000
Open mark: Steel A (50 mmz)
Solid mark: Steel B (75 mmt)
500 |-
..

F 'K, = 224 MPa. m“/‘ b

Requirement in :
wol WES3003 Grade A

Crack arrest fracture toughness: K, (MPa - m'

o
=
[ I
50 1 R 1 L
34 35 36 37 3.8 A5 1.0
100/ T, (1/K)
Fig. 12 Temperature dependence of crack arrest fracture tough-

ness for HT980 steel plates
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