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In this study, the characteristics of TRC (tensile restraint crack) critical stress in the gravity type
underwater wet welding process and in the in-air welding have been investigated for Y, y and 45° r
grooves using the KR Grade A-3 steel plates and the E4303 covered electrodes.

The following results were obtained:

(1) In the TRC tests, the initial critical stress of Y groove is higher than those of the 45° r single
bebel grooves in both in-air and underwater weldings, and the cold fracture sensitivity is higher
in the underwater welding than in the in-air welding.

(2) The hardness of underwater weld metal is the highest in heat affected zones, and maximum ha-
rdness of the heat affected zone is about Hk 365 in the in-air weld but Hx 670 in the underwater
weld which is higher for cooling speed is more rapid, resulting in the lower critical stress by
increase of fracture sensitivity.

(3) The diffusible hydrogen quantity for 48 hours is about 18 cc/100 g-weld-ms=tal in the in-air
welding but 48 cc/100 g-weld-metal in the underwater welding. So that, in the case of under-

water welding the diffusible hydrogen penetrates about 3 times more than that in the in-air

welding.
M 2 A4S Bk, ckmlAlae] vjgr A 5e] 4k ook
o2 atele] we odugol =23, 23 <&
AT S4AdY A 4 AL 2 8 & Fdsle] Aol ARG = (A
Fatelo] ulgk Alol Eobde] wel Ao} ok Fel $aR F4E WA F T2 5

3
o ATEFIe] uEA AYHa geovt, +F A 40 FAe LA AL i =
AL A SEAsSe 22 AR A, 84 ge vlxE 900 gL ATAE S ek



LA - LT gAY

+ d7dAe AT % otetz $AF
(E 4303)3} 34t 49§ 7}sh(KR Grade A—3)-8 o]
&ote] A % ootz - FAHELE H7F otel=z
433 wlwste] 2 Wzks}al 8] TRC(tensile restra-
int crack) A ¢® EA3 A= EXE FAskglm,
&3 F4Le] B4 2% S, drFS
A3+ Hzg FAATE AgHew
#Aqstgdar, FEFEAAA root A=ty uwhAe]
714 Zl2A50F 58 kgt

o

AEH o NEy

E A 81 A Ase A AYE F
3H(KR Grade A-3)2 2 7l 9mmolry, §AEL

$44 249 ARRE AYE ol AF 40
ARFA AL 4mme] b ehiolA] 5| ¥ ofo}z
$AEEBDE FLd AR F AHLsgehn

Table 13} Table 2 & AJPxz} 2329 FAA
42 % 394 42 ehd Aol

WA FEEAE T F AT 2k 4%
o4 TRC A1g-& +&sts] fa, Yo 2 a9
APgH A 2% Fig. 13 7o} Y groove, y groove,
45°r groove o] 3F %9 groove AL LT E ST
sl =

+384¢ $A% AT LAE WS 4
JEF S gle F44 A543 32 (Fig.2)2 =
Aol 44 20 om] 454 FoAA SYshgod, &
F7le A% A54 83& FY87] 98 F4 AC

Table 1. Mechanical properties and chemical composition of base metal (KR Grade A-3)

. Tensile strength Yield strength Elongation Charpy impact value
Mechanical kg/mm? kg/mm? % kg/mm?
properties 46 31 17.6

Chemical composition C Si Mn P S
(wt %) 0.18 0.04 0.86 0.011 0.014
Table 2. Mechanical properties and chemical composition of welding electrode (E4303)

- Tensile strength Yield strength Elongation Charpy impact value
Mechanical kg/mm? kg/mm? % kgm/cm?
properties 49 32 11

Chemical composition C Si Mn P S
(wt %) 0.07 0.15 0.37 0.014 0.013
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Fig. 2. Block diagram of experimental underwater
welding apparatus (gravity type)
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Table 3. Welding conditions for TRC tests
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Fig. 3. Block diagram of TRC testing apparatus
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Fig. 4. Welding thermal cycles

Environment Root No. of Welding Arc Electrode Bead length/ Welding

Electrode current voltage angle Electrode speed
of welding (mm) pass 4 QD) (&) length used (cm/min)
In-air Limetitania
welding type 1.5 1 125 21 60 1 28

E 4303(¢ 4mm)

Underwater ” 1.5 1 185 31 60 1 28
welding
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In-air welds:

Y groove; o, =67.556-3.7861 log7-9.4790 x
10~2(logT)? ¢))
y groove; o, =67.49-1.55logT~1.12
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45° r groove; o, =50.47-2.16 logT-0.36
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Underwater welds:
Y groove; o.,=49.132-2.1873 10gT-1.0578 x
10~(logT)? @
y groove; o, =47.039 -2.9975 logT-9.8476 x
107%(logT)? )
45° r groove; g, =40.538 ~1.3137 logT-
3.8619 x 10~2(logT)? (6)
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