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Fig. 1,1 Schematic drawing of wet underwater welding
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Table 2.1 Chemical compositions and mechanical properties of

1) Chemical compositions

commercially available steels used

C Si Mn P S Ni Cu Sn Nb Ceq Pcm
SM 41A | 0.18 0.06 0.80 | 0.023| 0.009 - - - - 0.26 0.22
HT 60 0.14 .46 1.32 10.0160.013 0.07 27 0.019(0.036 | 0.41 0.25
_ Si Mn Ni Cr
Ceg=c+ 52 * 3 + 20 + 3 +
_ Si Mn + Cu+ Cr Ni \'4
Pcm=C+ 30 + — s * €0 To + 5B

2) Mechanical properties

Yield point ( kgf/mm2 }

Elongation ( % )

SM 41A

29

HT 60

Table 2.2 Chemical compositions and mechanical

properties of deposited metal

1) Chemical compositions
C Si P S

D4303 0.08 0.11 0.013 0.011
D5003 0.07 0.38 0.017 0.012

2) Mechanical properties

Y.P. (kgf/mm?) | T.S. (kgf/mm?) 3 ) 1.V.( kgf-m )

D4303 4 1 4 6 12
D5003 49 5 4 9
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Table 2.3 Welding conditions

Underwater 1n air

Welding current 220-230°'A | 170-180 A

Arc voltage 30-35 v 25-30 v
Velocity 20 cm/min |[-15 cm/min
Heat input - 22000 J/cm| 18000 J/cm
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Fig. 2.1 Test plate and location of cooling rate
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Fig. 2.2 Apparatus for diffusible hydrogen test
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Table 2.4 Oxygen and nitrogen contents of weld
metal ( ppm)

Underwater In air
Oxygen 951.3 521.3
Nitrogen 34.7 133.3

Position of specimen
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Table 2.5 7V notch tensile strength of weld metal

and bond ( kgf/mm2]

Underwater In air
SM41A+D4303| HT60+D5003 {SM41A+D4303| HT60+D5003
Weld metal 48.4 51.0 47.8 59..5
Bond 35.3 39.1 50.8 61.1

Dimention of tensile specimen
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Photo. 2.6 Macro and micro fractographs of tensile test
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Photo. 2.7 Macro and micro fractographs of tensile test (In air )
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Photo. 2.11 Microstructures of fatigue fracture surface( HT604D5003 )

a) Underwater welding b) In ailr welding
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Table 3,1 Chemical compositions and mechanical properties of .

commercial available steels used

. 1). Chemical compositions

| e sig | Mn | P s Ni | cr | Mo cu | sn | ®™ B v | ceq {Pcm
[ smsoa [0.12 |0.24 |1.28 |0.014]0.019|0.07 | 0.14| - ] o.25|0.020] - - - {0.37 |o.22
HT 60 J0.14 {0.46 (1.32 0f016 0.013{0.07 | 0.15 - 0.27 10.019{0.036 - - 0.41 [0.25
BT 80 [6.14 |0.25 |0.89 [0.015|0.005 - | o0.84[0.34|0.27| - - |.0015|0.04 {0.55 [0.28
Ceq=c+—-§-%—-+ Mé‘-i» 23+-C5L+—M4L+——114—
_Pcmfc+—§-t1>—+——-—--——m"'gg*cr + 2% +‘-%- +—1%- + 5B

2) Mechanical prpberties

Yield poinél( kgf/mmz)
e,

"} Tensile strength(kgf/mmz)

Elonéat:i.on (%)

‘o8

sMS0A a3 s, 54 25
HT 60 a4 64 33
HT 80 ; 8 7 26




Table 3.2 Chemical compositions and mechanical

properties of deposited metal

1) Chemical compositions

C Si Mn P S Ni © Cr

D 5003 0.07 0.38 0.99 0.017 0.012 - -

D 309 0.06 0.33 1.62 0.017 0.009 13.26 24.36

D310 0.08 0.42 1.78 0.017 0.007 20.62 26.56

2) Mechanical properties

Yield point Tensile strength Elor{gation
( kgf/mn?) ( kgf/mm® ) (%)
D 5003 49 .5 4 31
D309 42 59 36
D310 38 6 1 40
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Fig. 3.1 8Size of Non~restraint T type fillet

weld cracking test specimen
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A:Water bath . F: Strain amp

B: Gravity welder G:Bridge head
C: Implant specimen H: Load
D:Load cell I: Switch

E: Digital strain meter J:Timer
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Fig. 3.2 Implant testing apparatus

Fig, 3.3 shape of spiral notch specimen
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Fig. 3,4 TRC testing apparatus
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Fig. 3.7 Schematic diagram of cracking detection apparatus
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Photo. 3.1 Macro and micro structures adjacent to the
weld crack of Non-restraint T type fillet
test ( Underwater : HT604D5003 )
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Photo. 3.3 Macro and micro structures adjacent to the

weld crack of Non-restraint T type fillet
test ( Underwater : HT80+D5003 )
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Photo. 3.4 Macro and micro structures adjacent to the weld

crack of Non-restraint T type fillet test
(In air : HT80+D5003 )
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Fig. 3.9 Relation between applied stress and fracture time
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Photo. 3.5 Macro and micro structures of Implant test
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TRC test, wunderwater welding
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Fig. 3,11 Hardness distribution in the weld of T RC specimen
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TRC test (underwater ).
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Photo. 3.8 Typical root cracks in the weld of TRC specimen
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Fig. 3.12 Relation between applied stress and fracture time
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c) 45° V groove
Fig. 3.13 Relation between shape of groove and

stress concentration
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a) Underwater welding | b) In air welding

Photo. 3.9 Microfissure in root area of TRC specimen

Hydrogen
embrittlement

Intergranular Dimple + Intergranular  Quasi-cleavage
quasi-cleavage

a) Underwater welding b) In air welding

Photo. 3.10 Typical micro fractographs of root crack
obtained with:SEM
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Fig. 4.3 Relation between angular displacement and time
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Non-restraint T type test

Underwater In air

Photo. 4.2 Microstructures of Non-restraint T type fillet test
( HT60 )
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Fig. 4.5 Relation between applied stress and fracture time
of Implant test ( RM1 )
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Implant test, HT80+RM1
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Photo. 4,3 Macro and micro structures of Implant test



Photo. 4,4 Macro and micro structures of crack

vicinity ( Underwater, HTSO+RM1 )
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Photo. 4.5 Macro and micro fractographs of Implant test

( Underwater, HT80 + RM1 )
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Fig. 4.6 Relation between applied stress and fracture time

of TRC test ( Underwater )
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% TRC test , underwater welding
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Fig. 4.7 Hardness distribution in the weld of TR C specimen
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TRC test (underwater)
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Photo. 4.7 Typical root crack in the weld of TRC specimen

TRC test, Underwater welding
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Photo. 4.8 Macro and micro structures of crack vicinity
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y=slit cracking tfest (underwater),HT60+RM1
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Fig. 4.8 Relation between progress of strain on a flank and

time after start of welding ( Underwater, HT60+RM1 )

y=slit cracking test (In air), HT60+RM1
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Fig. 4.9 Relation between progress of strain on a flank and

time after start of welding (In air, HT60+RMI )
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e¥= g,14+e,=(e3+ey) = (1+Vv) (e1+€2)
T 2 (1Y) & e s (4.1)
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VA Al IR € : Strain on a flank
*

€ : Totally measured strain

V : Poisson's ratio (=0.3)
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y—slit cracking fest HT60+RM1 |

Underwater ,welding In air welding

Photo. 4.10 Bead appearance, macro and micro structures

of y-slit cracking test ( HT60+RM1 )
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