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Abstract

Large steel water pipes in Korea are joined prevalently by bell end method and welded at
inside as well as outside of the pipes with the length of leg which is same as or larger than
the thickness of pipes. This results in an excessive consumption of material and labor
compared with foreign counturies such as USA, so that in our recent situation of requiring a
number of water pipes such consumption is very ineffective and an improvement in weld
design of water pipes is urgently necessary,

In this experimental study, the possibility of reducing the length of leg to 85% of the pipe
thickness was investigated through observations of microstructure and cross section of
weldments, the tensile test, and the impact test of the field and laboratory specimens,

As the results of this study, it was revealed that water pipes which have the leg of fillet
about 0, 8xthickness show a good weldability, have a greater strength than the base metal and
absorb the enough energy to be safe in the working condition of the pipes.

* A38l, FARr Y 44T
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Fig. 2 Shape of tensile test specimen
(t : base metal thickness)
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Table 1 Coditions of laboratory welding
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Welding Weaving Weaving Shielding
Process Current Voltage Speed distance speed gas
(Amp) (Vol) (mm/sec) (mm) (mm/sec) (%)
GMAW 220 28 5 6 8 Ar80+CO0,20
100 88 x 70 X
t t t
\\ s \ 3 —' N
\\ (] t 3 [ \ % o7
1 ) 1 2 NN : 2
/ Y, 7

7 7
///
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Fig. 4 Welding sequences for various legs of fillet (t: base metal thickness)

Table 2 Chemical composition of base metal (wt%)

Component C Si Mn P S
Mill spec. 0.15 0.25 058 | 0.012 | 0.010
Analysis 0.15 0.21 0.57 | 0.009 | 0.015
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Fig. 5 Leg of fillet with gap
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Table 3 Chemical composition of filler metal (wt%)
Component Cc Si Mn P S Cu
JIS Z3211 0.09 0,03 0. 35-0. 65 0. 02 0.023 0.2
Analysis 0. 047 0.033 0.52 0.016 0.012 0,013
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Table 4 Tensile test result of base metal

Yield strength UTS Elongation
(kg/mm?) (kg/mm?) (%)
Mill spec, 28,3 44,5 30
Test* 42.4 41,7

* Average value of 3 specimens

Table 5 Charpy impact test result of base metal

Temperature Average* Average
o)) (k+m)
20°C 116. 30 11,87
—10C 22.67 2,31

* Average value of 3 specimens
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Table 6 Deposition efficiency of field weldments

Thickness . Deposition Deposition Standard Deposition
Field no. Location area mass depositon efficiency*
(mm) of weld (cm?) (g/cm) (cm?) (%)
1 20.8 inside 2,18 17.19 2.60 84
outside 4.1 32,1 3.738 110
2 20.5 inside 1.59 12.4 2,52 63
outside 2.617 20,5 3.3 79
3 17.4 inside 1.7 13.3 1,82 93
outside 1.6 12,528 2.21 72
4 20.6 inside 2.23 17.5 2,55 88
outside 2,31 18. 09 3.32 70
5 20.3 inside 2.08 16,3 2.47 84
outside 2.626 20. 56 3.00 88
6 17.8 inside 1.82 14,3 1.90 96
outside 1,47 11,51 3,04 48
7 14,0 inside 2,07 16,2 1,18 175
outside 1.676 13,12 1,92 87

Deposition area 0

* Deposition efficiency =

Standard deposition

ot

‘ (a Base metal

-

(c) HAZ +Weld metal

(d) Reheated weld metal

Fig. 7 Typical microstructures of field weldments
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Table 7 Tensile test result of field weldments

Field Tensile strength* Fracture location
No, (kg/mm?)

1 45,2 Base metal

2 45,3 * %

3 45,4 Base metal

4 47,1 * % %k

5 46, 9 Base metal

6 46,6 Base metal

7 47.8 Base metal

* Average value of 3 specimens

* * Two specimens in weld metal and one in toe
* * * Two specimens in base metal and one in weld

) 7

4.0 4 x

Fig. 8 Typical tensile test specimens after fracture
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(a) leg of fillet=0.85t, gap=0mm

(b) leg of fillet=0.7t, gap=0mm
Fig. 9 Typical macro cross sections of laboratory

metal weldments
Table 8 Charpy impact test result of field weldments (Testing temperature : —10°C)
Field no, 1 2 3 4 5 6 7
Average®* J 9.0 30.0 109.0 20.7 26,67 247,3 262, 67
kg.m 0.9 3. 06 11,13 2.11 2,72 25. 26 26.83

* Average value of 3 specimens

Jouwrnal of KWS, Vol. 9, No. 4, Dec., 1991



28 iy A9 SAF AA AAde A AT

A7|9} FAEA dojzl AL B

A% 4 itk =& Aot 73] sfolo] ulsh4]
dojakie] He Zalol vEliAl o} o] Fo] w4
Wrte) Eslel 3oe FAL Astohe AT Sl
% 9w,

Figure 1000 <9884 5e) tiE4e) o4z
A vehigieh, sRlzAoldE elFelssel g

(b) Weld metal

koA P 34
(c) Reheated weld metal

Fig. 10 Typical microstructures of laboratory

weldments

Kamsgass, $9% AW, 1991F 128

57

5k CAZAARE G,
A2, AR Soll %oi-o—w\w

2Ale) Z4e @3 AR Aol Ao oo 2 5
slo =9} slodzlol 2 Falslo] glgion gheluaol
we} vedslel 9 o 4 gieh AL Yol
ar)7) elAlsEel ok A% ¥of Fu kvl &
Aol 7he i ol 2.2 anlvol £ gla}
7} 7«];{]1 o] alxz}r} Lﬂ7l—/l] Aotﬁgﬂil u:}] 24%1.240] 3}
Alol] 2l5kx] gk sletol £} sjaletolee] 717 Wz
Aoz AW AHE ol F1 olrk(a). BAIL
1CE¥°]E33E}M 2Ag wof Fu g
faao] obg 4ol Sl o
1% $5lol Abalelzh cha) A aol
4 slate] 2218 2 Hek(e), weld =
4 of2iziz] 2= 2R A
el HAzAQ miZElslo] B5-2 g%

B84 el Sl YAl ol A S

o

)
=
o
Z
o,
U
hr)
ot

olo

o,
ok
¥
o
lo
r‘ﬂ
O
o

o Y
>
2>
o
e,
£
o
ol
o
ol
£

e §& N Lok @ rfr rlo

ol
o
X
52
wlo
~
&
rﬂ‘_(‘
faul
e,
i

3.3.2, A" Aol qlaby A A)g
72 24 FA2] 100%, 85%, 70%E &}
7}5& Omm, lmm, 3mm7} 5A Az £
g 27F Table %l vjehgich, A3A
A QlAztsst malel e Ao FAdot
4 2ol gl ol Foldl A=

o ato] 5 AW 4ol 7lold Aoz el

ba

Table 9 Tensile test result of laboratory weldments

Leg of Gap Tensile Fracture
fillet (mm) strength* location
0 43,0 Base metal
1.0t 1 43,2 Base metal
3 44,8 Base metal
0 40,6 * *
0. 85t 1 43.6 Base metal
3 43.9 Base metal
0 42,1 Base metal
0,7t 1 42,5 Base metal
3 42,6 Base metal

* Average value of 3 specimens
* * Two specimens in base metal and one in toe
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Table 10 Charpy impact test result of laboratory weldments (Testing temperature . —10C)
Leg of
fillet 1,0t , 0, 85t 0.7t
Gap (mm) 0 1 3 0 1 3 0 1 3
Average* J 32,33 29,67 119, 0 22,0 24,67 66, 0 11,67 13.67 26,0
kg-m 3.3 3,03 12,15 2.25 2.52 6.74 1.19 1.4 2,66

* Average absorbed energy of 3 specimens
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