50

Dedicated to Prof. em. Dr.-Ing. J. Ruge
on the occasion of his 70 birthday

X w2 e
9% %4% 19914 12ﬁ
Journal of the Korean
Welding Society

Vol9, No.4, Dec., 1991

42 oy Ao SAY AA Adel BF AT
W et A
A Study on Improvement of Weldment Design for Large Steel Water Pipes

K.Y. Bae*, S.]J. Na*

Key Words : Weldment Design(&4% 4#4), Steel Water Pipe (%5473, SMAW
(4%24), GMAW (4tx5¢4), Tensile Test(317¢4 &), Charpy Impact
Test (k23 Z£742]4)

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.
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Fig. 2 Shape of tensile test specimen
(t : base metal thickness)
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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 6 8 Ar80+CO0,20
100 88 x 70 X

///"

N
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Fig. 4 Welding sequences for various legs of fillet (t: base metal thickness)
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2. 1 = g + 085t (85 % leg
3. 1 =g + 0.7t (70 % leg)
Fig. 5 Leg of fillet with gap
(g: gap; 1: leg of fillet; t: base metal
thickness)
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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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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 %100

* Deposition efficiency =

Standard deposition
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Fig. 7 Typical microstructures of field weldments

KEBAEREEE, BOK B4, 19914 128



56

g F- 3
£ 4 AH(d). =tEEIAelE e = 1}
=2 gdgkor] o]} e zAZiale] A AYH
A7 SHFoll M LAls] = vl zaldo] Aabsigic}
3.2.3. 2R
Table 7 AA|He] A2E Heod T2 gled =

Hof 4= QalZ49]

S 8 o 4 9 2
SEEEANG ot 4A9 WA Ao v
Rk & 4 gleh, TRSAE dE wAolA el
W gleh eRb Asiee] A9t 8AEsb eajun
cht okt A2 vehteu $%e Fut wa

9] AARE FFo 2 eyt Figure 82 alAA]
3 Aol dEHql Aple 24 Alde] sbuige| o}
1"4 A5 A Beo] T3 9},
3.2.4. 3AAIY

S FAUAEY AAGEE AP+ Qle
287} ®cl, Table 82 dA A3 He] 2AAY
A#E ebiGEdl -2 ARk 2, 07kg-moj A
22 veht g3kl Fataw FHAulee 22Ex|
e T 1 2 = A S B Ee K e o

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
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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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