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Synopsis :

Steel box column built-up from four steel segments by welding has many advantages
over the counterparts made by other methods. Only disadvantage is its high production
cost because of relatively large manhour. As a result of the studies on the welding
method, it was proved that the application to the box column of "KX welding method", a
multi-electrode submerged-arc welding method developed by this company, leads to
cutting down welding manhour. This article reports on various experiments conducted
in the course of development. Main results are as follows: (1) KX welding method, when
applied to the seam welds of steel box column, makes possible a full-penetration by
one-side and one-pass welding with 16 to 40mm thick plates.(2) KX welding method has
advantage over the conventional welding methods in welding manhour, material

consumption and weld deformation.

(c)JFE Steel Corporation, 2003

AINIROR—UnbEETEET,




116

UDC 621.791.753.5 : 624,023.9
669, 14-462, 241 : 691,714,022, 97

KXEBEZ L5 MERE Y —Ry 72X W ORFE

Development cof Steel Box Column RIVER BOX W by XX Welding Method

W e = KK A &
Shuichi Yamaguchi Kozo Akahide

B R B =v¢ ] E — JB¥
Shozo Takizawa Kazuo Agusa

7T( % E ER & 5 E *;}- gﬁi*****

Masamitsu Nagavyasu Makoto Nishimura

Synopsis:

Steel box column built-up {from four steel segments by welding has many advantages over the
counterparts made by other methods. Only disadvantage is its high production cost because of
‘relatively large manhour.

As a result of the studies on the welding method, it was proved that the application to the box
column of KX welding method”, a multi-electrode submerged-arc welding method developed by this
company, leads to culting down welding manhour.

This article reports on various experiments conducted in the course of development. Main results are
as follows :

(1) KX welding method, when applied to the seam welds of steel box column, makes possible a
full-penetration by one-side and one-pass welding with 18 to 40mm thick plates.
(2) KX welding method has advantage over the conventional welding methods in welding

manhour, material consumption and weld deformation,
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(B} Two wire submerged arc weld under improper condition

Photo., 2 Solidilication patterns in two types of welds

Table ¢ Chemical compositions and mechanical properties of steel plates

;Thickness _ Chemical compgs_i?ions %) Metﬁz_i_n_i_cal pl:(jl?ertif,,,

Steel X ' ; Yield Tensile - Reduction

i {mm  C Si ' Mn P S point | strength Elor?gat1on: of area

I R (kg/mm?) (kg/mm?) (%) (%)
SM50A | 19 " 015 0.37 1.3 | 0.025  0.009° 38.6 55.5 23 60
[ R : L

SMB0A 25 1 0,18  0.38 | 1.37 . 0.021 to0.012 37.3 56.0 28 ‘ 67
SMS50A 35 L 0.17 | 0.36  1.49 ‘ 0.021 0.012 33.8 53.6 29 66

Table 1 =2k J4 B v fodidky (SM Table 22 KX bl o {bsEmor 4597, gk,
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% Table 3, Fig. 1 x.xo Fig. 2 2+, 4l
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oim Ay 7 AW A0mMmE CONRE AR L IR EMT TR L LD,
LTCwAA, AR L RigdoT, &
Ea{kirBid 19, 25, 3dbmm o 3 MRS L7, 7

3-1 KX B8

3-2 KX BiEeLIlL7 bARFVERELOE

. e Tz U #B
b5, A K RET O AR A B BEREY A R
Padre <, NS i BEXh Tl o, B SER kO SMB0A ¢, Ik AT
b, JIS Z3121 m#e Ul v &7z 25mm, (HEFEIBmme L. Fig. 3 o) ikl
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Table 2 Chemical compositions of KX weld metal

Thickness

p Sampling _ __ P .emi,c-a,l Compos’,itio-.‘.“_g %) ;__
(mm) | Pesition C si Mn P g

W'w [ Tep 013 02 110 0020  0.013
 Bottom  0.13 028 IERE 0021 0.013

:fop o014 0.25 1.09 0.016 0.012

25  Middle  0.13  0.26 1os  o0.016  0.012

i Bottom 0.13 0.26 f.09 0.016 ~ 0.013 a

' | Top 0.13 0.25 113 . 006 o013

35  Middle 014 0.2 _ ERT 0,016 0.014

T Botom 015 02 . 119 0.0 | 0.014

Base metal: SM50A

o
Top —

Middle $:19, 25, 35mm
KX welding
Bottom 3
@i Wire: KW43B
Flux: KBL1&
Ay
Sampling position

Table 3 Tensile strength of KX weld joint o~

. . N

(kgg/mo*) |

No. - : o ’ o Base metal @ SM50A
T 1 2 3 Average T
¢ (mm) ™. . _ o Middle
19 . 56.9 58.6 56.8 57.5 ———— Buttom
25 55,1  55.1  56.2 ' 55.5
; ) -
- 5 54.1 52.7 53.8 53.5 ‘ f=19 125 =3n ‘
oo T w290
Base metal: SMGS0A =

_____ KX welding A L
-— Hl \.'./ —|_, Wire: KW43B 20|
P Flux: KB115 190~

Test piece : JIS Z3121

Maximum hardness ¢ Load
—
=

160
1301 -
HiB K o, Fig. 4 %6 LomERBRRR L [
B A ORIGE A TR, TR R R e A SN iz R AP R
K Eui5 B4 Table 4, Fig. 5 3.5 ¢ Fig. 6 = Position
VI it Fig. 1 Vickers hardness of KX weld zone
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Fig. 2 Charpy impact value of KX weld metal
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Fig. 3 Tensile test specimen of overlapping
weld zone between KX and electroslag
processes

35, 200

- Test piece

N\
N

Fig. 4 Impact and hardness test specimens of
overlapping weld zone between KX and
electroslag process

Table 4 Tensile strength of overlapping weld
zone hetween KX and electroslag

processes (kg/mm?)

— ‘ e e L
N 1 2 3 Average

Position. . .

Overlapping ° : P

(t=35mm) 51.7 54.0 | 53.3 53,0

Electroslag 1 . ‘ |

(t=25mm> 56,5 55.3 56,3 - 56,0

Test piece : JIS Z 3121
Base matal: SM50A

KX welding
Wire: KW43B
Flux : KBI115
Electroslag welding
Wire: KW40C
Flux : KF100
Consumable nozzle
» KU19000
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KX weld zone

Transverse to

Top -] H o & I LT === Top k welding direction
i fus] 8 S 1 stiadre ‘ ]
Boattom __ | L BN : //@ o3
l Ay "‘\ * 2—l--- & : i-{Bottam
o~ g'\\ . eal .;@\ H
I R N - - BRI SR --Parallel to
a Y S AN a [ 1 welding|
Parallel H\' T ] a 35% \\;\‘\ dicection
notch [ R U R 5 l "
_ ot AL L o , . Slectroslag well = | I
Transverse notch > J}Ieﬂrosiag -llz_-l (a--a'jsection retre weid zone —‘\f (a-a'Ysection
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Test piece : JIS 72202
& . — o Top —o— Paralle]
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Fig. 5 Charpy impact value of overlapping Fig. 6 Vickers hardness of overlapping weld
weld metal between KX and electroslag zone between KX and electroslag weld-
processes ings
Table 5 Welding conditions
e e IS e e . S =
. Thickness Root opening or . . Current Voltage
Welding (mm) groove angle (a) Welding mateuals‘ Pass (A) (V)
N - Wire KWa0C 3,26 S T
Electroslag 25 34 20mm Nozzle KU1 000 1 400 45
. R ; _Flux KF100 o -
a5 350 Wire KC50 1,69 1~ 3 350 35
CO, 25//min 4~ 8 380 35
CO;, I B _
: I ° 1~ 6 380 35
B G 35 " 7~13 400 35
. 1- 4 255 32
25 45° KS-76 5¢ 513 235 32
Manual Y —— s
~ 200 30
34 15° KS-76 4p P s >

L1073 v SR O T — 2 EEORCEED
i h s rvEL 2, B AMEREORIE <
et b, BEBOELD PR T, BEEHBEOE
e b TS, JOE 0 HOBRAEE LT
% fzah, Table 5 D&k L Fig. Tiosd
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Table 6 Tensile strength and impact value of overlapping weld zone hetween electroslag
and manual or CO, gas shielded arc weldings

Tensile

Tensile strength

. Absorbed energy at 0°C
Thickness strength of (kg/mm?) i (kg-m)
(mm) hase metal :
(kg/mm*) ‘ co, Manual ! CO, Manual
25 50.4 51.3 51,0 14.5 . 17.8
34 ) 51.3 51.2 51.3 13.3 18.5

Average of 3 test pieces

20 @t
l— 4@4__4‘
1

Tensile test picce
JIs Z 2201

4, KX BHECLDIERELEOAY v b

KX g4 Ao il Losi
WIR Lo A Uy PR T B, KX L
RO~ — 97 — 2 B L HEROEMY
K e v, ML TH, Bt Ts
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Fig. 9 B ko MR%, Fig. 10 IR,
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Lt Beam 5 B -
- & o, Suifener i
W y
i =S K

FR-9-.25 e

- 300 . F’)"“J" Ju _________|
o Base metal T M50\
{25, 34mm

Weld length | 700mm

Fig. 7 Test specimen of overlapping weld zone
between electroslag and manual or CO,
gas shielded arc welding
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Vickers hardness of overlapping weld
zone between electroslag and manual
or CO, gas shielded arc weldings



Vol. 8 No. 1 K X X mﬁﬂmﬂ D —aAy ’szmmé 123
Table 7 Welding conditions for each weld pass
Current Voltage Speed
Weld pass i
P (A) vy (em/min)
' 1st ' fO() 38 22
. Znd # # 4
A-specimen JE i -
3rd 7 o #”
dth #” # #
Leading arc 1 600 35 70
B-specimen _ — . e e - [ _ -
Trallmg arc 1 400 45 70
I [} a h a h
o T T T T T T05 - — mzﬁ_T - -
N | | T
i T R ! 5
Al s & Stitfener .'.L 1 ' i By JJ | :}
T
'“E’. LEs» ‘ —|Eﬁ —b— ) 'IL J-},q ) oF T T
Lo o | ) 300 e T S000. Lem T zow .
B 10 Hm B
A specimen(Conventional we Iding} -~ D Full penetration, b DPartial pene tr‘ltinnw
B specimen{ KX weldimgjooeeoeeeees Full penetration through all the range

Fig. 9 Test specimens for conventicnal and KX welding processes
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Photo. 3 Welding equipment for
RIVER BOX W

WA AFERT AR TS D,

Fig. 10 Groove shape and welding method
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Table 8 Manhour needed for building-up box column

Needed hours Needed persons  Manhours

Remarks

"Gh Include 20min for

Cas cutting | 30 : _ carrying work

Edge preparation 2.5 2 5.0

. R - o oy Include 20min for

U.shape as:em.bly 7.0 ) 2 B 14.0 carrying work

| I-shape assernbly 6.0 1 6.0 ”

Electroslag welding 4.0 2 8.0 ”
Lonven- 12,0 2 24,0 ”

Seam _ Honal T ,

welding KX 2.5 2 5.0 p

Prbhoa— 7o dANNEL R
2T, KX o RO b o
E e,
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A measuring
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Fig. 11 Column camber caused by parallel

welding
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Fig. 12 Teat specimen of non-parallel welding
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Fig. 13 Column camber caused by ncn-parallel
welding

i, BLAREVEGTL 1.8mm kb, WEE
Ao Billifdo 2. 70mm I b hxun. 2o

By, WolEgs N E e b A
FRL TV D 2 &, FHESELIZ D THIR T
Wk T o ele A abhd ok, alh
o0 TLE L foAy 107 tad o4 — 4T
FEH ERIO I TR oo, SO S, )
FfHiod -0 kb M LEETT 28 0T
by BN O TREREA VS D D L

5. Nui—=sky 7 AWD RS O

MR A R s 0 KX ke diiik L, #
DAYy PERTHEELI BT, LD
R~ B S b, R Ok 215
TH -1,

(1) #H T Lo A RO R LD g
IO BT L, T OB, NSRS T
[

(2) FPESETE 300mm iC Lok X A liL - 2 v
— AT AT fiknx v ST, T,
P U8 DR e O x e { B

FoTINBRERT A0, B TEHEO
FRAMH A R, SR AR XD A TR
THiEAT 2 E L L= v K2 7 ORI Lo nfiEr
I TR RS

51 EHTH

5:1-1 HHTEEHEOFHEE

ARk, WA CEE BT Y — & ol
B 2 0B 2mm & Culigiitc A Sk LI
e oc (Fig, 14 #2000, #ri19, 25,
vy 3 AT A R

32mm
Vo KX gsbiE iy, IRtk

Al E oo s, Lol A VI LA d
A FE LA,

R IO E B Ak | filfge o vx g Bt
19, 25, 32Zmm C%;}L»fh2l 1.0, 1.8mm T

Hofo, WMIC L ZERIANHTH L), ChE
TodEuREEMTL O RS 1. 2mm TH
oS EAEE L, B O L 0mm & e
7z. Photo. 5 i ikt % o8



Vol. 8 No. 1 me}m F R 1

agid 'JJ\—'I‘;?ZWUDHJ)’E 127

T I 1T 110
L | _
100 450 . . _ 450 _100
R 2000 oL 300
™ —i el !

1:19,25,32

{Feg
L %25 t ]

Fig. 14 Specimen for burn through test

Photo. 5 A burn through of weld metal
caused by an improper backing
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Table 10 Welding test results of end tab (s)
gggi{ﬁng Oper:ation at Penetration Deh?cts in bead  Bead width
(mm) yeldlng start depth (mm) sections {(mm} Judgment
i S-T-L Sy S, ' So 5, S,  Regular’
o s-0-0 4 —2.5 . n 32 27w
0 5-3-0 2 1 ) o _, 37 26 S
0 s-5-0 8 7 @< < w = .
0 S 00 0 -8 0 o 4 35 x
07 S -? -0 — 9” —7 O lw 45 30 %
- .O 5-5 —6 - - .7 -6 o i 45 30 X
DN ‘3_0 S_*?, 0 o -—2 . —4 o D 30 25 ®
50 S5-2-10 “f ; . —3 ) i 3.0 723 S
B 507 ) S— .2 =20 - jd o 3 \) i \w 35 é? X
_E;[J- . V SV— 0 -30 o _l o 0 \fj’" 7 ( 2_8 V 23 ()
7 5(; o Sf 0**‘»0777 7 2 _ 5_____\ } ) ) 25___ 25 - 7'( >
75{) C;—(] '3(} 2 - 2 Ll Y 25 25 )
50 S--0-40 1 1 O O 26 25 02
50 - $-2-0 o 2 -2 (",)77 ¢ 40 w0«
50 5-2-10 -2 ] O fn 43 35 %
50 5--2-20 1 3 ) s _45 37 X
T sem 4 3 O O #0® x
g(’}” S-0-30 3 2 L i) E 77:;577 _(_J
- 5.0 -30 ] T O
50 S-0 a0 1 1 ® . 30 3 x
7 “ uum";“rmm i Operation and conditioniz;t wel-d.ing start
\.\\ 5.7 L
S Welding start side

Penetpation depth mn

T
L:

I
Defects
l:J :

N

AN

®:
Welding

Arc-time of leading electrode before run-

ning start (sec)

Leading electrode position at welding start

(mm?)

Gouging length {(mm)
in bead sections

No defect

. Hot crack
: Lack of fusion

Slag inclusien
speed

70cm/min(¢=25mm)
40cm/min{{=40mm}
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Table 11 Welding test resuits of end tahb (e)

January 1976

Gougmg " Penetration ’ e
Thickness length ggiﬁr%m;imgﬁ depth S]?eii?gtns in bead Bea(?m‘;l)dth Crafer
; (mmj (mm) - o {mmy o length ; Judgment
i E-R-S-T-L E, Es  F, E, E; Regular| (mm)
0 E-0-0-100 3 0 A AN 31 27 310 %
25 0 E-0-3-100 4 3 ] FaN 31 26 290 x
0 E-0-5-100 3 0 o ® 32 27 260 '3
0 E 0 o 100 2 -1 ] i 43 35 320 x
40 0 E 0 3 100 2 0 ) D] 40 30 280 x
0 E 0-5-100 0 -5 O Y 43 30 250 x
%0 E-0-0-50 1 2 O o 23 2 2w «
70 E-0-0-70 1 2 O O 23 27 280 x
! 100 E-~30*-0-100 1 2 [ @ 33 23 160 : »
25 : 100 E -20*- 5 100 4 5 O ] 29 25 170 O
100 E zo** -10-160 2 3 O ) 29 25 120 o
100 E zo** 0-120 3 4 O ] 26 25 170 %
100 E 20** 5-120 0 0 . O 25 1 25 140 @
50 I: 0 0 50 ) 1 5 ] O 32 32 260 =
% E-0- 0 70 3 .7 0 oy 30 32 220 )
100 E 7* 0 -100 1 1 i O 45 40 240 X
40 100 E 7 10 100 0 1 O 3 40 35 150 - x
100 E 7* 10 100 3 ‘ 4 OO 45 33 100 >
100 E-10%-5 1003 3 ®) O 35 150 o
‘ 100 E- 10** 7-100 4 6 - ) O an 150 O
% 1 Trailing electrode
#% : Lzading electrode
Kumning dirertion Operation and condition at welding finish
| T \M.L’ E-R-§-T-L
e ———— p—— Et: E: Welding finish side
L K-S: Reduction of welding speed at end tab
A {em/min)
[_—“‘—__‘ T Arc-time of trailing electrode after running
I finish (sec)
sl m’ L: Trailing electrode position at welding

finish (rm)
{: Gouging length (mm)
Defects in bead section
: No defect
: Hot crack
,g: Lack of fusion
® : Slag inclusion
Welding speed
70cm/min({=25mm)
40cm/min(¢=40mm)

Penetration depth mm’
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