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ABSTRACT : In this study, a standard tensile welded-joint test was conducted to select a welding electrode suitable for

recently developed HSA800 steel. Two welding electrodes were available at the time of this study; one was GMAW-based and
the other FCAW-based. The tensile test specimens were fabricated by joining 60mm-thick HSA800 plates according to the
AWS-prequalified groove welded joint details. Specimens which violate the standard root opening distance (ROD) were also

included to see if poor construction tolerance could be accommodated. During fabrication, serious concerns about the welding

efficiency of the GMAW-based product were raised by a certified welder. Both welding electrodes showed satisfactory and

similar performance from welded joint strength perspective. But groove welded joints made by using the FCAW-based rod

consistently showed more ductile and stable behavior. The AISC provisions for PJP joint strength were shown to be very

conservative under direct tensile loading. Violating the AWS prequalified ROD by 100% apparently passed the strength

criteria, but unusual crater-like fracture surface was observed.
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2010 AISC LRFD 7143” 2 2010 AWS 7152 u}
HESIIT

2.1 7 EFol cigt dAVIE 4=

T B0mm oo $3 79 o] Fel| gk AAl e
< 2010 AISC-LRFDS] “J1.5. Splice in Heavy Sections’
o ANl g E AT A 60mme] HSAS00 ¥
B ANE WIoRE stuR o] Mo HAAxIs ol AR
EFAS A3 50mm o4l F9E CJP(Complete
Joint Penetration)Z £8% we thae ol 74 AR

MEA UET RS 278 ot

2.1.1 EA¢ CVN 34 27X

CVN(Charpy V-Notch) #& A&9] QAde8 S dds)
T 283 AFolty. 33 Al tiek CVN 87242 2010
AISC-LRFD Section A3.1c(rolled heavy section)®} Section
A3.1d(built-up heavy section)olr EAle] CVN #Aigk
& 42 21°CellA] 277 o]e2 gstar itk Table 1]

Table 1. AISC Minimum CVN requirement of built-up
heavy shapes and CVN of HSA800

Built-up heavy section requirement HSAS800 (60mm)

27J @ 21°C

47) @ -5°C

(19mm) but need not exceed
2 in. (50mm)

3) R : 3/8 in. min. (10mm). Grind the
thermally cut surfaces of weld
access holes in heavy shapes as
defined in Sections A3.1(c) and

Note 1 Note
1) Length: Greater than 1.5tw or 1% in.
(38mm)
4 2) Height: Greater than 1.0tw or % in.
Note 2—]_

Note 2 =R (d).
) | — 6) The web-to-flange weld of built-up
/ \‘ d L Note | mMembers is to be held back a distance
' of at least the weld size from the edge
| of the access hole.
*—Note 1

Fig. 1 Recommended weld access hole geometry of
built-up members per the 2010 AISC specifications:
assembled after cutting[”
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Table 2. Base metal and matching filler metal according
to the practice in the united states

HSAB00 o] LHSME olFZE Al

i

Table 3. Comparison of CVN values for filler metal

Base metal Matching filler metal

F;=250MPa
Fy=350MPa

Fy=350MPa
Fy=490MPa

A36

ABT2 Frxx=490MPa

F;=350MPa

A992 F,=490MPa

Filler metal Weld rod A Weld rod B
requirement (CMAW) (FCAW)

27J @ 4C oo o o 85J @ -20°C
(2010 AISC) 500 @ -30°C 50J @ -40°C

Fy=450MPa

A913 Gr65) g —5eoMPa

I EXX— 560MPa

Table 4. Nominal strength of HSA800 and selected

Fy=650
~T770MPa

F,=800
~950MPa

HSLASOD Frxx=890MPa

JoE =l Oloﬂ 7k %@zﬁ—t— Mt'oﬂ o B =
2944S 2 @t} 2010 AISC-LRFD J2.64M &4
A CVN HioFzpAos AL 4'CdA 27JS ZE=
& ZAje] F4 CVN g(21°ColA 27J)E

o 2 Bedoltt, 845 AY £4 @ JFgo= s
CVN %M ‘p%o}ﬂ—t— 7450l Jleuz  AHIHe] HAgSIE

2.3 8d 48

B Ao Ado] zleid FA] HSAS00 Aol A gt
AL o] EEA] G AU T o
H] AHALE Faslel GMAW(gas metal arc welding)
w2lo] 857 A()=Ah 2k FCAW(flux cored arc welding)
Hkale] 847 B(ZUAHE B oo 8442 Ael 3193
Table 3 @ 494 HXo] F &4 % 74]%?174#
FEA712 et &A1 tigk CVN ?Lzﬂﬂr A8E &
A8 CVUN g2 Table 3% 2th. 7 &34 2F Ha8
TAE FE9] WEATIL s & F 3tk Table 4+
HSA800% F % o] AEE Hlwg AR T A B
T e & S & 4 9tk Table 59 6&
A8 A A9]r B %@iﬁ"]'ﬂr. -

mn

weld rods
Nominal Yield | Nominal Tensile
strength strength
(Fyn,MPa) (Fun,MPa)
Base HSA800
metal (60mm) 650 800
Filler | Weld rod A 850 890
metal | Weld rod B 792 864

Table 5. Welding conditions of weld rod A

Diameter (mm) 0.8 1.0 1.2
Arc voltage (V) 16~22 18~28 20~33
Welding current (A) | 40~170 80~280 120~350
Wire feed (m/min) | 2.0~10.8 2.7~14.7 2.7~12.4
Deposition rate kg | 4 o6 | 10~54 | 15~6.6

weld metal/hour

Table 6. Welding conditions of weld rod B

Hi
O~
-
M
o
tolr
i
Ho
A

Diameter (mm) 1.2 14 1.6
Welding F (PA/1Q) | 160~340 | 200~380 | 240~420
current | HF  (PC/2G) | (24~32) | (25~33) | (26~35)

W VU (PR/3G) | 140~180 (22~26)
of she S S BuT $9Edel BT A4S B9
# + sl
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(d) Double V-groove weld

—| b— R
(c) Single bevel groove weld

Fig. 2 Examples of AWS-prequalified CJP weld details

Table 7. CJP weld limitations for single VV-groove: type 1

AZA|, F(Flat)&

3.1.2 CIP %=

2010 AISC-LRFD J2.18dl|4 CJPY a7 2A
o A% BUF AoE ot WY A e F 7
CIP $HsE A%t B F @ %o TS
slo] FaMAS TRt CJP $4F A=
E(FHBMABM)Q' %;SZH 70}E(an We)
Atk (1)),

ofy

Rll = ml n (FnBJIAB]L[’ £ Awe )

nw

T Y,
.

(b) Single V-groove weld
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(a) Single U-groove weld

A

Base Metal| ~ Root Groove Allowed Gas (c) Single J-groove weld  (d) Double V-groove weld
Thickness | Opening Angle Welding | Shielding
(T, mm) (R, mm) (a) Positions | for FCAW Fig. 3 Examples of AWS-prequalified PJP weld details
5 30° F,V,OH | Required
Unlimited 10 30" F V,OH Not req. Table 11. PJP weld limitations for single U-groove
6 45 .V,0H Not req. Base Metal| Root Bevel Root | Groove | Allowed | Weld
Thickness | Opening | Radius Face Angle | Welding | Size
S . _ (Ty,mm) | (R, mm) | (r, mm) | (f mm) | (a) |Positions| (E)
Table 8. CJP weld limitations for single V-groove: type 2 6(min.) 0 6 3(min) | 20° All S
Base Metal Root Root F Groove | Allowed Gas
Thickness | Opening (0 1? a():e Angle Welding | Shielding o )
(Ty,mm) (R, mm) - mm (@) | Positions | for FCAW Table 12. PJP weld limitations for single V-groove
Unlimited 6 0~3 45 All Not req. Base Metal Root Root. T Groove | Allowed Weld Si
Thickness | Opening 0ot Irace Angle | Welding eld size
(f, mm) e (E)
(Ty,mm) (R, mm) ’ (a) Positions
Table 9. CJP weld limitations for single bevel groove 6(min.) 0 3(min.) 60° All S
Base Metal Root Groove Allowed Gas
Thickness | Opening Angle Welding Shielding L . i
(T% mm) (R mm) (a) Positions | for FCAW Table 13. PJP weld limitations for single J-groove
5 30° All Required Base Metal| Root Bevel Root | Groove | Allowed | Weld
L. N Thickness | Opening | Radius | Face | Angle | Welding | Size
Unlimited 6 45 All Not req. (Tt,mm) | (R, mm) | (r, mm) | (£, mm) | (@) |Positions| (E)
10 30° F.H Not req. 6(min.) 0 10 |6(min.) | 30° All S

Table 10. CJP weld limitations for double V-groove

Table 14. PJP weld limitations for double V-groove

Base Metal Root Root Face Groove | Allowed Gas Base Metal Root Root. Face Groove | Allowed Total
Thickness | Opening (f mm) Angle | Welding | Shielding Thickness | Opening (f mm) Angle | Welding | Weld Size
(T, mm) (R, mm) ’ (a) Positions | for FCAW (T, mm) (R, mm) ’ (a) Positions | (E1+Ey)

Unlimited | 0~3 0~3 60° All | Not req. 12(min.) 0 3(min.) 60° All S+S
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Fig. 4 CJP weld details used in tensile test specimens

Table 15. CJP weld test variables

Weld Type Root opening
Single bevel 30° 10mm, 20mm
Weld rod A
V-groove 30° 10mm, 20mm
Single bevel 30° 10mm
Weld rod B .
V-groove 30 10mm

HSA800 ZExfe| AHRFE olMZE Al
Ho] 2o Fzo] WS 47] WY e} A%
oA}, AAoMe] A$7] Aol o] FEZFAo] 20mmel
o2 = ¥FAE zisls ASE e AskS 7lob

{e

¢

fed FEZA 20mmel A= A5H7He 12 asinh
e CIJPRAISE o T ST (e cs BA)S o
w Fig. 49 2. PJP M= Fig. 59 #°] Double
V—groove 605 g3t

& A% HSA800 ZA1e F717F 60mmel7] wiizel 4
HER o 2 Algsls Algle] fFAorE Ady|y|e slEed
& Zstehe BAZL ok mebd o] gebs] §gele
(KS B 0833)“l] we} 23 744 4A19< th Fig. 6
3} o] AA|-A2FI T

A AREE Fo|7] el 24 A 7 379 Al
= At Fig. 73 2o F 270mme| W& &5%
T oA E ol At olAAzlE A Al Al
A& b d o] MXA] =5 sh7] it

T &34 Ash Be ME oe B4 (42 GMAW, FCAW)
o SRS 7KL loBR Zizte] gk S AvE

do rx

& Al Al
207} 9ok

GMAW(gas metal arc welding)& ZAe 53 9 =
o W A §4 A WS §84, 7kaAEd S
vzl wesine TR @8R Al dAden 2

o =60°

Fig. 5 PJP weld details used in tensile test specimens

Table 16. PJP weld groove type tested

Hi
O
-
Pt
ol
o
i
Ho
A

Weld Type Root opening
Weld rod A and B | Double V-groove 60° 0 mm
700
220 260 220 "
220 | o
F'—'1

Weld joint

Fig. 6 Dimensions and geometry of tensile test specimen
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Fig. 11 Results of base metal tension test

Table 17. Measured base metal tensile properties

Elastic Yield Tensile | Yield | Yield

modulus | strength | strength | ratio | strain

E (MPa) | Fy (MPa) | F, (MPa) YR & (%)
HSAB00 | 199 953 | 650 791 | 0.822 | 0.372
(60mm)

FA(KS B 0802:2003, 2008) ¢l we} Fig. 103 2ol
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Fig. 149] =A% P&} Pe BAle] 24100448 S 3
TFalZ AR E(F,, T91MPa)¢t &4 %(F,, 650MPa)
S DA Fated 73k grolth(A] (3)). &RA AR &4
gt BE A@AY] Zew BAY AT T9IMPaE T

ohe Ao® UehdtHFig. 14).
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P, =F,A=791MPax1500mm?* = 1187kN  (3a)

P, = F,A=650MPax1500mm® = 975kN  (3b)

FEIA 10mmst 20mm7} ¥l53 ddsEE Bl

-.-‘ T ——

(a) Root opening 10mm (b) Root opening 20mm

Fig. 12 Failure of CJP weld specimens made by using
weld rod A - Single bevel 30°

(a) Root opening 10mm (b) Root opening 20mm

Fig. 13 Failure of CJP weld specimens made by using
weld rod A - V-groove 30"

1400
P =118TkN
1200 = A e
32 1000 1. . oo E=SN
@
O 200
=}
L 600
@ -
é 400 Root opening
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0 . : . r : : :
0 2 4 6 8 10 12 14 16
Displacement (mm)
(a) Single bevel 30°
1400 -
P =1187kN
1200 4 — e = = ST R S .
E 1000 4o e e e e e e e
> P, =975kN
O 200
=}
L 600
= ]
é 400 1 Root opening
10mm
200 — — 20mm
0

0 2 4 3 g 10 12 14 16
Displacement (mm)
(b) V-groove 30°

Fig. 14 Effect of root opening distance on strength
and deformability of CJP weld specimens
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(a) Weld rod A
root opening 20mm

Fig. 15 Comparison of fractured surfaces: V-groove 30"
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Fig. 16 Comparison of ruptured specimens
- CJP Single bevel 30°

(b) Weld rod B

(a) Weld rod A

Fig. 17 Comparison of ruptured specimens
- CJP V-groove 30°
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Fig. 18 Effects of weld rod and CJP type on strength
and deformability
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Fig. 19 PJP weld details and fractured specimen - weld
rod A and double V-groove 60" used
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Fig. 20 Measured axial force-axial deformation
relationship of PJP weld specimens - weld rod A and
double V-groove 60° used
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Fig. 21 PJP weld details and fractured specimen
- weld rod B and double V-groove 60° used
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Fig. 22 Measured axial force-axial deformation
relationship of PJP weld specimens - weld rod B and
double V-groove 60° used
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