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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.

KEYWORDS : high-strength steel, thick plate, weldability, standard tension test, GMAW, FCAW
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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

—Note 1 Note
1) Length: Greater than 1.5tw or 1% in.
(38mm)

2) Height: Greater than 1.0tw or % in.
Note 2 7

(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 2% R @) .
6) The web-to-flange weld of built-up

N Note 6| 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

Base metal Matching filler metal

F;=250MPa
Fy=350MPa

Fy=350MPa
Fy=490MPa

A36

ABT2 Frxx=490MPa

F;=350MPa

A992 F,=490MPa

Fy=450MPa

A913 Gr65) g —5eoMPa

F EXX— 560MPa

Fy=650
~T770MPa

F,=800
~950MPa

HSLASOD Frxx=890MPa

291495 24 @t} 2010 AISC—LRFD J2 6%401%1 3
Al CVN Hig7zAoz 4L 4CaM 27J& Z2==
gt gltk, o] Fhe ®Al) HA CVN ZH21°CollA 270) 5

o R BpFolty, 8% AE 84 E dge= Qs
CVN %M ;%o}xlb Aol emz H{IFe H49HE

2.3 8d 48

2 Ao Aol FgE A HSAR00Z A st
ALl o] A & AU T o
H AdATE #uste] GMAW(gas metal arc welding)
o] SAL A(l=54h ¢ FCAW(flux cored arc welding)
Wale] 2474 B(EUMHE B oo eAAz A
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FEA712 giet. &A1 Bk CVN ?2744 AHE &
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HSA800% F &4%8<] =& Hlud Aoz F 44 =
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A8 A Ag BY %@5‘_601"4. -

HSAB00 o] LHRME olIXZtE Al
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Table 3. Comparison of CVN values for filler metal

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

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

Table 4. Nominal strength of HSA800 and selected

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.

T~14.7 | 2.7~124

Deposition rate kg
weld metal/hour

0.4~2.6 1.0~54 1.5~6.6

Table 6. Welding conditions of weld rod B

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/30) | 140~180 (22~26)
oF 3z E &4 BHT 89270 AEris A 99
4 s
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Fig. 2 Examples of AWS-prequalified CJP weld details

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

[V |

S %
s |

ek

5,E)
\ 5B 7
o

/A\Z

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 19 at):e Angle Welding | Shielding o )
(Ty,mm) | (R, mm) | ‘I M@ (@) | 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 00t 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
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Fig. 5 PJP weld details used in tensile test specimens

Table 16. PJP weld groove type tested

Hi
O~
-
M
o
tolr
i
Ho
A

Weld Type Root opening
Weld rod A and B | Double V-groove 60° 0 mm
700
220 260 220

25

RI:I ' w ' |
\1‘5 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 & (%)

HSA800

Fig. 13 Failure of CJP weld specimens made by using

weld rod A - V-groove 30"
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and deformability of CJP weld specimens
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Fig. 15 Comparison of fractured surfaces: V-groove 30"
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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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