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A Study for the Weldability, Welding Position and Welded Joint
Performance on the FCAW of HSA800 Steel
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Abstract - In this research, 10 specimens of FCAW welding with positions of 1G and 3G were tested to confirm the weldability,
welding positions, and welded joint performance of 60mm HSA800 steel. The test results showed that FCAW 1G and 3G
satisfied HSA800 steel's KS and the criteria for homogeneity of strength, indicating a good weld zones. However, according to
the tensile test results of weld zone, 3G position FCAW welding requires improvement of welding techniques and methods.
Keywords - HSA800, TMCP, FCAW, Weldability, Welding position, Welded joint performance, Homogeneity
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Fig. 1. Specimen W1 of FCAW
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Fig. 2. Specimen Wyl120 of y-groove weld cracking test

Table 1. Specimens of FCAW

. Specimen
. Wel . .
Specimens clding Welding type size LxCxT
process
(mm)
FCAW | CJP Groove Welding
Wil 710%600%60
1G, 3G (Bevel 30°) #O0Dx
1pass Groove Welding
FCAW
Wyl120 G (Test part : 'V 60° |202x200x60
Restraint part : X 60°)

Notel Specimen size indication — L : rolling direction,
C : rolling orthogonal direction, T : thickness
Note2 W1 : root opening — 10mm,
Wy120 : root opening - 2mm

5 SAAE Ak Fig, 29F Zo] HA|1Z o] 200mm ©]
Bt 60mmE X A, FAR 80mmE VE Al
e 7HElo] FCAW 1G 12E842 5190

ZHAL 2mmE SFGIT), Table 100 FAIA 715 2 A2}

2 go X

O T
(M o

3. FCAWO] X891 85K % WPS

FCAW £3o|SHof Ag3st &-4= HARS| Super—
cored120(1,4¢) 2 Eleh]obA] E1919] HelAz10]E Sfolol

ojvf A2 E A $3f ol Eol LR3I}, Table 2~32
_Q.zL:L_l_A 7]7;]]%4 /dxlv/] O]Eﬂ i g],o v‘i—«] °1Eﬂ L}E}

Table 2. Mechanical properties of Weld Metal

Yield Tensile Eloneation Charpy absorbed
strength strength (5 ) energy (J)
(]
(N/mm?) | (N/mm?) 20°C | -40°C
800 860 18.0 81 63

Table 3. Chemical composition of Weld Metal (%)

C Si Mn P S Ni
0.04 0.35 1.82 0.011 0.013 2.20

Table 4. WPS of FCAW

. Average | Average Aver.age
erli:lf Specimen | Pass Voltsg Curreit H::;a;lg,ut
V) (A) (kJ/mm)
FCAW 1G W1 56 35 240 1.0
FCAW 3G W1 28 25 179 24
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Table 5. Test list of FCAW

Division Specimens Test Divison |Quantity
hemical

WE-WI-1 Com(lio:itiocri1 Test !

WMI-W1-1 Microscopic Test 1
werwii-s | e e
WT-4W1-1~3 Weld zone rod 3
WT-2W1-1~3 Tensile Test 3

Na | wamwni | s
WC-WI-WM-1~15 15
WC-W1-BD-1~15 Xf,ﬁ oo 15
WC-WI1-HA-1~15 15
WB-WI1-1~3 Bending Test 3

WH-W1-1 Hardness Test 1

WMA-W1-1 Macroscopic Test 1

WE-Wi-2 Comcpl(::il?ifri1 lTest !

WMI-W1-2 Microscopic Test 1
werwia— | e e
WT-4W1-4~6 Weld zone rod 3
WT-2W1-4~6 Tensile Test 3

S| wnwes | e |
WC-WI1-WM-16~30 15
WC-W1-BD-16~30 IXSL‘LZ?E; 15
WC-W1-HA-16~30 15
WB-W1-4~6 Bending Test 3

WH-W1-2 Hardness Test 1

WMA-W1-2 Macroscopic Test 1

FCAW | WY120-Wi.1~2 | Y-groove weld 2

cracking test

Total 130
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Table 6. Chemical composition test of FCAW (unit : %)

Division C Si | Mn P S Cu | Ni

1G 0.05 { 0.32 | 1.88 |0.011|0.005(0.004 | 2.67

3G 0.05 | 0.27 | 1.62 |0.010|0.006 | 0.03 | 2.54

KS* 0.20 | 0.55 | 3.00 |0.015|0.006
(100mm and | and | and | and | and | and - -
below) below |below |below |below |below

*KS D 5994 High-performance rolled Steel for building structure

229l HSA800 60mm ZA]2] Q1AAIE A7 Table
73} Zom KSE WSSk A0 UEkiT
241 77} ol %A3] ATH= Table 87 2T}, FCAW 1G

B
9] o1A7}E = 803, 4N/mm” 0 & KS 3}3+2| 2] 800N/mm®

¢

ol o & UEon $2-HYE 4L Fig, 10, Ty
g = Fig. 119] HLE}LH et

FCAW 3G9 QA7 = 752 IN/mm? . & KS 3}3+2] ¢
800N/mm” & **ﬂd | ol 20F Yeton, 3¢
Y= FALS Fig, 12, FHFE = Fig. 139 Uetiglct,

S W QA AT} FCAW 16, 3G BE 2R
QA=) 875, 2N/mm’ S A8laHA] Baon, mE A
S0 of7re] W7 AALS Sush] Qoo A sheiElg)
th 53], 36 849l A9 et mA] §2o] 4%
oromz 84714 W WS o ol ustelof stk

Table 7. Tensile test result of HSA800 60mm!”

Yield Tensile . ) .

. Elongation |Yield ratio
Division strength strength %) %)
(N/mm?) | (N/mm?) 0 o

rolling

direction (1/4) 202 | 8752 19.9 83.5
16.0 85.0

ks am 650~770 | 800-550 and above|and below

Table 8. Weld zone plate Tensile test result of FCAW

o . . Tensile strength
Division Specimens | Breaking mode (N/mm?)
WPT-W1-1 | HAZ breaking 803.9
FCAW WPT-W1-2 | HAZ breaking 811.3
1G WPT-W1-3 | HAZ breaking 795.0
Average - 803.4
WPT-W1-4 | HAZ breaking 759.6
FCAW WPT-W1-5 | HAZ breaking 742.4
3G WPT-W1-6 | HAZ breaking 754.2
Average - 752.1
1000
900
800 = - =
700 : I
T ij ik
§ 500 'l |
g ] T
L a0 !
5 300 1 "
| WPT-W1-1
200 ! —— — - WPT-W1-2'|
wee— [ === WPT-W1-3-
0 _ ! I

Strain

Fig. 10. Stress Strain Curve of WPT-W1-1~3
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u;gz KS 33+ 9] 800N/mm? 0]AFO. & LFepyFom maio] Al
o ——| | | uicho] dojigr}, S-HIF= L—fi— ig. 169 UefsiTt
§ 0 0 FCAW 3G 57 2/43 4] QAZEL 702, 7N/mm’ 2.
z y O] 2 KS 8}8+2] 9 800N/mm’E x@a} | £ote Ao et
- | l
g 300 ] ' .
I WPT-W1-4 Table 9. Weld zone rod Tensile test result of FCAW
- T ———-wPTwWLs”
100 T T ,‘ —-—-— WPT-W1-6 Tensile
0 : Division Specimens Breaking mode strength
0 001 002 003 004 005 006 007 008 009 (N/mmz)
Strain
WT-4W1-1 | Base Metal breaking | 835.8
Fig. 12. Stress Strain Curve of WPT-W1-4~6 4 WT-4W1-2 | Base Metal breaking | 826.1
WT-4W1-3 | Base Metal breaking | 829.9
Average - 830.6
F(iéw WT-2W1-1 HAZ breaking 765.0
0/ WT-2W1-2 HAZ breaking 754.1
WT-2W1-3 HAZ breaking 766.3
Average - 761.8
(WT-2W1) / (WT-4W1) 91.72 %
WT-4W1-4 | Base Metal breaking | 812.9
14 WT-4W1-5 | Base Metal breaking | 823.0
WT-4W1-6 | Base Metal breaking | 825.7
Average - 820.5
F(;?}W WT-2W1-4 HAZ breaking 703.9
a4 WT-2W1-5 HAZ breaking 706.8
WT-2W1-6 HAZ breaking 697.3
(c) WPT-W1-6 Average - 702.7
Fig. 13. Breaking mode of WPT-W1-4~6 (WT-2W1) / (WT-4W1) 85.64 %
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Table 10. Weld Metal Tensile test result of FCAW

Yield | Tensile |Elonga| Yield
Division Specimens | strength | strength | -tion | ratio
(N/mm?) | (N/mm?) | (%) | (%)
1/4 |WMT-W1-1| 776.7 802.2 | 214 | 96.8
FCAW 24 WMT-W1-2| 776.5 8109 | 229 | 95.8
1G WMT-W1-3| 800.9 820.6 | 219 | 97.6
Average 784.7 811.2 | 22.1 | 96.7
14 WMT-W1-4| 7843 865.7 | 22.0 | 90.6

FCAW WMT-W1-5| 814.2 874.1 17.1 | 93.1
3G | 2/4 |WMT-W1-6| 793.3 8352 | 21.1 | 95.0
Average 797.3 8583 | 20.1 | 929

Supercored 120" 800 860 18 -
KS? 16.0 | 85.0

(1/4) 650~770|800~950| and | and
above |below

1) Mechanical properties of Weld Metal(Supercored 120)
2) KS D 5994 High-performance rolled Steel for building
structure
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Fig. 18. Stress Strain Curve of WMT-W1-1~3
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Fig. 19. Stress Strain Curve of WMT-W1-4~6

W 0]-8-= Table 107} ZHo] FEZ =7} 800N/ mm?Z<9l &
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9] =GP Ho A= 47J o]st= UET

Table 11. Weld zone Impact test result of FCAW
(Average of 3 specimens, Unit : J (%))

Test result

Division| Specimens
-60°C | -40°C | -20°C | -5°C | 20°C

544 | 75.0 | 91.4 | 101.7 | 112.6

WE-Wi-WM (12.1)| (6.6) | (0.0) | (0.0) | (3.3)
FCAW 333 | 43.0 | 48.6 | 78.7 | 129.0
g | We-WI-BD (89.2) | (71.8) | (65.1) | (39.9) | (22.5)

WOWILHA | 2330233412501 | 249.5 | 246.1

(15.2) | (13.4) | (8.0) | (0.0) | (0.0)

335 | 583 | 90.1 | 94.0 | 118.6

WE-Wi-WM (59.5) | (43.7) | (18.8) | (8.1) | (4.6)
FCAW 268 | 43.1 | 60.3 | 148.7 | 162.4
36 | WEWI-BD (87.4) | (86.3) | (77.4) | (45.9) | (38.3)
WOWLHA | 1394 1381218112171 | 2419

(36.3) | (37.5) | (13.5) | (16.4) | (10.9)

Note Test result is Charpy absorbed energy and () is Brittle
fracture rate.
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Table 12. Bending test result of FCAW

Divison | Specimens| Bending Test |Test result| Note
WB-wi.q | Transverse Side | ook
Bend Test
FCAW Transverse Side .
G WB-W1-2 Bend Test O.K |Cracked it
WB-w1.3 | ransverse Side | e ed it
Bend Test
WB-W1-4 Transverse Side 0K No crack
Bend Test
FCAW Transverse Side
3G WB-W1-5 Bend Test 0K No crack
WB-W1-6 Transverse Side OK No crack
Bend Test

Fig. 22. Bending test of FCAW 3G
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Table 13. Hardness test result of FCAW

o . . . Hardness (Hv)
Division | Specimens | Measuring line ——1m—————

Max Min
Smm from top | 349.45 | 205.77
1/4 (15mm 33547 | 1858

FCAW | o Wil ( )
1G 2/4 (30mm) 285.5 | 170.47
S5mm from bottom| 331.33 | 173.93
Smm from top | 316.55 | 191.88
1/4 (15mm 292.19 | 209.77

FCAW | o Win ( )
3G 2/4 (30mm) 277.49 | 204.69
Smm from bottom | 253.26 | 198.85
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