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A Study for the Weldability and Welded Joint Performance on the SAW of
HSAS800 Steel

Choi, Young Han', Kim, Sang Seup?*
'Master Course, Department of Architectural Engineering, KOREATECH, Cheonan, 31253, Korea
?Professor, School of Design & Architectural Engineering, KOREATECH, Cheonan, 31253, Korea

Abstract - In this research, 9 SAW welding specimens with 1 hour post-heat treatment (PH1) and 2 hours (PH2) were
experimented to confirm the weldability and the joint performance of 60mm thickness HSA800 steel. SAW tests with PH1 &
PH2, including weld impact test, bend test, hardness test, macroscopic test, and microscopic test, had a good test results.
However, from the chemical composition test results, P composition was not satisfied with Korean Industrial Standards(KS).
According to the weld-zone tensile tests, 2 hours post-heat SAW is recommended because the mechanical characteristics of
SAW PH2 were better than those of SAW PH1.
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Fig. 1. Specimen W2 of SAW

Table 1. Specimens of SAW

. Specimen
1
Specimen Welding Welding type size LxCxT
process
(mm)
SAW PHL | CJP groove welding
2 1
W2 Tsaw pH2 (Bevel 30°) | 107600%60

Notel Specimen size indication-L: rolling direction,
C: rolling orthogonal direction, T: thickness
Note2 PHI1: post heat treatment lhour
PH2: post heat treatment 2hour
Note3 W2: root opening-10mm

EG AEjAE olag e gAY SHoR el
ST welh v Fashh weba] 159 Azt o
2 olehse nmal] 9 $HATA HeS 1T
(PH1)3} 2417HPH2) 0.2 T-85}0] 124 % 24=9] 3
AR ARSI Table 1o] TAA 715 2 ARARRHS

3. SAWO]| B8 -1 % WPS
SAW ol o=
=] 14,%8}3'19.134 o] HSA800, HSB800O L-2E-8 2114
G718 -84 A8 9Igt 8 A o], Table 2~32 82
249 71414 A2 9 sshgR o] deE LpERd Aot
A =joll= 800N/mm*F SHA =l digt o] upzd
Elof QU] ghol §2a49] 7114 A HSA800 ZHA|e]
tigt Kse} v wsict,

|92 60mm 7|Z& 02 150°C0| 1] ZZET FCAW 23]
AL 1.4, 260~320A, 28~36V, 250~350mm/mino| L,
SAWE 64,0, 500~650A, 30~32V, 400~600mm/min o
= gzl

W2(SAW) PH1 ZA| A= 55|42 B ¢t 32V,
A= 635A, B YL 2 9kJ/mm, =7FEE 200°C
= Hefsto] §AsH3ItH(Table 4),

W2(SAW) PH2 FA| A= 559 A2 Bt

HAFS] Superflux8003}+ M—4(4.04)

)

oEL
%

-

’

ot
EN

Table 2. Mechanical properties of weld metal®
(superflux800xM-4)

Yield | Tensile |Elonga| Charpy absorbed Base | Thick
strength | strength | tion energy (J) ness
metal

(N/mm’)|(N/mm’)| (%) | -5°C |-20°C|-40°C (mm)

748 807 22 | 128 | 111 ] 91 AH3.6 25
buttering

- 835 - 114 | 96 - |HSA800| 25

Table 3. Chemical composition of weld metal (%)
(superflux800xM-4)

Base Thick

cC| S | M| P S | Ni | O | Mo ness

metal
(mm)

0.05(0.14|1.60 |0.023]0.001|2.52{0.55|0.50 AH3.6 25
buttering

0.05/0.16|1.86(0.017|0.001|2.04 | 0.50| 0.39 | HSA800 | 25
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Table 4. WPS of SAW Table 5. Test list of SAW
. Average | Average Ave‘rage Division Specimens Test divison Quantity
Welding . heat input -
Specimen | Pass volts current . Chemical
process V) (A) capacity WC-W2-1 composition fest 1
(kJ/mm) 4
Weld metal
AW WMT-W2-1~3 . 3
SPHI w2 55 32 635 29 tensile test
Weld zone plate
AW WPT-W2-1~3 . 3
S w2 55 32 635 2.8 tensile test
PH2
WT-4W2-1~3 Weld zone rod 3
A5 6354, Wit U 2.8/mm, FTHEE 2000 ofsh  SIW | WI-awW2-1-3 tensile test 3
=2 Zejslo] 84351 tHTable 4). WC-W2-WM-1~15 15
Weld zone .
WC-W2-BD-1~15 . 15
impact test —
WC-W2-HA-1~15 15
WB-W2-1~3 Bend test 3
4. X4 9l 0|2 A= x]% A2 9 vy
owo X In co ]n 7:“_' * oH WH-W2-1 Hardness test 1
SAWS] 874 9 ol S-S BIsH] Slstel §HTA WA Mactoscople test |
L L _ WMI-W2-1 Microscopic test 1
Aol A 952 AldHe HHsHH L, Table 59F o] F Chemical
emica
128719] Al HS A2tsto] 952 AlES A8 WE-W2-2 composition test !
WMT-W2-4~6 Weld metal 3
4.1 8789 SRPYEAY AY 3 W tensile test
Weld zone plate
SR HEIRARL $2T40) HEE B} KS W tensile test |
off 2eetA] o f-5 Elstal F=, A, W44 & &3 WT-4W2-4~6 Weld zone rod 3
59 7IAH A 54 R ool 9= 7= 2 Aok SAW | WT-2w2-4~6 tensile test 3
- 1= _ PH2
T RS Fshs AS FAo= g, WC-W2-WM-16~30 15
S5 S EA R RS KS D 1652 4 9 o] Anpa WCW2BD-16-30 | Ve fne 15
S A Bk B4 W of ket Fig, 29} 0] 20(L) WC-W2-HA-16-30 15
20(C)<10(T) 9] 7|12 SAFEUoNA FAFA 1/4 WB-W2-4-6 Bend test 3
X];é_][o] %‘@Eﬂo] E]E% iH“ﬂﬁ}(ﬂEUi SAW PHI E‘J PH9 WH-W2-2 Hardness test 1
ZAA A 4R = 2= A=t WMA-W2-2 Macroscopic test 1
WMI-W2-2 Microscopic test 1
Total 128
4.2 SAZER INY AY L WY
Rollin:
ATEY APNTS SATEE QYT U WY imn
22 Slsto] 204 UFoIRE BIska HE A a
O] Ksoﬂ Z:l]?:]“:j:x] ch)_—é]-—é 7}%‘% %Zjlg ‘:j_-‘:]- Test surface
- i - o d o
SATER JUNFAS KS B OS2 BRSO G W 37/ :‘:,r s
A of w2t KS B 0801 G4 A QLA AR, 9 108 g )
AEBE 2151 Fig. 33} 210] SAW PHI ¥ PH2 ZA|4]o] N
- - o - =
A B MR S § olel NEEE SRk ST
™M Q]
ol sttt -5 A28 M Akl Fais
VA 0 2 7ste]l EEHE wAe 4~ Q2 319t Fig. 2. Chemical composition and microscopic specimen
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Fig. 3. Weld metal tensile specimen

$D3D

SAFEE AP L2 KS B 0802 &4 A& ¢
) of] wheh AAJskgTh AlR7]E 2000kNF Ths AR
Al 7](Universal Testing Machine: 0|3} UTM)S A}-8-3]

om, o9mm/min®] £E 2 HYA o] A S A}5le] 7}
& AAEGTE B3 S AEFAACIAS BHPR F

01 A

& A EHZ KS B 0801 "w4y A= A HH,
of whe} Fi QIFAIF L 14BT A H, 53 AEAIA
dHo g AAsHirt, 14BZ *l HHE Fig, 49}
o] ATAIS 717202 SAW PH1 W PH2 34149 &85
° % 675 AFsH e, 103 A
HHL Fig. 59 o] 7*XHT7AH /423, 2/4A A 2
ZF 37N & 19705 AF sk
SH o] 359 AHAIA 3 KS B 0802 "5 A= Q1A
W ol whek AAER e H, AlF7]= 2000kN+ UTM
AMg-stATh A8 2 5% Nital 282 Q1A 8 o] 87
5o maste] oA Ao =N SRR 24 S
AFA o) Thebst & 9mm/min®] £E2 WA o AL AR
o] 7l AAe. E3h A AEHIACINS

e

r o ot

640

=
4 1 R in|
a / i— i &L
A Spm—72 2 &
g
710
640
45 200 . 240 . 200 25
‘ 180 ‘
305 | ‘:}E 335

Remove

STL J‘E\Remove

[10

Fig. 4. Weld zone plate tensile specimen
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Table 6. Chemical composition test result of SAW (unit: %)

Division C Si Mn P S Cu Ni

PH1 0.06 | 0.18 | 1.72 | 0.018|0.003 | 0.12 | 2.26

PH2 0.06 | 0.19 | 1.71 |0.017|0.003 | 0.12 | 2.26

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

3% KS D 5994 High-performance rolled steel for building structure

Table 7. Weld metal tensile test result of SAW

Yield | Tensile |Elonga| Yield

Division | Specimens | strength | strength | tion | ratio
(N/mm?)|(N'mm?)| (%) | (%)

WMT-W2-1 | 763.7 | 813.5 | 22.97 | 93.9

SAW WMT-W2-2 | 773.4 | 813.8 | 21.04 | 95.0
PH1 WMT-W2-3 747.2 833.5 | 24.60 | 89.6
Average 761.4 | 820.3 | 22.87 | 92.9
WMT-W2-4 | 739.2 | 809.8 | 19.89 | 91.3

SAW WMT-W2-5 767.1 793.0 | 21.27 | 96.7
PH2 WMT-W2-6 784.9 800.6 | 22.59 | 98.0
Average 763.7 | 801.1 |21.25| 95.4

KsY 16.0 | 85.0

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

above | below

1) KS D 5994 High-performance rolled steel for building structure

1000
200 PEER SRR 25 35 - S8
:E 600
2
S
"]
W
@ apo
b7
200 WMT-W2-1]
—— — WMT-W2-2
—— WMT-W2-3
o
0 002 0.04 006 0.08 01 012 014
Strain
Fig. 9. Stress strain curve of WMT-W2-1~3
1000
800 Ta—— e e R R
:i 600
2
S
]
1]
@ 400
b
200 WMT-W2-4]
— — — WMT-W2-5
— - —- WMT-W2-6
0

012 014 016

Strain

Fig. 10. Stress strain curve of WMT-W2-4~6

L2191 HSA800 60mm A2 Q1AFA|E Axl "= Taple 8
= A0 Uyt

S5 I YA A= Table 99 2T}, SAW PHI1
o] 1A=L 793 9N/mm” O & HSA800 74 2] KS 3}5h
2191 800N/mm?Kr} o7k WA yepton $8-Hyw
AE Fig, 11, A= Fig, 120f] UEhf it

SAW PH29] o1A7} = 799 5N/mm” O & KS }8kx] 2l
800N/mm”Ec} o7t WA Uepton $2-HEw 4l

Table 8. Tensile test result of HSA800 60mm!”

Yield Tensile . . .
o Elongation |Yield ratio
Division strength | strength %) %)
(N/mm?) | (N/mm?) ° °
rolling
direction(1/4) 730.3 875.2 19.9 83.5
KS 16.0 85.0
650~770 | 800~950
(1/4) and above|and below

42 =2 =23 A29E AlZ(Ed Alld6s) 2017 24
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Table 9. Weld zone plate tensile test result of SAW 1000
Division | Specimens | Breaking mode Tenz\l;ms;?)n gth R 0 r__,—:-
WPT-W2-1 | HAZ breaking 792.9 g 80
SAW WPT-W2-2 | HAZ breaking 796.1 g 200 ’
PHI | WPT-W2-3 | HAZ breaking 792.7 5 N
Average - 793.9 o — T T WPT-W2-5 |
WPT-W2-4 | HAZ breaking 804.4 , C e
SAW | WPT-W2-5 | HAZ breaking 799.4 oot e oo mm e s e
PH2 | WPT-W2-6 | HAZ breaking 794.8
Average - 799.5
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200 —— — - WPT-W2-2 |
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Fig. 11. Stress strain curve of WPT-W2-1~3

() WPT-W2-6

Fig. 14. Breaking mode of WPT-W2-4~6
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Fig. 12. Breaking mode of WPT-W2-1~3
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SAW PH2 57 2/42 8 2] QA7 T 755 8N/mm? 2.
Ueh} KS 3131291 800N/mm?H e WA Yepyton] &
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off Lrep it
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Table 10. Weld zone rod tensile test result of SAW

Tensile
Division Specimens Breaking mode strength
(N/mm?)
WT-4W2-1 HAZ breaking 795.4
WT-4W2-2 HAZ breaking 769.0
14 WT-4W2-3 HAZ breaking 794.8
Average - 786.4
SI’?{\Y WT-2W2-1 HAZ breaking 747.9
WT-2W2-2 HAZ breaking 747.4
M WT-2W2-3 HAZ breaking 751.4
Average - 748.9
(WT-2W2) / (WT-4W2) 95.23%
WT-4W2-4 HAZ breaking 806.7
WT-4W2-5 HAZ breaking 801.2
b WT-4W2-6 HAZ breaking 803.2
Average - 803.7
SP?I\;] WT-2W2-4 HAZ breaking 752.0
WT-2W2-5 HAZ breaking 757.5
M WT-2W2-6 HAZ breaking 757.9
Average - 755.8
(WT-2W2) / (WT-4W2) 94.04%

44 F=77xets] =23 A29W AlE(EAE A1463) 20179
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Fig. 15. Stress strain curve of WI-4W2-1~3
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Fig. 16. Stress strain curve of WT-2W2-1~3
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Fig. 17. Stress strain curve of WT-4W2-4~6
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Fig. 18. Stress strain curve of WT-2W2-4~6
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Table 11. Weld zone impact test result of SAW
(Average of 3 specimens, Unit: J (%))
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® ———- Brittle tracture rate

o . Test result
Division| Specimens 60°C |-40°C | -20°C | -5°C | 20°C Fig. 19. Transition temperature curve of SAW
76.9 |122.9|149.6 | 155.7 | 158.8
WC-W2-WM (28.6)| (8.0) | (1.1) | (0) (0) Table 12. Bend test result of SAW
SAW WC-W2-BD 782 | 173.4 | 157.7 | 184.6 | 246.3 Divison | Specimens Bend test Test result| Note
PHI1 (60.1) | (28.6) | (41.1)|(32.2) | (0) Transverse side
WB-W2-1 0.K No crack
WC-W2-HA 165.1 | 251.9 | 201.2 | 261.4 | 256.2 bend test
(32.0)| (3.6) [(19.2)| (0) 0) SAW Transverse side
Wewawy| 838 | 12811400 137.3 1667 T R I OK | Mo crack
G4D)|d4D| &0 | O | O WB-W2-3 Tra;‘svzrste f‘de OK |No crack
SAW | o wapp | 1167 | 121.8 1987 | 223.01 230.9 : cend 1es -
PH2 (56.8) | (55.9) | (33.7) | (11.5) | (33.4) WB-W2-4| VR M 0K | No crack
213.5|228.9 | 228.9 | 262.8 | 253.2 -
“W2-HA SAW Transverse side .
we-w (15.4) [(12.8) | (16.0)| (0) 0) PI2 WB-W2-5 bend test O.K |Cracked it
Note Test result is Charpy absorbed energy and ( ) is Brittle WB-W2-6 Transverse side 0K No crack
fracture rate bend test
A7 asts) =2 A298 A1s(EY A1462) 20179 29 45
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Table 13. Hardness test result of SAW A::Z
o ) ) ) Hardness (Hv) E”"
Division | Specimens | Measuring line - § %0
Max Min T 200
Smm from top | 314.58 | 199.41 0
1/4 (15mm 306.22 | 180.74
SAW 1 Wh-wa-1 ( ) 40
PHI 2/4 (30mm) 280.65 | 181.99 2350
Smm from bottom| 333.39 | 181.99 i
Smm from top | 304.41 | 197.51 £ 200
1/4 (15mm 326.27 | 197.98 150
SAW | W ( )
PH2 2/4 (30mm) | 340.70 | 205.27
Smm from bottom| 328.28 | 181.57
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(a) WMA-W2-1 (PHI)

(b) WMA-W2-2 (PH2)
Fig. 24. Macroscopic test of SAW

() WMI-W2-1 (x100) (b) WMI-W2-1 (x500)

Fig. 25. Microscopic test of SAW PHI

(a) WMI-W2-2 (x100) (b) WMI-W2-2 (x500)
Fig. 26. Microscopic test of SAW PH2
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