Journal of Korean Society of Steel Construction

Vol.37, No.2, pp.053-064, April, 2025

ST, el AEBR, S, AR, AFS, B, AL, A5

fm Check for updates

ISSN(print) 1226-363X  ISSN(online) 2287-4054
DOI https://doi.org/10.7781/kjoss.2025.37.2.053

o
-

A Study on the Material Properties of High-Strength Cast Steel Product

Koh, Hyun-Seokl, Choi, Jong Youl', Kim, Hee Dongz, Yang, Jae Guen®"

!Graduate Student, Dept. of Architectural Engineering, Inha University, Incheon, 22212, Korea
2Professor, Dept. of Architecture, Inha Technical College, Incheon, 22212, Korea
3Professor, Dept. of Architectural Engineering, Inha University, Incheon, 22212, Korea

Abstract - This study aims to secure fundamental data on cast steel based on the manufacturing and quality management
practices of cast steel product applied in the actual H project and utilize them as reference materials for the fabrication and
assembly guideline of cast steel product. The cast steel product used in this study was produced using the sand casting method,
and the locations of major defects occurring during the casting process was analyzed. Additionally, a comparison between the
tensile strength estimated based on hardness values and the tensile strength obtained through an economical method employed
in this study revealed similar results. Furthermore, in this study, welding of cast steel and TMC steel was conducted, and due to
the geometric characteristics of cast steel, 2G and 3G welding were required. Accordingly, appropriate welding conditions were
reviewed, and the results confirmed compliance with design standards and specifications even under high heat input conditions.
Keywords - Cast steel product, Fabrication, Quality management, Defect location, Mechanical properties, Welding, High heat
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Table 1. Quenching conditions of cast steel

Table 3. Number and types of defects in sand casting

Starting | Heating | Holding | Holding

Sample temp. rate temp. time
[°C] [°C/Hr] [°C] [Hr.Min]
SCW620 140.0 87.0 900.0 18.15
Typel 1
SCW620 140.0 95.0 900.0 18.30
Typel 2
SCW620 200.0 89.0 900.0 18.00
Type2 1
SCW620
Type2. 2 110.0 95.0 900.0 18.15
SCW620 140.0 95.0 900.0 18.30
Type3 1
SCW620 200.0 89.0 900.0 18.00
Type3 2
SCW620 110.0 95.0 900.0 18.15
Type4 1
SCW620
Type4 2 30.0 81.0 900.0 18.10
Table 2. Tempering conditions of cast steel

Starting | Heating | Holding | Holding

Sample temp. rate temp. time
[°C] [°C/Hr] [°C] [Hr.Min]
SCW620 40.0 79.0 620.0 18.40
Typel 1
SCW620 120.0 80.0 620.0 18.10
Typel 2
SCW620 130.0 97.0 620.0 18.10
Type2 1
SCW620
Type2 2 110.0 88.0 620.0 18.30
SCW620 120.0 80.0 620.0 18.10
Type3 1
SCW620
Type3 2 130.0 97.0 620.0 18.10
SCW620 110.0 88.0 620.0 18.30
Type4 1
SCW620
Typed 2 110.0 88.0 620.0 18.10
g8 AL BAY & Y} ok A FE2E WA

71719 &3 20|t} 714 2 2 Holding time©]
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Defect type Count

Sand inclusion 37
Shrinkage 30

Slag inclusion 26

Gas inclusion 12
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Fig. 6. Location of defects in cast steel products

Table 4. Stress relieving of cast steel

Starting | Heating | Holding | Holding
Sample temp. rate temp. time
[°C] [°C/Hr] [°C] [Hr.Min]

SCW620 230.0 80.0 600.0 4.30

Typel 1

SCW620 250.0 60.0 600.0 4.30

Typel 2

SCW620 95.0 70.0 600.0 4.06

Type2 1

SCW620

Type2 2 95.0 70.0 600.0 4.06

SCW620 250.0 60.0 600.0 4.30

Type3 1

SCW620

Type3 2 215.0 75.0 600.0 4.36

SCW620 55.0 75.0 600.0 4.06

Type4 1

SCW620

Type4 2 55.0 75.0 600.0 4.06
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Table 5. Chemical composition of cast steel Unit : %
Sample C Si Mn P S Ni Cr Mo Cu A% Ceq
SCW620 Typel 1 0.19 0.36 0.94 0.015 0.003 0.88 0.23 0.14 0.03 | 0.005 0.47
SCW620 Typel 2 0.17 0.39 1.00 0.015 0.004 0.81 0.22 0.13 0.05 | 0.007 0.45
SCW620 Type2 1 0.17 0.38 1.00 0.016 0.004 0.81 0.22 0.13 0.05 | 0.007 0.45
SCW620 Type2 2 0.19 0.39 0.95 0.016 0.003 0.87 0.24 0.14 0.04 | 0.006 0.47
SCW620 Type3 1 0.16 0.39 1.00 0.016 0.004 0.84 0.21 0.13 0.04 | 0.007 0.44
SCW620 Type3 2 0.16 0.39 1.00 0.016 0.004 0.83 0.21 0.13 0.04 | 0.007 0.44
SCW620 Type4 1 0.20 0.30 0.95 0.015 0.003 0.84 0.20 0.12 0.04 | 0.005 0.47
SCW620 Typed 2 0.20 0.35 0.93 0.014 0.003 0.81 0.21 0.13 0.03 | 0.006 0.47
0.22 0.80 1.50 0.040 0.040 2.50 0.50 0.30 0.20 0.50
Standards -
orless | orless | orless | orless | orless | orless | orless | orless orless | orless
Table 6. Tensile test results of cast steel
Yield Tensile Yield Eloneation
Sample strength | strength | ratio 0[523 °
[MPa] [MPa] [%] °
G 508.0 639.0 79.0 27.0
Typel 1
SCW620 524.0 653.0 80.0 20.0
Typel 2
SCW620 524.0 658.0 80.0 21.0
Type2_1
SCW620
Type2_2 524.0 664.0 79.0 21.0
SCW620 513.0 643.0 80.0 21.0
Type3_1
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Table 7. Brinell hardness of cast steel

TR - HEY - 43FE -

Table 9. Tensile test of SM460 TMCP

Hardness [HB]
Sample -

Min Max
SCW620 Typel 1 185 192
SCW620 Typel 2 187 192
SCW620 Type2 1 189 198
SCW620 Type2 2 185 194
SCW620 Type3 1 185 192
SCW620 Type3 2 184 192
SCW620 Type4d 1 187 197
SCW620 Type4 2 185 193

Table 8. Comparison of hardness and tensile strength

Expected | Actual
S tensile tensile Difference
strength | strength [%]
[MPa] [MPa]

SCW620 Typel 1 646.6 639.0 1.2

SCW620 Typel 2 650.0 653.0 0.5

SCW620 Type2 1 663.7 658.0 0.9

SCW620 Type2 2 650.0 664.0 22

SCW620 Type3 1 646.6 643.0 0.5

SCW620 Type3 2 644.8 634.0 1.7

SCW620 Type4d 1 658.6 641.0 2.7

SCW620 Type4 2 648.3 657.0 1.3
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492.2 598.2 82.3 29.0
450
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Fig. 8. Welding details

Table 10. Tensile test of welding material

Yield Tensile Yield .

. Elongation
strength strength ratio (%]
[MPa] [MPa] (%] ’
580.0 640.0 91.0 27.2
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—_ ==
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Table 11. Welding conditions

gl izt A+

3G)° 2 &-8=x Table 113} Z+o] A A5},

Q.

o
A<
A

Welding Position (2G) F28H(36)Y 4F FHEHQG) v 25 AL
Distinction by thickness F(Input heat)0] 48.8 % ¥ oM, JF o YIF=
Classification o/ =0 7 o0& Flo S 2= Q Ao
roor | mi> | cap | 990% &L Aoz Feldnt Ee 23§49 ROOT
=} Hl & :1;(—1—‘- H o]lo] o] &k %

Electric Min 2540 | 2600 F-912F H|=(Bead)ofl LR CAP #9119 AL #}o]

current " 238.0 o 2610 7} WAy Sl= o] f-+= Single bevel?] EA A &5 Y

A ax 71. .
B 7} &7] wiol o 2 AL a7t upeha 2 o

Min 25.0 26.0 -

pressure 26.0 ?‘oﬂ/ﬂ 11: ‘;11_74‘%"1 WPS% ZI‘I-AE)]E]'7] HGH /1\:1'/\] ?_1‘ PQ

[Vl Max 21.0 27.0 Test (Procedure qualification test)S 3| 878 A[AE,
Interpass Min 90.0 129.0 179.0 Z=A9 H(ROOT, CAP) EAS &9lsta &}

temperature .

[°C] Max 2000 | 2300 Ao] g JA%L Lejste] SR /AL HAL

Speed Min 3180 | 2310 B A5}

. 148.0
[mm/min] Max 677.0 513.0
Input heat Min 0.61 0.66 4.2 PQ TCSt
2.01 :
(kJ/mm] Max 1.04 1.02
Welding Position (3G) T4 TMC ZAE - 35 78 S8E= A
P ——— o5 4R BT dXe)g A Aol 84 A
istinction by thickness - - = =
Classification A3t 22 9 AT EH 5 AAdotA X A7t
ROOT MID CAP - - -
o HAY k= Aoltt. whEhbA ot 24 T o BE &1l
ectric Mi 214.0 174.0 = = s
— B PP 517 915} 845 A= A8 AP Table 12
[A] s 250.0 | 2250 L 8HR A% HL 37FA] B9 (SM460 TMCP, Weld

Electric Min 25.0 26.0 metal, SCW 620)0]| 4] =43st¥ o, &4 A] drxys}

pressure 26.0 _
[V] Max 27.0 27.0 = gol YA mAzA 0 dFE e FIFH
Interpass Min 165.0 162.0 (Heat affected zone, HA.Z) A X FE &% 35}
temperature 90.0 =
[oc] Max 210.0 171.0 ﬁq‘ %ZS_H?— 7615:— }\] %]'1%_ KS B ISO 9015'201] Eq’ﬂ
; 1o o] 5103 )

Speed Min | 8.0 | 1180 flg- 937} 2 A A ARyt om, zt T%ﬂ ] 4
[mm/min] Max ' 159.0 | 1380 o HAe S5 AShA viA L FrAde R A
[kJ/mm] Max ) 3.69 2.03 ] = JqLOﬂ U2H IFH] F & gho] SCW 620

Table 12. Welded hardness test results
2G Welding
S SM460 TMCP o SCW 620
ocation .
Base metal H.A.Z HA.Z Base metal
CAP 178 178 179 | 197 199 209 | 203 204 198 | 250 239 222 | 202 203 202
ROOT 170 170 170 | 182 188 190 | 194 196 197 | 238 229 210 | 200 202 201
3G Welding

R SM460 TMCP S~ SCW 620

ocation :

Base metal HAZ HA.Z Base metal
CAP 179 180 179 | 193 202 205 | 192 192 192 | 266 241 225 | 203 204 202
ROOT 172 172 171 | 193 200 215 | 202 202 205 | 230 224 215 | 200 201 201
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(a) Hardness of 2G welds
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(b) Hardness of 3G welds

Fig. 9. Hardness measurement location of welds

FEoNAE 10.0 %-16.8 % Z7151= A2 EQlEn,
SM460 TMCP ZZo] A= 8.9 %-16.0 % Z715l= A
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273 TMC 29 84 A Az o] WA
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Fig. 10. Location for test specimens with 30mm or more

Table 13. Welded tensile test results

Serals Tensile strength Fract}lre

[MPa] location
2G_CAP_1 621.0 SM460 TMCP
2G_CAP_2 621.0 SM460 TMCP
2G_ROOT_1 590.0 SM460 TMCP
2G_ROOT 2 590.0 SM460 TMCP
3G_CAP_1 622.0 SM460 TMCP
3G_CAP 2 626.0 SM460 TMCP
3G_ROOT_1 594.0 SM460 TMCP
3G_ROOT 2 600.0 SM460 TMCP

Fig. 11. Fracture location in welded tensile test

H A7 & sl on, & AolA PQ &H Al 13
= F73E9] FA+= 60 mmo]tH" L KS B ISO 41369
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73‘1‘ Fig. 103} Zro] Al H A F7F HAA == ZF]
CERA AT H RV AR EF QJIGAIAH +
35 mmE U0} ZPst, SO A fF Tt A1

ROOT, Ao A AF g AP H2 CAPOE PA|
FSATE. ofofl thet QAFAIE A= Table 1337 2O 1,
Fig. 112 Alg#H wict H?ﬂ LERHTE o]o] w2
TE Ao A SM460 TMCPL] Ththo] ¥FAi5}9] o
H, B4/ 0] & FAEFNA = whdko] TS &
2 Aoz =), E3L Table 130] &JsH ROOTH
Qo A T3] 7} A5 SM460 TMCP 74 9] Q1A &
7} Table 99| A A2t A= Bl 2o 6.1 % 2
Aoto] mhto] WHAYR Zlo & goldtt. o 7 &4
AAof wt2k CAP F-9] Htp ROOTH-7F ol 2

lﬂl—\l

I - R U ()

Ol
;9. rlo i
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7] 2ol A9 A 7F EYHA B F oA 1t
tho] W5l S A0 & M2} E5F SM460 TMCP
A A JABAE(570 MPayE SHHsI o R R 2
Aol A AR dE ol AT AL R Helr

Fig. 12= CAPY} ROOT2] YBTF= &Rlste] 22t
SRAAA 8 JIAFEE v e AFfo|t}. ofof EH
AR dE=FolA 2G &H Y H-F SM460 TMCP 7
Aoy AFF Lo Bl FAAast e, 3G SN =
SM460 TMCPO| &7 AT E} A FAFSHA 13
7h A sEel Tt wheb A fARRE d Dol A = ZhAf o w)
2} I E Y] Aol 71 WA oh= RS AT &= Ut

&3 & SM460 TMCPO| A A7 H] 5] JAYZFE7}
A4S o= ThFslA|E Table 119 A2 A7}
Table 129] A= A9 A& 1125t W, EA 2 &
g @ido] TS Ao AAHY getA EHE F
AN = &l &4 & A SH0H A9 Halgs
A4 AP
LAE ZAXFL KS B ISO 90169] wHats] &
5, GFFE(FL+2 mm), ZA T A AlS X5
o mgt 2743 TMC A9 8898 185t
SM460 TMCPS} SCW 6207}&0]| 4] G kR el 1A
HE gRlstitt. AlEE Yot 25 DARE
SPS-KFCA-D4106-50090] 4] A A3t 0°C oA X
Fotr, Al H Q5= EHEFf 7H7H2 CAP ][0l A
HHE Yot

Table 142 &5 SAAY 215 YeErYH, oo
T2 2G &4 2] SM460 TMCP & @aFHF= A Fof
H|5 74 oYX]7} 46 % AP oH, 3GEH ] 7
L Ao H]3f 80 % HATIATE ETFSCW 620 &
FIFF= 26 &Y AF FAANHA|7F EA| Fof H]sf
25 % A5kl on, 3G -2 PSS o 2R
off H]sf 40 % FASEATE o] A ™ YFFo] 2G &
H|o B2 A =2 3G &4 FHoNHA Aol
§ =2 #og HQlth 71208 SM460 TMCP &
FEFF FAAAA 7 EAF-o B3] 80 % ATt o]
5 1S b 4229 YA 7t A= AR
Table 129] A= 3t 1T A9 H3tx 2 o] EAYst
A oS Aoz HRIth wahA A SR AAA
AoA AFT A} Zo] TMC A A2 4 &
Ao 2 FANUAZ FAE A0 R Holn, =2 Y
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Fig. 12. Tensile strength according to input heat

Table 14. Welded impact test results

Sample Location Impact energy [J]
WM 164.7
SM460 HAZ 214.0
2G_CAP TMCP | Base metal 395.3
SCW HAZ 121.3
620 Base metal 162.7
WM 62.0
SM460 HAZ 78.0
3G_CcAP | T™CP | Base metal 389.0
SCW HAZ 97.3
620 Base metal 162.3
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