7N\
)

Journal of Korean Society of Steel Construction

Check for
updates

Vol.28, No.5, pp.313-323, October, 2016

e i

REE %%‘EH?’;P | AZSE AN, S| SLe s,

A Study of Material Characteristics of 120mm-Thick
SM490TMC Plate

ISSN(print) 1226—363X  ISSN(online) 2287-4054
DOI http://dx doi.org/10.7781/kjoss.2016,28.5.313

Kim, Sang Seup1*, Lee, Cheol Ho?, Lee, Eun Taik®, Han, Tae Ho*, Choi, Young Han®, Kim, Jong Rak®

'Professor, School of Design & Architectural Engineering, KOREATECH, Cheonan, 31253, Korea

2professor, Department of Architecture & Architectural Engineering, Seoul National University, Seoul, 08826, Korea

3Professor, School of Architecture, Chungang University, Seoul, 06974, Korea
*Master course, School of Architecture, Soongsil University, Seoul, 06978, Korea
*Master course, Department of Architectural Engineering, KOREATECH, Cheonan, 31253, Korea
®Professor, School of Architecture, Soongsil University, Seoul, 06978, Korea

Abstract - Seven types of tests were conducted to experimentally evaluate the material properties of ultral-thick (or 120mm-thick)

SM490TMC plate. The investigation of through-thickness properties was among the most significant considerations. All

chemical and mechanical test results showed the through-thickness homogeneity as required and conformed to the KS(Korean

industrial Standards), although the thickness was 1.5 times thicker than the thickness limit (§0mm) imposed by Steel Structure

Design Code. No reduction in the yield strength of 120mm-thick SM490TMC plate is recommended for design.

Keywords - SM490TMC, TMCP, Quality management, Homogeneity, Chemical Composition test, Tensile test, Impact test,
Bending test, Hardness test, Macroscopic test, Microscopic test
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Table 1. Yield point or Yield strength, Tensile strength, Elongation in KS D 3515
. . . 2 Tensile strength .
Yield point or Yield strength(N/mm-) (N/mmd) Elongation
Thickness(mm) Thickness(mm)
Type .
16 excess|40 excess|75 excess 100 160 100 Thickness Specimens o
16 and 40 and | 75 and | 100 and excess excess | 100 and | excess (mm) P 0
below 160 and | 200 and | below |200 and
below below below
below below below
5 and below| NO.5 22 or
more
SM490A 285 or | 275 or 5 excess
SM490B more more 16 and NO.IA 11’170;2*
325 or | 315 or | 295 or | 295 or #0490 below
more more more more 610 610 16 excess o1 or
50 and NO.1A
below fmore
SM490C - -
50 excess NO.4 23 or
more
314 @agTxes =84 A28 ASE(EY A1445) 20161 10



Table 2. Chemical composition (%)

Type | Thickness C Si Mn P S

50mm |0.20 and
and below| below 0.55 | 1.60 | 0.035| 0.035

SM490A and and and and

200mm 10.22 and below | below | below | below
and below| below

50mm |0.18 and
and below| below 0.55 | 1.60 | 0.035| 0.035

SM490B and and and and

200mm 10.20 and below | below | below | below
and below| below

Table 3. Carbon equivalent (%)

SM490A, SM490Y A
Type SM490B, SM490YB SSI\I\//II5522(())](33,
SM490C

50mm and 038 and below 0.40 and

below below

Thickness| 50mm excess

100mm and 0.40 and below 0-42 and

below

below

Note The carbon equivalent of the steel pipe that exceeds the
thickness of 100mm is subject to agreement between
the purchaser and the manufacturer.

CoHs - oled - el - A UFY
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Table 5. Test list

Specimens | Test Division | Quantity Sampling sites

Table 4. Welding crack sensitivity (%)

SM490A, SM490YA
Type SM490B, SM490YB SSI\I\//[[5522(())]Z,
SM490C

50mm and 024 and below 0.26 and

below below

Thickness| 50mm excess

100mm and 0.26 and below 0.27 and

below

below

Note The welding crack sensitivity of the steel pipe that
exceeds the thickness of 100mm is subject to agreement
between the purchaser and the manufacturer.

85% 100% 115%

- 1/4

Fig. 1. Linear change in strength according to the position™

Chemical
C-1~3 Composition 3.
Test (Using |y o4, 304
M — the same
MLL-1 ~3 icroscopic | . ple)
Test
T-4L-1~3 3 L direction 1/4
T-2L-1~3 3 L direction 2/4
T-4C-1~3 3 C direction 1/4
T-2C-1~3 | Tensile Test 3 C direction 2/4
T-2Z-1~3 3 Z direction
T-14L-1~3 3 L direction(120mm)
T-14C-1~3 3 C direction(120mm)
C-4L-1~3 15 L direction
(CaL-1~3 | Impact Test 15 174, 2/
C-4C-1~3 |(-60C, -407C, 15 C direction
C-2C-1~3 | 20C, 0C, 15 1/4, 2/4
e T .
c4z-1~3| 200 15 Z direction
C-27-1~3 15 1/4, 2/4
B-L-1~3 3 L direction
———— Bend Test .
B-C-1~3 3 C direction
H-L-1 Hardness Test 3.
. (Using L direction
Macroscopic | the same
MA-L-1
Test sample)
Total 123 -

dazppxets) =R A28Y AS(EY A1445) 20169 109 315
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Table 6. Chemical composition test (%)

Specimens| C | Si (Mn| P | S | Ni |Cr|Cu|Mo| V | B

C-1 0.16|0.49 (1.08/0.006|0.003|0.007/0.01/0.008|0.00]0.001{0.00

C-2 0.16|0.49 (1.10/0.007|0.003|0.007/0.01/0.008|0.00| 0.00 {0.00

C-3 0.16|0.49 |1.08/0.007|0.003|0.007|0.01]0.008/0.00{0.001|0.00

KS* (1/4)[0.20|0.55 [1.60/0.035/0.035| - | - | - | - | - | -

#KS D 3515 Rolled steels for welded structures (SM490B)

Table 7. Carbon equivalent and Welding crack sensitivity

. Welding crack

. . Carbon equivalent o

Thickness | Sampling parts sensitivity
(Cey)

(Pewm)
1/4 0.3627% 0.2314%
120mm 2/4 0.3659% 0.2324%
3/4 0.3627% 0.2314%

Ks¥ 50~100(mm)** 0.40 0.26
and below and below and below

%1 KS D 3515 Rolled steels for welded structures

%2 The carbon equivalent(and The welding crack sensitivity)
of the steel pipe that exceeds the thickness of 100mm is
subject to agreement between the purchaser and the manu-
facturer.

(d) < MI-L-

[+ s e oy =

(e) < MI-L-3, 3/4t, x200 >

Fig. 5. Microscopic test
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Table 8. Tensile test of SM490 TMC

Yield Tensile . . .
. Elongation|Yield ratio
Specimens strength | strength o o
(N/mm?) | (N/mm?) (%) (%)
T-4L-1 354 533 39.61 66.4
L T-4L-2 346 526 38.93 65.8
(1/4)| T-4L-3 338 519 39.89 65.1
Average | 346.0 526.0 39.48 65.8
T-2L-1 309 503 40.38 61.4
L T-2L-2 306 516 34.59 59.3
(2/4)| T-2L-3 291 483 40.94 60.3
Average | 302.0 500.7 38.64 60.3
T-14L-1 349 546 72.74 63.9
L | T-14L-2 351 547 56.20 64.2
(120)| T-14L-3 351 542 58.68 64.8
Average | 350.3 545.0 62.54 64.3
T-4C-1 360 533 39.37 67.5
C | T-4C-2 350 527 39.90 66.4
(1/4)| T-4C-3 343 526 4291 65.2
Average 351.0 528.7 40.73 66.4
T-2C-1 306 489 40.13 62.6
C | T-2C-2 300 490 37.68 61.2
(2/4)| T-2C-3 311 489 37.50 63.6
Average | 305.7 489.3 38.44 62.5
T-14C-1 340 556 51.59 61.2
C | T-14C-2 352 543 53.89 64.8
(120)| T-14C-3 341 543 27.89 62.8
Average | 3443 547.3 44.46 62.9
T-2Z-1 308 507 25.96 60.8
7 T-2Z-2 303 482 21.52 62.9
T-2Z-3 302 491 24.95 61.5
Average 304.3 493.3 24.14 61.7
KS™
(100~160(mm) 285 490~610 23 -
and above and above
and below)
Design Code*™?
(80mm and 315 490 - -
below)

%1 KS D 3515 Rolled steels for welded structures (SM490B)
%2 Steel Structure Design Code (2014)

318 =723 =2y A28 AST(FH A144%) 20169 109



Table 9. Homogeneity of the strength of SM490 TMC

Division s;{elglg(':h :tre:rf;lt:l Elonogation Yield ratio
(N/mm?) | (N/mm?) (%) (%)
T-4L 346.0 526.0 39.48 65.8
T-2L 302.0 500.7 38.64 60.3
T-2L / T-4L | 87.3% 95.2% 97.9% 91.6%
T-4C 351.0 528.7 40.73 66.4
T-2C 305.7 489.3 38.44 62.5
T-2C / T-4C| 87.1% 92.6% 94.4% 94.1%
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Table 10. Charpy absorbed energy of SM490TMC

Sampling No. Test temperature
parts -60C | -40C | -20C | 0C [+20C
1 16 33 | 142 | 149 | 179
L direction 2 12 30 135 154 181
(1/4) 3 7 38 | 144 | 144 | 206
Average | 11.7 | 33.7 | 1403 | 149.0 | 188.7
1 32 | 121 | 153 | 185
L direction 2 27 108 150 190
(2/4) 3 12 28 | 111 | 142 | 181
Average | 8.7 | 29.0 | 1133 | 1483 | 185.3
1 10 48 | 115 | 184 | 184
C direction| 2 7 51 | 124 | 181 | 199
(1/4) 3 44 | 134 | 180 | 178
Average | 8.3 | 47.7 | 1243 | 181.7 | 187.0
1 13 34 | 141 | 169 | 209
C direction| 2 14 40 | 164 | 189 | 208
(2/4) 3 10 40 | 160 | 178 | 198
Average | 12.3 | 38.0 | 155.0 | 178.7 | 205.0
1 16 84 | 148 | 172 | 248
7 direction| 2 13 74 | 142 | 184 | 217
(1/4) 3 20 55 145 | 194 | 244
Average | 163 | 71.0 | 145.0 | 183.3 | 236.3
1 20 98 | 165 | 192 | 217
Z direction 2 11 84 158 178 208
(2/4) 3 14 78 | 164 | 184 | 228
Average | 15.0 | 86.7 | 162.3 | 184.7 | 217.7

Table 11. Transition temperature of SM490TMC

Sampling L direction | C direction Z direction
parts 1/4 2/4 1/4 2/4 1/4 2/4
Transition | pe | 98 | 28°C | 27°C | 24°C | -28°C
temperature
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Fig. 18. Z direction (2/4)

Table 12. Bend test of SM490TMC (L direction)

Spe;:lz)men Type of Bend Result | Remarks
B-L-1 |Transverse Side Bend Test|Test OK| No crack
B-L-2 |Transverse Side Bend Test|Test OK| No crack
B-L-3 |Transverse Side Bend Test|Test OK| No crack

Table 13. Bend test of SM490TMC (C direction)

Spc;i)men Type of Bend Result | Remarks
B-C-1 |Transverse Side Bend Test|Test OK| No crack
B-C-2 |Transverse Side Bend Test|Test OK| No crack
B-C-3 |Transverse Side Bend Test|Test OK|Cracked it

Fig. 19. B-L-1 Bending

Fig. 20. B-L-2 Bending

Fig. 21. B-L-3 Bending

-

Fig. 22. B-C-1 Bending

Fig. 23. B-C-2 Bending

5.6 ZEAY 2t

Fig. 24. B-C-3 Bending
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Table 14. Hardness test of SM490TMC

Specimen N Base Metal
pectmen 0. H-L-1 H-L-2 H-L-3
1mm 185 180 182
11mm 182 177 176
21mm 170 171 171
31mm 164 157 159
41mm 158 158 153
Result 51mm 147 152 154
S T 6 1mm 150 153 145
71mm 153 155 161
81mm 149 149 149
91mm 159 158 160
101mm 162 162 164
111mm 177 178 180
200
150 S~ —— ]
=
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:
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50
0
0 20 40 60 a0 100 120
Distance (mm)
Fig. 25. H-L-1 (Z direction)
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Fig. 26. H-L-2 (Z direction)
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Fig. 27. H-L-3 (Z direction)

Fig. 28. Macroscopic test of SM490TMC
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