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Abstract - Various material characteristics of HSA800 steel were examined and a quantitative criteria about the homogeneity of
the strength was proposed. Whether HSA800 steel is satisfied the criteria for homogeneity of the strength or not was also
examined. From the test results, the material characteristics of 1/4 point from the extreme fiber in the Z-direction satisfied the KS
requirements. The excellent directional properties and impact resistance at low temperatures were also showed from the test
results. HSA800 steel satisfied the criteria of homogeneity for the strength of the steel. However, it showed that some structures
were banded together at 2/4 point from extreme fiber in the Z-direction from the microscopic tests and attention is needed to be
paid in that point.
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Table 1. Tensile test result of TMCP steel®!]
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Fig. 1. Linear change in strength according to the position
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Case. 1 (1/4) Case. 2 (2/4) Case. 2/Case. 1 (%)
Division Yield Tensile Elongation Yield Tensile Elongation|  Yield Tensile .
strength strength %) strength strength %) trength treneth Elongation
N/mm?) | (N/mmd) () (N/mm?) | (N/mm?) 0 streng streng

SMS20IMC 1 3910 | s282 | 220 | 3049 | s321 22,0 1010 | 1007 | 1000
30mm L

SMS20TME | 4067 | 5615 | 190 | 3626 | 5419 | 180 89.2 9.5 94.7
50mm L

SMS20TMC 1 3049 | 5301 20 | 414 | 5576 19.0 1067 | 1048 86.4
80mm L

SMSTOIMC 1 4004 | 6146 30.1 4399 | 6173 29.7 1020 | 1004 98.7
45mm L

SMSTOIMC 15098 | 6279 | 285 4708 | 6011 29.1 923 957 | 102.1
60mm L

SMSTOTME 1 4708 | 5984 307 | 4950 | 6135 26.2 1051 | 1025 85.3
80mm L

SMSTOTMC 1 4999 | 625.1 285 5097 | 6332 | 271 1020 | 1013 95.1
45mm C

SMSTOTME 1 4999 | 625.1 285 5001 | 6162 277 100.0 98.6 97.2
60mm C

SMSTOIMC 1 4983 | 6113 28.0 5128 | 6226 | 290 1029 | 1018 | 1036
80mm C

St 2sts] =RA A28 A3E(TH All423) 20169 69 175



HSAB00 744e) 2AEA 2 0] AN Bt 47

Table 2. Test list

Specimens Test Division Quantity Sampling parts and specimen
C-1~2 Chemical Composition Test 2 V4 24
MI-1~2 Microscopic Test (Using the same sample) ’
T-4L-1~3 3 L direction 1/4
T-2L-1~3 ) 3 L direction 2/4
Tensile Test o
T-4C-1~3 3 C direction 1/4
T-Z-1~3 3 Z direction
L direction 1/4
-4L-1~1 1 5 o o o o
¢ > > (-60°C, -40°C, -20C, -5, 20C)
C-2L-1~6 6 L direction 2/4 (-20C, -57C)
Impact Test Is C direction 1/4
C-4C-1~15 (-60C, -40°C, -20C, -5C, 207C)
6 Z direction
C-Z-1~6 (20T, -5C)
B-1~3 Bending Test 3 L direction
H-1~2 Hardness Test 2 o
- . L, Z direction
MA-1~2 Macroscopic Test (Using the same sample)

Total
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Fig. 2. Chemical composition and Microscopic specimen
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Fig. 3. Tensile specimen
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Fig. 4. Impact specimen
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Table 3. Chemical composition test of HSA800 (%)

Specimens C Si M P S Ni ar Cu Mo V B
C-1/4 0.05 0.16 2.32 0.006 0.004 0.38 0.29 0.01 0.00 | 0.004 | 0.0012
C-2/4 0.05 0.16 2.33 0.006 0.004 0.38 0.29 0.01 0.00 | 0.004 | 0.0013
KS* 0.20 0.55 3.00 0.015 0.006 i i i i i i

and below | and below | and below | and below | and below

# KS D 5994 High-performance rolled Steel for building structures
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Table 4. Carbon equivalent and Welding crack sensitivity of

HSAS800
S i Carbon Welding crack
Thickness ag;l;t ;ng equivalent sensitivity
N ()
1/4t 0.5111% 0.1991%
60mm
2/4t 0.5128% 0.2001%
(IOOHITnSq and 0.60 0.30
and below and below
below)

Table 5. Tensile test of HSA800

Yield Tensile . . .

Specimens | strength | strength Elongation| Yield ratio
(N/mm?) | (N/mm?) (%) %)
T-4L-1 759.4 898.0 20.8 84.6
T-4L-2 710.0 840.1 20.1 84.5
T-4L-3 721.6 887.5 18.7 81.3
Average 730.3 875.2 19.9 83.5
T-2L-1 709.0 764.3 22.9 92.7
T-2L-2 730.0 791.3 22.8 922
T-2L-3 740.1 785.4 234 94.2
Average 726.4 780.3 23.0 93.0
T-4C-1 732.2 866.7 18.9 84.4
T-4C-2 711.4 829.6 21.1 85.8
T-4C-3 738.0 876.4 19.2 84.2
Average 727.2 857.6 19.7 84.8
KS 16 85.0

(1/4) 630~770 | 800~950" | 4 above| and below

Table 6. Thickness direction characteristic of HSA800

Specimens Reductiz)oz)of area Average
T-Z-1 80
T-Z-2 74 77
T-Z-3 77
KS 15 and above 25 and above
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Fig. 7. Stress Strain Curve of T-4L-1~3
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Fig. 8. Stress Strain Curve of T-2L-1~3
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Fig. 9. Stress Strain Curve of T-4C-1~3
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Table 7. Homogeneity of the strength of HSA800

o Yield Tensile Elongation | Yield ratio
Division | strength strength %) %)
(N/mm?) | (N/mm?) ° ’
T-2L 726.4 780.3 23.0 93.0
T-4L 730.3 875.2 19.9 83.5
T-2L/T-4L | 99.5% 89.2% 115.6% 111.4%
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Table 8. Charpy absorbed energy of HSA800 (J)
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Table 9. Bending test of HSA800

Specimens Bending Test Test result| Note

B-1 Transverse Side Bend Test 0.K No tear

B-2 Transverse Side Bend Test 0.K No tear

B-3 Transverse Side Bend Test 0.K No tear

A Aik= Table 100 YERHICH, Fig, 10, Fig,
& H-L-1, H-L-29 Z=#x5 yepd Zlojth
H-L-19] 7% Z=gho] 218~273(Hv) JEE U5}
et H-L-29] 3¢ 237~329(Hv)Z H-L-19f H]
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w
S
=]

20 | N AN
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= 200
=
w
8 150
=
T
E 100
T
50
0
0 10 20 30 40 50 60

Distance (mm)

Fig. 10. Hardness test of H-L-1

Sampling No Test temperature
parts -60C | -40C | -20C | -5C |+20TC
1 219 | 240 | 271 265 | 252
L direction 2 250 | 261 264 | 272 | 260
(1/4) 3 232 | 251 270 | 276 | 242
Average | 233.7 | 250.7 | 268.3 | 271.0 | 251.3
1 - - 13 | 290 -
L direction 2 - - 164 48 -
(2/4) 3 - - 69 | 250 -
Average - - 82.0 | 196.0 -
1 56 55 | 279 | 263 242
C direction 2 19 | 253 | 270 | 261 247
(1/4) 3 227 | 224 | 249 | 243 | 247
Average | 100.7 | 177.3 | 266.0 | 255.7 | 245.3
1 - - 12 12 -
Z direction 2 - - 2 16 -
3 - - 13 28 -
Average - - 11.3 | 18.7 -
KS (1/4, 47
L direction) ) ) ) ) and )
above
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Hardness (Hv)

0 10 20 30 40 50 60

Distance (mm)

(a) < MA-1 >

Fig. 11. Hardness test of H-L-2

Table 10. Hardness test of HSA800

Base Metal
Specimen No.
H-L-1 H-L-2
2 mm part 273 304
4 mm part 258 312
6 mm part 258 285
8 mm part 266 285
10 mm part 248 266
12 mm part 245 271 (b) < MA-2 >
12 EE g:ﬁ ig(l) ;22 Fig. 12. Macroscopic test of HSA800
18 mm part 238 273
20 mm part 256 265
22 mm part 230 266
24 mm part 229 280
26 mm part 228 276
28 mm part 226 258
Results | 30 mm part 230 237
32 mm part 234 250
34 mm part 250 259
36 mm part 218 267
38 mm part 239 248
40 mm part 249 264
42 mm part 247 273
44 mm part 256 290
46 mm part 260 289
48 mm part 263 304
50 mm part 242 316
52 mm part 254 324
54 mm part 256 327
56 mm part 258 329
Average 246.14 280.32

4.6 12 2AE 2

g

(b) < MI-2, 2/4t, x200>

Fig. 13. Microscopic test of HSA800
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