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Variation Analysis of Material Characteristics of Steel through
Mechanical Calibration
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Abstract

Steel elements exhibit varying characteristics during site installation after shop manufacturing. There may be a mix-up owing
to unclear management methods for transport, and deformation might occur during field installation. Moreover, the technical basis
for evaluating repair methods is narrow. In this study, variations in material properties after performing mechanical calibration
were determined for widely used steel types, such as SS400 and SM490, in which thicknesses of 30 mm and less are frequently
used on sites. The test results showed that the mechanical calibration in unheated and thermal heating cases increased the yield
strength and tensile strength of steel, and the Korea Standard value was satisfied. A yield ratio of approximately 85% or less
was obtained, indicating sufficient toughness. In addition, variations owing to thermal heating did not occur when temperatures
below 650 °C were applied.
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Table 1. Test Parameters

Divisions
Steel Grade
Plate Thickness
Heating Method
Deformation Angle 30°, 60°, 90°

Specimens
SS400, SM490

12 mm, 30 mm

None Heating, Thermal Heating

S 12 - N - 30

l Deformation Angle :
0—None, 30—30°, 60—60°, 90—-90°
Heating Method :
N—None Heating, T-Thermal Heating
Plate Thickness :
12—12mm, 30—30mm
Steel Grade :
S—+55400, M—SM490
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Fig. 2. Press Fabrication and Bending Degree
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Table 2. Chemical Composition

Composition SS400 (%) SM490 (%)
C below 0.25 below 0.20

Si below 0.45 below 0.55

Mn below 1.40 below 1.60
below 0.05 below 0.035

below 0.05 below 0.035
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Table 3. Hardness Criteria

A36 / SS400 AS572 / SM490
Tensile Strength 400 MPa 490 MPa
Rockwell hardness 67.8 78.7
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Fig. 4. Specimens for Hardness Test
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Fig. 7. Temperature Distribution of Hammering Calibration
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Table 4. Test Result of Chemical Composition

Specimens C Si Mn P S

Name |Heating| (0) | (%) | (%) | (%) | (%)
S-12-N-0 | None 0.16 | 0.20 | 0.88 | 0.030 | 0.008
S-12-T-30 o 0.16 | 0.20 | 0.88 | 0.029 | 0.008
S-12-T-60 o 0.16 | 0.20 | 0.88 | 0.029 | 0.009
S-12-T-90 o 0.16 | 0.20 | 0.89 | 0.030 | 0.009
M-12-N-0 | None | 0.072 | 0.24 1.61 | 0.020 | 0.009
M-12-T-30 o 0.072 | 0.24 1.61 | 0.020 | 0.009
M-12-T-60 o 0.070 | 0.24 1.62 | 0.019 | 0.009
M-12-T-90 o 0.072 | 0.24 1.62 | 0.020 | 0.009
S-30-N-0 | None 0.19 | 0.16 | 0.48 | 0.014 | 0.009
S-30-T-30 o 0.19 | 0.16 | 0.48 | 0.014 | 0.009
S-30-T-60 o 0.18 | 0.17 | 0.48 | 0.014 | 0.009
M-30-N-0 | None 0.21 0.33 1.53 | 0.035 | 0.006
M-30-T-30 o 0.20 | 0.33 1.53 | 0.035 | 0.006
M-30-T-60 o 0.20 | 0.34 1.50 | 0.035 | 0.005
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Table 5. Test Result of Strength (SS400)

Specimens ” - Yield | £, £, YR
Y “ Ratio Ej.mse Fu.base YRdeG

Name | (MPa) | (MPa) | 10 A )

S-12-N-0
(Base)

S-12-N-30 | 320 465 0.69 | 113.9 | 102.2 | 111.3
S-12-N-60 | 349 471 0.74 | 1242 | 103.5 | 1194
S-12-N-90 | 361 474 0.76 | 128.5 | 104.2 | 122.6

281 455 0.62 | 100.0 | 100.0 | 100.0

Ao FETh

Z1AA w48 A SMA0 A2 749, THFA 12 mme}
30 mm 72| FEAT W2} 74 FEw} gHEu| 9
H3lZo] A YepRtoL), KS+= 15351 ARgAlolle &4
7} & Aoz FHh

Table 6. Test Result of Strength (SM490)

S-12-T-30 | 299 469 0.64 | 106.4 | 103.1 | 103.2

S-12-T-60 | 321 479 0.67 | 1142 | 105.3 | 108.1

S-12-T-90 | 347 495 0.70 | 123.5 | 108.8 | 112.9

Specimens Yield | £, £, YR
_ Fy F;l Ratio F/ l‘ F I YRI
MP MP y,base u,base base
Name (MPa) | (MPa) F, /F, (%) (%) (%)
M-12-N-0 442 515 0.86 | 100.0 | 100.0 | 100.0
(Base)

S-30-N-0

321 450 0.71 | 100.0 | 100.0 | 100.0
(Base)

M-12-N-30 | 412 537 0.77 93.2 | 104.3 89.5

S-30-T-30 | 348 456 0.76 | 108.4 | 101.3 | 107.0

M-12-N-60 | 418 537 0.78 94.6 | 1043 | 90.7

S-30-T-60 | 362 476 0.76 | 112.8 | 105.8 | 107.0

M-12-N-90 | 466 544 | 0.86 | 105.4 | 105.6 | 100.0
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TFA 30 mm FHE] 7B, FHEFEF oF 30~40(%)
5L IEE 5% A= FIsSleH, B A
AEE Bt danls FEAE g3t A A
O = A3l 30 mm e} - dAfee] ok 57

6 StEEUNEE =2, M203 35 20204 6

M-12-T-30 | 449 546 0.82 | 101.6 | 106.0 | 95.3

M-12-T-60 | 462 564 | 0.82 | 104.5 | 109.5 | 953

M-12-T-90 | 484 555 0.87 | 109.5 | 107.8 | 101.2

M-30-N-0

333 569 0.58 | 100.0 | 100.0 | 100.0
(Base)

M-30-T-30 | 425 583 0.73 | 127.6 | 102.5 | 1259

M-30-T-60 | 467 615 0.76 | 140.2 | 108.1 | 131.0

AAEE A HHE o o] 34 Agle} AlgH e
x4 A9 2pols WMEEZ YERH Zlolth KS D 3503
9 351500 =] e IAES AIFH 1A 7]F SS400
2 SM490 A 25 FFA| 12 mme] 7% 18% o V0163
704 ©]1%), 30 mme] $ 21% o)doltk FE T glo]
HFAE Aelste] 4389 TKTable 7).

Table 7. Test Result of Elongation

Specimens | Elo- | Elo | Specimens | Elo- | Elo
| eation | Elog gation | Elo,,
Name | oo | o0 | Nme | o) | o)
S-12-N-0 M-12-N-0
(Basc) 42 100.0 (Base) 42 100.0

S-12-N-30 41 97.6 | M-12-N-30 38 90.5

S-12-N-60 35 83.3 | M-12-N-60 35 83.3

S-12-N-90 35 83.3 | M-12-N-90 35 83.3

S-12-T-30 36 85.7 | M-12-T-30 30 71.4

S-12-T-60 30 71.4 | M-12-T-60 26 61.9

S-12-T-90 34 81.0

S-30-N-0
(Base)

M-12-T-90 30 71.4

38 | 1000 | M-30-N-0 27 | 100.0
(Base)

S-30-T-30 33 86.8 | M-30-T-30 25 92.6

S-30-T-60 19 50.0 | M-30-T-60 17 63.0
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Table 8. Hardness Test (SS400)

Measurement Location

Specimens (Drawn part/Flat part) Note
No. 1 | No. 2 | No. 3 | No. 4
S-12-N-0 | 70/71 | 70/70 | 74/71 | 69/79 | Base Metal
S-12-N-30 | 83/69 | 84/70 | 78/69 | 75/82 .
S-12-N-60 | 85/70 | 85/69 | 77/68 | 73/68 | T\on-Heating
Calibration
S-12-N-90 | 84/69 | 85/69 | 81/69 | 79/69
S-12-T-30 | 79/70 | 79/69 | 74/69 | 70/69 _
S-12-T-60 | 82/70 | 82/70 | 82/68 | 73/60 | eating
Calibration
S-12-T-90 | 84/69 | 83/70 | 80/71 | 73/75
S-30-N-0 | 74/74 | 72/73 | 72/74 | 70/70 | Base Metal
S-30-T-30 | 87/91 | 92/87 | 74/72 | 80/76 | Heating
S-30-T-60 | 93/77 | 86/77 | 80/71 | 76/69 | Calibration
Table 9. Hardness Test (SM490)
Measurement Location
Specimens (Drawn part/Flat part) Note
No. 1 | No. 2 | No. 3 | No. 4
M-12-N-0 | 83/85 | 85/84 | 84/82 | 84/84 | Base Metal
M-12-N-30| 87/84 | 88/85 | 86/82 | 83/83 .
M-12-N-60| 91/84 | 88/85 | 89/84 | 8s/85 | \on-Heating
Calibration
M-12-N-90| 91/84 | 89/84 | 90/84 | 88/85
M-12-T-30 | 92/83 | 91/83 | 87/84 | 84/84 _
M-12-T-60 | 96/34 | 94/85 | 90/85 | 85/84 | 1icating
Calibration
M-12-T-90 | 96/84 | 93/83 | 89/84 | 87/83
M-30-N-0 | 90/82 | 82/87 | 82/83 | 81/81 | Base Metal
M-30-T-30 | 98/95 | 95/95 | 87/86 | 86/91 | Heating
M-30-T-60 | 97/83 | 94/90 | 89/82 | 86/82 | Calibration
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