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Abstract - For steel subjected to hot rolling, differences in cooling rates result in the generation of residual stresses. If residual
stresses exist in structures, they can lead to various issues such as local bucking, fatigue failure, stress concentration, and so
forth. In accordance with this, the domestic architectural structural standards propose design equations that incorporate residual
stresses when torsional moments occur. However, with the increasing variety of H-beams being produced domestically for
various purposes, there is a need to reconfirm the distribution of residual stresses in domestically produced H-beams. Therefore,
in this study, the distribution of residual stresses in rolled H-beams is verified based on previously conducted cases of residual
stress and measured values of domestically produced H-beams. Domestic H-beams were measured using hole-drilling method.
As aresult, it can be confirmed that the magnitude of residual stress in the flange of domestic and International H-beam differs,
and it can be observed that as the width-thickness ratio increases, the residual stress gradually decreases. Furthermore, it has
been confirmed that residual stresses exceeding 0.3 Fy occur when compared to domestic architectural structural standards.
This suggests that measuring the residual stresses of various domestic H-beams and basing judgments on them will be necessary
for a more accurate assessment.
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Fig. 1. Quenching and self-tempering process
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Table 1. Residual stress in the flange of rolled H-beam prior to 2005

Nominal Residual Stress [MPa] Maximum
Sample Yield Stregth Compressive F, ! F,
[MPa] fl 2 3 4 f5 Stress [MPa]
1983_Australia_01 285% 252 73 172.1 252 0.8 0.0 0.00
1991 Canada 01 300 9.0 22.0 194.0 54.0 22.0 0.0 0.00
1991 Canada 02 300 17.0 14.0 66.0 45.0 -48.0 -48.0 0.16
2002 Korea 01 245 -43.0 69.0 98.0 20.0 2.0 -43.0 0.18
2002_Korea 02 245 6.0 20.0 79.0 33.0 -7.0 -7.0 0.03
2002 _Korea 03 245 -6.0 46.0 92.0 36.0 -1.0 -6.0 0.02
2002 _Korea 04 245 10.0 29.0 101.0 66.0 31.0 0.0 0.00

Table 2. Residual stress in the web of rolled H-beam prior to 2005

Nominal Residual Stress [MPa] Maximum
Sample Yield Stregth Compressive v com! E,
[MPa] wl w2 w3 w4 w5 Stress [MPa]
1983 Australia_01 285" 36.7 -64.0 -176.3 -79.8 21.0 -176.3 0.62
1991 Canada 01 300 194.0 -172.0 -200.0 -134.0 200.0 -200.0 0.67
1991 Canada 02 300 67.0 -135.0 -119.0 -131.0 91.0 -135.0 0.45
2002 Korea 01 245 45.0 - -135.0 - -38.0 -135.0 0.55
2002_Korea_02 245 14.0 - -134.0 - -3.0 -134.0 0.55
2002_Korea_03 245 29.0 - -132.0 - 24.0 -132.0 0.54
2002_Korea_04 245 49.0 - -143.0 - -6.0 -143.0 0.58
" Norminal Yield Strength Unknown, Yield Strength Determined by Testing used.
Table 3. H-beam section prior to 2005 f1 f2 3 4 f5
- 0 ° ° ° ol
Sample Section N
o w1
1983 _Australia_01 H-256x146%6.4x10.9
1991_Canada_01 H-353x128%6.5x10.7 o w2
1991_Canada_02 H-310%165%5.8%9.7 o w3
2002 Korea 01 H-294x200x8x12 o w4
2002 Korea 02 H-294x200x8x12
o w5
2002 Korea 03 H-294x200%8x12 I \ |
2002_Korea 04 H-294x200%8%12
Fig. 2. Measurement location for residual stress
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(a) Attach strain gauge

Fig. 3. Residual stress measurement procedure
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Table 4. H-beam Section After 2005

Sample

Section

2010 Netherlands 01

H-100x96x5%8

2010_Netherlands 02

H-100x96x5x8

2010 Netherlands 03

H-100x96x5%8

2010 Netherlands 04

H-360%x300x12.5%22.5

2010 Netherlands 05

H-360%x300x12.5%22.5

2010 Netherlands 06

H-360x170x8x12.7

2010 Netherlands 07

H-360x170x8x12.7

2011 Canada 01

H-318%308x13.1x20.6

2013 Netherlands 01

H-580x471x95x130

2013 Netherlands 02

H-580%471x95x130

2013 Netherlands 03

H-580%471x95x130

2013 Netherlands 04
2013 Netherlands 05
2013 Netherlands 06

H-1093%x473x76.7x115.1
H-1093x473x76.7x115.1
H-1093%x473x%76.7x115.1

2013 Belgium 01

H-160x82x5%7.4

2013 Belgium 02

H-160x82x5x7.4

2013 Belgium 03

H-160%x82x5x7 .4

2013 Belgium 04

H-160%x82x5x7.4

2019 China 01

H-198x99x4.5x7

2019 China 02

H-248x124x5x%8

2021 Portugal 01

H-500%200x10.2x16

2021 Portugal 02

H-310x300x9x15.5

2023 UK 01

H-152.5%152x6x6.5

2023 Switzerland 01

H-120%64%4.4%x6.3

2023 Switzerland 02

H-160x152x6%9

2023 Switzerland 03

H-200x100x%5.6x8.5

2023 Switzerland 04

H-360x170x8x12.7

2023 Switzerland 05

H-524%306%21x40

2020 Korea 01

H-918%303x19%37

2020 Korea 02

H-458%x417x30%50

2022 Korea 01

H-700x300x13x24

2022 Korea 02

H-428x407x20%35

2023 Korea 01

H-700x300x13x24

2023 Korea 02

H-428x407x20%35
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Fig. 4. Residual stress distribution of high-strength H-beam

AFHEO AL 1= HYZFo|AqE Table 40 oJ5hd
ZR| £/} v WA QRS A0 F HQlrt wraha] n|=
Z28+3] 7120 A A QT ZA:A|

o4

A% FAL 3
Hel A9 17w
29 2718 2T a7t AL

Z+(Heavy Section, 2 35 mm
Yol w2t 2HF5
Aolzh zheny,

Table 73} Table 80 2J5tH B9 = 75
SR Hs) & Ao g Holw, 2013dx=9] YE
T AdH R 2 AFH(2022 Korea 2 AT
A AM = B G5 7SOl ] A} AR
EIEG Y= RHEES 1 Sh=
& o) HE g T HE RS
7 EASHE A o % T

Table 5—Table 89 -JO]-‘?E JdH HIY L A&
8 FELE H(F.,./ F)°l gol 035 23}
o BolH FY AZTRAZAAL 2
IJFS ABZFEY 0.7 FyZ ®©gsta
F, ../ F2 %ol 0.3 o]do] d A& =l A=
S Atk PIEGHAE Aol 48 7
2E2 glolsk "t 9L Aol =T} o]
2 HE4< A&shs A E 47829 2715

272712004 WYL S Fustel A
7 qLos], A7gAte] AR S g stel T A%
2710 PH|EHH=AE A2 AES eV e
Holetn were

>i ek )

O X o rlo

HE:L
H:lr
Eo
9,
N ¢

olo
I8,

~oIr S N A
=T N = M = R T (S O -1}

_o‘lr,
rr

b
(o olo

72 e s =5 AB6E A3S(EE A19035) 20249 62 201



G AR HBA] A7 22 L A FAo viA= 9F

Table 5. Residual stress in the flange of rolled H-beam after 2005 (International H-beam)

Nominal Residual Stress [MPa] Maximum

Sample Yield Stregth Compressive E, !

[MPa] f1 2 3 4 f5 Stress [MPa]
2010_Netherlands_01 235.0 136.0 73.0 58.0 49.0 -53.0 -53.0 0.23
2010_Netherlands 02 235.0 -19.0 12.0 24.0 -17.0 -7.0 -19.0 0.08
2010_Netherlands_03 355.0 -10.0 19.0 24.0 -17.0 -22.0 -22.0 0.06
2010_Netherlands_04 235.0 -28.0 -33.0 103.0 13.0 -23.0 -33.0 0.14
2010 _Netherlands_05 355.0 -37.0 5.0 108.0 -7.0 -23.0 -37.0 0.10
2010_Netherlands_06 235.0 17.0 -18.0 96.0 -17.0 -33.0 -33.0 0.14
2010_Netherlands_07 355.0 1.0 -5.0 153.0 -15.0 -37.0 -37.0 0.10
2011_Canada_01 345.0 -62.0 17.0 114.0 28.0 68.0 -62.0 0.18
2013_Netherlands_01 450.0 -34.0 -103.0 48.0 -11.0 -117.0 -117.0 0.26
2013_Netherlands_02 450.0 -73.0 -77.0 43.0 -23.0 -160.0 -160.0 0.36
2013_Netherlands_03 450.0 -81.0 -33.0 59.0 -57.0 -118.0 -118.0 0.26
2013_Netherlands_04 450.0 -128.0 60.0 166.0 34.0 -140.0 -140.0 0.31
2013_Netherlands_05 450.0 -101.0 50.0 165.0 35.0 -149.0 -149.0 0.33
2013_Netherlands_06 450.0 -197.0 96.0 190.0 55.0 -93.0 -197.0 0.44
2013_Belgium_01 275.0 -21.0 50.0 105.0 42.0 -22.0 -22.0 0.08
2013_Belgium_02 275.0 -19.0 50.0 101.0 42.0 -19.0 -19.0 0.07
2013_Belgium_03 275.0 -24.0 55.0 105.0 22.0 -17.0 -24.0 0.09
2013_Belgium_04 275.0 -7.0 37.0 100.0 50.0 7.0 -7.0 0.03
2019_China 01 235.0 14.0 -18.0 60.0 12.0 -7.0 -18.0 0.08
2019_China_02 235.0 -31.0 62.0 51.0 39.0 15.0 -31.0 0.13
2021_Portugal 01 460.0 25.0 6.0 107.0 35.0 -2.0 -2.0 0.00
2021 Portugal 02 460.0 -61.0 16.0 109.0 14.0 -75.0 -75.0 0.16
2023_UK 01 355.0 -15.0 18.0 62.0 15.0 37.0 -15.0 0.04
2023_Switzerland 01 355.0 20.0 - 22.0 - 8.0 0.0 0.00
2023_Switzerland_02 355.0 -23.0 -10.0 64.0 22.0 -61.0 -61.0 0.17
2023_Switzerland_03 355.0 30.0 - 64.0 - 3.0 0.0 0.00
2023_Switzerland 04 355.0 -41.0 -13.0 171.0 10.0 -2.0 -41.0 0.12
2023_Switzerland_05 355.0 -14.0 -7.0 96.0 -8.0 -49.0 -49.0 0.14

Table 6. Residual Stress in the Flange of Rolled H-beam After 2005 (Domestic H-beam)

Nominal Residual Stress [MPa] Maximum
Sample Yield Stregth Compressive " com ! F
[MPa] f1 2 3 f4 5 Stress [MPa]
2020 Korea 01 460.0 -61.0 -71.0 -2.0 -207.0 -62.0 -207.0 0.45
2020 Korea 02 460.0 -224.0 -41.0 -16.0 -22.0 -173.0 -224.0 0.49
2022 Korea 01 355.0 -67.0 128.0 331.0 215.0 -71.0 -71.0 0.20
2022 Korea 02 355.0 -61.0 141.0 95.0 182.0 -45.0 -61.0 0.17
2023 Korea 01 460.0 -42.0 111.0 237.0 106.0 -102.0 -102.0 0.22
2023 Korea 02 460.0 -107.0 110.0 316.0 217.0 -455.0 -455.0 0.99

202 SHEFAEES] = A36E A3 E(E5A A190%) 2024 62
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Table 7. Residual Stress in the Web of Rolled H-beam After 2005 (International H-beam)

Nominal Residual Stress [MPa] Maximum
Sample Yield Stregth Compressive F, ./ F,
[MPa] wl w2 w3 w4 w5 Stress [MPa]
2010 _Netherlands 01 235.0 -155.0 | -147.0 -42.0 -36.0 25.0 -155.0 0.66
2010_Netherlands_02 235.0 -40.0 -6.0 -5.0 -8.0 -119.0 -119.0 0.51
2010 Netherlands_03 355.0 -49.0 - -17.0 - -36.0 -49.0 0.14
2010_Netherlands_04 235.0 -168.0 26.0 -89.0 -37.0 -210.0 -210.0 0.89
2010 Netherlands_05 355.0 -45.0 -105.0 | -180.0 -95.0 243.0 -180.0 0.51
2010_Netherlands_06 235.0 -46.0 -51.0 -51.0 16.0 -176.0 -176.0 0.75
2010 Netherlands_07 355.0 14.0 -110.0 | -158.0 -76.0 40.0 -158.0 0.45
2011 _Canada 01 345.0 -13.0 -62.0 -141.0 -78.0 -29.0 -141.0 0.41
2013_Netherlands_01 450.0 -50.0 -99.0 -111.0 -71.0 -8.0 -111.0 0.25
2013_Netherlands_02 450.0 2.0 -76.0 -89.0 -53.0 32.0 -89.0 0.20
2013_Netherlands_03 450.0 1.0 -57.0 -65.0 -35.0 25.0 -65.0 0.14
2013_Netherlands_04 450.0 99.0 -86.0 -159.0 | -120.0 27.0 -159.0 0.35
2013_Netherlands_05 450.0 77.0 -100.0 | -175.0 | -128.0 19.0 -175.0 0.39
2013 Netherlands_06 450.0 9.0 -164.0 | -262.0 | -177.0 49.0 -262.0 0.58
2013_Belgium_01 275.0 -47.0 -125.0 | -128.0 | -121.0 0.0 -128.0 0.47
2013 Belgium_02 275.0 -49.0 -137.0 | -145.0 | -133.0 -47.0 -145.0 0.53
2013_Belgium_03 275.0 -53.0 -122.0 | -132.0 | -124.0 -34.0 -132.0 0.48
2013 Belgium_04 275.0 -62.0 -131.0 | -132.0 | -124.0 -62.0 -132.0 0.48
2019_China_01 235.0 11.0 -45.0 -99.0 -43.0 29.0 -99.0 0.42
2019_China_02 235.0 51.0 -28.0 -98.0 -17.0 19.0 -98.0 0.42
2021 Portugal 01 460.0 0.0 -22.0 -183.0 -24.0 14.0 -183.0 0.40
2021_Portugal 02 460.0 53.0 -60.0 -277.0 -65.0 53.0 -277.0 0.60
2023 UK 01 355.0 -4.0 -62.0 -92.0 -64.0 -19.0 -92.0 0.26
2023_Switzerland_01 355.0 -11.0 - -28.0 - -34.0 -34.0 0.10
2023_Switzerland 02 355.0 -5.0 - -20.0 - -12.0 -20.0 0.06
2023_Switzerland_03 355.0 -7.0 -100.0 -90.0 -74.0 -16.0 -100.0 0.28
2023 Switzerland 04 355.0 -25.0 -121.0 | -131.0 -73.0 4.0 -131.0 0.37
2023_Switzerland 05 355.0 -54.0 -146.0 | -121.0 -92.0 -84.0 -146.0 0.41

Table 8. Residual Stress in the Web of Rolled H-beam After 2005 (Domestic H-beam)

Nominal Residual Stress [MPa] Maximum
Sample Yield Stregth Compressive F,.m!F,
[MPa] wl w2 w3 w4 w5 Stress [MPa]
2020 Korea 01 460.0 -130.0 -23.0 22.0 -1.0 -130.0 -130.0 0.28
2020 Korea 02 460.0 -107.0 -67.0 30.0 -122.0 -305.0 -305.0 0.66
2022 Korea 01 355.0 172.0 140.0 124.0 58.0 -19.0 -19.0 0.05
2022 Korea 02 355.0 57.0 162.0 138.0 186.0 26.0 0.0 0.00
2023 Korea 01 460.0 -72.0 -75.0 -35.0 -51.0 -49.0 -75.0 0.16
2023 Korea 02 460.0 178.0 -13.0 86.0 35.0 37.0 -13.0 0.03
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7] 3 (Notation)
M, IR HHERT DT [kN-m]
G IR LIHE $SHA S
M, /Y EHE [kN-m]
F, SHFELE [MPa]
£, A 4H 7 [MPa]
S, G HA S [mm’]
L, A ] v A A4 0] [mm]
L, 2/ RHA WA A Z o] [mm]
L EHRHA WA A Z o] [mm]
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