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Abstract - In this paper, experiments for the evaluation of tensile strength of steel plate with bolt hole and bearing strength of
bolted connection were performed, where bolt holes were punched by drilling and oxygen torch, respectively. For the tensile
tests, drilled and oxygen torch punched steel plate specimens of 10mm and 15mm thickness were made from structural angles
and H-shapes, respectively. For the bearing strength evaluation, test specimens were fabricated with base plates and splice plates
those were also punched by drilling and oxygen torch, respectively. The Vicker’s hardness were measured around the bolt hole
to investigate material property change due to heat effect by oxygen torch cut. Numerical analysis was also performed to
investigate the bearing strength of bolted joints due to the increase of hardness around the bolt hole by oxygen torch cut.
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Fig. 1. Tensile test specimens with bolt hole



Table 1. Coupon test results :

tension specimen

. Average Yield | Average Tensile
Member(thickness) | g . oth(MPa) | Strength (MPa)
Angle-1 (10mm) 258.5 398.8
Angle-2 (10mm) 269.9 411.0
H-shape (15mm) 261.7 407.7

2.2 KS EFAIEH QFLZE Bt
BEE AT APAREL A3 T Ao YF 3 AY
H-g7ol A 7 XH-°4 7JE %7}% 9fsl KS 12 EZE OJ%W

Table 2. Tensile test results of 10mm thickness specimen with bolt hole

Fig. 2. Tensile test for plate with bolt hole

Bolt Specimen Plate width | Thickness| Hole diameter (mm) Experiment (kN) Calibrated Strength Ratio
hole (mm) (mm) | Horizontal | Vertical Yield Ultimate Yield Ultimate
DI1-10T 70.11 9.925 24.75 24.66 116.40 178.75 96.64 97.49
D2-10T 69.97 9.695 24.77 24.72 118.91 178.93 101.27 100.11
Drill D3-10T 69.94 9.660 24.99 2491 117.76 180.61 100.70 101.46
D4-10T 69.82 9.625 24.52 24.79 116.87 178.26 100.47 100.67
D5-10T 69.84 9.785 24.77 24.73 119.48 180.67 101.01 100.34
Mean 24.76 24.76 100.00 100.00
Al1-10T 70.05 9.980 24.16 24.70 123.26 175.39 101.86 95.22
A2-10T 69.82 9.765 23.67 25.35 129.68 187.66 109.89 104.46
Oxygen Cut | A3-10T 69.84 9.660 23.55 25.10 125.68 184.20 107.62 103.62
Worker-A A4-10T 69.96 9.995 25.04 24.60 127.05 184.13 104.97 99.94
A5-10T 69.98 9.825 25.51 26.07 126.03 182.15 105.90 100.55
Mean 24.39 25.16 106.00 100.80
BI-10T 69.93 9.810 24.08 24.82 130.82 184.87 105.52 99.24
B2-10T 69.92 9.890 24.26 24.90 136.79 185.28 109.46 98.67
Oxygen Cut | B3-10T 70.01 9.820 24.37 24.56 128.98 184.13 103.81 98.63
Worker-B B4-10T 69.85 9.860 24.06 25.05 130.61 186.56 104.93 99.75
B5-10T 70.00 9.780 25.50 24.50 129.85 178.72 104.95 96.14
Mean 24.45 24.77 105.70 98.50
CI1-10T 69.91 9.985 25.66 25.41 126.56 180.73 100.32 95.34
C2-10T 69.97 9.925 24.61 26.06 129.45 185.09 103.14 98.15
Oxygen Cut | C3-10T 70.01 9.910 24.33 25.98 127.81 185.10 101.93 98.25
Worker-C C4-10T 69.98 9.735 25.20 25.31 132.86 185.98 107.91 100.53
C5-10T 69.84 9.835 24.25 25.67 132.12 186.71 106.43 100.10
Mean 24.81 25.69 103.90 98.50

dRgr2ers =24 2263 A6 (FA A133%) 20149 128 619
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Table 3. Tensile test results of 15mm thickness specimen with bolt hole

Bolt Specimen Plate width| Thickness | Hole diameter (mm) Experiment (kN) Calibrated Strength Ratio
hole (mm) (mm) Horizontal | Vertical Yield Ultimate Yield Ultimate
DI1-15T 119.61 14.245 24.64 24.84 359.85 580.60 100.10 100.25
D2-15T 119.82 14.260 24.31 24.41 363.58 580.70 100.86 99.98
) D3-15T 119.39 14.250 24.36 24.60 357.46 580.60 99.59 100.40
prill D4-15T 119.43 14.320 24.32 24.69 361.07 582.00 100.07 100.11
D5-15T 119.65 14.370 24.37 24.82 360.55 580.20 99.39 99.27
Mean 24.40 24.67 100.00 100.00
Al1-15T 119.42 14.340 25.04 25.33 375.81 579.60 104.01 99.57
A2-15T 119.36 14.320 24.79 25.18 374.62 568.90 103.88 97.92
Oxygen Cut | A3-15T 119.32 14.285 24.97 24.65 375.50 563.80 104.42 97.31
Worker-A A4-15T 119.60 14.325 25.95 25.14 378.51 574.00 104.71 98.56
AS-15T 119.71 14.295 24.63 24.70 376.63 572.60 104.32 98.44
Mean 25.08 25.00 104.30 98.40
B1-15T 119.69 14.030 24.94 24.47 370.76 554.30 104.65 97.11
B2-15T 119.34 14.175 25.96 25.11 372.59 559.80 104.39 97.35
Oxygen Cut | B3-15T 119.77 14.040 25.46 25.95 378.77 566.70 106.76 99.14
Worker-B B4-15T 119.24 14.080 24.05 24.35 380.56 581.30 107.44 101.86
BS-15T 119.60 14.065 25.20 23.74 381.43 585.20 107.47 102.34
Mean 25.12 24.72 106.10 99.60
CIl-15T 119.63 14.190 25.17 23.64 381.84 552.90 106.61 95.82
C2-15T 119.27 14.175 24.46 24.77 376.32 571.10 105.50 99.37
Oxygen Cut | C3-15T 119.17 14.055 24.86 24.16 369.50 569.20 104.56 99.97
Worker-C C4-15T 119.35 14.220 24.34 24.13 376.93 559.30 105.27 96.95
C5-15T 119.43 14.080 24.37 24.12 374.98 573.20 105.69 100.28
Mean 24.64 24.16 105.50 98.50
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Table 4. Arithmetic and probabilistic strength ratio from tensile
tests of 10mm and 15mm thickness

Designation Drill Oxygen cut | Variation
' Mean 100.0 105.3 +5.3%
Yield COV | 13293 2.1032 1.58
strength
P,_,. 95.4 97.9 +1.0%
. Mean 100.0 99.0 1.0%
Tensile =0y 1.0403 2.2259 2.14
strength
Py_ys 96.4 91.2 -5.4%
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Table 5. Coupon test results : bolt connection specimen

Member Average Yield Average Tensile
(thickness) strength(MPa) Strength (MPa)
H-shape (15mm) 267.8 418.1

(b) Stress at ultimate load

(a) Numerical model

Fig. 4. Numerical model and stress results of bearing-type bolt
connection
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Table 6. Bearing strength of bolted connection

Thickness of Ultimat Streneth

Specimen sliding plate (mm) loadm(llil\?) Izzi

left right | mean

DD-1 14.40 | 1422 | 1431 312.52 99.71
DD-2 14.58 | 1440 | 14.49 310.94 99.21
DD-3 1454 | 1426 | 14.40 306.15 97.68
DD-4 1435 | 1444 | 14395 | 31448 100.34
DD-5 1431 | 14.59 | 1445 323.06 103.07
Mean 14.41 313.43 100.0
SS-1 14.24 | 14.42 14.33 325.30 103.79
SS-2 14.25 | 14.46 | 14.355 330.22 105.36
SS-3 14.19 | 14.23 14.21 345.75 110.31
SS-4 14.13 | 14.11 14.12 324.16 103.42
SS-5 1442 | 14.21 | 14.315 334.42 106.70
Mean 14.27 331.97 105.92
SD-1 1431 | 14.57 | 14.44 330.60 105.48
SD-2 14.12 | 13.72 | 13.92 316.27 100.91
SD-3 1456 | 14.37 | 14.465 | 317.96 101.45
SD-4 13.74 | 14.10 | 13.92 310.32 99.01
SD-5 1457 | 1435 | 14.46 331.91 105.90
Mean 14.24 32141 102.55

Table 7. Arithmetic and probabilistic strength ratio of bearing

strength
Designaltion Mean COoV Py_sy
DD-series 100.0 0.01979 99.93
SS-series 105.9 0.02628 105.87
SD-series 102.5 0.02935 102.40
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Fig. 7. Typical load-displacement curves from bearing strength

tests
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Fig. 8. Vicker’s hardness around bolt hole
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Table 8. Assumed strength of material (Unit : MPa)
; SS-specimen
Designation bDiStincle from Hardness P
olt hole (mm) F, F,
0.0~0.5 224.2 474.6 825.0
Base metal 0.5~2.5 190.0 384.4 720.0
(15mm) 2.5~3.5 178.0 3443 685.0
3.5 ~ 145.0 267.8 418.1
0.0~0.5 193.5 368.3 515.0
Splice plate 0.5~2.5 171.1 303.1 450.0
(10m) 2.5~3.5 166.2 283.1 430.0
3.5 ~ 145.0 267.8 418.1
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Fig. 9. Load-displacement curves from numerical analysis
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