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Abstract — Although block shear rupture is one of the critical failure modes of bolted lap joint in steel structures, the failure
mechanism and strength capacity have yet to be more clearly established. Further, since existing design formulas in presentative
steel design standards were developed based on experimental studies with ordinary steels, it is unclear whether it can be applied
to high-strength steels with significantly different post-yield properties. In this study, the behavior of bolted lap joints made of
high-strength steel was experimentally investigated and a new design formula was developed. A total of 10 specimens were
tested to evaluate the block shear strength depends upon steel grades and bolt arrangements. In addition, finite element analyses
have been carried out to investigate the effects of bolt number, bolt spacing, and joint length. The block shear strength equations
in the existing design standards is shown to be inconsistent and a new formula applicable to both ordinary and high-strength
steels is proposed.
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Table 1. Tensile Test Results of Steel Plate

Measured Measured | Yield
Test| Steel Grade | yield strength |tensile strength | ratio

(MPa) (MPa) (%)

1 345.2 518.6 67

2 332.9 516.0 65

SM490 3 339.3 519.4 65
Aver. 339.1 518.0 65

1 551.8 680.6 81

2 553.4 677.9 82

I SM570 3 557.2 681.4 82
Aver. 554.1 680.0 81

1 841.8 906.1 93

2 841.1 905.2 93

HSA300 3 843.6 907.8 93
Aver. 842.2 906.4 93

1 342.2 500.8 68

2 338.3 500.4 68

SM490 3 318.4 499.9 64

I Aver. 333.0 500.3 67
1 756.8 801.8 95

2 790.1 812.3 97

HSA300 3 807.9 828.1 98
Aver. 784.9 814.1 96
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Table 2. Summary of test specimen information

Plate Bolt Bolt Number Ultimate |Deformation at
Specimen Steel |thickness|diameter| distance load ultimate load Failure mode
of bolts
(mm) | (mm) | (mm) (kN) (mm)
25-490-3-60 | SM490 25 30 60 12 3,416 43.1 Block shear rupture
25-490-7-40 | SM490 25 20 40 28 4,859 56.0 Net section rupture
25-570-3-60 | SM570 25 30 60 12 4,260 31.6 Block shear rupture
Test-1
25-570-7-40 | SM570 25 20 40 28 4,947 513 Gross section rupture
25-800-3-60 | HSA800 25 30 60 12 5,824 17.2 Bolt shear rupture
25-800-7-40 | HSA800 25 20 40 28 5,146 213 Bolt shear rupture
15-490-3-60 | SM490 15 30 60 12 1,974 37.6 Block shear rupture
15-490-4-60 | SM490 15 30 60 16 2,488 329 Block shear rupture
Test-1I
15-800-3-60 | HSA800 15 30 60 12 3,139 22.7 Block shear rupture
15-800-4-60 | HSA800 15 30 60 16 3,512 21.9 Block shear rupture
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Table 3. Comparison of block shear capacity between design
strength and test result

Steel Test Nominal strength (kN)
Specimen grade | (kN) AISC AISC CSA
1999 2010 | S16-09
25-490-3-60 | SM490 | 3,416 | 2,499 2,408 3,266
25-570-3-60 | SM570 | 4,260 | 2,907 2,987 3,967
15-490-3-60 | SM490 | 1,974 | 1,591 1,570 2,112
15-490-4-60 | SM490 | 2,488 | 1,844 1,822 2,590
15-800-3-60 | HSA800 | 3,139 | 2,448 2,574 3,393
15-800-4-60 | HSA800 | 3,512 | 2,837 2,963 4,176
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