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Effect of Heat-Treatment on Microstructure and Mechanical Strength
of High Strength Bolts for Steel Structure

Shin-ichi Yamaura, Tomonari Yano, Itsuki Sato, Amu Furuya and Kazuhiko Okuya

In this work, tightening axial force, Vickers hardness and microstructure of torshear-type high strength bolts heat-
treated in various conditions were studied. As a result, it was found that the bolts heated at up to 673K did not show
a significant decrease in tightening force and Vickers hardness and the bolts heat-treated at the temperature higher
than 673K did. This is because the tempering temperature for the bolts after quenching in manufacturing process is
close to 673K. However, the bolts heated at 1073K and subsequently water-quenched showed a significant increase
in Vickers hardness due to the formation of martensite phase by quenching from austenite phase. Moreover, the slip
factors of friction-type high strength bolted joints with pre-heated bolts were studied. As a result, it was found that
the slip factors almost kept constant when using the bolts heated at up to 673K, but the factors fell below 0.5 when

using the bolts heated at 773K and 873K.
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RT: , (8) , (b)
2
BALERE T/K RT 373K 473K 573K 673K 773K 873K

—REH | 304 38.2 343 35.3 35.3 314 353
ZR#H | 113.7 112.7 117.6 113.7 118.6 82.3 88.2
—REH | 30.4 30.4 333 28.4 36.3 28.4 323
ZRS | 113.7 90.2 97.0 116.6 104.9 85.3 78.4
1 , (a) , (b) KEAS —REH | 304 323 28.4 32.3 31.4 32.3 30.4

ZR#EH | 113.7 103.9 106.8 113.7 99.0 92.1 80.4
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BB T/K RT 373K | 473K | 573K | 673K | 773K | 873K | 973K | 1073K
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6

4 5
RILIERE T/K RT 373K | 473K | 573K | 673K | 773K | 873K
FTARYFTE(KN) 257.0 | 270.1 | 269.8 | 265.1 | 265.1 | 225.1 | 191.7
A FTARYFRE 0.57 0.60 0.57 0.58 0.56 0.68 0.54
FTRYFRH2 0.57 0.59 0.59 0.58 0.58 0.50 0.42
FTRYFE(KN) 257.0 | 247.7 | 283.7 | 283.3 | 281.5 | 218.2 | 228.2
EAM FRYFREu1 0.57 0.69 0.73 0.61 0.67 0.64 0.73
FRYFREN2 0.57 0.54 0.62 0.62 0.62 0.48 0.50
FTRYFTE(KN) 257.0 | 272.9 | 258.6 | 288.1 | 287.4 | 214.0 | 194.1
TKBEA# T’fufﬁﬁlul 0.57 0.66 0.61 0.63 0.73 0.58 0.60 |Jl 056“073 06
TRYFRHu2 0.57 0.60 0.57 0.63 0.63 0.47 0.43
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