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FEATURE : Materials for Ships, Buildings and Bridges
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High Strength Bolts

%aburo Terakado

The site connections of bridge or building structures are mainly achieved through the use of high strength
bolt connections. At present various types of high strength bolts are used in such structures. These include
the high strength hexagon bolt, torshear type high strength bolt, hot dip galvanized high strength hexagon
bolt, rustproof high strength bolt, atmospheric corrosion-resistant steel high strength bolt, chloride
environment corrosion-resistant steel high strength bolt, fire-resistant steel high strength bolt, and ultra high
strength bolt. Most of these bolts are in the 10T (1 000 N/mm?) class. However, the strength of the hot dipped
galvanized high strength hexagon bolt is 8T (800 N/mm?), and the ultra high strength bolt is 14T or 15T.
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Photo 1 High strength hexagon bolt
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Table 1 Component of set

Component of set Bolt Nut Washer
Grade by mechanical F10T F10 F35
property

a2 ogooooooooooooo
Table 2 Mechanical properties of test specimen machined from bolt

Grade of 0.20 Proof stress TS El. Re.
bolt (N/mm?) (N/mm?) @) (=D)
F10T min.900 10000 1200f min.14 | min.40

03 oOoo0oooooooo
Table 3 Mechanical properties of full-size bolt

Tensile load (min.)(kN)

Grade of - - Hardness
bolt Nominal size of thread (HRC)

M16 | M20 | M22 | M24 | M27 | M30

F10T 157 | 245 | 303 | 353 | 459 | 561 280138
04 O0ooooooo
Table 4 Mechanical properties of nut
Grade of Hardness (HRC)

- Proof load
nut min. max.
Same as tensile load (min.) of
F10 16 % bolt in table 3
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Table 5 Mechanical properties of washer

Grade of washer Hardness (HRC)

F35 350 45
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06 goo0ooooooo
Table 6 Torque coefficient of set

. Class of set according to torque coefficient
Division by lots
A B
Aver'a'ge value of torque _ 0110 0.15 01501 0.19
coefficient of one manufacturing
Standard dgwatlon of one max. 0.010 max. 0.013
manufacturing
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Photo 2 Torshear type high strength bolt
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Table 7 Component of set

Component of set Bolt Nut Washer

Grade by mechanical property S10T F10 F35

08 oooooooooood

Table 8 Bolt tension of set (kN)
Nominal size | Average bolt tension in a set | Standard deviation of bolt tension
of thread |in one manufacturing lot of a set in one manufacturing lot
M16 1100 133 max. 8.5
M20 172 0 207 max. 13
M22 212 0 256 max. 16
M24 2470 298 max. 19
Mm27 3220 388 max. 24
M30 394 0 474 max. 30
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Photo 3 Hot dip galvanized high strength bolt
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Table 9 Component of set

Component of set Bolt Nut Washer

Grade by mechanical property F8T F10 F35

010 00o0o0oo0ooOooooo
Table 10 Mechanical properties of test specimen machined from bolt

Grade of 0.20 Proof stress TS El. Re.
bolt (N/mm?) (N/mm?) | (O) @)
F8T min.640 800001 000 | min.16 | min.45

011 ooooooooooo
Table 11 Mechanical properties of full-size bolt

Min. tensile load (kN)

Grade of - - Hardness
bolt Nominal size of thread (HRC)

M16 | M20 | M22 | M24 | M27 | M30
F8T 126 | 196 | 243 | 283 | 368 | 449 180 31

012 0oooooooo
Table 12 Mechanical properties of nut

Grade of Hardness (HRC)
- Proof load
nut min. max.
Same as min. tensile load of
F10 16 % bolt in table 11
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Table 13 Mechanical properties of washer

Grade of washer
F35

Hardness (HRC)
250 45

014 gooooooooo
Table 14 Torque coefficient of set

o Class of set according to torque coefficient
Division by lots
A
Aver_a_ge value of torque _ 0110 0.15
coefficient of one manufacturing
Standard dgwatlon of one max. 0.010
manufacturing
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Photo 4 SEM micrograph of delayed fracture surface

Photo 5 SEM micrograph of fatigue fracture surface

015 ooooooooodd . Chemical compositionsd O (mass )
oooo Grade of bolt| Material - - -
Table 15 Examples of Chemical C S Mn P S C N Mo Cu Ti B Al
compositions of material F8T
for high strength bolt F10T, S10T 21ATBA 0.21 0.07 0.89 0.019 0.010 0.14 001 0O 001 0O 0.0011 add
F10TO W
S10TO W SNC22BA 0.23 0.14 0.82 0.012 0.017 083 047 0O 042 0O 0.0011 add
F10TO NW
S10TO NW SNB22BAT |0.23 0.30 0.90 0.011 0.013 0.04 144 0O 052 add 0.0011 add
F10TO FR )
S10TO FR SCM822AFT |0.23 0.18 0.84 0.011 0.011 1.10 0.02 0.31 0.01 add N:0.011
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Photo 6 SEM micrograph of ductile fracture surface
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Fig. 1 Result of exposure test of weathering steel
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Fig. 2 Relationship between temperature and strength of FR
steel
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Fig. 3 Results of delayed fracture test
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