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Bolt Steels Used for Steel Structures

Yuichi NAMIMURA

Synopsis : Bolts are used in a wide variety of fields including the automobile industry, the civil engineering and construction industry, and the machine

industry. Therefore, bolt strength class and fastening method are all highly variable according to use location and purpose. Consequently, the

optimum steel grade for the application concerned must be selected from carbon steels to alloy steels.

Bolts for steel structures are standardized by ‘Sets of high strength hexagon bolt, hexagon nut and plain washers for friction grip joints (JIS

B 1186 by Japanese Standards Association)’ and ‘Sets of torshear type high strength bolt, hexagon nut and plain washers for structural joints

(JSS 11 09 by Society of Steel Construction of Japan)’. But their bolts are not specified about used materials. However, it is necessary for the

materials to possess a lot of characteristics, example for toughness and ductility, corrosion resistance, fire resistance, delayed fracture resis-

tance, according to the use condition.

In this paper, high strength bolt steels for steel structures are mainly introduced about conventional bolt, hot dip galvanized bolt, fire resis-

tance bolt, weathering bolt, stainless bolt, super high strength bolt.

Key words: high strength bolt; steel structures; delayed fracture; hexagon bolt; torshear type bolt; hot dip galvanized bolt; fire resistance bolt; weathering

bolt; stainless bolt; super high strength bolt.
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Fig. 1. Sets of high strength hexagon bolt, hexagon nut
and plain washers.

Fig. 2. Sets of torshear type high strength hexagon bolt,
hexagon nut and plain washer for structural joints.
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Table 1. Classification of high strength bolts for structural

joints.
Application Strength Class
Conventional high strength bolt 8T, 10T, (11T)
Hot dip galvanized high strength bolt 8T

Fire resistance high strength bolt 8T<Hot dip galvanized>, 10T

Wethering high strength bolt 10T
Stainless high strength bolt 10T
Super high strength bolt 14T
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Table 2. Combination of classes of sets and the grades according to mechanical properties of components.

Grades according to mechanical
Classes of sets properties of components to be applied
Class according to Class according to
mechanical properties torque coefficient values Bolt Nut Washer
Grade 1 A F8T F10 F35
B (F8)
Grade 2 A F10T F10
B
(Grade 3) A (F11T)
B
Table 3. Mechanical properties of bolt test pieces.
Grade according Proof stress Tensile strength Elongation Reduction
to mechanical pro- N/mm? N/mm? of area
perties of bolt {kef/mm?} {kef/mm?} % %
640 min. 800 to 1000 . .
Far 65.3 min} {81.6 to 102.0} 16 min. 45 min.
900 min. 1000 to 1200 . .
F10T ©18min} | (1020t 1228} 14 min. 40 min.
950 min. 1100 to 1300 . .
FiT {96.9 min} {112.2 to 1326} 14 min. 40 min.
Table 4. Mechanical properties of bolt products.
. Tensile loads (minimum) (kN) {kef} Hardness
Grade according
to mechanical pro— Designations of screw threads
perties of bolt
M12 M16 M20 M22 M24 M27 M30
68 126 196 243 283 368 449
F 8T (6 9341 | (12 848} | (19 987} | (24 779} | (28 858} | (37 5261 | 145 785} | 18 to 31 HRC
85 157 245 303 363 459 561
F10T 18668) | 116 0101 | (24 983} | (30 898} | (35 996} | (46 80} | (57 206) | 27 t© 38 HRC
68 173 270 334 389 505 618
Fuy (6 936) | (17 641} | (27 532) | (34 059} | (39 667} | (51 496} | (63 019) | 30 to 4O HRC
= : Table 5. Combination of the grade according to mechani-
2. BHFI OB cal properties of component.
PR o c t of the set Bolt Nut Wash
JIS B 1186 [EEEEARBHAAKRL L - KAF v b, omponem T e se ° asher
- — = Grade by si0T F10T F35
SEEEEO Yy b 1Tk, Table 2, 31239 & 9 IZF8T (800~ mechanical property
1000 N/mm?), F10T (1000~1200N/mm?), F11T (1100~1300
N/mm?) D E BAHBIL TN T 55, FIITIENBIED Table 6. Mechanical properties of bolt test pieces.
fabatt & O I 2 TL R L AL LI 2moTH Grade by Proof stress |  Tensile strength Elongation Reduction
5, ¥-FRTIZEEASEBENRBNLWI A5, FIOTIC e fid mechanical pro- N/mm’ N/mm’ of area
= . R . perties of boit {kgf/mm% {kef/mm’] % %
HENn3BIZIEEIZD LV, FI Y4 XX Table 4127 :
- < stoT 300 min. 1000 to 1290 14 min 40 min
3 & 512 M12, M16, M20, M22, M24, M27, M30 2358 1L & {91.8 min} {102.0 to 122.4) - -
hTHD, B BMBOR/NEIRMER L OB & B HER
FohThs,
FPAYTEENDAL P ORKEISS 1T 0912 DN T, RIoh T3,

Table 5, 612773 & 5 12 S10T (1000~1200 N/mm?) D A A%
fbxhTnvd, 7KL ¥ A XiETable 7SR T K SIS
M16, M20, M22, M24, M27, M30 23 RME{L N TH D, JIS
B 1186 AARIZ AL b B OB/ING |TRATE 5 & OB X g A
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Table 7. Mechanical properties of bolt products.

Tensile load (minimum) (kN) {kef}

Hardness

Grade by mechanical
properties of bolt

Designation of screw thread

M16 M20

M22

M24 M27 M30

157
(16 010}

245
{24 983}

S10T

303
(30 898}

363
{35 996)

459
{46 805}

561

{57 206} 27 to 38 HRC

Table 8. Example of chemical composition for high strength bolts steel (mass%).

C Si Mn P

S

Cr Al Ti B

0.21 0.07 0.89 0.019

0.010

0.14 added added added
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5. ZTOMFLICHEHS N ZEBMBEHD > XFHSHEL M
RSS2 <, BETHERTIHA, BEABRICHE
DERXA—H—TELICKERBEFWMEBLTHERAIA TS,
ZOWEBEEY > X AHAEIL FZDOWT S Table 8 DK
RARv vk ENAVLh, RE®EE BN G
B R UAMESAD > XBF (480~500°C IZH1EL) DREKT
FERBLUTRSTE SN T3, BRI - X ERIT
550gm* Ll ETH D, REFFREICER TS,
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i c& 5 [HmAekEtk] AR N7-,

ZRIZKD, SMEE TR A BEYO KK EEEL
7z iEumiit S D EHE TR AEE & LB 6h, {EkD—
MR SN G & PR U AR 600°C 1235 1) BR&R
RAHERBEED 23 LE#H ¥ 5t k# (FRSE : Fire
Resistance Steel) A35A% - FA{L & -,
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Table 9. Example of chemical composition for FR bolt
steel (mass%).

C Si Mn P S Cr Mo Ti

0.011 added

400 | | —®&—FR steel-TS

[ | ---&-- FR steel-YS

r . -
200 | —O— Conventional Steel-TS
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(N/mm?)
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Fig. 3. Relationship between temperature and strength of
FR steel.
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Z 2Tk, 1) ISTitErESR SMA490W 74 E @A X 1
% JISH FHEMESE AL b B X O2) B - BRE
PSR LB X R B MR - RTINS R 1AL HIZDW
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3-4-1 JIS#AHR A MR 1AL b

— RO NSRS SMA49OW & RIS B A2H T
3 &5, NSERARBEESEE AL MCE, WRER
B4 T % Cu, NiZs & AEEIRM & 1TV 5 (Tablel0)o
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Table 10. Example of chemical composition for JIS weathering bolt and plate steels (mass%).

C Si Mn Cr Ni Cu Ti B
Bolt 0.23 0.14 0.82 0.83 0.47 0.42 0.020 0.0012
Plate 0.12 0.28 1.13 048 0.19 0.34 tr tr SMA490W
120 120 .0
h’lg —e— Weathering Steel &E I o -
(3 ---0--- Conventional Steel (3
) ® I
E E 80 [
» @ [
173 [
3 S
S S a0}
8 ]
IS T —&— Weathering Steel
8 8 k. ---0--- Conventional Steel
0 (’ 1 L i i 1 N L 1 J. I 1 L 1 I
0 1 2 3

Exposed Period (year)
(a) Industrial area

Exposed Period (year)
(b) Seashore industrial area

Fig. 4. Result of exposure test of weathering steel.
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Fig. 5. Effect of Cu, Ni, and Ti on the chloride corrosion
resistance of steel.?
(3% NaCl aq. sol. spray once a week at Kakogawa
Work’s quay for 1 year)
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Fig. 6. Electromotive force between plate and bolt.5
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Table 11. Example of chemical composition for costal weathering bolt and plate steels® (mass%).

C Si Mn Cr Ni Cu Ti B Cu+Ni
Bolt 0.23 0.30 0.90 0.04 1.44 0.52 0.048 | 0.0019 1.96
Plate 0.06 0.30 1.1 0.02 0.96 0.97 0.050 Tr 1.93
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Table 12. Example of chemical composition for stainless
bolt steel (mass%).

(¢ Si Mn Cu Ni Cr Nb
SUS630 0.05 0.30 0.75 3.25 4.01 16.05 0.30
2500
I'| Stress Concentration Factor: 10 /]
[ | Test Condition: In distilled water / ‘

N
o
(=3
o

1500 |
1000 |

500 |

100Hr-Delayed Fracture Strength N/mm 2

0 500 1000 1500 2000
Tensile Strength N/mm?

Fig. 7. Effect of tensile strength on delayed fracture
strengths.”
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Table 13. Example of chemical composition for high strength bolt steels'*'® (mass%).

C Si Mn P S Ni Cr Mo v other Ref.
A 0.40 0.06 0.52 0.007 0.005 0.30 1.00 0.62 - Ti=0.050 13)
B 042 0.06 0.53 0.007 0.004 0.54 1.00 097 | 0007 | Ti=0.050 13)
(o] 034 0.22 0.36 0.011 0.012 - 1.26 0.40 - Nb=0.019 14)
D 049 0.28 0.31 0.009 0.004 - 1.02 0.68 0.32 | Nb=0.034 15)
E 0.40 0.05 050 | <0.010| <0.010 - 1.20 add. add. - 16)
F 033 | <0.10 | 0.30 | <0.015| <0.005 - 1.20 1.00 | 0.30 - 17)
G 0.41 0.32 0.81 0.005 0.017 0.55 0.49 0.22 - Ti~0.039 18)
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