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Application of High-Strength Bolts by Turn-of-Nut Method te Railway Bridge
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Application of turn-of-nut method featuring easy execution and economy was examined. After

confirming the tightening performance of high-strength bolts FBT and F10T, and the performance

of tightening equipment, the method was applied to main joints of an actual railway bridge (span

37.8m, single track). The result revealed the following points:

1) F8T and F10T have sufficient perlormance suited for the method.

2) Optimum nut tightening conditions under the method are a 1 300kg-m lorgue for the primary

tightening, and & 1807 nut turning angle for the sscondary tightening.

3) In the execution of the method, the design bolt tension can be 90% of bolt vield strength.

4) During the tightening in the method, no special device is reguired of the wrench.
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Photo. I Bolt testing machine

Table 1 Chemical composition of bolts, nuts and washers

C 51 Mn
| FET | 0.2 0.28 1.50
Bolt |

F10T i 0.23 0.35 0. 83
Nut 0.34 0.25 0.86

! } 1
Washer | 0.48 | 0.30 ° 0.83

! \

(wt2g)
P S f & B T
O.f.)19 0;(]274/ 0 0‘1 ;
0.010  0.011 0.6 0.021 0.020
0.026 0.022

l I
0018 - 0022 | -
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Table 2 Heat-treatment history of bolts used

PTG N

January 1975

Table 3 Dimensions of bolt sets

e e et e (mm)
| Quenching ‘ Tempering o e e
Bolt Temp. . Time | Temp. | Time Bolt i Ly ‘ { : 4 D
| €°C) ' mip) | (°C) | (min) S - ey
S—————— ; | S Tt F8T M22x60 60.20  45.20  3.50 | 21.80
. ! ! 65 . 65.35° 44.45| 3.40. 21.80
0 860 o0 | 195 % 70 1 70.00° 45.00 | 2.80 | 21.80
o5 ‘ : 45 94.65  44.70 | 3.20 | 21.80
- - FI0T M22x 60 60.90 | 45.80  3.40 | 21.90
F10T M22x 60 ' 442.5. 65 | 65.60 | 45.80  3.20 | 21.80
65 442.5 70 | 69.70  43.10 | 4.10| 21.80
70 s 75 75.00  44.60 | 3.55 . 21.80
75| 860 60 | 445 | 90 80 . 79.80 45.00 | 3.00 21.80
80 440 | 95 | 95.35 4560  3.45 21.80
9 440 135 | 134.30 43.95 3.25 21.80
135 450 145 145.20 44.65 | 2.95' 21.80
145 450 | , ! ,
e e e Nut \ Height 22.10
W XohE PR, s, il Washer i Thickness 5.75
F R, B L UWED R R OBREY T | T, ', )
-
hrhX—YagahcEr g, ok, F | ﬂ.ﬁ..__f_.?
b O HEEE ERBE JIS BIISS wH U TFT - E T
7o
Table 4 Mechanical properties of materials
Bolt Y.P. T. S, gy O R. A. E x 10° ”
(kg/mm?) |(kg/mm®*y | (%) {mm} (%) (t/cm®)
F8T M22x60 | 85.5 94.9 69 | 77 | 65| 210 | 0.02
65 83.0 92,2 6.9 8.0 : 62.8 2.08 0.00
70 81,7 91.8 7.8 7.7 61.7 2.10 0. 00
95 83.1 91.9 8.0 7.7 63.7 2.12 0. 00
F10T M22%60 104. 1 111.0 ’ 3.4 ! B.1 67.8 2.1 0.05
65 105.9 112.5 4.2 7.8 66.7 2.11 0.03
70 101.6 109.0 5.4 7.9, 70. 0 2. 10 0.03
75 102.2 109.2 4.4 7.9 67.9 2.10 0.05
80 106. 1 114.3 3.9 7.7 64.3 2.11 0. 06
95 104.5 112.1 4.1 7.8 67.4 2.10 0.04
135 101.2 109.4 4.3 8.2 67.2 2.10 0.06
145 99.5 107.4 3.7 8.3 68.6 210 , 0.05
Y. P. : Yield point (0.2% offset strength)
T. 5. : Tensile strength ¥ K=a E
£y : Uniform strain a : Hardening modulus
dy : Local elongation E’ : Second modulus
B. A. : Reduction of area
E : Elastic modulus
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Table 5 Tightening test results by bolt testing machine

Class Lo L 2 Pr Prax, | #max, | dmax, P s .L LB #i0 Pasisso * Poorinnt Prsyise | Prioesan
(mm) | (mm} Cey |ty [ (deg)y | {mm) | () | {deg) {(P=5)|(P=10t) {(t) . Y Poux. | P
60 3| 0.146] 33.0| 305 2964 l 0.89 | sa%| 257 o248 423! 0| w2zl oes| oo
‘ (8.197% ; | '
;
5 3| 0.136| 32.5| 30.3| 267.4| 079 48| 244 237 465| 204| 20.7| 0.97| 0.9
(7.26) i
70 41| 0139 32.6| 30.5| 236.6| 0.69 5.7 193 30.1| 289 30.3| 0.98| 0.99
23.5
(6.88)
F10T 75 46| 0,130 32.8| 30.4] 230.3| 0.69 8.0| 283| 21.6| 39.7; 30.0| 30.2| 0.99| 0,99
(7.84) :
80 51| 0.144 | 33.2| 309 | 250.2| 0.69 331 159 207| 433| 06| 30.8{ 099! 1o
(7.44) :
95 61! 0.137| 33.1| 30| 2368 0.69 42| 12! 199 397! 3.0 30| Lo0! 100
LT ; ; !
135 106 | 0.1364 3L.6 29.7! 2565 0.99 26| 158| 241 448 9.4 29.7| 0.99! 100
: (6.39); ‘
145 16| 0.13¢| 32.2| 20.0% 269.6| 0.9 31 M.5| 27.6| 537 28.5| 28| 0.98| 099
(11.03) :
60 ) 03| 21| 26.2| 317.6| 12af 66 awo| z2v| es.1| 25.2| a4l 096 0.97
(7.25) :
65 36| 0.137] 285 26.3| 300.1| 1.12 66| 24.8| 24.5| 487 | 25.7] 26.0| .98 0.9§
(8. 36)! ‘
F&T 70 41| 0.140] 27.6| 256] 300.0{ 1.12 58| 245 2001 40,0 253 25.4| 0.99| 099
(7.81} ‘ |
95 6L | 0.141| 27.9| 260 286.9| 1.02 46! 20.2| 220| 43.6| 255| 25.6| 0.98| 0.9%
: (7.30) r
Ly Bolt length Prax, @ Max torsion strength
Ly : Grip length fmax. : Angle at Prax,
% : Torque coefficient dmax, : Elongation at Prax,

Pr : Max, strength at pure tension
*! Reduction of max. strength by tightening of nut (%)
*2 Bolt tension on which the curve of nut rotation angle changes up
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Fig. 1 Load vs. nut rotation curves
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Table 6 Bolt wrenches used
| Max. torque Nuat turning Weight
Wrench : Power unit Note
| | (kg-m) controlling (kg)
Ingersoll (Extra heavy) ‘ Air motor . ) i
76 No controlling 14.3 Impact
5340-TO i 700 r.p.m.
I Air motor i i Oj-u3{)0U ‘ )
TN-25P 120 ! ‘ 14.5 Impact
3000 r.p.m. Pitch 5° |
Acepower wrench i i . ‘ No impact
Oil pump 120 | 1307 only | 10.0 Use hexagonal
APS-120 | ; washers
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wheh, Fo FEERCY DETOERIZ L1
WA Tis, BB X 2T s
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3-2-2 &fHITRER

A b OETRENE fOUIA L+ ORIEER
Wt Ao, WA, ST ET HEEILE S
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Table 7 Test results of wrenches

F8T M22x70 FI10T M22x 145
Wrench = m—— . _ -
i s | e | |0 | s e |k
Ingersoll ‘ 175 ‘ " 165
180. 3 ) 9 107 183.5 ] 27.6 105
5340-TO 190 i 180
i | 1%‘ | 155 |
TN-25P 170.3 ) 6.7 98 ' 163.5 ; 5.2 93
190 | . 170
160 | : L 160 ‘
Acepower wrench 166. 6 { 72% 167 ! 3.5 T2*
170 175

* Mo~ ol

: Mean of nut rotations by tightening bolts (degree)
: Scattering of nut rotations (degree)
: Time used in tightening bolts (sec)
: Naise occurred in operating the wrench {phon)
: Background noise
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Table 8 Bolt tension and nut rotation
Ly ! 2;1 I8y Ea | [ ! 8 ag "
Bolt : . ; )
(mm) } by () (t) (t) iUMgnm)i (degree) | (pieces)
i 60 3.2 0.62 26.2 | 171 | 32 32
F&T M22 65 .3 0.73 26.1 0.51 170 24 24
! 70 3.2 0.77 24.9 1.12 183 16 16
I 95 4 0.56 24.8 0.58 183 16 16
| 60 3.4 0.85 30.3 0.80 170 7.4 32
! 65 3.2 0.37 30.1 0.59 169 5.5 24
70 3.5 : 0.50 30.0 0.86 184 11.5 16
F10T M22 75 3.4 0.93 30.0 0.86 172 6.4 71
80 2.9 0.51 29.5 6.72 168 9.6 24
95 3.3 0.33 30.6 0. 65 174 11.7 16
135 3.0 1.15 27.9 1.39 185 9.6 66
145 4.3 (.69 28.6 0.80 173 12.3 82
B, :Mean bolt tension at first tightening
B, :Mean bolt tension at second tightening
¥ : Mean nut rotation angle at second tightening
ap; : Standard deviation at first tightening
ap; : Standard deviation at second tightening
os : Standard deviation at second rotation angle
WD 5 v FIER R , TNTOEL T PELY, P a v bR At ARG
£ F11T M22 DA 4+ 857723.2 ¢ %A L oL EnYREHEL LT T E S B2

TnBH EWHIFEREE, IS BN
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ATHTrEA4 O TEEZ60mm 7 5 145
mm&.#kbﬁ%®@%%®if%ﬁ#wI%l

G- g ; iy T T T T
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