
 

 
 
 

 
 

 

Study on the Fatigue Strength Estimation of a Bolt 
Based on the Local Stress Conditions on the Thread Root 
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a The case of low mean stress condition (Rs = 0.1) 
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Fig. 2.1 Example of the fatigue test results (M10 property class : 10.9) 
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Fig. 2.2 Change of the axial stress distributions of the thread root by thread pitch 

modification 
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Fig. 2.4 Thread profiles which aimed at the improvement of fatigue strength 
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Fig. 2.5 Fatigue limit diagram (Haigh diagram) 
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Fig. 2.6 Axial local stress distribution at the first thread root of a bolt 

in bolt/nut assembly 
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Fig. 2.7 The relationship between the repeated nominal stress and the local stress at the 

first thread root of a bolt in bolt/nut assembly  
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a The case of non-axial residual stress at the thread root of a bolt 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b The case of compressive axial residual stress exists at the thread root of a bolt 

 

Fig. 2.8 Fatigue limit diagram of a bolt derived from Yoshimoto’s hypothesis 
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Fig. 2.9 The relationship between nominal stress and the local stress at the first thread 

root derived from modified Yoshimoto’s hypothesis 
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a The case of non-axial residual stress at the thread root of a bolt 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b The case of compressive axial residual stress exists at the thread root of a bolt 

 

Fig. 2.10 Fatigue limit diagram of a bolt derived from modified Yoshimoto’s hypothesis 
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a Fatigue limit diagram of SV bolt derived from fatigue tests 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b Fatigue limit diagram of SG bolt derived from fatigue tests 

 

Fig. 2.11 Estimation of the fatigue limit derived from modified Yoshimoto’s hypothesis 
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Fig. 2.12 Cause and effect diagram for the fatigue strength of the bolt 

in bolt/nut assembly 
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Fig. 3.4 Fatigue testing device 

 

 

JIS B 1081 : 1997 ISO 3800 : 1993 14 S-N

N=5×106 3.4  
(20)

(55)

 

 

1  

Rs = 0.1 m

a 3.1 m 3.2

 

 

 

 

Test jigs 

Bolt 
specimen 

Nut 

Test load W 

Adapters 



30 

1.0
max

min
sR         3.1  

 

am 22.1         3.2  

 

2  

m 2  

 

2.00.5 pm R  

2.088.0 pm R  

 

Rp0.2 8.8 640 MPa

12.9 1100 MPa  

3.5

Rs = 0.1

 

EHF-EB-100KN-20L 30Hz

3.3  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.5 Loading conditions of the fatigue tests 
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Table 3.3 Fatigue test conditions 

Test No. 
Property class 
of tested bolt 

Manufacturing 
sequence 

of tested bolt thread 
Loading condition 

1 

8.8 

SV*1 
Rs = 0.1 

2 SG*2 

3 SV 
m · As = 19.6 kN 

( m = 0.5 Rp0.2 = 320 MPa) 4 SG 

5 SV m · As = 34.3 kN 
( m = 0.88 Rp0.2 = 560 MPa) 6 SG 

7 

12.9 

SV 
Rs = 0.1 

8 SG 

9 SV 
m · As = 33.7 kN 

( m = 0.5 Rp0.2 = 550 MPa) 10 SG 

11 SV m · As = 59.2 kN 
( m = 0.88 Rp0.2 = 968 MPa) 12 SG 

*1 : Heat treated after thread rolling 

*2 : Heat treated before thread rolling 
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Table 3.4 Fatigue test results 

Test 
No. 

Finite life region Staircase region Fracture probability p % 

Log N =  – a 
S ( a) 

Difference 

a MPa 

Fatigue strength AN MPa 

  10 % 50 % 90 % 

1 7.0360 0.0116 12.6 12.6 67.8 83.9 100.0 

2    12.6 126.0 142.1 158.2 

3 7.3214 0.0152 11.5 11.5 62.5 77.3 92.0 

4    11.5 110.9 125.7 140.4 

5 6.5088 0.0114 8.3 8.3 61.8 72.4 83.1 

6 7.4710 0.0154 6.2 6.2 89.4 97.2 105.1 

7 7.1023 0.0121 13.8 13.8 72.1 89.9 107.7 

8    13.8 179.2 196.9 214.6 

9 7.0947 0.0137 15.7 15.7 58.3 78.5 98.8 

10 7.4051 0.0133 10.4 10.4 107.3 120.6 133.9 

11 6.3521 0.0114 12.3 12.3 38.6 54.3 70.1 

12 7.2372 0.0148 13.7 13.7 57.5 75.1 92.7 
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a Low mean stress condition (Rs = 0.1) 

 

 

 

 

 

 

 

 

 

 

b Middle mean stress condition ( m = 0.5 Rp0.2) 

 

 

 

 

 

 

 

 

 

 

c High mean stress condition ( m = 0.88 Rp0.2) 

 

Fig. 3.6 Results from staircase fatigue test (p.c.8.8) 
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a Low mean stress condition (Rs = 0.1) 
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c High mean stress condition ( m = 0.88 Rp0.2)  

 

Fig. 3.7 Results from staircase fatigue test (p.c.12.9) 
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Table 3.5 Values for estimation of the fatigue notch factor  

 
Property class 

8.8 12.9 

Proof stress of the full size bolt  0.2 MPa 77.7 123.5 

Tensile strength  B MPa 88.7 132.6 

True fracture stress  T MPa 173.5 207.1 

Fluctuating fatigue strength  w0 MPa 38.8 56.1 

Thread root radius  r mm 0.18 0.18 

Minor diameter  d3 mm 8.34 8.34 

Nominal diameter  d mm 10 10 

Thread angle  2  deg 60 60 

1 calculated by eq.(2.9) 11.63 17.51 

2 calculated by eq.(2.10) 0.44 0.44 

3 calculated by eq.(2.11) 0.98 0.98 

4 calculated by eq.(2.12) 0.86 0.86 

5 calculated by eq.(2.13) 0.97 0.97 

Fatigue notch factor ’ calculated by eq.(2.2) 5.2 7.4 

Modified fatigue notch factor  calculated by eq.(2.14) 3.7 4.1 
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a Property class 8.8 bolt 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b Property class 12.9 bolt 

 

Fig. 3.8 Fatigue limit diagram derived from modified Yoshimoto’s hypothesis 
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Fig. 3.9 Vickers hardness distribution around the thread root of SV and SG specimen 
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Fig. 3.10 Load-elongation curves derived from tensile test for full-size bolts 
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Fig. 3.11 Cumulative pitch error of SV and SG bolt specimen 
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Fig. 3.13 Material properties for the FE model 
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Fig. 3.14 Comparison between load/elongation curves derived from 

experiment and FE simulation for the M10×1.25 full-size bolt 
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(a) p.c.8.8        (b) p.c.12.9 

Fig. 3.15 Relationship between nominal stress and local stress 
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Fig. 3.16 Comparison between the fatigue strength of the notch free specimen and  

that of local stress at the thread root of the bolt in bolt/nut assembly ( 0 = 30 m) 
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Fig. 3.17 Concentration factor  and fatigue notch factor  calculated by FEM analysis 

for the first thread root of a bolt in bolt/nut assembly 
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Table 3.8 Comparison of the compressive axial residual stress at the thread root  

of the bolt derived from estimation and X-ray measurement 

 Estimation Measurement(31) 

p.c.8.8 1200*1 270*2 

p.c.12.9 1600*1  

: MPa 
*1 : 0 = 30 m, *2 : 0 = 50 m 
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Fig. 4.1 Typical tightening procedure of bolt/double nuts assembly 
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        Table 4.1 Specifications of test nut 

            (Style3) 

 

 

            

              

 

Fig. 4.2 Test nut (Style3) 

 

 

 

 

 

 

Table4.2 Fatigue test conditions 

Symbol (a) S-N (b) D-N/N-1 (c) D-N/N-40 (d) D-N/T-40 

Thread  d × P M10×1.25 

Bolt p.c.12.9 

Nut 
Upper  p.c.10, Style1*1 p.c.10, Style1*1

Lower p.c.10, Style1*1 p.c.10, Style1*1 p.c.10, Style3*2

Locking torque  Tloc N·m  1 40 

Loading condition Rs = Wmin/Wmax = 0.1 

Lubricant for locking  MoS2 paste 
*1 : Normal nut (nut height m = 8.4 mm) 
*2 : Thin nut (nut height m = 5 mm, machined from normal nut) 
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Fig.4.3 Set up and loading condition of the fatigue test 

(Upper nut and lower nut : style1 nut) 
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Table4.3 Fatigue test results 

 (a) S-N (b) D-N/N-1 (c) D-N/N-40 (d) D-N/T-40 

Difference  a MPa 13.8 20 

Fatigue strength  AN MPa 89.9 100 150 130 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4.4 Results from staircase fatigue test 
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Table 4.4  Specifications of FE model 

of bolt/double nuts assembly 

Bolt 

Major diameter  d mm 9.870 

Pitch diameter  d2 mm 9.070 

Minor diameter  d3 mm 8.340 

Thread root radius  r mm 0.176 

Thread pitch  P mm 1.25 

Nut 

Minor diameter  D1 mm 8.780 

Pitch diameter  D2 mm 9.270 

Thread pitch  P mm 1.25 

Condition of contact surface 

Coefficient of friction   0.2 and 0.074*3

Fig. 4.5 FE model     *3 : Thread surfaces and nut bearing surfaces 

          respectively 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.6 Relationship between the locking force and the offset value 
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Table 4.5 Local stress at the first thread root of the bolt mating with 

the lower and upper nut ( 0 = 30 m) 

Symbol 
(a) 

S-N 
(b) 

D-N/N-1 
(c) 

D-N/N-40 
(d) 

D-N/T-40

Nominal 
stress 

Fatigue limit  AN MPa 89.9 100 150 130 

Mean stress  m MPa 109.7 122 183 158.6 

Local 
Stress* 
(Lower 

nut) 

Maximum stress  max
* MPa 682 261 730 451 

Minimum stress  min
* MPa 62 62 -264 -567 

Fatigue limit  a
* MPa 310 199 497 509 

Mean stress  m
* MPa 372 261 233 -58 

Local 
Stress* 
(Upper 

nut) 

Maximum stress  max
* MPa  785 1732 1797 

Minimum stress  min
* MPa  105 1704 1777 

Fatigue limit  a
* MPa  340 14 10 

Mean stress  m
* MPa  445 1718 1787 

* : First thread root of the bolt mating with the lower and upper nut ( 0 = 30 m) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.7 Comparison between the fatigue strength of the notch free specimen and  

that of local stress at the thread root of the bolt in bolt/double nuts assembly ( 0 = 30 m) 
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         Table 5.1 Specifications of FE model 

             of bolt/nut assembly 

Bolt 

Major diameter  d mm 9.857 

Pitch diameter  d2 mm 9.066 

Minor diameter  d3 mm 8.340 

Thread root radius  r mm 0.186 

Thread pitch  P mm 1.2483 

Nut 

Minor diameter  D1 mm 8.650 

Pitch diameter  D2 mm 9.268 

Thread pitch  P mm 1.2503 

Condition of contact surface 

Coefficient of friction   0.2 

Fig. 5.1 FE model 
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Fig. 5.2 Comparison between experiment and calculation 

for the load-elongation curves of the full-size bolt (p.c.8.8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.3 Comparison between experiment and calculation 

for the load-elongation curves of the full-size bolt (p.c.12.9) 
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Fig. 5.4 Axial residual stress distributions at the 1st thread root of a bolt 

in bolt/nut assembly (p.c.8.8, FP = 35 kN) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.5 Axial residual stress distributions at the 1st thread root of a bolt 

in bolt/nut assembly (p.c.12.9, FP = 58 kN) 
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Fig. 5.6 The relationship between nominal stress and local stress 

at the 1st thread root of a bolt in bolt/nut assembly (p.c.8.8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.7 The relationship between nominal stress and local stress 

at the 1st thread root of a bolt in bolt/nut assembly (p.c.12.9) 
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Fig. 5.9 Axial residual stress distribution at the 1st to 7th thread roots of the leadless bolt 

in bolt/adapter assembly (p.c.8.8, FP = 35 kN) 
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Fig. 5.10 Leadless bolt specimen 

 

Table 5.3 Specifications of tested bolt 

Material SCM440 

Heat treatment Quenching and tempering (p.c.8.8) 

Surface treatment Rust prevented oil 
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Fig. 5.11 Threaded adapter 

 

Table 5.4 Specifications of threaded adapter 

Material HPM1 

Heat treatment Quenching and tempering (36 ~ 40 HRC) 

Surface treatment Zinc plating and trivalent chromate coating 

 

 

A - A 

B - B 
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Fig. 5.12 Fatigue testing device and test condition 
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Fig. 5.13 Results from staircase fatigue test 
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Fig. 5.14 Relationship between the local stress and the nominal stress 

at the 1st thread root of the leadless bolt in bolt/adapter assembly ( 0 = 30 m) 
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Fig. 5.15 Comparison between the fatigue strength of the notch free specimen and  

that of local stress at the thread root of a leadless bolt in bolt/adapter assembly ( 0 = 30 m) 
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(a) Geometry of grooved specimen    (b) Profile of the rolling die 

 

Fig. 6.1 Specifications of grooved specimen (d3 = 7.59 mm) 

 

 

Table 6.1 The conditions of rolling process for grooved specimen 

Major diameter of rolling die  DD mm 170 

Rotational speed of die  VD min-1 7 

Processing time  t s 8 

(Time of forming process  tp s) (7.6) 

(Time of finishing process  tf s) (0.4) 

Diameter of workpiece  d0 mm 9.02 

Minor diameter after thread rolling  d3 mm 7.59 

Number of rotation for workpiece  NR  17 

Penetration rate  Rpen mm/rev. 0.04 

Maximum rolling force  FR kN 52 
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Fig. 6.2 Relationship between maximum rolling force and groove root diameter 
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Table 6.2 Conditions of X-ray stress measurement 

X-ray tube Cr / K  / 40 kN / 40 mA 

Measurement method sin2  method, Side inclination method 

Peak search method Half-value-breadth method 

X-ray stress constant -318 MPa / deg 

Collimator diameter 0.15 mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.3 sin2 – 2  diagram for SV and SG grooved specimen 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.4 Relationship between groove root diameter and axial residual stress 

at the groove root surface obtained by X-ray diffraction method 
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   (a) Metallographic structure of                (b) Metallographic structure of 

           SV specimen                                SG specimen 

 

Fig. 6.5 Metallographic structure (Fiber flow) around the root of grooved specimen 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.6 Vickers hardness distributions around the groove root 

of the SV and SG specimen (d3 = 7.59 mm) 
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Fig. 6.7 Cross section of groove perpendicular to the axis 
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Fig. 6.8 Axial residual stress distribution around the groove root 

obtained by X-ray diffraction method 
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Fig. 6.9 Axial residual stress distribution on the groove root surface to the axial direction 
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Fig. 6.10 Measurement error of the axial residual stress 

induced by measurement point misalignment 

 

 

Table 6.3 Conditions of X-ray measurement within the definite area 

of the axial residual stress distribution 

 Grooved specimen M10×1.25 

Thread (Groove) root radius 3.12 mm 0.156 mm 
Definite area of  

axial residual stress distribution ± 0.5 mm ± 25 m 

Diameter of collimator 0.15 mm 30 m 

Misalignment allowance ± 0.42 mm ± 10 m 
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Fig. 6.11 FE model and material property for rolling process simulation 

of the groove rolled specimen 
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Fig. 6.12 Relationship between the rolling force and the rotation angle of workpiece 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.13 Comparison of the axial residual stress distributions among 

calculation and measurement 
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  (a) Geometry of leadless bolt specimen   (b) Profile or rolling die 

 

Fig. 6.14 Specifications of leadless bolt specimen 

 

 

Table 6.4 The conditions of thread rolling process for leadless SG bolt specimen 

Major diameter of rolling die  DD mm 164.5 

Rotational speed of die  VD min-1 60 

Processing time  t s 1 

(Time of forming process  tp s) (0.5) 

(Time of finishing process  tf s) (0.5) 

Diameter of workpiece  d0 mm 9.07 

Minor diameter after thread rolling  d3 mm 8.34 

Number of rotation for workpiece  NR  9 

Penetration rate  Rpen mm/rev. 0.04 

Maximum rolling force  FR kN 50 
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Fig. 6.15 FE model and material property for the thread rolling process simulation 

of the leadless bolt specimen 
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Fig. 6.16 Relationship between the rolling force and theRotation angle of workpiece 
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Fig. 6.17 Axial residual stress distribution calculated by 3-D FE simulation 

 

 

 

 

 

 

 

 

 

 

 

 

(a) Metallographic structure of  (b) Metallographic structure of 

SV specimen     SG specimen 

 

Fig. 6.18 Metallographic structure (Fiber flow) around the thread root of leadless bolt 
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Fig. 6.19 Vickers hardness distribution around the thread root of SV and SG leadless bolt 
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Fig. 6.20 Fatigue testing device and test condition 
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Fig. 6.21 Results from staircase fatigue tests (Rs = 0.1) 
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Fig.6.22 Fatigue limit diagram drown by nominal stress 
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Appendix Table 3.1 Chemical composition of the material (SCM440) 

Elements C 
×100

Si 
×100 

Mn 
×100

P 
×1000

S 
×1000

Ni 
×100

Cr 
×100 

Mo 
×100

Spec.* 
Min. 38 15 60 - - - 90 15 

Max. 43 35 90 30 30 25 120 30 

Results 39 17 63 12 6 1 95 18 
* : JIS G 4053 

 

 

 

Appendix Table 3.2 Rolling conditions 

 SV SG 

Property class  8.8 12.9 

Processing time  s 1.0 1.0 1.5 

Die rotation speed  rev / min 60 

Die displacement  mm 1.21 1.35 1.53 

Blank diameter  mm 9.07 
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Appendix Table 3.3 Maximum rolling force of M10×1.25 bolts 

 SV SG 

Property class  8.8 12.9 

1 37.0 46.1 65.2 

2 36.0 47.9 68.3 

3 35.9 53.4 70.9 

4 39.3 51.5 70.9 

5 39.3 52.8 70.2 

6 35.3 50.0 66.9 

7 36.0 51.0 66.7 

8 38.4 51.9 71.4 

9 39.0 51.7 66.8 

10 40.2 48.1 70.1 

11 40.1 47.8 67.5 

12 39.0 47.8 71.2 

13 37.1 50.6 70.6 

14 38.4 47.5 69.0 

15 38.0 48.3 69.3 

16 38.8 47.0 70.4 

17 38.4 51.5 71.4 

18 37.2 50.4 70.6 

19 37.0 51.1 69.9 

20 37.6 49.8 68.9 

Max. 40.2 53.4 71.4 

Mean 37.9 49.8 69.3 

Min. 35.3 46.1 65.2 
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Appendix Table 3.4 Result of fatigue test 

(Tested bolt : SV-p.c.8.8, Test condition : Rs = 0.1) 

Test No. a MPa Repeatedly number N Fracture area 

1 170 113470 First thread root of the bolt 

2 135 230170 First thread root of the bolt 

3 100 540720 First thread root of the bolt 

4 65 5×106 Non-failure 

5 205 43840 First thread root of the bolt 

6 100 1387320 First thread root of the bolt 

7 135 276520 First thread root of the bolt 

8 170 94110 First thread root of the bolt 

9 205 60900 Incomplete thread of the bolt 

Staircase part 

10 77.6 5×106 Non-failure 

11 90.2 1817710 First thread root of the bolt 

12 77.6 5×106 Non-failure 

13 90.2 1004750 First thread root of the bolt 

14 77.6 5×106 Non-failure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix Fig. 3.2 S–N diagram 

(Tested bolt : SV-p.c.8.8, Test condition : Rs = 0.1) 
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Appendix Table 3.5 Result of fatigue test 

(Tested bolt : SG-p.c.8.8, Test condition : Rs = 0.1) 

Test No. a MPa Repeatedly number N Fracture area 

1 190 76310 Under filet of the bolt 

2 150 282860 Under filet of the bolt 

3 160 779490 First thread root of the bolt 

4 150 910200 First thread root of the bolt 

5 140 5×106 Non-failure 

6 145 2156360 First thread root of the bolt 

Staircase part 

7 140 5×106 Non-failure 

8 152.6 867720 First thread root of the bolt 

9 140 2078260 First thread root of the bolt 

10 127.4 5×106 Non-failure 

11 140 5×106 Non-failure 

12 152.6 756850 First thread root of the bolt 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix Fig. 3.3 S–N diagram 

(Tested bolt : SG-p.c.8.8, Test condition : Rs = 0.1) 
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Appendix Table 3.6 Result of fatigue test 

(Tested bolt : SV-p.c.8.8, Test condition : m = 0.5 Rp0.2) 

Test No. a MPa Repeatedly number N Fracture area 

1 165 44620 First thread root of the bolt 

2 130 137550 First thread root of the bolt 

3 95 993000 First thread root of the bolt 

4 60 5×106 Non-failure 

5 200 26090 First thread root of the bolt 

6 95 1163950 First thread root of the bolt 

7 130 144530 First thread root of the bolt 

8 165 77430 First thread root of the bolt 

9 200 22990 First thread root of the bolt 

Staircase part 

10 71.5 5×106 Non-failure 

11 83.0 1951210 First thread root of the bolt 

12 71.5 5×106 Non-failure 

13 83.0 2232660 First thread root of the bolt 

14 71.5 5×106 Non-failure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix Fig. 3.4 S–N diagram 

(Tested bolt : SV-p.c.8.8, Test condition : m = 0.5 Rp0.2) 
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Appendix Table 3.7 Result of fatigue test 

(Tested bolt : SG-p.c.8.8, Test condition : m = 0.5 Rp0.2) 

Test No. a MPa Repeatedly number N Fracture area 

1 100 5×106 Non-failure 

2 120 5×106 Non-failure 

3 135 268020 Under filet of the bolt 

4 150 189210 Under filet of the bolt 

5 135 207030 Under filet of the bolt 

6 130 629080 First thread root of the bolt 

7 120 5×106 Non-failure 

Staircase part 

8 131.5 800540 First thread root of the bolt 

9 120 5×106 Non-failure 

10 131.5 1250450 First thread root of the bolt 

11 120 5×106 Non-failure 

12 131.5 1415850 First thread root of the bolt 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix Fig. 3.5 S–N diagram 

(Tested bolt : SG-p.c.8.8, Test condition : m = 0.5 Rp0.2) 
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Appendix Table 3.8 Result of fatigue test 

(Tested bolt : SV-p.c.8.8, Test condition : m = 0.88 Rp0.2) 

Test No. a MPa Repeatedly number N Fracture area 

1 165 35690 First thread root of the bolt 

2 130 89050 First thread root of the bolt 

3 95 298110 First thread root of the bolt 

4 60 5×106 Non-failure 

5 200 20150 First thread root of the bolt 

6 95 346730 First thread root of the bolt 

7 130 78740 First thread root of the bolt 

8 165 38180 First thread root of the bolt 

9 200 19020 First thread root of the bolt 

Staircase part 

10 68.3 5×106 Non-failure 

11 76.6 1724090 First thread root of the bolt 

12 68.3 5×106 Non-failure 

13 76.6 831740 First thread root of the bolt 

14 68.3 5×106 Non-failure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix Fig. 3.6 S–N diagram 

(Tested bolt : SV-p.c.8.8, Test condition : m = 0.88 Rp0.2) 
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Appendix Table 3.9 Result of fatigue test 

(Tested bolt : SG-p.c.8.8, Test condition : m = 0.88 Rp0.2) 

Test No. a MPa Repeatedly number N Fracture area 

1 165 73630 First thread root of the bolt 

2 140 161150 First thread root of the bolt 

3 115 500280 First thread root of the bolt 

4 90 5×106 Non-failure 

5 190 39460 First thread root of the bolt 

6 115 724090 First thread root of the bolt 

7 140 177500 First thread root of the bolt 

8 165 86770 First thread root of the bolt 

9 190 41800 First thread root of the bolt 

Staircase part 

10 96.2 832580 First thread root of the bolt 

11 90 5×106 Non-failure 

12 96.2 5×106 Non-failure 

13 102.4 713600 First thread root of the bolt 

14 96.2 5×106 Non-failure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix Fig. 3.7 S–N diagram 

(Tested bolt : SG-p.c.8.8, Test condition : m = 0.88 Rp0.2) 
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Appendix Table 3.10 Result of fatigue test 

(Tested bolt : SV-p.c.12.9, Test condition : Rs = 0.1) 

Test No. a MPa Repeatedly number N Fracture area 

1 165 103650 First thread root of the bolt 

2 130 231880 First thread root of the bolt 

3 95 1171090 First thread root of the bolt 

4 60 5×106 Non-failure 

5 200 71230 First thread root of the bolt 

6 95 1356200 First thread root of the bolt 

7 130 242280 First thread root of the bolt 

8 165 87590 First thread root of the bolt 

9 200 61810 First thread root of the bolt 

Staircase part 

10 73.8 5×106 Non-failure 

11 87.6 5×106 Non-failure 

12 101.4 1724090 First thread root of the bolt 

13 87.6 5×106 Non-failure 

14 101.4 852130 First thread root of the bolt 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix Fig. 3.8 S–N diagram 

(Tested bolt : SV-p.c.12.9, Test condition : Rs = 0.1) 
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Appendix Table 3.11 Result of fatigue test 

(Tested bolt : SG-p.c.12.9, Test condition : Rs = 0.1) 

Test No. a MPa Repeatedly number N Fracture area 

1 120 5×106 Non-failure 

2 130 5×106 Non-failure 

3 150 5×106 Non-failure 

4 180 5×106 Non-failure 

5 190 5×106 Non-failure 

6 210 183160 First thread root of the bolt 

7 200 180500 First thread root of the bolt 

8 200 3798350 First thread root of the bolt 

9 210 121190 First thread root of the bolt 

10 205 1821110 First thread root of the bolt 

Staircase part 

11 203.8 991910 First thread root of the bolt 

12 190 5×106 Non-failure 

13 203.8 1415280 First thread root of the bolt 

14 190 5×106 Non-failure 

15 203.8 1036580 First thread root of the bolt 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix Fig. 3.9 S–N diagram 

(Tested bolt : SG-p.c.12.9, Test condition : Rs = 0.1) 
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Appendix Table 3.12 Result of fatigue test 

(Tested bolt : SV-p.c.12.9, Test condition : m = 0.5 Rp0.2) 

Test No. a MPa Repeatedly number N Fracture area 

1 160 56310 First thread root of the bolt 

2 125 238380 First thread root of the bolt 

3 90 1230250 First thread root of the bolt 

4 55 5×106 Non-failure 

5 195 37210 First thread root of the bolt 

6 90 918550 First thread root of the bolt 

7 125 105750 First thread root of the bolt 

8 160 56670 First thread root of the bolt 

9 195 37890 First thread root of the bolt 

Staircase part 

10 70.7 5×106 Non-failure 

11 86.4 484280 First thread root of the bolt 

12 70.7 5×106 Non-failure 

13 86.4 651500 First thread root of the bolt 

14 70.7 5×106 Non-failure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix Fig. 3.10 S–N diagram 

(Tested bolt : SV-p.c.12.9, Test condition : m = 0.5 Rp0.2) 
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Appendix Table 3.13 Result of fatigue test 

(Tested bolt : SG-p.c.12.9, Test condition : m = 0.5 Rp0.2) 

Test No. a MPa Repeatedly number N Fracture area 

1 210 61380 First thread root of the bolt 

2 175 325850 First thread root of the bolt 

3 140 516920 First thread root of the bolt 

4 105 5×106 Non-failure 

5 245 38840 First thread root of the bolt 

6 140 412330 First thread root of the bolt 

7 175 260180 First thread root of the bolt 

8 210 71190 First thread root of the bolt 

9 245 29750 First thread root of the bolt 

Staircase part 

10 115.4 5×106 Non-failure 

11 125.8 4769750 First thread root of the bolt 

12 115.4 5×106 Non-failure 

13 125.8 2359510 First thread root of the bolt 

14 115.4 5×106 Non-failure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix Fig. 3.11 S–N diagram 

(Tested bolt : SG-p.c.12.9, Test condition : m = 0.5 Rp0.2) 
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Appendix Table 3.14 Result of fatigue test 

(Tested bolt : SV-p.c.12.9, Test condition : m = 0.88 Rp0.2) 

Test No. a MPa Repeatedly number N Fracture area 

1 145 37770 First thread root of the bolt 

2 110 80670 First thread root of the bolt 

3 75 379440 First thread root of the bolt 

4 40 5×106 Non-failure 

5 180 24060 First thread root of the bolt 

6 75 460520 First thread root of the bolt 

7 110 94020 First thread root of the bolt 

8 145 51790 First thread root of the bolt 

9 180 25020 First thread root of the bolt 

Staircase part 

10 52.3 2442000 First thread root of the bolt 

11 40.0 5×106 Non-failure 

12 52.3 5×106 Non-failure 

13 64.6 1177480 First thread root of the bolt 

14 52.3 5×106 Non-failure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix Fig. 3.12 S–N diagram 

(Tested bolt : SV-p.c.12.9, Test condition : m = 0.88 Rp0.2) 
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Appendix Table 3.15 Result of fatigue test 

(Tested bolt : SG-p.c.12.9, Test condition : m = 0.88 Rp0.2) 

Test No. a MPa Repeatedly number N Fracture area 

1 155 66730 First thread root of the bolt 

2 120 189210 First thread root of the bolt 

3 85 1767250 First thread root of the bolt 

4 50 5×106 Non-failure 

5 190 32190 First thread root of the bolt 

6 85 1166820 First thread root of the bolt 

7 120 142910 First thread root of the bolt 

8 155 85500 First thread root of the bolt 

9 190 37210 First thread root of the bolt 

Staircase part 

10 63.7 5×106 Non-failure 

11 77.4 839690 First thread root of the bolt 

12 63.7 5×106 Non-failure 

13 77.4 5×106 Non-failure 

14 91.1 625430 First thread root of the bolt 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix Fig. 3.13 S–N diagram 

(Tested bolt : SG-p.c.12.9, Test condition : m = 0.88 Rp0.2) 
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Appendix Fig. 3.14 Schematic of machined test piece 
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Appendix Fig. 4.1 Clamp force/tightening torque curve derived from experiment 

 

 

 

 

Appendix Table 4.1 Result of fatigue test 

(Tested bolt : SV-p.c.12.9, Upper nut : Style1, Lower nut : Style1 

Tloc = 1 N·m, Test condition : Rs = 0.1) 

Test No. a MPa Repeatedly number N Fracture area 

1 160 341983 First thread root of the bolt 
(Mating with lower nut) 

2 140 5×106 Non-failure 

3 160 398246 First thread root of the bolt 
(Mating with lower nut) 

4 140 5×106 Non-failure 

5 160 608745 First thread root of the bolt 
(Mating with lower nut) 

6 140 5×106 Non-failure 
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Appendix Table 4.2 Result of fatigue test 

(Tested bolt : SV-p.c.12.9, Upper nut : Style1, Lower nut : Style1 

Tloc = 40 N·m, Test condition : Rs = 0.1) 

Test No. a MPa Repeatedly number N Fracture area 

1 110 1841736 First thread root of the bolt 
(Mating with lower nut) 

2 90 5×106 Non-failure 

3 110 1543313 First thread root of the bolt 
(Mating with lower nut) 

4 90 5×106 Non-failure 

5 110 1547696 First thread root of the bolt 
(Mating with lower nut) 

6 90 5×106 Non-failure 

 

 

Appendix Table 4.3 Result of fatigue test 

(Tested bolt : SV-p.c.12.9, Upper nut : Style1, Lower nut : Style3 

Tloc = 40 N·m, Test condition : Rs = 0.1) 

Test No. a MPa Repeatedly number N Fracture area 

1 140 376195 First thread root of the bolt 
(Mating with lower nut) 

2 120 5×106 Non-failure 

3 140 107390 First thread root of the bolt 
(Mating with lower nut) 

4 120 5×106 Non-failure 

5 140 339799 First thread root of the bolt 
(Mating with lower nut) 

6 120 5×106 Non-failure 
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Appendix Table 5.1 Rolling conditions for the M10×L0 P1.25 bolts 

 SV SG 

Property class  8.8 

Processing time  s 1.0 1.0 

Die rotation speed  rev / min 60 

Die displacement  mm 1.21 1.35 

Blank diameter  mm 9.07 

 

Appendix Table 5.2 Maximum rolling force of M10×L0 P1.25 bolts 

 SV SG 

Property class  8.8 

1 37.0 46.1 

2 36.0 47.9 

3 35.9 53.4 

4 39.3 51.5 

5 39.3 52.8 

6 35.3 50.0 

7 36.0 51.0 

8 38.4 51.9 

9 39.0 51.7 

10 40.2 48.1 

11 40.1 47.8 

12 39.0 47.8 

13 37.1 50.6 

14 38.4 47.5 

15 38.0 48.3 

16 38.8 47.0 

17 38.4 51.5 

18 37.2 50.4 

19 37.0 51.1 

20 37.6 49.8 

Max. 40.2 53.4 

Mean 37.9 49.8 

Min. 35.3 46.1 
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Appendix Table 5.3 Result of fatigue test 

(Tested bolt : M10×L0 P1.25 SV bolt-p.c.8.8, FP = 0 kN, Test condition : Rs = 0.1) 

Test No. a MPa Repeatedly number N Fracture area 

1 90.2 2487239 First thread root of the bolt 

2 77.6 5×106 Non-failure 

3 90.2 1015513 First thread root of the bolt 

4 77.6 5×106 Non-failure 

5 90.2 1826532 First thread root of the bolt 

6 77.6 5×106 Non-failure 

 

 

 

 

Appendix Table 5.4 Result of fatigue test 

(Tested bolt : M10×L0 P1.25 SV bolt-p.c.8.8, FP = 35 kN, Test condition : Rs = 0.1) 

Test No. a MPa Repeatedly number N Fracture area 

1 125.4 1862232 First thread root of the bolt 

2 102.8 5×106 Non-failure 

3 125.4 1922533 First thread root of the bolt 

4 102.8 5×106 Non-failure 

5 125.4 904257 First thread root of the bolt 

6 102.8 5×106 Non-failure 
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Appendix Table 6.1 Rolling conditions for the groove rolled specimen 

   SV SG 

Minor diameter  mm 8.49 8.03 7.59 8.49 8.03 7.59 

Property class    12.9 12.9 12.9 

Processing time  s 8.0 8.0 8.0 8.0 8.0 8.0 

Die rotation speed  rev / min 7 7 7 7 7 7 

Die displacement  mm 0.85 1.35 1.85 0.98 1.53 1.92 

Blank diameter  mm 9.07 9.07 9.07 9.02 9.02 9.02 

 

 

 

 

Appendix Table 6.2 Maximum rolling force of the groove rolled specimen 

 SV SG 

Minor diameter  mm 8.49 8.03 7.59 8.49 8.03 7.59 

1 16.1 21.3 27.3 34.4 43.6 52.2 

2 16.6 20.8 26.6 34.5 44.4 51.4 

3 15.4 21.0 27.6 33.6 44.7 51.3 

4 15.5 20.5 27.7 34.4 43.9 51.8 

5 16.1 22.0 27.0 34.9 44.3 51.7 

Max. 16.6 22.0 27.7 34.9 44.7 52.2 

Mean 15.9 21.1 27.2 34.4 44.2 51.7 

Min. 15.4 20.5 26.6 33.6 43.6 51.3 
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Appendix Table 6.3 Result of fatigue test 

(Tested bolt : M10×L0 P1.25 SV bolt-p.c.8.8, Test condition : Rs = 0.1) 

Test No. a MPa Repeatedly number N Fracture area 

1 90.2 2487239 First thread root of the bolt 

2 77.6 5×106 Non-failure 

3 90.2 1015513 First thread root of the bolt 

4 77.6 5×106 Non-failure 

5 90.2 1826532 First thread root of the bolt 

6 77.6 5×106 Non-failure 

 

 

 

 

Appendix Table 6.4 Result of fatigue test 

(Tested bolt : M10×L0 P1.25 SG bolt-p.c.8.8, Test condition : Rs = 0.1) 

Test No. a MPa Repeatedly number N Fracture area 

1 131.4 1435672 First thread root of the bolt 

2 118.8 5×106 Non-failure 

3 131.4 1134954 First thread root of the bolt 

4 118.8 4251258 First thread root of the bolt 

5 106.2 5×106 Non-failure 

6 118.8 5×106 Non-failure  

 

 

 

 

 

 

 


