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ABSTRACT 

Bolted joints subjected to vibrations in service have been always exposed risks of self-

loosening and fatigue failure. However the occurrence conditions of transverse bolt fatigue 

have not been sufficiently revealed although many researches with regard to axial bolt fatigue 

were performed. We had investigated the self-loosening and fatigue characteristics of bolted 

joints subjected to transverse vibration in our previous study. At this time, grip length, that is 

a clamping length due to the bolt, was comparatively long. In this study, transverse fatigue 

tests of the bolted joints with short grip length to simulate a thin plate tightening structure. 

Influences of the grip length and the engaging thread length on apparent transverse fatigue 

limits that is the highest amplitude of transverse vibration in which the bolt does not break 

due to fatigue, have been investigated. The results showed that the apparent transverse fatigue 

limits decreased with an increase in the grip length and the engaging thread length. 

Keywords: bolted joint, fatigue, transverse vibration, grip length, engaging thread length. 

 

INTRODUCTION 

Bolted joint corruptions often cause serious accidents in vehicles and structures (Ministry of 

Land, Infrastructure and Transport, 2013) (Asahi Shinbun, 2002). It is generally considered 

that the causes of the corruptions are self-loosening and fatigue failures of the bolts (Kasei, 

1989) (Hess, 1996) (Hess, 1997) (Pai. 2002) (Jiang, 2003) (Zhang, 2006). Hence we have to 

avoid the self-loosening and the fatigue failures when we use the bolted joints. The bolted 

joints used in the machines and structures subjected to transverse vibrations in service have 

been always exposed higher risks of self-loosening and fatigue failure in particularly. 

However the occurrence conditions of fatigue failure of bolted joint subjected to transverse 

vibration have not been sufficiently revealed although many researches with regard to fatigue 

failure of bolted joint subjected to axial vibration were performed  (Stephens, 2007) 

(Alexander, 2000) (Yoshimoto, 1984) (Ohashi, 1985) (Ohashi, 1994). In our previous 

researches so far, we have mainly investigated the fatigue characteristics of bolted joints 

under transverse vibration (Hashimura, 2006) (Hashimura, 2007) (Hashimura, 2010). The grip 

length, that is a clamping length due to the bolt, was from four times to five times of the bolt 

size approximately, that was comparatively long. If the bolted joints have a comparative long 

such as the previous experiments, the bolt broke due to bending moment by means of 

transverse vibration force. Since the bending moment was a multiplication of the grip length 

and transverse vibration force, it had been seen that the apparent transverse fatigue limits, that 

is the highest amplitude of transverse vibration in which the bolt does not break due to 

fatigue, depended on the grip length. However the bolts might break due to shear force if grip 

length was short. 
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In this study, transverse fatigue tests of the bolted joints with comparatively short grip length 

to simulate a thin plate structure have been conducted. The grip lengths were from the almost 

same length as the bolt size to about twice of the bolt size. Influences of the grip length and 

the engaging thread length on apparent transverse fatigue limits have been investigated in the 

fatigue tests. The bolts used in the tests were commercial hexagon head bolt. 

 

TEST BOLTS AND TIGHTENING SITUATIONS 

Figure 1 shows the schematic illustrations of test bolts and the tightening situations. In the 

experiments, six types of bolts with different nominal lengths were used. Each test bolt was a 

commercial hexagon head bolt M10 with thread pitch 1.5 mm and with fully threaded, and the 

bolt property class was 8.8. Table 1 shows the mechanical properties of the test bolts 

(Yamamoto, 1996). The test bolt was tightened into an internal thread adaptor in the 

experimental apparatus before the transverse fatigue test. The tightening situations shown in 

Fig. 1(a) were for investigation of an influence of the grip length lg on the apparent fatigue 

limits. Fig. 1(b) shows the tightening situations to investigate influences of two engaging 

thread length le on the apparent fatigue limits. 

Table 1 - Mechanical properties of test bolt (property class: 8.8) 

Young’s 

modulus 

E 

Ultimate 

Strength 

σu 

Proof Stress 

σ0.2 

True Ultimate 

Strength of Bolt 

Material 

σT 

Fatigue Strength 

of Bolt Material 

σw0 

Notch factor at the 

root of the first 

thread  

 Κφ 

206 GPa 800 MPa 640 MPa 1370 MPa 290 MPa 3.56 

 

In Fig. 1(a), the engaging thread length was le =15 mm constant. The grip lengths were lg=9 

mm, 12 mm, 17 mm and 22 mm respectively. In Fig. 1(b), the grip lengths were lg=9 mm and 

17 mm. The engaging thread lengths were le=10 mm, 15 mm and 20 mm respectively. As can 

be seen that the nominal lengths l of the bolts were different for each tightening situation. 

Hence the bolts were manufactured cutting the bolts with l=40 mm in order to prepare the test 

bolts from the same lot. The corners of the bearing surface of all the bolts were machined with 

a lathe to create a flat contact surface as shown in Fig.1. 

 

Fig. 1 - Test bolts and tightening situations for the transverse fatigue test of bolted joints 
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Incidentally, there are linear rollers between two clamped parts in Fig. 1(a) and Fig. 1(b) 

although actual bolted joints do not have the linear rollers. In the experiments, the linear 

rollers were placed in order to ignore friction losses between the clamped parts. Consequently 

the bolt had directly received the transverse force through the bearing surface of the bolt. 

 

EXPERIMENTAL APPARATUS 

Figure 2 shows a schematic illustration of an apparatus for the transverse fatigue tests. The 

apparatus was designed to simulate a two-plate structure without a nut. In Fig.2, the test bolt 

was tightened into the internal thread adaptor, with its rotation fixed on a fixed clamped part, 

through a bearing surface part and a load cell for measuring the clamping force F located in 

the center of the apparatus. The lower clamped part including the load cell was fixed on the 

base plate and the upper clamped part was vibrated with an air vibrator. The transverse 

vibration force ∆Pt/2 was controlled by air pressure applied to the air vibrator, with a constant 
amplitude load. The frequency of the vibration depended on the air pressure, and varied from 

35 Hz to 50 Hz. 

The contact surfaces between the two clamped parts were hardened and two lubricated linear 

rollers were placed between the clamped parts in order to ignore the friction. Frictional losses 

were measured to be less than 1% of the transverse vibration force ∆Pt/2 and were ignored in 

this study. The displacement δ of the vibrated clamped part was measured by a laser 

displacement transducer during the transverse fatigue test. 

An internal thread adaptor was made of a medium carbon steel JIS S55C and the internal 

thread was manufactured by tapping. A tap was inserted into the thread before each 

experiment. If an abnormality of the internal thread was detected, the adaptor was replaced 

with a new one. Otherwise, the adaptor was repeatedly used in the experiments. The bearing 

surface part was also made of a medium carbon steel JIS S55C. The bearing surface 

contacting the bolt head was polished with #600 sand paper before each experiment. A 

washer was not used in the experiments. 

 

EXPERIMENTAL PROCEDURE 

In the transverse fatigue tests, the test was started after the test bolt was tightened using a 

wrench at Fi=15kN. It was stopped when the clamping force F reached zero or the loading 

 

Fig. 2 - An experimental apparatus for the transverse fatigue test of bolted joints 



Symposium-6: Mechanical Connections 

 

 

-1344- 

cycles exceeded ten million cycles. The initial clamping force Fi=15kN corresponds to the 

elastic region of the test bolts. In all experiments, the thread surface and bearing surface were 

lubricated by Molybdenum disulfide grease. In the transverse fatigue test, we could find a 

higher threshold of the amplitude ∆Pt/2 of transverse vibration force at which the bolt does 
not break due to fatigue. In this study, we defined the thresholds as the apparent transverse 

fatigue limit (∆Pt/2)w. 

 

INFLUENCE OF GRIP LENGTH ON APPARENT FATIGUE LIMIT 

Figure 3 shows behaviours of clamping forces F for each amplitude ∆Pt/2 of transverse 
vibration force. In these experiments, the grip length was lg=17 mm and the engaging thread 

length was le=15 mm. In Fig. 3, the ordinate is the clamping force F and the abscissa is the 

number of cycle N of the transverse vibration force. 

It can be seen in Fig.3 ∆Pt/2=0.55 kN that the clamping forces F rapidly decreased after the 

clamping force F had kept a constant value for a while. When the amplitude of transverse 

vibration force was ∆Pt/2=0.55 kN in Fig. 3, the clamping force F did not almost decrease. 

The bolt which the clamping force F was completely lost in this study had fatigue cracks at 

the neck portion under the bolt head, the root of the incomplete thread or the root of the first 

thread. For these bolt which the clamping force F was completely lost, the number of cycle Nf 

to failure significantly depended on the amplitude ∆Pt/2 of transverse vibration force. 

Figure 4 shows relationships between the amplitude of transverse vibration force ∆Pt/2 and 
the number of cycle Nf to failure in the experiments to investigate an influence of the grip 

length. In Fig. 4, the ordinate is ∆Pt/2 and the abscissa is Nf. Symbols , , ,  indicate the 

result for lg=22 mm, 17 mm, 12 mm and 9 mm respectively. The white color symbols show 

indicate the results which the bolts did not break without clamping force reduction. 

It can be seen in Fig. 4 that the fatigue lives Nf depends the amplitude of transverse vibration 

force ∆Pt/2. And the apparent transverse fatigue limits (∆Pt/2)w decreased with an increase in 

 

Fig. 3 - Variations of clamping force of the bolted joints 

during the transverse fatigue tests 

 

Fig. 4 - Relationships between amplitudes of 

transverse force ∆Pt/2 and number of cycles to 

failure Nf. 
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the grip length lg. In the experiments, main fatigue cracks of the broken bolt had been 

generated at the root of the incomplete thread or the neck under the bolt head. However the all 

main fatigue cracks of the broken bolt due to ∆Pt/2 just above (∆Pt/2)w were generated at the 
root of the incomplete thread of bolt. 

Figure 5 shows a relationship between the apparent transverse fatigue limits (∆Pt/2)w and the 

the grip length lg. Fig. 5(a) shows the relationship between (∆Pt/2)w and lg. Fig. 5(b) shows 
fracture surfaces and fatigue cracks of the broken bolt at the root of the incomplete thread. In 

the experiments, since positions at which main fatigue cracks of the broken bolt due to ∆Pt/2 

just above (∆Pt/2)w occurred were different in accordance with the tightening conditions such 
as the grip length and the engaging thread length, the positions was wrote in the side of the 

experimental points in Fig. 5(a). It can be seen in Fig. 5 that the apparent transverse fatigue 

limits (∆Pt/2)w were in completely proportion to the grip length lg. 

 

Fig. 5 - Graph of relationships between apparent fatigue limits (∆Pt/2)w and grip length lg  and fracture surfaces 
and typical fatigue cracks nucleated at the incomplete thread of the bolt. 

In our previous study, if the grip length of the bolted joint was comparatively long, it was 

revealed that the bolt broke due to the bending moment which the bolt was loaded. Fig.6 

shows a schematic illustration of a deformed bolt due to the transverse vibration force ∆Pt/2 
and a bending moment diagram of the bolt. As can be seen in Fig. 6, the bolt deforms S-shape 

if the bolt was loaded transverse force Pt. The bending moment diagram at this case can be 

drawn such as the right diagram of Fig. 6. 

Let x be the bolt axial position in Fig. 6, the bending moment M(x) is expressed the following 

equation. 

( ) B2)( MxPxM t −⋅= ∆  (1) 

where MB is the bending moment generated due to constraint in transverse direction by the 

engaging threads and is expressed as a follows: 

( ) gt lPCM ⋅⋅= 2B ∆  (2) 
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where C is a coefficient which is determined by constraint due to the engaging threads and by 

a slippage between thread surfaces. 

As can be seen in Eq.(1) and (2), the bending moment M is in proportion to the grip length lg 

regardless of fracture position. Therefore even if the bolted joints receive the same amplitude 

of transverse vibration, it is indicated that the bending moment M which the bolt is loaded 

changed if the grip lengths lg are different. The results shown in Fig. 5(a) indicate that the test 

bolts in each grip length lg broke due to not shearing force but the bending stress. 

 

INFLUENCE OF ENGAGING THREAD LENGTH ON APPARENT 

FATIGUE LIMIT 

Figure 7 and 8 show relationships between the amplitude of transverse vibration force ∆Pt/2 
and the number of cycle Nf to failure in the experiments to investigate influences of the 

 

Fig. 6 - An illustration of the deformed bolt by transverse force and a bending moment diagrams of the bolt. 

 

Fig. 7 - Relationships between amplitudes of 

transverse force ∆Pt/2 and number of cycles to 

failure Nf. (Investigation for an influence of le) 

 

Fig. 8 - between amplitudes of transverse force ∆Pt/2 
and number of cycles to failure Nf. 

(Investigation for an influence of le) 
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engaging thread length with the two grip length lg. Fig. 7 was the results for lg=17 mm and 

Fig. 8 was the results for lg=9 mm. In Fig. 7 and 8, the ordinate is ∆Pt/2 and the abscissa is Nf. 
Symbols , ,  indicate the result for le=10 mm, 15 mm and 20 mm respectively. The white 

color symbols show of them are the results which the bolts did not break without clamping 

force reduction. 

It can be seen in Fig. 7 that a difference between the apparent transverse fatigue limits 

(∆Pt/2)w for le=15 mm and (∆Pt/2)w for le=20 mm was small although a difference between 

(∆Pt/2)w for le=10 mm and (∆Pt/2)w for le=15 mm was large. In any case, if the engaging 

thread length le was long, the apparent transverse fatigue limit (∆Pt/2)w decreased. In Fig. 8, a 

difference between (∆Pt/2)w for le=15 mm and (∆Pt/2)w for le=20 mm was not small. 

Meanwhile a difference between (∆Pt/2)w for le=10 mm and (∆Pt/2)w for le=15 mm was futher 

large. In any case, if the engaging thread length le was long, the apparent transverse fatigue 

limit (∆Pt/2)w decreased. Hence it is considered that the influence of the engaging thread 
lengths are magnified if the grip length was short. 

Figure 9(a) shows relationships between the apparent transverse fatigue limits (∆Pt/2)w and 
the engaging thread lengths le. Fig. 9(b) shows fracture surfaces and fatigue cracks of the 

broken bolt at the neck under the bolt head as a typical case although Fig. 9(b) is not the 

results shown in Fig. 7 and 8. Positions at which main fatigue crack of the broken bolt due to 

∆Pt/2 just above (∆Pt/2)w occurred was wrote in the side of the experimental points in Fig. 

9(a). It can be seen in Fig. 9(a) that the apparent transverse fatigue limits (∆Pt/2)w decreases 
with an increase in the engaging thread lengths le. But their relationships were not linear. The 

main fatigue cracks of the broken bolt due to ∆Pt/2 just above (∆Pt/2)w of the case for le=10 
mm were different from other cases of le. A main fatigue crack generated at the neck under 

the bolt head in the case for lg=9 mm and le=10 mm. In particularly in the case for lg=17 mm 

and le=10 mm, two main fatigue cracks nucreated at the root of the incomplete thread and at 

the root of the first thread. It is considered from Fig. 9 that the bending moment diagrams of 

the bolts are changing according to each condition. To confirm the causes that the apparent 

 

Fig. 9  - Relationships between apparent fatigue limits (∆Pt/2)w and grip length le and fracture surfaces and 
typical fatigue cracks nucleated at the neck of bolt and at the incomplete thread of the bolt. 
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transverse fatigue limits (∆Pt/2)w changed according to the engaging thread lengths le we 
measured the bending moment M(x) loaded on the bolt using strain gages. 

Figure 10 shows the bending moments M(x) loaded on the bolts due to the transverse force 

∆Pt/2. Fig. 10(a) and (b) are the bending moment diagrams of the bolts with the grip length 

lg=9 mm and 17 mm respectively. In these figure, the ordinate is the bending moment M and 

the abscissa is the position x along the bolt axis. Points in the bending moment diagram 

indicates positions at which the bending moments were measured by strain gages. 

 

 

 

 

 

It can be seen in Fig. 10 that the actual bending moments M(x) are linear functions as shown 

in Fig. 6 and are different according to the engaging thread length le and the grip length lg. We 

discuss a relationship between the fracture position shown in Fig. 9(a) and the bending 

moment diagrams shown in Fig. 10. 

 

The tightening conditions which the bolt broke at the root of incomplete thread are the case 

for le=15 mm and 20 mm at lg=9 mm, and the case for le=15 mm and 20 mm at lg=17 mm. It 

can be seen from the bending moment M at those cases that the bending moment M(RI) at the 

root of the incomplete thread are higher than those M(RF) at the root of the first thread. 

Therefore the amplitudes of cyclic maximum principal stress at the root of the incomplete 

thread become larger than those at the root of the first thread. 

 

 

Fig. 10 - Bending moment diagrams acting on the test bolt with different grip lengths lg. 
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As the results, the bolt broke at the root of the incomplete thread. In the case for le=10 mm at 

lg=9 mm, the bolt broke at the neck under the bolt head. It can be seen in Fig. 10(a) that 

gradient of the bending moment M was markedly large. Hence the difference between the 

bending moments M(RF) at the root of the first thread and the bending moment M(RI) at the root 

of the incomplete thread were large comparatively. Therefore the bolt broke at the neck under 

the bolt head although the section diameter at the neck under bolt head was large. In the case 

for le=10 mm at lg=17 mm, the main fatigue cracks nucleated at the root of the incomplete 

thread and at the root of the first thread. It can be seen in Fig. 10(b) that the bending moment 

M(RF) at the root of the first thread and the bending moments M(RI) at the root of the 

incomplete thread were almost the same. Consequently the main fatigue cracks nucleated at 

the root of the incomplete thread and at the root of the first thread. 

Incidentally, we focus on the results of the tightening cases for le=10 mm and 20 mm in Fig. 

9. The apparent transverse fatigue limit (∆Pt/2)w significantly decreased with an increase in 

the engaging thread length le. And these main fatigue cracks of the broken bolt due to ∆Pt/2 

just above (∆Pt/2)w nucleated at the root of the incomplete thread and at the neck under the 

bolt head. To be realized this case, the bending moment at the first thread must decrease with 

an increase in the engaging thread length le. However if the engaging thread length is long, it 

is considered that the bolt thread is constrained strongly in the transverse direction. Hence we 

focus occurrence of inclination and slippage of the bolt thread due to the transverse vibration 

at the engaging threads. We investigated resistance force by friction to not slip at the engaging 

threads using FE analysis models shown in Fig. 11. 

 

 

Fig. 11 - FE analysis model of the test bolts with different engaging thread lengths le. 
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Figure 11(a) shows the calculated contact forces Ni at each bolt thread of the bolts with le =10 

mm and with le =20 mm. FE analysis was cunducted with elastic axisymmetric model shown 

in Fig. 11(b) and (c). Fig. 11(b) shows the FE analysis models of the bolt with le =10 mm and 

Fig. 11(c) shows the FE analysis models of the bolt with le =20 mm. In the FE models, a 

lower surface of an upper clamped part was constrained in Y direction and clamping force Fi 

was applied to an upper surface of a lower clamped part. Young’s moduous E and poisson’s 

ratio ν of the bolt and the clamped parts were 206 GPa and 0.3 respectively. A friction 

coefficient between bearing surfaces µw and a friction coefficient between thread surfaces µs 

were assumed µw=µs=0.10. 

It can be seen in Fig. 11(a) that the contact force Ni of the bolts with le =10 mm is of course 

larger than that of the bolts with le =20 mm because the number of thread which loads the 

clamping force was small. If we assume that the first six threads mainly contribute to the 

inclination and the slippage at the engaging thread portion, the friction force P10 for le=10 mm 

becomes P10=2.5 kN and the friction force P20 for le=20 mm becomes P20=2.0 kN. Hence it 

can be considered that the inclination and the slippage at the engaging bolt thread of the 

bolted joint with le=10 mm is unlikely to occur. As the results, since the inclination and the 

slippage at the engaging bolt thread of the bolted joint with le=20 mm was likely to occur, it is 

considered that the apparent transverse fatigue limit (∆Pt/2)w of the bolted joint with le=20 

mm was lower that (∆Pt/2)w of the bolted joint with le=10 mm. 

 

CONCLUSION 

In this study, transverse fatigue tests of the bolted joints with comparatively short grip length 

to simulate a thin plate structure have been conducted. The main conclusions obtained in this 

study are summarized as follows. 

1. We investigated influence of the grip length on the apparent fatigue limit for the bolted 

joint with the engaging thread length 15 mm. Within the grip lengths 9 mm, 12 mm, 17 

mm and 22 mm, the apparent transverse fatigue limits were in completely proportion to the 

grip length. 

2. We also investigated influences of the engaging thread length on the apparent fatigue 

limits for the bolted joint with the grip length 9 mm and 17 mm. Within the engaging 

thread lengths 10 mm, 15 mm and 20 mm, the apparent transverse fatigue limits decreases 

with an increase in the engaging thread lengths. However the relationships were not linear. 

3. The influence of the engaging thread lengths on the apparent transverse fatigue limits are 

magnified if the grip length was short. 
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