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    If a bolt is subjected to 
cyclic loading, it can be at 

risk of fatigue failure. "

USING BELLEVILLE SPRINGS TO

Introduction

If a bolt is subjected to cyclic loading, it can be at risk of fatigue failure. This can even occur when the stresses are far 
below the yield stress of the bolt material. This type of failure culminates in catastrophic rupture and is preceded by a 
natural sequence of crack initiation, growth, and propagation. 

It is important to know that the fatigue failure can be prevented. There are many bolts that are subjected to alternating 
loads that do not fail due to fatigue. Additionally, cycle life of any fastener can be predicted. In most bolting applications, 
an ideal predicted cycle life is infinite. This means that the bolt would be unlikely to fail due to fatigue.

Experiment

Fatigue test experiments were conducted using a custom designed testing fixture shown in Figure 1. The fixture consists 
of a channel (CYCLE ARM) that is bolted to a fixed bracket. The end of the channel is displaced a given amount for each 
cycle by means of a motor-driven rotating eccentric shaft. 

During setup, the 5/16-18 bolt was torqued to a predetermined mean preload as measured by the load cell. Shaft could 
be rotated by hand to establish the minimum and maximum load observed during each displacement cycle. The average 
of these values was the mean value. The motor speed was set to a shaft speed of 500 RPM and the bolt was cycled until 
fatigue failure was observed. 

Multiple bolt materials were explored, but aluminum alloy 
was used for most of the test results presented in the results 
table. This was because of some structural limitations of the 
fixture and the lower yield strength resulted in fatigue failure 
much earlier than higher strength bolts. Bolts were tested 
alone and with Bellevilles in order to compare the results. The 
bolts were tested at mean loads of approximately 1100 and 
1000 lbf. Spring arrangements were selected based on the increased
elasticity of the bolting system. 

Figure 1
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Results

Table 1 shows the results of the tests. The first column indicates whether Bellevilles were used or not. The (elasticity) 
ratio column indicates the elasticity added by the Belleville springs and is calculated as follows:

    
Elasticity Ratio  = 

Bolt Stretch + Belleville Deflection Added
Bolt Stretch

A ratio of 1.0 would indicate that the only elasticity in the bolting system was provided by the bolt and fixture. A ratio of 
4.5 would indicate that the addition of the Belleville(s) increased the total elasticity of the bolting system by a factor of 
4.5. The addition of Bellevilles in most bolting applications will result in an elasticity ratio of 3X to 15X. 

Table 1

Figure 2 shows the logarithmic relationship between the elasticity ratio and cycle life.

Figure 2

For any mean bolt preload, it is clear that cycle life is increased by the addition of Belleville(s).

Discussion

The results are predictable. While the mean load is the same for the connection with or without springs, the change in 
load for each cycle is quite different. The variation in load for the 100 lbf mean load is shown in Figure 3. 



Figure 3

Figure 4

There are several tools that can be used to evaluate a bolt’s fatigue limits relative to its application. These include 
Goodman and Soderberg diagrams or ASME Elliptic Criterion. Each of these have their own benefits and limitations but 
the inputs to each are basically the same and relative outcomes are comparable. In general, the inputs are:

1. The minimum stress that the bolt will experience during a load cycle (σmin)
2. The maximum stress for each cycle (σmax)
3. The yield strength of the fastener (Su). This is 30 ksi for the bolts used in this test.
4. The endurance limit of the fastener. This is usually estimated at 33% of the ultimate strength
  (Se =0.33*Su)

From σmin and σmax  the mean stress (σm) and the alternating stress (σa) for each cycle can be calculated as follows:

As a comparison, the change in load for each cycle is much smaller for the 8.0 elasticity ratio as shown in Figure 4.

(σmax + σmin)

2
σm  = 

(σmax - σmin)σa  = 

2



Now, calculating the Goodman Line as follows:

σa

Se
+

σm  
Su

= 1
n

Where n is the design factor. Se and Su  are related and fixed by the given bolt selection. The values for σm, σa, and n are in 
Table 1. Figure 5 confirms that increasing the design factor will result in improved cycle life.

Figure 5

It is expected that cycle life improvement for stainless or carbon steel bolts would be even more dramatic because 
aluminum does not have a true endurance limit. In other words, there is a point where alternating load for stainless or 
carbon steel fasteners can be reduced enough to result in infinite life. That limit does not exist for aluminum. 

Conclusion

Increasing the elasticity of the fastening system can dramatically improve cycle life of the bolt in both theory and in 
practice. There are multiple ways to increase fastening system elasticity including using spacers to increase bolt grip 
length or through the addition of Belleville washers.

This conclusion is applicable when the Belleville is not flat at the maximum load. When selecting a Belleville in order to 
eliminate fatigue failure, it would be important to consider:

A. The aim preload of the bolt.

B. The mechanical and fatigue properties of the bolt.

C. The displacement or load variation expected after assembly.

D. The elasticity of the assembly components including the joint and bolt.

Contact a Solon engineer for assistance in selecting the correct Belleville washers to prevent fatigue failure. 

"The addition of Bellevilles in most 
bolting applications will result in 
an elasticity ratio of 3X to 15X. "
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Solon Manufacturing Company offers a variety of application-specific Belleville spring washer selection tools that can 
assist designers in selecting the proper Belleville spring for their requirements, including:

• Bolted Electrical Connections
• Flange Live Loading
• Valve Live Loading
• PV Racking Systems
• LNG/Cryogenic Flange Applications

For additional resources and information, visit www.solonmfg.com. 
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