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TRACTION IN LOADED SIMPLE BOLTS 

 

Abstract: Visualization of the loaded state of a simple bolt in a joint was demonstrated by the authors in the 

article. The degree of deformation of the standard product was displayed by vectors of the ratio of force to the area 

of the working surfaces of the bolt. 
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Introduction 

The bolted joint provides a detachable coupling 

of several parts with bolts of various configurations. 

Bolts are standard products that must be manufactured 

in accordance with official documents [1-4]. 

During operation, the bolts are subjected to 

various deformations (shearing, crumpling, and 

stretching). Depending on the loading conditions of 

the bolted joint, the dimensions, material, accuracy 

and other characteristics of the bolts are selected by 

calculating analytical equations, conducting an 

experiment or modeling in computer programs of 

engineering analysis [5-10]. By changing the shear 

force of the jointed parts, the intensity of the contact 

deformation of the bolt surfaces is determined. The 

degree of bolt loading can be represented by the 

force/area ratio, which allows us to estimate not only 

the magnitude of the acting force on a specific surface, 

but also to determine the type of deformation. 

In this article, a vector array of the load 

distribution of simple bolts with constant shear force 

of the mated parts was obtained using the computer 

program. 

 

Materials and methods 

The intensity of loading of the bolts that 

connected the flange to the pipe was studied. A 

constant transverse force acted on the flange. All parts 

of the joint were made of structural steel having the 

following properties: density – 7850 kg/m3, Young's 

modulus – 200 GPa, Poisson's ratio – 0.33. The 

fastener was a simple bolt without a thread with the 

following dimensions: diameter of the head – 38 mm, 

thickness of the head – 15 mm, nominal diameter – 

21.2 mm, bolt length – 34 mm. A washer with a 

thickness of 4 mm and a hole diameter of 25 mm was 

placed under the bolt head. The bolt stress area was 

353 mm2. The calculation was carried out in the 

Comsol Multiphysics software. 

 

Results and discussion 

The traction is the ratio of the acting force to the 

area of the contact surfaces of the bolt. The traction 

vectors in the loaded bolt were shown in the Fig. 1. 

The vector length determines the amount of force. It 

is noted that the maximum forces occur along the bolt 

rod and at the junction of the rod and the head. At the 

same time, forces act at a certain angle at the 

boundary, thereby causing a shift in the layers of the 

bolt material. The forces act in two directions, causing 

both tensile and compression deformation. At the 

same time, the compression deformation of the bolt is 

smaller in magnitude than the tensile deformation 

(vectors at the boundary of the end face of the bolt 

rod). A lower intensity of loading is noted on the 

surfaces of the bolt head. Thus, the greatest 

deformation of the material occurs along the axis of 

the bolt with a predominance of stretching. 

 

 
Figure 1. Traction vectors in the loaded simple bolt. 

 

Conclusion 

Loaded bolts experience tensile, compression 

and shear deformations. A visual representation of the 

traction ratio makes it possible to analyze the 

approximate effect of tensile, compressive and shear 

forces on the contact surfaces of the simple bolt 

without a thread. The results obtained will be useful to 

design engineers when designing fasteners for 

technological equipment. 
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