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Abstract- Bolted joints are very much useful in joining two 

parts or structures together. To make the joint leak proof and 

to avoid separation, pretension plays important role. But 

before actual practice it is needed analyze it using FEA. 

Explicit Dynamics does not support bolt pretension tool, so 

different methods are studied to apply bolt pretension. Due to 

inability of bolt pretension tool in explicit dynamics, forces 

are applied in different manners so as to get similar kind of 

stress pattern as that of bolt pretension tool in ansys18.2. 

These methods are then compared with it by considering their 

stress pattern and shear stress. Shear stresses are validated 

with analytical approach to give best method for pretension 

using cause and effect matrix. 
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I. INTRODUCTION 

 

 Bolts are the most widely used fastening element. It 

is required to understand structural behaviour bolted joint, as 

the failure of bolted joint will lead to serious human and 

economic consequences. Bolts are having localized connection 

hence they are subjected to very high stress. Fully tightened 

bolt can survive much better than untightened or loose bolt. So 

to ensure the survival of bolt it is needed to preload it with 

required essential magnitude. If this initial bolt preload is 

more than that of required then bolt threads may fail due to 

shearing without application of external load. 

 

To visualize bolted joint loading, joint diagrams are 

very much useful. A joint diagram is useful for displaying the 

load deflection characteristics of the bolt and the material that 

it clamps. In Fig1, joint diagram explains how the bolt 

extension and clamp compression occurs after application 

preload to the bolted joint. 

 
Fig1. Joint diagram for simple bolted joint [1] 

With application of external tensile force the joint 

may reduce some of the clamp force formed due to preload. 

This is illustrated in the Fig2. The external force acts through 

the joint material and then subsequently into the bolt. It is 

clearly visible in Fig2 that bolt force increased and joint clamp 

force reduced due to application of external force. It must be 

realized that the load on the bolt cannot be added without 

decreasing the clamp force acting on the joint. As it can be 

observed from a study of the diagram, the actual amount of 

increase in the bolt force is dependent upon the relative 

stiffness of the bolt to the joint. Force acting on the bolt 

increases with increase in external force. At the same time the 

clamp force acting on the joint is decreased. To study the 

bolted joints, it is required to analyze this bolted joint using 

FEA prior to that of practical testing of joint. Before 

developing a finite element model, the analyst must determine 

the bolted joint characteristics to be modeled and understand 

the capability of the finite element program being used. This 

knowledge is useful for the analyst to determine how closely 

he could simulate the bolted joint. A bolted joint itself is a 

complex part for simulation, even this can be solved with 

today’s commercial FEA tools with proper element type, step 

size etc. but still it becomes time consuming, So this bolted 

joint can further be simplified by omitting geometrical threads 

and fillets.  

 

 
Fig2. Joint diagram for simple bolted joint with external forces 

[1] 

 

S. H. Ju and C. Y. Fan [2] in there analysis of bolted 

joint had used bolt pretension with initial displacement 

scheme and for to make contact between contacting faces they 

had used node to plane contact so that node can slide across 

several target faces, but it is difficult to identify amount of 

displacement that will correlate with the pretension force.  

N.Tanlak and MA MacCarthy [3] [4] in their paper in order to 
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apply pretension they defined artificial anisotropic coefficient 

of thermal expansion at one of the washer and using 

temperature gradient bolt pretension is developed in the 

assembly. Here as well it will lead to further material 

investigation for thermal expansion coefficient and to find out 

temperature gradient. 

 

A.M. Citipitioglu [5] in his paper had used method in 

which bolt are made shorter and contact is disabled and 

enabled with plate in two steps to form bolt pretension, but 

contact death and birth settings are not available in ansys18.2. 

Jeromy Montgomery and Jeong Kim [6] [7] in their papers of 

methods for modelling bolts in bolted joint compared various 

methods of modelling bolts, they compared these methods 

based on detailing of information required and displacement 

of outside edge gap on the opposite end of the transverse 

constraint, from their conclusion in order to obtain good 

correlation with actual scenario solid bolted model is to be 

chosen. Jaromy Montgomery [13] in his white paper gave the 

idea of splitting the bolt in two pieces and pulling these bodies 

towards each other. He applied forces such a way that lower 

segment will get pulled towards upper segment and vice-versa.  

In Design and analysis of metric bolted joints VDI guidelines 

and FEA by Yung-Li Lee and Hsin-Chung [8] methodology 

for designing bolted joint is described, which is useful for to 

determine preload and the shear stress at the connection. 

Explicit dynamics does not support bolt pretension tool so it is 

needed to apply bolt pretension by some other means such 

application of velocity, displacement or forces instead of it.  

In this paper different force application methods are compared 

with taking FEA bolt pretension tool as a benchmark, best 

method is selected to be used for analysis considering stress 

pattern, shear stress. For this method shear stresses are 

validated by using analytical approach. 

 

II. METHODOLOGY EXPERIMENTAL/ 

COMPUTATIONAL 

 

 Model Geometry 

 

The main objective of this methodology is to get 

similar stress pattern as that of bolt pretension tool, with 

application of forces at different locations, So that bolt 

pretension tool can be replaced by application of forces. To 

simulate the model with its actual physical condition bolt head 

and nut are kept hexagonal. The assembly is made up of four 

separate parts. Frictional surface to surface contact is used in 

between each pair in contact with coefficient friction of 0.16. 

In order to reduce the computational time and modelling 

difficulty, geometrical threads, chamfers, fillets etc. are 

omitted from the model. Dimension and material properties 

are described in Table1. 

Threads are modelled virtually on nut and bolt using 

contact settings of Ansys18.2 to simulate its physicality. 

 

 
Fig3. Geometry of model 

 

Table1. Geometrical dimensions of assembly 

 
            

In the above table, Dimensions of bolt and nut are 

standard. Plate dimensions are taken as per convenience and 

Inner diameter of plates are taken from VDI guidelines [8]. 

 

 Meshing 

 

Numerous calculations have been conducted to 

compare the accuracy of all tetrahedral meshes to all 

hexahedral meshes. First it was shown that the stiffness matrix 

eigenvalues for linear tetrahedrons were generally larger than 

that those for linear hexahedrons. This fact demonstrates that 

linear hexahedrons can generally deform in a lower strain 

energy state, thus making them more accurate than linear 

tetrahedrons in numerous situations. Further it produces more 

error than quadratic linear tetrahedral, linear hexahedral and 

quadratic hexahedral [9]. Though tetrahedral elements are too 

much stiff, it is used as a default during meshing to reduce 

computational time. 

 

So in this analysis all bodies are meshed with linear 

tetrahedral (tet4) elements with default element size. Further 

nut and bolt contact faces are given with finer mesh to get 

accurate results of shear stresses from analysis. Using these 

settings mesh count for this model observed as 85979 nodes 

and 435228 elements. 
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Fig4. Meshing 

 

 Material 

 

This bolted joint consists of a bolt, a nut and two 

plates. Bolt and nut are made up of B16 material. Plate-1is 

made up of Grey cast iron while plate-2 is made up of ductile 

iron. The mechanical properties and industrial nomenclature 

of these parts are shown in Table 2. 

 

Table2. Material Properties [10] [11] 

 
               

 Bolt preload 

 

Instead of using bolt preload formula with nut factor, 

bolt preload is calculated based on VDI guidelines in which 

the inputs required are assembly geometry and coefficient of 

friction. [8]. VDI guidelines are preferred, as in nut factor 

method exact value of nut factor is difficult to find. 

In VDI approach assembly torque is equivalent to the product 

of the tangential force on the thread contact surface and the 

thread pitch radius. Tightening torque and coefficient of 

frictions are selected from VDI approach based on bolt 

dimensions and material used. [7] 

 

      (1) 

Where,       

 = Bolt preload due to MA  

 = Coefficient of friction in the thread =0.16 

 = Coefficient of friction in the bolt or nut-bearing 

area=0.16 

= Pitch diameter of threads 

 = Applied assembly torque=29.8 Nm 

 = Pitch= 1.25 mm 

 = Effective diameter of bolt head or nut bearing area               

 = 0.5(11.6+9) = 10.3 mm 

Hence bolt preload,       FM =17622.2249 N 

 

 
Fig5. Nomenclature of ISO metric threads [8] 

 

 
Fig6. Section of throughout bolted joint [8] 

 

 Analytical shear stress on External and Internal Threads 

For analytical validation of pretension methodology shear 

stresses at nut and bolt are going to get considered. Stripping 

of threads will occur when stress in the threads exceeds that of 

the thread strength. To calculate shear area nut height is taken 

as   . 

 

1. Shear stress at internal threads 

 

The shear area ( ) for the length of internal thread 

engagement ( ) is expressed as follows: 

                     (2) 
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Where, 

 

= Length of engagement=6.6 mm  

 = Nominal diameter of bolt=8 mm 

 = Pitch diameter of internal threads 

      = = 7.1881 mm 

  = Pitch of thread=1.25 mm 

Hence, shear area= =145.14 mm
2
 

Shear stress  =121.41 MPa 

 

2. Shear stress at external threads 

 

The shear area ( ) for the length of external thread 

engagement ( ) is expressed as   follows:  

 

                  (3) 

 

Where, 

 = Length of engagement=6.6 mm 

In general calculation pitch diameter of bolt and nut are taken 

as a same, hence  [12] 

= Pitch diameter of bolt=7.1881 mm 

 = Minor diameter of internal threads =                     

     = 6.4665 mm 

  = Pitch of threads=1.25 mm 

Hence, =111.7214 mm
2
 

Shear stress = =157.72 MPa 

These analytical shear stresses are further used to compare 

with shear stress from FEA. 

 

 Methods used for Bolt pretensioning 

 

Method M0: Bolt Pretension tool 

 

This is the regular method for applying bolt 

pretension. For this method, it is needed to create new local 

coordinate system. There is bolt pretension tool available in 

Ansys18.2 by using this tool pretension is applied. Pretension 

force is loaded from 0 to 17622N and then locked. Fixed 

support is given at the outer faces of nut. 

 

Method M1: Application of forces as a bolt pretension at outer 

faces. 

 

In this method equal and opposite force of same 

magnitude is applied on the bolts upper and lower extreme 

faces of bolt, whose directions are towards each other. This 

pretension force is loaded from 0 to 17622N while outer faces 

of nut are fixed. 

 

Method M2: Application of remote forces 

 

This method is similar to method M1 but instead of 

regular forces, remote forces are used, because these remote 

forces gets originated from centre of bolt. 

 

Method M3: Application of forces on sliced bolt away from 

each other  

 

In this method bolt is sliced at the centre of shank 

above the portion of threads start point. Forces of magnitude 

of preload force are applied on these sliced faces directing 

away from each other. In this method displacement boundary 

conditions are given at the upper and lower extreme faces of 

so that model will remain in equilibrium. Displacement 

boundary conditions are also provided at outer faces of bolt to 

avoid its movement in other directions. 

  

Method M4: Application of forces on sliced bolt towards each 

other with no contact between sliced parts. 

 

In this method bolt is sliced at the centre of shank 

above the portion of threads start point. Forces of magnitude 

of preload force are applied on these sliced faces directing 

away from each other [13]. Translational joint is used between 

two split parts of bolt in bolt axis direction to avoid its 

movement in other directions. No contact is given in between 

sliced faces. Outer faces of nut are fixed. 

 

Method M5: Application of forces on sliced bolt towards each 

other with frictional contact between sliced parts. 

 

This method is similar to that of M4 except that 

frictional contact is used in between sliced faces. 

 

 
M0                                     M1                                     
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M2                                   M3 

 

 
M4, M5 

                                    

Method M0: Bolt Pretension tool 

Method M1: Application of forces as a bolt pretension at outer 

faces 

Method M2: Application of remote forces 

Method M3: Application of forces on sliced bolt away from 

each other 

Method M4: Application of forces on sliced bolt towards each 

other with      no contact in between sliced faces, Translational 

joint in between them. 

Method M5: Application of forces on sliced bolt towards each 

other with frictional contact in between sliced faces  

 

Fig.7 (Color online) Boundary conditions of models 

 

Table3. FEA results 

 

 
 

  
M0                                     M1 

 

  
M2                                     M3 

 

  
M4                                        M5 

 

Method M0: Bolt Pretension tool 

Method M1: Application of forces as a bolt pretension at outer 

faces 

Method M2: Application of remote forces as a bolt pretension 

Method M3: Application of forces on sliced bolt away from 

each other as a bolt pretension Method M4: Application of 

forces on sliced bolt towards each other as a bolt pretension, 

Translational joint in between them. 

Method M5: Application of forces on sliced bolt towards each 

other with frictional contact in between sliced faces  

Fig8. (Color online)Stress pattern observed in FEA                                

It is observed that stress pattern for method M4 in 

which sliced bolt and forces towards each other without 

contact in between sliced parts is showing good correlation 

with stress pattern by bolt pretension tool.   

 

In order to select best method out of tried methods, 

cause and effect matrix is formed as shown in table4. By 

keeping bolt pretension as benchmark. Weightages are given 

to each criteria according to its importance. Ratings are given 
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as for good correlation 9, poor correlation 3, and for very poor 

1 or 0 based on observations and results. 

 

After rating, these methods are ranked based on their 

weighted sum. 

 

Table4. Cause and effect matrix 

 
                     

From table4 it is observed that method M4 is having 

highest weighted sum. So that this method can be used for 

pretension in explicit dynamics. To validate the results Shear 

stresses of method M4 are compared with the benchmarked 

pretension method. Also benchmarked pretension method is 

validated with shear stresses from analytical approach. 

  

Table5. Comparison of percent variation 

 
    

III. CONCLUSION 

 

After ranking all these methods it is concluded that 

Method M4 in which bolt is sliced at the center of shank is 

best suitable to pretension. This method can be used for bolt 

pretension instead of pretension tool. 
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