
 

 

Accepted Manuscript 

 

 

Title: Modelling of bolts in multi-bolted connections using MIDAS NFX 

 

 

Author: Rafał Grzejda 

 

To appear in: Technical Sciences 

 

Received 30 September 2014;  

Accepted 3 December 2014;  

Available on line 5 December 2014. 

 

This is a PDF file of an unedited manuscript that has been accepted for publication. As a 

service to our customers we are providing this early version of the manuscript. The 

manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is 

published in its final form. Please note that during the production process errors may be 

discovered which could affect the content, and all legal disclaimers that apply to the journal 

pertain. 

  



 

 

MODELLING OF BOLTS IN MULTI-BOLTED CONNECTIONS 

USING MIDAS NFX 

 

Rafał Grzejda 

 

Department of Mechanics and Fundamentals of Machine Design 

West Pomeranian University of Technology, Szczecin 

19 Piastów Ave., 70-310 Szczecin, Poland 

e-mail: rafal.grzejda@zut.edu.pl 

phone: +48 91 4494969 

fax: +48 91 4494564 

 

Key words: multi-bolted connection, FE-modelling, stiffness analysis, load analysis 

 

Abstract 

 

In the paper a fragment of research on development of modelling methods of asymmetrical 

multi-bolted flange connections is presented. The effect of the bolt modelling method in 

a single bolted joint on both the stiffness characteristics of elements joined in the multi-bolted 

flange connection and bold forces have been examined. An analysis of the multi-bolted flange 

connection is carried out for selected models created using the finite element method (FEM). 

Guidelines for the selection of the bolt modelling method in the case of both the stiffness 

analysis and the load analysis of multi-bolted flange connections have been pointed out. 

 

Introduction 

 

Starting a process of designing the mechanical system, the designer needs to find 

a compromise between the level of model simplification and the required accuracy of 

performed calculations results (for a review, see SZABRACKI, LIPIŃSKI 2014). This applies 

particularly to FE-modelling of systems of many bodies being in a contact, an example of 

which are multi-bolted connections (Fig. 1). 

 

Fig. 1. Multi-bolted flange connection 

In the papers (GRZEJDA 2013, WITEK, GRZEJDA 2006) modelling and calculations of 

selected multi-bolted flange connections were presented. The described models of these 

connections can be used to calculate asymmetrical systems, in which a flange element is 
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joined with a rigid support. The most important feature of the proposed method of modelling 

is the treatment of the multi-bolted connection as a system composed of three subsystems, 

which are: bolts, the flange element and the contact layer between the flange element and the 

rigid support. Through this approach each subsystem can be modeled and developed 

separately. 

In the paper (GRZEJDA 2014) the effect of the method of single bolted joint modelling on 

stiffness values of elements joined in this connection was investigated. Continuing with this 

work is the current paper, dedicated to developing the subsystem of bolts as a part of the 

multi-bolted system. Considerations are limited to testing the effect of simplifications of the 

single bolted joint model on both the stiffness characteristics of the connection and forces in the 

bolds. All analyses were carried out using the Midas NFX 2014 program. 

 

Basics of the analysis 
 

One of the important problems considered in the case of calculations of multi-bolted 

connections is the stiffness analysis of its elements. Treating the bolts as linear elements, their 

elastic flexibility can be easily and correctly determined by the instructions given in the 

standard VDI 2230 (GRUDZIŃSKI 2012) or by using the simplified method (BOUZID, 

BEGHOUL 2003). However, to determine the elastic flexibility of elements joined in multi-

bolted connections, the finite element method is increasingly applied (for a review, see 

PEDERSEN, PEDERSEN 2008). 

Analyzing publications on FE-modelling of bolted connections, it can be concluded that 

the following models are most commonly used by researchers: 

- models without any bolts, but with the influence of the preload (CALISKAN 2006, TIROVIC, 

VOLLER 2005), 

- plane models (TENMA et al. 2011), 

- models, wherein the plain part of the bolt is modeled as a beam and its head as a rigid or 

deformable element (MONTGOMERY 2002, MONTGOMERY 2006), 

- spatial models (NAGATA et al. 2011, WANG et al. 2013). 

In the paper the usefulness of bolt models described in the literature for modelling of a set 

of bolts in multi-bolted connections is examined. For this purpose the following models of the 

separated bolted joint are chosen: 

- the 3DB model, with the bolt modeled using cylindrical spatial elements, 

- the SB model, in which the plain part of the bolt and its head are modeled with use of beam 

elements but the total volume of beam elements for the head is assumed to be equal to the 

volume of the head of the bolt in the 3DB model, 

- the RBB model, consisted of the flexible plain part of the bolt and the rigid head of the 

bolt. 

 

FEM-based models of the multi-bolted connection 

 

Research were executed on an example of the multi-bolted flange connection shown in 

Fig. 1. Calculations are carried out for the thickness of the flange h equal to 30 mm. The 

flange is fastened to a rigid support by means of eleven bolts M10 made in the mechanical 

property class 10.9. The preload of the bolt Fm is equal to 17,2 kN and it was set down on the 

base of Polish Standard PN-EN 1591-1. However, the total surface area of preload acting Am 

is equal to 24,1 cm
2
 and it was set down based on Polish Standard PN-EN ISO 7091. In the 

3DB model of the connection, for modelling of the contact joint between the head of the bold 

and the flange default contact elements available in the Midas NFX 2014 program is used. In 



 

 

other models, contact elements are not included. Developed computational models of the 

multi-bolted connection are shown in Fig. 2. 

a) 

  
b) 

  
c) 

 
 

Fig. 2. Computational models of the multi-bolted connection: 

a) RBB model, b) SB model, c) 3DB model 

Calculations of the multi-bolted connection 

 

The elastic flexibility of the bolt es is calculated according to the standard VDI 2230 

(GRUDZIŃSKI 2012) as the sum of the elastic flexibility of the individual fragments of the bolt 

esi 
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Calculated from the formula (1) the elastic flexibility of the bolt is adopted equal for all 

models of the multi-bolted connection. Its value is given in Table 1. 

However, the elastic flexibility of the joined flange element ep,j is defined based on the 

relationship (for a review, see HAIDAR et al. 2011) 
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where: 

 – average normal displacement of nodes lying in the total surface area Am, under the action 

of forces Fm; 

j – symbol of the consecutive FEM model of the connection, j ={RBB, SB, 3DB}. 

The elastic flexibility of the joined flange element for all models are given in Table 1. 

Table 1. Elastic flexibility values of the joined flange element [mm/MN] 

es ep,RBB ep,SB ep,3DB 

2,91 0,177 0,188 0,184 

The relative difference between the obtained elastic flexibility values is analyzed on the 

basis of the Wx index 
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where: 

ep,x – flange elastic flexibility obtained for beam models of the connection (x = RBB lub SB), 

ep,3DB – flange elastic flexibility received for 3D model of the connection. 

Calculated Wx index values are summarized in Table 2. 

Table 2. Wx index values [%] 

WRBB WSB 

-4,16 1,72 

In the case of the stiffness analysis of the multi-bolted connection, the best bolt model 

among the proposed equivalent bolt models in relation to the 3D model is the SB model. The 

assumption of this model of the multi-bolted connection may result in increased values of the 

elastic flexibility of the joined flange element by approximately 2 %. 

The average value of the bolt force Fs,j can be determined according to relations arising 

from the joint diagram in the form (JUVINALL, MARSHEK 2006) 
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where: 

Fe – external load. 

It can be assumed that the external load Fe is proportional to the preload Fm 
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where: 

 – ratio of the external load to the preload. 

The Fs,j values are set up in Table 3 for the parameter  adopted at the level of 0,5. 

Table 3. Bolt force values [N] 

Fs,RBB Fs,SB Fs,3DB 

17692 17721 17713 

The relative difference between the obtained bolt force values is analyzed on the basis of 

the Zx index 
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where: 

Fs,x – average bolt force obtained for beam models of the connection (x = RBB lub SB), 

Fs,3DB – average bolt force received for 3D model of the connection. 

Calculated Zx index values are summarized in Table 4. 

In the case of the load analysis of the multi-bolted connection, the best bolt model among 

the proposed equivalent bolt models in relation to the 3D model is the SB model. The use of 

this model may cause a negligible increase of bolt force values up to 0,05 %. 

Table 4. Zx index values [%] 

ZRBB ZSB 

-0,11 0,05 

 

Conclusions 

 

Studies on multi-bolted connections are often carried out in the aspect of the selected 

problems, in which knowledge of the distribution of stress and strain levels in all elements of 

the connection is not necessary. In the case of FEM analysis of the stiffness characteristics of 

multi-bolted connections or forces acting on the bolts in such connections, it is better to use 

simplified models of bolts and multi-bolted connections. Then the results of calculations can 

be obtained in shorter time and modelling becomes more efficient. 

In the paper the load analysis is conducted based on the classical joint diagram, taking into 

account elastic flexibility values calculated using FEM. It is worthwhile to carry out a similar 

analysis based entirely on FEM. Results of this analysis will be described in a separate article. 

 

References 

 

BOUZID A.-H., BEGHOUL H. 2003. The design of flanges based on flexibility and tightness. 

Analysis of bolted joints, Proc. of the 2003 ASME Pressure Vessels and Piping 

Conference, Cleveland, Ohio, p. 31–38. 

CALISKAN M. 2006. Evaluation of bonded and bolted repair techniques with finite element 

method. Materials & Design, 27(10): 811–820. 

GRUDZIŃSKI P. 2012. Determination of joint diagrams for a foundation bolted joint with the 

bolt anchored in a polymer plastic. Part 1: Joint diagram for the assembly state. Archives 

of Mechanical Technology and Automation, 32(3): 35–47. 

GRZEJDA R. 2013. Determination of bolt forces for the assembly condition of a bolted flange 

connection. Archives of Mechanical Technology and Automation, 33(2): 3–12. 

GRZEJDA R. 2014. FE-modeling of bolts in the flange joint assembling phase condition. 

Mechanik, 87(8–9): 672–675. 

HAIDAR N. et al. 2011. Mathematical representation of bolted-joint stiffness: A new 

suggested model. Journal of Mechanical Science and Technology, 25(11): 2827–2834. 

JUVINALL R.C., MARSHEK K.M. 2006. Fundamentals of machine component design. John 

Wiley & Sons, Hoboken. 

MONTGOMERY J. 2002. Methods for modeling bolts in the bolted joint. Proc. of the ANSYS 

2002 User's Conference, Pittsburgh, Pennsylvania. 

MONTGOMERY J. 2006. Modeling multi-bolted systems. Proc. of the ANSYS 2006 User's 

Conference, Pittsburgh, Pennsylvania. 

NAGATA S. et al. 2011. Finite element stress analysis for leak tests of pipe flange connections 

subject to internal pressure and bending moment. Computer technology and bolted joints, 



 

 

Proc. of the ASME 2011 Pressure Vessels and Piping Division Conference, Baltimore, 

Maryland. 

PEDERSEN N.L., PEDERSEN P. 2008. On prestress stiffness analysis of bolt-plate contact 

assemblies. Archive of Applied Mechanics, 78(2): 75–88. 

PN-EN 1591-1: 2014-04. Flanges and their joints – Design rules for gasketed circular flange 

connections – Part 1: Calculation. 

PN-EN ISO 7091: 2003. Plain washers – Normal series – Product grade C. 

SZABRACKI P., LIPIŃSKI T. 2014. Influence of mesh refinement on results of elastic-plastic 

FEM analysis. Technical Sciences, 17(2): 149–163. 

TENMA K. et al. 2011. Evaluation of sealing performance and FEM calculations in bolted 

flange connections with ring joint gasket subjected to internal pressure. Computer 

technology and bolted joints, Proc. of the ASME 2011 Pressure Vessels and Piping 

Division Conference, Baltimore, Maryland. 

TIROVIC M., VOLLER G.P. 2005. Interface pressure distributions and thermal contact 

resistance of a bolted joint. Proceedings The Royal Society A – Mathematical, Physical & 

Engineering Sciences, 461(2060): 2339–2354. 

WANG Y.Q. et al. 2013. Bending behavior and design model of bolted flange-plate 

connection. Journal of Constructional Steel Research, 84: 1–16. 

WITEK A., GRZEJDA R. 2006. An analysis of the preload of a nonlinear multi-bolted joint. 

Archives of Mechanical Technology and Automation, 26(2): 271–280. 


