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Abstract

Modelling and calculations of asymmetrical nonlinear multi-bolted connections treated as a system composed of four subsystems on the
assembly state are presented. These subsystems are: a couple of joined elements (a flange and a support), a contact layer between the
elements, and bolts. The physical model of the system is described taking into account the bolt tightening conducted according to
a specific sequence. For the modelling the finite element method is used. The flange and the support are built using spatial finite
elements. The contact layer is formed as the nonlinear Winkler model, and the bolts are modelled using simplified beam models
(named as spider bolt models). The calculation model is presented which can be applied to determine changes in bolt forces as well
as in the normal contact pressure between joined elements during the tightening of the system and at its end. Results of sample

calculations for the selected multi-bolted system are presented.
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1. Introduction

Multi-bolted connections are frequently applied in
mechanical and civil engineering. Most often, they can occur in
two states of loading and deformation. The first one is the
assembly state in which the connection may be set up under
different assembly patterns [1, 11]. Another feature of multi-
bolted connections is that contact joints existing between joined
parts cause that these connections are usually treated as
nonlinear connections. The subject of this paper is modelling of
multi-bolted connections regarded as a nonlinear system for the
assembly condition.

Papers on modelling and calculations of multi-bolted
connections are usually related to the following connections:

- beam-to-column connections [3, 4],
- lap connections [2, 5],
- flange connections [7, 9].

In all the just mentioned publications, a systemic approach
to modelling, calculation and analyzing bolted connections is
not undertaken.

The most popular method of modelling multi-bolted
connections is the finite element method (FEM). While the
joined elements in such connections are created mainly as
a spatial body, the bolts are modelled in different ways. In
addition to the spatial models of bolts [1, 4, 9, 11], the following
substitute FE-models of bolts are used:

- spring models [8],
- rigid body bolt models [10],
- spider bolt models [6].

The FEM s also used in this paper for modelling and
calculations of the multi-bolted system on the assembly state,
and the spider bolt model as a bolt model is chosen.

2. Model of the multi-bolted system

The concept of system approach to modelling multi-bolted
connections was presented earlier at the 21st International
Conference on Computer Methods in Mechanics [6].
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Figure 1: Multi-bolted system: a) scheme, b) description of
spring properties, ¢) FEM-model with spider bolt models (1 —
subsystem B, the bolts; 2 — subsystem F, the flexible flange
element; 3 — subsystem C, the conventional contact layer; 4 —
subsystem S, the flexible support)
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The model is built from the four subsystems (Fig. 1):
- B —the bolts,
- F —the flexible flange element,
- C —the conventional contact layer,
- S —the flexible support.

After taking into consideration the division of the multi-
bolted system into subsystems, the equation of system
equilibrium can be presented in the form

Kee Kge 0  Kgg| |0g Ps

Keg K Kge 0 Q8 | _| PF L)
0 K Koo Kes | |G Pc

Keg 0 Kgo Kg||Us Ps

where Kaa is the stiffness matrix of the a-th subsystem, Kap is the
matrix of elastic couplings between the a-th and b-th subsystems,
ga is the vector of displacements of the a-th subsystem, and pa is
the vector of loads of the a-th subsystem (a, b — symbols of the
subsystems, a € {B, F, C,S},b € {B, F, C, S}).

3. Calculations of the multi-bolted system on the assembly
state

Sample calculations were performed for a selected
asymmetrical multi-bolted system shown in Fig. 2.

Figure 2: Analyzed multi-bolted system: a) FEM-based model
with the numbering of the bolts and the tightening sequence
given in parentheses, b) nodes on the contact surface of the
joined elements adopted to describe normal contact pressure
distribution

The model was built using the Midas NFX 2017 program.
The connection is fastened using seven M10 bolts. Calculations
were made for the joined elements with a thickness of 20 mm
and the preload of bolts equal to 20 kN. The tightening
sequence is given in parentheses in Fig. 2.

1 3 5 7
Number of the node

9 11 13 15 17 19

Figure 3: Diagram of normal contact pressure between joined
elements at the end of the assembly state

As a result of the calculations, the bolt forces distributions
and distributions of normal contact pressure on elementary

surfaces located on the line joining the nodes defined in Fig. 2b,
during the tightening process and at the end of this process, are
obtained. Sample calculation results are show in Fig. 3.

4, Conclusions

The described model of the multi-bolted system can be
successfully used in analysis of preload variations and normal
contact pressure between joined elements variations in the case
of any connection of flexible elements. The model can also
provide analysis of how the tightening sequence affects the
preload values in bolts before the preloaded system is loaded by
an external force.
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