
Nordic Steel Construction Conference 2012 
Hotel Bristol, Oslo, Norway  

5-7 September 2012 
 

ANALYSIS OF A LAP JOINT FRICTION CONNECTION USING HIGH 
STRENGTH BOLTS 

Marouene Limama, Christine Heistermanna and Milan Veljkovica  
a  Luleå University of Technology - Dept. Civil, Environmental and Natural Resources Engineering - Division of 

Structural and Construction Engineering - Research Group of Steel Structures, SWEDEN 

Abstract: In steel tubular towers flange connections are used to assemble two segments of the 
tower. As an alternative for the economical and technological barriers, a new type of lap joint 
friction connection is investigated. Based on the results of finite element (FE) model devel-
oped using the non-linear code ABAQUS, a number of FE simulations is made , varying the 
most significant parameters which can affect the accuracy and efficiently of the model. The 
ability of the models to capture the loss of pretension force in the bolts and three-dimensional 
effects such as secondary bending is evaluated, This last occurs in lap joint be-cause of the 
geometric eccentricities when the element is loaded in tension. 
 
1 Description of a finite element model 
 
The creation of a reliable FE model is the main aim of the study. Therefore, the FE model 
would be the main source of information which can provide a relatively inexpensive and time 
efficient alternative compared with a laboratory environment by allowing a widely ranging 
parametric study. These parametric studies offer the possibility to analyse the model response 
through a series of mesh refinements, increases in element order and material modelling. In 
the following sections, main details of a FE model using ABAQUS software are described. 

 
1.1 Geometric details of the model 
  
The 3D FE segment model consists of a lap joint connection composed of a cover plate, "up-
per" and "lower" segments. These segments are connected using 3 BobTail lockbolts. The 
main advantage of this connection is the ease with which it can be assembled. The cover plate 
is used instead of the conventional washers to make the assembly faster. The plate or the tow-
er segment, which contains the opened slotted holes, is called the lower segment. 
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Fig. 1: Finite element mesh of the middle part of the specimen 
 
The details of the different components are shown in Fig. 1. The thicknesses of the upper and 
lower segments are taken to be the same which is 14 mm. The slotted hole is in the lower 
segment whereas the cover plate will be placed containing 3 normal clearance holes. The bolt 
hole is 33 mm in diameter and the bolt diameter is 25.4 mm, thus the normal clearance in the 
holes is 7.6 mm larger than the bolt diameter. The bolt movement relative to the segments or 
the cover plate is allowed. The modelled lap joint corresponds to one strip of a complete con-
nection specimen as shown Fig. 1. Such a simplified model results in a sufficiently accurate 
description of the tower connection with great savings in terms of computing time by mini-
mizing the total number of nodes and elements. Steel grade S355, elasto-plastic isotropic 
hardening model is used for the segments and BobTail grade 8 for the bolts. 
 
1.2 Numerical procedure and boundary conditions 
 
The analyses are performed in the following two sequential steps.  
 1. Pre-tensioning of bolts: In this first step a pre-tensioning load of 284 kN is applied in all 
the bolts. The method used for pre-tensioning can be either “Adjust length” or “Apply force”. 
The purpose of this step is to initialize all surface to surface contact interactions.  
 2. Fixing the bolt length: The bolt length is fixed at its current length by using the option 
“Fix at current length” in ABAQUS. 
The model is fixed in one plate and a displacement-controlled loading is applied to the other 
plate at one reference point until either a bolt-hole bearing or a bolt shear limit state is 
reached. The displacement-controlled is recommended instead of force-controlled since it 
provides a higher numerical stability to the system [1]. 
 
 
2 FE results 
 
The global behaviour of the lap joint in tension is shown in Fig. 2 and Fig. 3 where three dif-
ferent levels of the gap between the “upper” and the “lower” segments are considered. The 

Complete connection FEM of Complete connection One strip Details of the connection 
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gap between segments corresponds to the manufacturing tolerances and it will be closed after 
the first step by introducing a pretension force of kNF Cp 284, =  in all bolts. 
During the second step, the tensile force increases, a relative displacement between the upper 
and the lower segment is started. Once the friction force that holds the upper and the lower 
segment together is exceeded, a displacement of the lower segment against the upper segment 
and the cover plate is observed. 
The characteristic slip resistance RsF ,  is calculated according to [2]: 
 kNFnkF CpsRs 64.272,, == µ  (1) 
 
The characteristic plastic resistance of the net cross-section at the bolt holes RnetN .  is also cal-
culated according to the following formula taken from [2]: 
 kNAfN netyRnet 14.30814)3395(10.355 3

, =−== −  (2) 
 
Fig. 3 shows a comparison of the applied load and the average slip in the lap joint models. At 
0.15 mm slip, only the lap joint with no gap exceeds both the design plastic resistance and the 
design slip resistance according to [2]. 
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Fig. 2: Influence of the level of assembling toler-
ances on the FEA results. 

Fig. 3: Applied load vs. average slip for the Lap 
joint models 

 
 
3 Tower connection behaviour using modified boundary condition 
 
The lap joint model presented previously does not have any boundary conditions based on the 
axi-symmetric considerations of the specimen; therefore the "Tower connection" model is cre-
ated by introducing modified boundary conditions. These extra boundary conditions are ap-
plied to both longitudinal edges as shown in Fig. 4. These additional boundary conditions ac-
count for the influence of circumferential stress and allow analysis of a tower connection be-
haviour shown in Fig. 1 under a tensile load. 
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Fig. 4: Symmetric Boundary conditions for modelling of a tower connection. 

 
The "Tower connection" has the same geometry, connection detail, friction coefficient and 
material properties as the single shear lap joint; therefore a comparison is made between these 
two models. The main difference is that the "Tower connection" has an additional boundary 
condition caused by the symmetry. 

As might be expected, the additional boundary conditions influence the overall behaviour es-
pecially in terms of stiffness and the ultimate load. Fig. 5 shows a comparison between the lap 
joint explained previously and the "Tower connection" model. It appears that the "Tower con-
nection" is stiffer than the lap joint with a 2 % higher ultimate load but at 0.15 mm slip the lap 
join could reach 21 % higher load as shown in Fig. 6. 
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Fig. 5: Comparison between the lap joint and 
"Tower connection", at ultimate load. 

Fig. 6: Comparison between the lap joint and 
"Tower connection", at 0,15 mm slip. 

 
Very obvious from this discrepancy is a significant opening of the slotted hole "fingers" for 
the lower segment of the lap joint model (Fig. 7) compared to the "Tower connection" (Fig. 
8). 
 



Nordic Steel Construction Conference 2012 5 
 
 

  

Fig. 7: Stress distribution in the lower segment at 
ultimate load for the lap joint model. 

Fig. 8: Stress distribution in the lower segment at 
ultimate load for the "Tower connection" model. 

 
 
4 Secondary bending in the "Tower connection" model 
 
A prominent problem for the lap joint connection is called "secondary bending". This phe-
nomenon can lead to a significant amplification of the stress concentration in the vicinity of 
the bolt hole where a nominal bending stress is combined with the nominal tensile stress ap-
plied to the specimen. 

By using solid elements in ABAQUS, it is possible to plot the out of plane displacement (y) 
along the “Path for plotting displacement” at half way through the thickness (see Fig. 9). 
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Fig. 9: Path for the plotting displacement 
along one side of the upper segment. 

Fig. 10: Out of plane displacement ( y ) according to X-
direction at one side of the upper segment, at ultimate 

load. 
 
The secondary bending occurs in the model with geometric eccentricities when the specimen 
is loaded in tension. Due to the eccentricities out of plane displacements occur with local 
bending as a result (see Fig. 10). 
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4.1 Analytical procedure 
 
The secondary bending phenomenon has not received due attention in standards for design of 
the single shear lap joints although it can increase the level of the stress in the connection. A 
comparison between the neutral line model (NLM) based on [4] and FE results is presented in 
the next section. The basics of the calculations of secondary bending using NLM applied for 
the "Tower connection" model is described in details in [3]. 
 
4.2 Comparison between the neutral line model (NLM) and FE results 
 
As part of the investigation, only the elastic range of the finite element calculations is consid-
ered and compared with results of the neutral line model. The main drawback using NLM is 
that it can only be applied for plane bending of 2-dimensional problems which means that it 
can not give any indication of the existing stress concentrations. Such restrictions are not ap-
plicable to the FE calculations. Good agreement is observed between the NLM and ABAQUS 
in terms of locating the maximum bending stress as shown in Fig. 11.  

Secondary bending was indicated by the FE analysis with the mean values of the longitudinal 
stress taken along the width as demonstrated in Fig. 12. Table 1 summarizes the results of 
both NLM and FEA for "Tower connection" model. As said earlier, the neutral line model 
does not take into consideration the concentration of stress. However, bending stress was in 
good agreement with results of FE calculations. 
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Fig. 11: Stress in longitudinal direction, "Tower 
connection" model no gap. 

Fig. 12: Longitudinal stress distribution for "Tower 
connection" model no gap; the mean value is pre-

sented by the grey line. 
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Table 1: Comparison between NLM and FE results 
 Gap 0mm Gap 5mm Gap 10mm 

FEσ  [MPa] 165.95 226.26 226 

Bendingσ  [MPa]  36.13 67.67 100.97 

alNoBending minσσ + [MPa] 172.27 216.39 257.61 

FEσ /( alNoBending minσσ +  0.96 1.04 0.86 
 
The nominal stresses are defined as the applied force divided by net cross section of the upper 
segment. It is worth noting here that the secondary bending is observed only for the segment 
model and for the tower with friction connection no secondary bending occurred. 
 
 
5 Conclusions 
 
In this chapter, a finite element model of a single shear lap joint has been developed to study 
the effects of the assembling tolerances at the maximum load and at the serviceability limit 
state at 0,15 mm of the slip. 
The model is created using ABAQUS software. Efficiency is achieved by defining surface to 
surface contact, and using a “Contact pairs” table to define which bodies could come into con-
tact. Also the mesh had to be refined locally in the vicinity of the bolt holes for improved 
resolution of stress and strain due to the presence of the stress concentrations and contact 
problems. 
Comparisons between the lap joint and “Tower connection” models are made. The only dif-
ference between these models is the additional boundary condition caused by taking into ac-
count circumferential stresses for a tower. 
The main conclusions are: 

1. "Tower connection" loaded in tension is also subjected to a significant bending as a re-
sult of eccentricities. Out of plane displacements can be observed. The external surface 
of the lap joint is in compression, although the tensile loading is applied to the speci-
men. This effect is called "secondary bending". 

2. The neutral line model (NLM) based on [4] assuming plane bending of the beam ele-
ment of the joint is developed and compared with FE results. Good agreement is found 
despite the fact that stress concentration is not considered on the NLM. The achieved 
accuracy is equal to 4% for the models both without gap and with 5 mm gap. 

 
 
Acknowledgments 
 
The research leading to these results has received funding from the European Community’s 
Research Fund for Coal and Steel (RFCS) under grant agreement n° RFSR-CT-2006-00031. 
Furthermore, the first two authors gratefully acknowledge very good collaboration with the 
project partners on the HISTWIN [5] project: Institut für Stahlbau der RWTH Aachen, Ger-
many, Germanischer Lloyd Industrial Services GmbH, Hamburg, Germany, Aristotle Univer-
sity of Thessaloniki, Thessaloniki, Greece, Repower Portugal Equipamentos Eólicos SA, 
Oliveira de Frades, Portugal, and Rautaruukki Oyj, Hämeenlinna, Finland. 
 
 



8 Nordic Steel Construction Conference 2012 
 
 
Notation  
 

CpF ,  Pretension force for the sum of all the bolts in the joint 

RsF ,  Static characteristic resistance of the joint 

sk  Correction factor depending on the type of hole, this factor is related to the fric-
tion test set-up [5] and the slip factor, here assumed to be 0.64 

n  Number of friction surfaces, here taken as 1 
µ  Slip factor of the faying surfaces, here assumed to be 0.5 

RnetN ,  Characteristic plastic resistance of the net cross-section 

yf  Yield strength of the segment material 

netA  Net cross-section of the clamping package 

FEσ  FE stresses 

Bendingσ  Longitudinal or bending stresses 

alNo minσ  Nominal stresses 
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