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1. Introduction 

 
Stainless steel for structural applications in civil 

engineering is less common than other construction 
materials, but the number of applications is steadily 
increasing due to its numerous advantages in the framework 
of life cycle cost approaches (Gardner 2005). Particularly, 
the stainless steel shows high ductility and strain hardening 
allowing for significant energy dissipation under cyclic 
loading or shocks (Euroinox 2006). The large deformation 
of the stainless steel before failure allows the possibility of 
large load redistribution in structural joints and members 
(Rasmussen 2003). It also exhibits an excellent resistance to 
corrosion, a pleasant aspect and a better fire resistance 
(Gardner and Baddoo 2006). These characteristics make 
this material very interesting for structural applications. 
However, a particular attention must be given to the 
analysis of joints considering the stiffness, the strength and 
the deformation capacity (Bouchair et al. 2008, Salih et al. 
2010, 2011). 

In steel structure, joints constitute singular discon-
tinuities as they ensure the transmission of forces and 
stresses between elements. For practical reasons, bolted 
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connections are mainly used because they allow a quicker 
and easier building process on site. In steel structural joints, 
bolts can be loaded in tension, shear or a combination of 
both. The fracture patterns are variables. When a bolt is 
loaded in shear, the failure can occur either in the threaded 
part or in the smoothed part of the bolt shank. In tension, 
the fracture occurs in the threaded portion. Furthermore, in 
T-stub connections, it is necessary to take account of the 
amplifying effect of prying forces (Alkhatab and Bouchaïr 
2007). In general, stainless steel bolts show a more ductile 
behaviour than carbon steel ones, although it remains less 
important than that of the structural stainless steel material 
constituting the attached plates. In the case of T-stubs, 
stainless steel show large advantages given by the strain 
hardening of the material instead of being limited by the 
conventional yield strength (Bouchaïr et al. 2008). 

Among various types, bolted cover-plate connections 
are commonly used to transmit direct tension or 
compression forces between plates using shear in bolts. 
Cover-plates are also used in more complex joints such as 
beam-to-beam or beam-to-column where the bending 
moment is transmitted by different cover-plate joints in 
tension and compression (See Fig. 1(a)). The knowledge of 
cover-plate behaviour can thus be generalized to a wide 
variety of joint configurations supporting normal and shear 
forces, with or without bending moments. Even in usual 
simple configurations, the global load-displacement 
behaviour of cover-plate joints involves complex pattern of 
deformations in gross cross-section, net cross-section, bolts 
in shear and bearing zone under the bolts (see Fig. 1(b)). 

 
 

Reliability analysis of the nonlinear behaviour of 
stainless steel cover-plate joints 

 
Julien Averseng 1a, Abdelhamid Bouchair 2,3 and Alaa Chateauneuf 2,3b 

 
1 LMGC, Université Montpellier 2, CC 048, place Eugène bataillon, 34790 Montpellier, France 

2 Université Clermont Auvergne, Institut Pascal, BP 10448, F-63000 Clermont-Ferrand 
3 CNRS, UMR 6602, Institut Pascal, F-63171 Aubière, France 

 

 
Abstract.  Stainless steel exhibits high ductility and strain hardening capacity in comparison with carbon steel widely used in 
constructions. To analyze the particular behaviour of stainless steel cover-plate joints, an experimental study was conducted. It 
showed large ductility and complex failure modes of the joints. A non-linear finite element model was developed to predict the 
main parameters influencing the behaviour of these joints. The results of this deterministic model allow us to built a meta-model 
by using the quadratic response surface method, in order to allow for efficient reliability analysis. This analysis is then applied to 
the assessment of design formulae in the currently used codes of practice. The reliability analysis has shown that the stainless 
steel joint design according to Eurocodes leads to much lower failure probabilities than the Eurocodes target reliability for 
carbon steel, which incites revising the resisting model evaluation and consequently reducing stainless steel joint costs. This 
approach can be used as a basis to evaluate a wide range of steel joints involving complex failure modes, particularly bearing 
failure. 
 

Keywords:   stainless steel joints; Eurocode 3; finite element modelling; reliability index; elastic-plastic analysis; 
bearing failure mode 

 







common configuration in practice. This trend is comparable 
to that of carbon steel bolts (Kulak et al. 2001). 

 
2.2 Net cross-section resistance (NS) 
 
The net cross-section resistance in a plate loaded in 

tension is given by Eq. (2). 
 

2, MunetrRdu fAkN   (2)
 

where kr = 1 + 3r(d0/u ‒ 0,3) ≤ 1, r being the ratio of the 
number of bolts at the cross-section in tension to the total 
number of bolts in the joint ; u = 2e2, with u ≤ p2; Anet is the 
net cross-section area; d0 is the nominal diameter of the bolt 
hole; e2 is the edge distance from the centre of the bolt hole 
to the adjacent edge (in the direction perpendicular to the 
direction of the load transfer); and p2 is the spacing between 
the bolt holes (in the direction perpendicular to the direction 
of load transfer). The reduction factor kr seems to be used to 
take into account the eccentricity of the load transferred to 
the holes by the bolts (in comparison with the plates with 
non-loaded holes). 

 
2.3 Gross cross-section resistance (GS) 
 
The plastic resistance limits the resistance of the gross 

cross-section A, which should be determined by using the 
yield strength of stainless steel fy in Eq. (3). 

 

0, MyRdpl fAN   (3)
 

This can be a limitation for stainless steel members in 
tension because the nominal value of the conventional yield 
stress is relatively low. The use of the real characteristics 
can be a more practical and efficient solution. 

 
2.4 Bearing resistance (Be) 
 
The bearing resistance is complex to describe because it 

includes the shear-out (or tear-out) and the local 
compression of the plate under the bolt hole. In addition, it 
can include the local compression of the bolt on its surface 
that has generally a higher resistance than the plate material. 
To check the resistance of the joint, the use of the ultimate 
capacity could not be sufficient (Bouchaïr et al. 2008). In 
fact, the bearing failure mode can also be governed, for 
stainless steel, by the need to limit the hole elongation 
under serviceability loads, which is not easy to determine. 
However, a reduced value fu,red given by the combination of 
the yield strength fy and the ultimate tensile strength fu can 
be used instead of the real ultimate tensile strength fu as 
follows: fu,red = 0.5fy = 0.6fu. Thus, it can be considered that 
the hole elongation is limited and the requirement of limited 
deformation may be avoided at the ultimate limit state. In 
EN 1993-1-4 (2006), the definition of bearing resistance 
uses only the reduced ultimate limit of the material. Thus, 
bearing resistance is given by a formula similar to that used 
for carbon steel as given by Eq. (4). 

 

21, MubRdb tdfkF   (4)

with, in the direction parallel to the load transfer: 
 

- for end bolts : αb = min{e1/(3d0); fub/fu;1} 
- for inner bolts: αb = min{p1/(3d0) ‒1/4; fub/fu;1} 

 

and, in the direction perpendicular to the load transfer: 
 

- for edge bolts: k1 = min{2.8e2/d0‒1.7;2.5} 
- for inner bolts : k1 = min{1.4e2/d0‒1.7;2.5} 
 
 

3. Modelling and test results 
 

A numerical model has been developed (Bouchaïr et al. 
2007) in order to analyze the behaviour of cover-plate joints 
and the influence of many parameters. The joint is 
composed of one central plate and two lateral plates 
connected by two bolts. The model is at first applied to a 
configuration named 2T, which represents the case of 
symmetrical joints composed of two bolts in double shear 
and austenitic stainless steel (EN 1.4307, AISI 304L) plates. 
During tests, the failure mode observed for this 
configuration is the bearing failure as expected. For this 
reason, this configuration is chosen to develop the 
reliability analysis in the present study. 

 

3.1 Finite element model 
 

In the finite element model, the joint symmetry is 
considered in order to save the computing time, basic 
components are modelled and combined through contact 
elements (see Fig. 4) to represent the global behaviour of 
the analysed joint. The models need to be accurate and 
simple to perform a large number of calculations as 
required by the reliability analysis. 

The components C0 and C1 are quasi similar 
representing two plates with loaded holes. They represent 
the elementary case of plates with hole loaded by a 
cylindrical bolt in contact with the internal surface of the 
hole. A third component C2 is added to represent the 
deformation of the threaded zone of the bolt in contact with 
the plate hole. The threads are characterized by large local 
deformations that influence the overall behaviour of the 
joint. The finite element model is implemented in the 
software Cast3m developed by CEA (Cast3M 2015) using 
TET3 linear 3D tetrahedral elements. The loading is 
introduced by applying monotonic displacement at the bolt 
ends. Indeed, for the central component C0, the bolt is in 
double shear, and for the lateral plate C1 it is in single 
shear. Considering the symmetry of the joint, only a quarter 
of the joint is modelled (see Fig. 4). The contact is 
considered between the surface of the bolt and the internal 
cylindrical surface of the hole, without friction. The stress-
strain curves of the materials are described through the 
tabulated data obtained from tensile tests. The nonlinear 
character of the problem is due to the elastic-plastic 
behaviour of materials, the contact between the bolt and the 
hole and the large displacement conditions. It is solved 
using iterative Newton-Raphson scheme. 

 

3.2 Experimental validation and 
comparison with EC3 

 

Tests were conducted (Bouchaïr 2005, Bouchaïr et al. 













Table 6 Failure probabilities of the cover-plate joint 

Ultimate capacity C
UP 2  C

UP 5  X
UP 2  X

UP 5  

Probability of failure 
excluding model error 

4.5×10-11 9.8×10-18 4.2×10-5 2.3×10-12

Probability of failure 
considering model error 

8.4×10-10 7.8×10-15 3.1×10-5 4.8×10-11

 

 
 

Fig. 12 Importance factors for the design variables 
 
 
5.4 Joint reliability regarding applied loads 
 
According to EC3, the design values of loading 

corresponding to the fundamental combination of dead and 
live loads at the ultimate limit state is given by Eq. (10). 

 

kNQGF kkEd 1415.135.1   (10)
 

The characteristic values Gk and Qk are given for 
percentiles of 95%. In other words, the design load FEd has 
very low probability to be met in practical structures, as two 
levels of safety are included, namely the characteristic 
values and the partial load factors. By assuming that the 
dead load is about 35% of the total load for steel structures 
and the coefficients of variation (COV) are 10% for dead 
load and 20% for live load, it can be possible to calculate 
the mean values for the allowed dead and live loads (see 
Table 5). When all these safety measures are included, the 
probability that the applied load exceeds the level of 141 kN 
is equal to 3.9×10-11. Given the failure probability of the 
joint (see Table 6) and knowing that the reliability target for 
the Eurocodes is 10-4 for ultimate limit state and that 
stainless steel degradation (especially corrosion) is lower 
than for carbon steels, it could be reasonably suggested to 
allow higher design load for this type of joints. In addition, 
the live load and the material strength are the major 
parameters influencing the reliability (see Fig. 12), followed 
by the model error (δ) and the plate thickness (t). 

 
 

6. Conclusions 
 
In this work, the reliability of stainless steel joints is 

investigated. The Eurocode 3 design formulae are compared 
to the finite element model involving nonlinear material 
behaviour and contact in the bolt thread. This model is 
validated by experimental testing of cover-plate joints. It is 
clearly seen that stainless steel exhibits larger load 
capacities than that given by the analytical formulae of 
Eurocode 3. 

In order to perform the reliability analysis, a design of 
experiments approach is performed to provide explicit 
response surface for joint resistance. The reliability analysis 
shows rather large safety provided by the stainless steel 
joint. It also indicates the importance of material behaviour 
and model errors on the overall reliability of the joint. This 
preliminary reliability investigation suggests to increase the 
design load on stainless steel, with respect to Eurocode 
formulae. 

This conclusion should be confirmed by further 
reliability analyses on other geometrical and load 
configurations. In future works, the approach developed in 
this study can be applied to various configurations of joints 
with different material characteristics considering carbon 
and stainless steel with different configurations of bolts 
positions and diameters. It will consider the number of bolts 
and the eccentricities due to the hole positions defects and 
load direction, with the aim to calibrate design formulae for 
practice. 
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