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ABSTRACT 

The « component method » is nowadays recognised by the European codes as the reference method 

to design and characterise steel and steel-concrete composite joints. This method, which may be 

seen as a macroscopic application of the finite element method, consists in dividing the joint into a 

series of zones through which the forces are transferred, those zones being named “components”. 

Among them, the so-called “column web panel in shear”, when activated and appropriately 

designed, can play a key role by providing a reserve of ductility to the joint. In Eurocode 3, Part 1-

8, a simple analytical model is proposed to predict the behaviour of this component in terms of 

stiffness and resistance. However, some recent researches have demonstrated that, in many cases, 

the so-predicted resistance tends to be significantly overestimated, which turns out to be rather 

concerning from a safety point of view. In this context, the present paper will reflect first results of 

investigations conducted at Liège University on that problematic. In particular, beam-to-column 

welded joints have been studied in order to: (i) highlight the above-mentioned problem through 

comparisons between existing experimental results and Eurocode 3 predictions, (ii) develop a 

sophisticated finite element model using the software Abaqus©, (iii) validate this FEM model using 

existing experimental results and (iv) develop an extensive parametric study in order to highlight 

the key parameters governing the resistance capacity of the studied component. Based on the 

conducted investigations, the final goal consists in providing a new analytical formulation which is 

able to predict more accurately the resistance of the column web panel in shear. 
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1 INTRODUCTION 

This article deals with the rotational behaviour of single-sided or double-sided beam-to-column 

steel joints loaded as illustrated in Fig. 1. Their response may be divided in different contributions. 

In Fig. 2, these ones are defined, as an example, for joints with beam in bending and shear only:  

 The deformation of the connection under the tensile and compressive forces Fb, statically 

equivalent to the moment Mb at the beam end (the shear force may generally be assumed not to 

affect significantly the rotational response of the joint). This includes the deformation of the 

connection elements (e.g. bolts, end-plate…) and that of column web under the Fb load-

introduction forces and results in a relative rotation c between the beam and column axes, 

which makes it possible to establish a first deformability curve Mb-c (1).  

 The deformation of the column web panel in shear under the combination of the couple of 

forces Fb and of the shear forces Vc in the column at the level of the beam flanges. This shear 

force Vwp, which may be evaluated through Eq. (1), results in a relative rotation  between the 

beam and column axes, so leading to a second deformability curve Vwp-. In view of a 

simplified modelling of the joints for structural analysis, it is sometimes suggested to substitute 

a Mb -curveto theVwp-curve through the use of a so-called transformation parameter  

provided by Eq. (1) (1). 
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Fig. 1. Single-sided and double-sided joint configurations (adapted from (1)) 

 

Fig. 2. Joint deformability sources (adapted from (2)) 

 Vwp =
Mb1 −Mb2

h
−
Vc1 − Vc2

2
=
Fb
β

 (1) 

Present paper focusses on the behaviour of the column web panel (CWP) only, which forms 

together with the surrounding elements (i.e. stiffeners, column flanges, root fillets…) the so-called 

panel zone (PZ). This zone turns out to govern the joint resistance in a significant number of 

situations under static loads, but even more under seismic loading conditions. In Part 1-8 of 

Eurocode 3 (EC3, Part 1-8 (3)), a simple analytical model is proposed to predict the behaviour of 

the PZ in terms of elastic stiffness and plastic resistance (see Eq. (2) and (3) respectively): 

 Fwp,Rd =
Vwp,Rd

β
=
0.9 ∙ AVC ∙ fy,wc

√3 ∙ β ∙ γM0

 (2) 

 K =
E

2 ∙ (1 + υ)
∙
AVC
β ∙ h

 (3) 

where: 

fy,wc is the design yield strength of steel; 

AVC is the shear area of the column defined in (4); 

 is the partial safety factor;  

 is the transformation parameter introduced here above; 

0.9 is a reduction factor taking into account the stress interaction within the column web panel; 

h is the lever arm between the centres of tension and compression. 

In the presence of transverse web stiffeners in both compression and tension areas, Eq. (3) is still 

valid while Eq. (2) is increased by the following quantity so as to account for the “frame effect”: 

 Vwp,add,Rd =
4 ∙ Mpl,fc,Rd

ds
 (4) 

where: 

Mpl,fc,Rd is the design plastic moment resistance of a column flange; 

ds   is the distance between the centreline of the stiffeners. 
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2 COMPARISON WITH EXPERIMENTAL RESULTS AND CONCLUSIONS 

EC3 prediction formulae have first been compared to a wide range of experimental results from the 

scientific literature (5-8), so as to highlight potential inconsistencies in the analytical model. The 

experimental tests differ by the type of connection being used (welded vs. bolted) as well as by the 

presence or not of transverse column web stiffeners and are all characterised by a web panel failure 

mode. Fig. 3 illustrates the results of the comparisons for one test per experimental campaign.  

 
a) 

 
b) 

 
c) 

 
d) 

Fig. 3. Comparison between experimental results and tri-linear EC3 predictions: a) Test NR4 (5); b) Test O7 (6); c) Test 

BCC5 (7); d) Test E2-TB-E-M (8) 

Results are presented in terms of moment-rotation curves, the rotation being either the shear 

distortion γ of the CWP or the total rotation of the joint when the former is not available. Two 

general conclusions can be drawn from Fig. 3, which seem valid whatever the type of connection: 

 a good agreement between EC3 predictions and experimental results is observed in terms of 

initial stiffness; 

 by contrast, a significant discrepancy may appear as far as plastic resistance is concerned, EC3 

predictions overestimating (Fig. 3a) and Fig. 3d)) the actual shear resistance of the PZ. 

These observations show that both Eq. (2) and (4) need to be improved while Eq. (3) may be left 

unchanged. 
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3 DEVELOPMENT OF A FE MODEL AND VALIDATION 

In order to further investigate the so-drawn conclusions, a numerical model has been built up using 

the commercial finite element software Abaqus© and validated against available experimental data. 

Configurations NR4 and NR16, from (5), have been selected for the purpose of validation. Those 

two configurations consist of an IPE330 beam welded to a HEB160 column and of a HEB500 beam 

welded to a HEB300 column, respectively. All actual geometrical data may be found in (5).  

The choice of these two joints is not meaningless as they had already been numerically modelled in 

(10), using the software FINELG©. Therefore, material laws have been directly taken from (10). 

Moreover, fillet welds have not been explicitly modelled while an initial geometrical imperfection 

has been taken into account, similarly to (10). The magnitude of the initial imperfection has been 

fixed to “d/200”, d being the clear depth of the column. 

However, a major difference between the two studies concerns the type of element used: shell 

elements in (10) and brick elements in the present study. This is due to the fact that the root fillets in 

the column profile are believed to play a significant role in the behaviour of the CWP and therefore 

have to be modelled properly what is not possible with shell elements. That being said, eight-node 

linear bricks with reduced integration (C3D8R elements) have been used for almost all the elements 

except for the root fillets which have been modelled through the use of six-node triangular prisms 

with full integration (C3D6 elements). Fig. 4a) gives a general overview of the final mesh. Both 

mesh density and finite element type have been selected based on a preliminary sensitivity analysis.  

A monotonic displacement history has been imposed to the beam tip in order to mimic the real 

loading conditions. Furthermore the beam end section has been properly restrained from out-of-

plane displacement. Numerical simulations have been performed using a general static analysis. 

 
a) 

 
b) 

Fig. 4.  Finite element modelling: a) Meshed model; b) Validation of the numerical model 

Validation of the model has been performed through comparisons between experimental and 

numerical results in terms of force vs. vertical displacement at the beam tip, as shown in Fig. 4b). 

Following conclusions may be drawn from those comparisons: 

 Initial stiffness in the numerical model is significantly larger than the experimental one, what 

can be explained by the initial flexibility of the test set-up; 

 This discrepancy has been cancelled out by shifting the experimental curve to the left towards 

numerical results (see “modified experimental curves” in solid line in Fig. 4b)). 

 A satisfying matching may then be observed between modified experimental results and 

numerical ones, especially in terms of elastic stiffness and plastic resistance. 

 The second part of the curve is over-estimated by Abaqus©. This is due to the fact that strain-

hardening properties as well as ultimate strength were not made available in (5) and therefore 

had to be assumed in (10). However this is not of much concern as it is only the first part of the 

curve which is being investigated in this study.  
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4 PARAMETRIC STUDY 

The effect of three parameters has been investigated in the framework of the present study. Those 

parameters are listed in Table 1. which also provides a general overview of the different numerical 

simulations which have been performed. The objective of the numerical study is to appraise the 

influence of those parameters on the plastic shear resistance of the PZ. This can be done by 

studying and understanding physically in Abaqus© how the stresses flow across the panel and the 

surrounding elements as well as how yielding spreads inside the panel.  

Table 1. General overview of the numerical simulations 

Configurations Type of joint 
Transverse 

web stiffeners 
Root fillets 

Label 

NR4/NR16 

Single-sided 

Stiffened 
Yes NRX-1-1-s 

No NRX-1-0-s 

Unstiffened 
Yes NRX-0-1-s 

No NRX-0-0-s 

Double-sided 

Stiffened 
Yes NRX-1-1-d 

No NRX-1-0-d 

Unstiffened 
Yes NRX-0-1-d 

No NRX-0-0-d 

The following assumptions have been made with the aim of isolating the behaviour of the PZ:  

 the parametric study has been performed on welded connections only so as to reduce the 

interactions with other components; 

 beam web has been disconnected from column flange in order to fix once and for all the value 

of the lever arm h in Eq. (1); 

 an elastic perfectly-plastic law (i.e. strain-hardening has been neglected) has been assumed for 

the column steel material to facilitate the derivation of the plastic resistance of the PZ; 

 Steel in the beam profile has been assumed to follow an indefinitely elastic law so as to prevent 

the occurrence of any failure mode in the beam prior to the yielding of the PZ. 

 
a) 

 
b) 

Fig. 5.  Vwp-γ curves: a) Configuration NR4; b) Configuration NR16 

Results of the parametric study are depicted in Fig. 5 in terms of shear force vs. shear distortion γ in 

the CWP. The influence of the different parameters is discussed here below: 

 Neither the type of joint (i.e. single-sided vs. double-sided) nor the presence of transverse web 

stiffeners affects the initial stiffness, this observation being in line with the conclusions derived 

in paragraph 2. 

Yielding initiation

ΔVy,k

Yielding initiation

ΔVy,k
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 Yielding initiates in the centre of the CWP and is not affected by surrounding elements. This is 

due to the fact that the stiffness of the CWP in shear is significantly higher than that of the 

surrounding elements; and so the CWP first “attracts” most of the forces. 

 Yielding very quickly spreads across the entire panel, as depicted in Fig. 5a). The plastic 

resistance of the CWP is reached, for a Vy,Rk value. Extra shear forces are then transferred to 

the surrounding elements which most of the time contribute with a ΔVy,Rk value to the 

resistance of PZ, before large plastic rotations develop. 

 For unstiffened single-sided configurations, initiation of yielding occurs earlier because of 

strong stresses interaction at the level of the beam flanges, where loads are introduced in the 

PZ. Furthermore, the contribution of the surrounding elements remains very low with respect to 

the resistance of the CWP (see Fig. 5b)). 

5 CONCLUSIONS AND PERSPECTIVES 

Results clearly show that the behaviour of the PZ may always be divided into the contributions of 

the CWP (Vy,Rk)  and of the surrounding elements (ΔVy,Rk), as follows: 

 Vwp,Rk = Vy,Rk + ΔVy,Rk (5) 

For the contribution of the CWP, a similar formalism may be adopted as the one proposed in EC3 

(see Eq. (6)), with the major difference that the shear area needs to be re-evaluated, this conclusion 

being in line with the main conclusion drawn in (10). In addition, further investigations will also 

focus on the stress interaction factor ρ in Eq. (6) whose use seems relevant for single-sided joints 

but is much more questionable in the case of double-sided joints. 

Regarding the contribution of the surrounding elements, it is proposed to always account for this 

beneficial effect and not only in the presence of transverse stiffeners as it is currently stated in EC3. 

Therefore, future works will also be dealing with the definition of this second contribution. 

 Vy,Rk =
ρ ∙ AVC ∙ fy,wc

√3
 (6) 
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