
Sandra Kvaternik 
Goran Turkalj 
Domagoj Lanc 

https://doi.org/10.21278/TOF.41401 
ISSN 1333-1124 

eISSN 1849-1391 

ANALYSIS OF FLEXURE, TORSION AND BUCKLING OF THIN-
WALLED FRAMES WITH A FOCUS ON THE JOINT WARPING 

BEHAVIOUR 

Summary 

This paper presents a finite element analysis of flexural-torsional and buckling 
behaviour of a thin-walled frame with a special focus on the joint warping behaviour. Four 
different joint types and two different cross-sections are analysed in order to investigate the 
influence of warping transmission on the overall behaviour of the structure. External loads are 
assumed to be static and conservative. The material is assumed to be homogenous, isotropic 
and linear elastic. The analysis is performed using the MSC Nastran shell model consisting of 
parabolic shell elements. The results obtained in the analysis together with some typical 
examples are discussed. 
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1. Introduction 

Weight saving requirements in engineering practice and various industry fields has 
resulted in widespread use of thin-walled beam-type structures in their stand-alone forms or as 
stiffeners in shell- or plate-like structures [1-4]. But such structures, especially those 
composed of open thin-walled profiles, exhibit very complex behaviour due to their 
susceptibility to instability occurrence and complex flexural-torsional characteristics. 
Furthermore, the type of structural joints and their warping flexibilities render the analysis far 
more complicated [5-9]. 

In St. Venant’s torsion theory of thin-walled beams, the influence of cross-sectional 
warping is neglected. Although such approach simplifies the analysis, it overlooks the real 
flexural-torsional behaviour. Several analyses of thin-walled planar frames have shown that 
torque applied on one member can cause not only flexure, but also torsion in a contiguous 
unloaded member [9-11]. If the warping transmission is neglected, only flexure would be 
produced in the second member. But, the fact that warping is ignored causes the pure torsion 
of the second member to be ignored as well. Orientation and magnitude of torsion transmitted 
from one member to the other depends on the joint type [12]. Structure deformation consists 
of two components, St. Venant’s torsion deformation and the warping torsion deformation. 
Furthermore, flexural-torsional buckling of thin walled beams is a very interesting problem in 
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the field of the structural stability, firstly investigated at the beginning of the 20th century [13, 
14] and then by many other researchers [15-19]. 

This paper presents a numerical analysis of a thin-walled frame with different types of 
joints subjected to a single-point torque or to uniform distributed load. The aim of this study 
is to investigate how warping is transmitted in dependence of the joint type from one frame 
member to the contiguous one and to determine the frame resistance to the buckling load. In 
order to examine only the warping transmission, additional boundary constraints are 
introduced at the frame joint. The buckling stability of the frame is analysed in two cases, 
with and without additional boundary constraints, using the eigenvalue approach. Numerical 
simulations are carried out using the MSC Nastran shell model consisting of eight-nodded flat 
elements [20]. External loads are static and conservative. It is assumed that the material is 
homogeneous and isotropic and that it obeys Hooke's law.  

2. Frame geometry 

 
Fig. 1  Analysed structure: a) geometry of L-frame; b) geometry of channel section; c) geometry of I-section 

 

An L-frame with clamped ends is shown in Fig. 1a. The height and length are:  
H = 1960 mm and L = 960 mm. Two types of cross sections, i.e. the channel- and I-sections, 
are shown in Figs. 1b and 1c with the following dimensions: b = 25 mm, h = 77 mm,  
t = 2 mm. At both cross-sections, the web is lying in the plane of the frame. Material of the 
structure is steel with Young’s modulus E = 210 GPa and Poisson’s ratio  = 0.3. Four 
different types of joints in the corner B are considered: mitre joint, box joint, stiffened mitre 
joint, and box/stiffened mitre joint, Fig 2 a, b, c, and d, respectively.  
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Fig. 2  Types of joints in the corner B: a) mitre joint; b) box joint; c) stiffened mitre joint;  
d) box/stiffened mitre joint 

3. Flexural-torsional behaviour 

This example is set up according to Morell’s frame. In Morell’s study [9], the influence 
of the joint type, i.e. box joint, mitre joint, and stiffened mitre joint, on the horizontal member 
deformation was presented. It was shown that in the case of the mitre joint, both torsion and 
warping contribute almost equally in the overall frame behaviour. On the other hand, in the 
case of the box joint, St. Venant’s torsion was more dominant in the deformation of the 
horizontal member, while in the case of the stiffened mitre joint, deformation is mainly 
influenced by warping. 

In order to isolate the warping deformation in the horizontal member, two pinned 
constraints are added to the joint, thereby preventing all six common DOFs except warping, 
Fig. 3. At the height of 1060 mm (approximately the mid-point of the vertical member), a 
single point torque is applied in the positive direction about the X-axis, ܶ ൌ 1	kNm.  

 
Fig. 3  Positions of the constraints in the joint: a) channel section; b) I-section 

First, the channel section frame is discussed. Rotation of the horizontal member about 
the Y-axis with respect to the joint type is given in Fig 4. One can see that the mitre joint does 

a) 

d) c) 

b) 
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not transfer warping from the vertical to the horizontal member. In the case of the frame with 
a box joint, a negative rotation about the Y-axis occurs with the highest absolute values at 
approximately the mid-point of the horizontal member. On the other hand, a positive rotation 
about the Y-axis is obtained for the stiffened mitre joint. Considering that the box/stiffened 
mitre joint is a combination of the two joint types mentioned above, this joint gives a similar 
response to that obtained for the box joints but with values very close to zero. All things 
considered, warping transmission occurs more or less in all the cases examined except for the 
one with the mitre joint. 

 
Fig. 4  Rotation of the horizontal member for all joint types: channel section 

 
Fig. 5  Rotation of the vertical member for all joint types: channel section 

The rotation of the vertical member is plotted in Fig 5. Regardless of the type of the 
joint, the vertical member rotates in the positive direction about the X-axis. The highest values 
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of rotation are obtained in the case with the mitre joint and the lowest values in the case with 
the box/stiffened mitre joint due to its stiffer structure.  

The frame with the I-section is analysed in this section. It can be seen that warping 
transmission occurs in the horizontal member in all the cases examined, even in the one with 
the mitre joint, Fig 6. However, very low values of negative rotation about the Y-axis are 
obtained. The positive rotation about the Y-axis occurs only in the case with the stiffened 
mitre joint, exhibiting the highest absolute values herein.  

 

 
Fig. 6  Rotation of the horizontal member for all joint types: I-section 

 

 
Fig. 7  Rotation of the vertical member for all joint types: I-section 
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Fig. 7 shows the positive rotation of the vertical member about the X-axis. Although 
values are generally higher when compared with those of the channel section frame, the case 
with the box/stiffened mitre joint exhibits the lowest values of rotation, and the case with the 
mitre joint the highest. It should be emphasized here that if warping is ignored, torsion will 
not occur in the horizontal member. 

4. Buckling behaviour 

To perform the buckling analysis, an in-plane horizontal distributed load ݍ	ሾkN/mሿ is 
applied to the horizontal member in the positive direction of X-axis. The same model and the 
mashing configuration are used. Due to the shell elements used, the load is applied as a force 
per square metre ܨ ൌ 	1	kN/mଶ and then it is recalculated in the distributed load ݍ	ሾkN/mሿ, 
as it is shown in the tables hereafter. The load is not applied to  the shear centre but to the top 
of the cross section flange; therefore, pre-buckling torsion occurs as well. The buckling 
instability of the frame is analysed in two cases, labelled as “Case 1” and “Case 2”, for the 
excluded and included supports from Fig. 3, respectively. 

Table 1  Case 1: Critical buckling load qcr (kN/m) with respect to the joint type 

 

 
Fig. 8  L-frame: Case 1 buckling modes for the channel section: a) mitre joint; b) box joint;  

c) stiffened mitre joint; d) box/stiffened mitre joint 

Joint type Channel section I-section 
Mitre joint 15.519 8.714 
Box joint 18.866 8.887 

Stiffened mitre joint 22.069 9.116 

Box/stiffened mitre joint 23.328 9.134 

b) a) c) d) 
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In the Case 1, the frame is clamped only on its ends and it is free to bend and twist. 
The results for the first buckling mode for both cross sections and every joint type 
considered within the Case 1 are shown in Table 1. As it can be seen, the frame behaviour is 
significantly influenced by the connection and a reduction in the strength occurs when the 
frame connection is changed. As for the channel section frame, when the joint type is 
changed from the box/stiffened mitre joint to the mitre joint, strength is reduced by 33%; in 
the change to the box joint by 19% and to the stiffened mitre joint by 5%. Fig. 8 shows the 
buckling modes pertaining to all joint types for the channel section from the Case 1. When 
the I-section is analysed, the strength reduction is lower when comparing different joint 
types due to greater warping rigidity of the I-section: 5% when the frame connection is 
changed from the box/stiffened mitre joint to the mitre joint, 3% when the box joint is used, 
and 0.2% when  the stiffened mitre joint is used. Figure 9 shows the buckling modes of the 
I-section frame for all joint types. 

 

 
Fig. 9  L-frame: Case 1 buckling modes for the I-section: a) mitre joint; b) box joint;  

c) stiffened mitre joint; d) box/stiffened mitre joint 

In the Case 2, two pinned supports are added to the joint, Fig.3. First buckling modes 
for the Case 2 are shown in Table 2. It can be seen that greater resistance has been achieved 
in this case. In contrast to the results obtained in the Case 1, the frame with the box joint 
exhibits higher eigenvalues than the frame with the stiffened mitre joint. The frame with the 
box/stiffened mitre joint still has the highest resistance to the buckling load. As for the 
channel section frame, strength is reduced by 19%, 12%, and 11% when the frame 
connection is changed from the box/stiffened mitre joint, the stiffened mitre joint, and the 
box joint, respectively. The first buckling modes from Case 2 for the channel section frame 
and all joint types are presented in Fig 10. In the case of  the I-section frame, one  can see 
that the strength reduction is 24% when the frame connection is changed from the 
box/stiffened mitre joint to the mitre joint, 15% for the change to the stiffened mitre joint, 
and 13% for the change to the box joint. Fig. 11 shows the buckling modes of I-section 
frame for all joint types. 

b) a) c) d) 
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Fig. 10  L-frame: Case 2 buckling modes for the channel section: a) mitre joint; b) box joint;  

c) stiffened mitre joint; d) box/stiffened mitre joint 

 
Fig. 11  L-frame: Case 2 buckling modes for the I-section: a) mitre joint; b) box joint;  

c) stiffened mitre joint; d) box/stiffened mitre joint 

 

a) 

a) b) c) d) 

b) c) d) 
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Table 2  Case 2: Critical buckling load qcr (kN/m) with respect to the joint type 

Joint type Channel section I-section 
Mitre joint 27.566 12.725 
Box joint 30.228 14.647 

Stiffened mitre joint 29.863 14.311 

Box/stiffened mitre joint 34.112 16.795 

5. Conclusions 

Numerical analysis of a thin-walled frame with different joint types has been performed 
using the finite element method. Four joint types have been introduced and only the mitre 
joint has shown no warping transmission from the vertical to the horizontal member. At the 
same time, such a joint has exhibited the lowest buckling resistance. The frames containing 
the box/stiffened mitre joint have shown the highest buckling and torsional resistances. If 
warping is ignored, only flexure could occur in the horizontal member. 

The aim of future research activities is to include open thin-walled frames made of 
composite materials in the proposed analysis. 
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