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ABSTRACT
Initial stiffness of tubular joints plays considerable role in the global analysis of frames and
trusses. Axial forces that occur in the chord can affect initial stiffness of joints, leading to
noticeable redistribution of forces in members of structures. Generally, this effect is taken
into account by chord stress functions. Currently many chord stress functions exist for
resistance of joints; however, no function was determined for initial stiffness. Based on the
comprehensive finite element analysis and the manual curve fitting approach, this paper
develops a chord stress function for initial axial stiffness of square hollow section T joints.
INTRODUCTION
Rectangular hollow sections (RHS) joints combine high strength, simple end preparations
and welding process (Wardenier, 1982), leading to nice appearance and good stiffness
and resistance. Many researchers (Boel, 2010; Snijder et al., 2011; Haakana, 2014) have
proved the initial rotational stiffness to play the key role in buckling of tubular truss
members. Affecting the distribution of forces between members, axial stiffness is also
known to be essential in the global analysis of frames and trusses. Therefore, the neglect
paid to the role of axial stiffness of joints in current design rules is proved to be
unreasonable, leading to collapses of structural elements, particularly in shallow Virendeel
girders (Error! Reference source not found.).

Figure 1. Shallow Virendeel girder.
Most of the publications and design guides for RHS T joints deal with the resistance of
RHS joints (Yu, 1997; Cao et al., 1998; Zhao & Hancock, 1991; Packer et al., 2009; Zhao
et al., 2010; Nizer et al., 2015). Initial stiffness of tubular joints was investigated by
Mäkeläinen et al. (1988), Grotmann & Sedlacek (1998), de Matos et al., Neves (2004) and

(Weynand et al., 2015). However, none of these papers considers the effect of axial
stresses in the chord on the initial axial stiffness of joints.
This paper, dealing with the axial stiffness of square hollow section T joints, develops the
chord stress function, which defines the stiffness reduction produced by the axial forces in
the main member. Investigation of the effect of the chord stresses is conducted with the
FEM analysis. The final chord stress function is obtained via the approximation of the
results using the linear and polynomial regressions. The chord stress function is
determined by the following equation:
C  k sn, N C0 ,

(1)

where C is the initial axial stiffness of the joints; C0 is the initial stiffness of the joint with no
axial force in the chord; ksn,N is the developed chord stress function.
RESULTS
The conducted FE simulation shows that axial forces in the chord significantly affect the
initial axial stiffness of joints. Compressive loads lead to the maximum 65% reduction of
the stiffness, while tensile loads increase it by maximum 30%. The observed influence is
found to depend on chord width-to-thickness ratio γ = b0/2t0 (Figure 2a), brace-to-chord
width ratio β = b1/b0 (Figure 2b) and the steel grade fy0 (Figure 2c).
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Figure 2. Dependence of the observed effect on γ (a), β (b) and steel grade (c).
Based on these observations, the following equation is proposed as a chord stress
function:

k sn, N  1  105  f (  )  f ( )  f ( f y 0 )  n

(2)

where

f (  )  2  2  1.6  0.3
f ( )  1.3 2  38
f ( f y 0 )  0.02 f y 0

(3)

1.4

Validation with an independent series of FE results shows that the proposed chord stress
function provide good correlation with numerical results.

CONCLUSIONS
The conducted FE research has proved that axial forces in the main member significantly
affect the initial axial stiffness of tubular joints. Based on the numerical results, a chord
stress function is developed for initial axial stiffness of square hollow section T joints.
When compared to numerical results, the proposed equation provides accurate results
within the considered range.
However, it should be noted that this study was performed for square hollow section joints
and further investigations are required to extend the proposed chord stress function to
rectangular hollow section joints.
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