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A B S T R A C T

Studies on buckling of steel tubular truss arches are lacking in contrast to steel arches with solid web sections,
although they have been widely applied in long-span structures. This paper deals with the in-plane elasto-plastic
buckling and strength design of circular steel tubular truss arches with triangular sections by using finite element
analyses (FEA). Firstly, the in-plane buckling failure modes are explored to reveal the buckling mechanics of
truss arches. By introducing the normalized slenderness of the entire arch and the chord tube, as well as the
interactive coefficient that accounts for the effect of chord tube buckling, the unified buckling curve for truss
arches in uniform compression are obtained. Lastly, an interactive equation is proposed for in-plane buckling
resistance of steel tubular truss arches under combined compressive and bending actions. It is found that, the
buckling of diagonal web tubes greatly reduces the load-carrying capacity and deformation ability of truss arches
hence should be prevented in design. The chord tube deformation always exists during the buckling failure of the
truss arch and its effect on the buckling resistance is inevitable. The buckling curve b in the codes can used for
truss arches in uniform compression, and the interactive equation can provide satisfactory lower bound pre-
dictions for truss arches under general loading.

1. Introduction

The curved profile and the end thrust provide an arch with high-
efficient in-plane load-carrying capacity. For a steel arch with adequate
lateral bracing, in-plane buckling is a key concern in design. Circular
arches under general loading are subjected to combined axial com-
pression and bending moment, whereas the axial compressive force
especially the in-plane bending moment varies significantly along the
arch axis. Thus compared to a beam-column, the buckling and design of
an arch are more complicated.

Extensive studies have been conducted on in-plane buckling of steel
arches, pertaining to elastic buckling [1–13] or elasto-plastic buckling
resistance [14–22]. In inelastic buckling range, for an arch in uniform
compression, it is analogous to an axially loaded column by adopting
the effective length concept. The effective length factor can be obtained
from the linear elastic buckling load with end restraints, arch axis shape
and rise-to-span ratio taken into account. For an arch under combined
compression and bending moment in general loading, the common
approach is to establish a lower bound interaction equation for the in-
plane buckling resistance. However, most of the investigations were

focused on steel arches with solid web sections and only the global
buckling resistance was considered, by assuming web and flange plates
with adequate thickness avoiding local buckling. Compared with the
solid web arches, due to the latticed configuration, steel tubular truss
arches have two distinct features involving buckling: (1) Effect of sec-
tional shear deformation is substantial for buckling. (2) Multiple
buckling modes namely global buckling, chord tube buckling and web
tube buckling may occur and the interactive effect of local and global
buckling on the load-carrying capacity of arches is inevitable thus has
to be evaluated.

For steel tubular truss arches, Dou et al. [23] derived equations for
sectional rigidities of latticed configuration and the out-of-plane
buckling loads of circular steel tubular truss arches in uniform com-
pression and in uniform bending. Guo et al. [24] investigated the out-
of-plane buckling resistance of truss arches, showing the load-carrying
capacity of the arch is reduced by the local member buckling, and in-
teraction equations for general loading against out-of-plane buckling
failure were proposed. More recently, Huang et.al [25] experimentally
investigated the flexural behavior of CFST trusses with interfacial im-
perfections. Halpern and Adriaenssens [26] explored the in-plane non-
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linear elastic buckling of shallow truss arches, by generating an
equivalent arch model to predict the buckling behavior of shallow truss
arches. Han et al. [27] conducted a shaking table test for steel truss
arches and studied the failure mechanism of truss arches under earth-
quakes. It can be seen that, studies on in-plane buckling design of steel
truss arches are lacking, although they are commonly adopted in
practice.

This paper, therefore, is to deal with the in-plane buckling and de-
sign of two-hinged circular steel tubular truss arches with triangular
latticed sections, by using finite element numerical approaches. Firstly,
the interaction of member buckling and the global buckling of truss
arches are explored and the in-plane buckling curve on global buckling
is presented for arches in uniform compression, by considering the

effects of shear deformation and the cord tube buckling. Then, truss
arches in combined compression and bending moment under general
loading are treated and an interactive equation predicting the buckling
resistance is proposed.

As shown in Fig. 1, R is the radius of the arch and S is half of the
developed length of cross-sectional centroid axis (full length Sa =2S).
The height and width of the triangular section dimensions are h and b
respectively. f/L denotes the rise-to-span ratio where f and L are the rise
and the span respectively. lc is the length of the chord tube within a
truss panel, θ is the included angle between the chord tube and the
diagonal web tube and β is the included angle between two adjacent
diagonal web tubes. The above geometric dimensions are all de-
termined based on the sectional centroid axis.

Nomenclature

A cross-sectional area of the arch
Ac cross-sectional area of the chord tube
Ad cross-sectional area of the diagonal web tube
b width of cross-section
Dc outer diameter of the chord tube
Dd outer diameter of the diagonal web tube
E modulus of elasticity
EIx flexural rigidity of cross–section
f rise of an arch
fy yield stress of steel material
G shear modulus of elasticity
h height of cross-section
Ix in-plane second moment of area of the cross-section
ix = I A/x , in-plane gyration radius of the cross-section
Ka buckling coefficient for arches
Kv sectional in-plane shear rigidity of a truss arch
L span of an arch
lc length of the chord tube within a truss panel
ld length of a diagonal web tube
Nacr0 elastic bucking load of arches in uniform compression

without considering shear deformation
Nacr elastic bucking load of arches in uniform compression

considering shear deformation
Nu axial compressive force of cross–section corresponding to

buckling resistance
Nu0 buckling compression force of truss arches without ac-

counting for chord tube deformation
Ny =fyA, squash load of the cross-section

q distributed load on the arch
qcr distributed load corresponding to elastic buckling of an

arch
qu distributed load on the arch corresponding to buckling

resistance
R radius of an arch
S half of the developed length of cross-sectional centroid

axis
Sa =2 S, full developed length of cross-sectional centroid

axis
tc wall thickness of the chord tube
td wall thickness of the diagonal web tube
Wx in-plane section modulus of truss arches
Θ subtended angle of an arch
β included angle between two adjacent diagonal web tubes
η interactive coefficient accounting for chord tube de-

formation
ϕ included angle between the plane of diagonal web tubes

and the vertical symmetric plane of the cross-section.
φ reduction factor of truss arches accounting for chord tube

deformation
φ0 reduction factor of truss arches without accounting for

chord tube deformation
λcn normalized slenderness of the chord tube within a truss

panel
λgn normalized global slenderness of the truss arch
λx =S/(ix), in-plane global slenderness of an arch
θ included angle between the chord tube and the diagonal

web tube

Fig. 1. Circular hinged steel truss arches with triangular sections.
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