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A B S T R A C T

Tubular adhesive joints, used in truss structures to join pultruded carbon fibre-reinforced polymer members to
aluminium nodes, are modelled with varying dimensions. The numerical model uses a Cohesive Zone Modelling
formulation with a trapezoidal traction-separation law for the adhesive layer, and experimental tests are carried
to validate it. The results showed that the joint strength increases significantly with the bonding area, with a
limit on the overlap length above which it stops increasing. This upper limit is affected by the thickness and
tapering angle of the adherends, due to their influence on the shear stress distribution along the overlap. On the
other hand, the adhesive thickness has only a marginal influence on the joint strength.

1. Introduction

Composite materials are increasingly used in transportation in-
dustries, due to their low weight and high mechanical properties. Truss
structures, which consist of straight members loaded axially and con-
nected together by nodes, are a suitable application for the high axial
strength of unidirectional composite materials, such as carbon fibre-
reinforced polymer (CFRP) pultrusions, and several applications of
CFRP used in truss structures are being developed in the form of wound
trusses and lattices [1–3]. A limitation to such structures is the load
transfer between the members, therefore designing the nodes is an
important step in designing the overall structure. The efficiency of a
node is defined as the ratio of the load it can transfer to the load the
members can carry. Mechanical fastening, such as riveting, provides a
high efficiency but damages composite materials. In addition, it is dif-
ficult to apply to small-scale structures without significantly increasing
their total weight. A solution is to adhesively bond the ends of the
members to the nodes, as it can provide strengths comparable to or
higher than mechanical fastening [4–6]. In a previous work, the authors
simulated the strength of different node configurations and concluded
that tubular joints, consisting of aluminium sockets overlapping the
truss members, provided the best strength-to-weight ratio [7].

The dimensions of adhesive joints play a crucial role in their
strength. Increasing the bonding area, i.e. the overlap length and width,
greatly contributes to increasing the joint strength [8–12]. To a lower
extent, an increase of the joint strength can be obtained by increasing

the adherends thickness, which causes a higher bending stiffness
[9,13]. Tapering the ends of the adherends also results in an increase of
the joint strength by making the stress distribution in the adhesive more
uniform [14], although this effect is marginal on tubular joints [15,16].
Additionally, tubular joints present a good robustness to manufacturing
defects, such as bondline contamination or misalignment of the tubes
relative to each other [17,18]. Increasing the adhesive bondline
thickness can cause a reduction of the joint strength, although no
generalized trend has been observed due to the numerous factors that
can influence it [19,20]. The joint strength also depends on the type of
adhesive used. Brittle adhesives generally have a higher strength than
ductile adhesives, but their sensitivity to peak stresses limits this ad-
vantage to short overlaps, for which the stress distributions are more
uniform [21,22]. Ductile adhesives plasticize when their peak strength
is reached, and thereby redistribute the stresses in the less loaded parts
of the overlap, which results in a higher performance than brittle ad-
hesives for longer overlaps [23,24]. Knowing the influence of the
geometrical parameters on the strength and weight of a joint is neces-
sary to design and optimize it, since strength and weight objectives in
this case are often of conflicting nature [15]. In particular, it is im-
portant to determine the design limits of each parameter, outside which
no further strength or weight improvement is possible.

In order to determine these limits, a model able to predict the
strength of the adhesive joint is required. Analytical models exist to
analyse the stress distribution and predict the failure of adhesive joints,
but they are not reliable for the modelling of adhesive displaying a
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