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1. Introduction 

Tensegrity systems are innovative systems in the spatial structures field and refer to a special type of 
tensile structures that can offer an alternative to traditional space structures. These systems are defined as 
any given set of cables connected to a set of struts in which cables connectivity must be able to stabilize the 
configuration (Skeltton and Oliviera, 2009). The self- stresses contribute to the system’s rigidity and stability. 
In tensegrity systems, a number of members are critical, with the loss of any of them likely to produce serious 
strength reductions. In practice, members of a tensegrity system may be lost due to a poor member node 
connections or geometric imperfections, e.g. lack of fit. In fact, having one or more faulty connections in a 
structure, containing hundreds of connections, is a realistic possibility. In such a case, it can be argued that 
this member has in effect been lost. 

Generally, self-stress level and its distribution are determinant parameters in the mechanical behavior of 
tensegrity systems. Therefore, by appropriate selecting of these parameters, the system can be warranted 
against any undesirable collapse mechanisms (Shekastehband et al., 2012).  

In this paper, static alternate path method is used to examine the vulnerability of these systems to 
progressive collapse considering different self-stress distributions. Static alternate path analysis is a 
numerical method, in which, the static response of the system in the event of gradual member loss is pursued 
and therefore, alternative load paths is sought to absorb localized damage and resist progressive collapse. 
 
2. Methodology 

2.1. Tensegrity systems considered 
The tensegrity configurations considered are real-scale prototypes composed of square pyramid modules. 

These structures contain contiguous a strut configuration in which modules are connected by node to node 
connection type. They are classified as: 

• Configuration 1: This model contains a regular layout in which struts are connected co-linearly in 
plan. This configuration is geometrically rigid which means that it does not contain infinitesimal 
mechanisms (Fig. 1). 

• Configuration 2: This model possesses an irregular layout in which struts are connected in a zig-zag 
way in plan. This configuration is flexible and has infinitesimal mechanisms (Fig. 2). 

• Configuration 3: This model is composed of CP modules which includes contiguous strut forms. This 
configuration is geometrically rigid (Fig. 3). 
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In these figures, parameters M, U, L, B and S are representative of module, upper cable, lower cable, 

bracing cable and strut, respectively. The systems were loaded at all upper nodes. The configurations 1 and 2 
are supposed to be resting on the external nodes of the lower layer while configuration 3 is constrained in the 
external nodes of the upper layer. 

 
 

 

  

 

 

 

 

 

 
 
 
 

    Fig. 1. Configuration 1 and member         Fig. 2. Configuration 2 and member                Fig. 3. Configuration 3 and      
     membernumbering of each module         numbering of odd and even modules               numbering of each module     
 
2.2. Self-stress distribution 

The pattern of self-stress distributions were considered as illustrated in Fig. 4, in which, parameters A, B 
and C demonstrate the self-stress level. Concerning the self-stress level in uniform distribution (Fig. 4a), 50% 
of the strut buckling load was selected for the struts. In the non-uniform distributions 1 and 2, the 
configurations were divided into 2 and 3 regions, respectively. Different self-stress levels were considered for 
each region. However, the average amount of self-stress of the struts was 50% of the buckling load. 

 

                            
                    (a)                                                (b)                                            (c) 

Fig. 4. Pattern of self-stress distributions: (a) Uniform distribution; (b) Non-uniform distribution-1; (c) Non-
uniform distribution-2 

 
2.3. Alternate-path analysis 

Using the alternate path method, the system is analyzed for the potential of progressive collapse by 
removing one element from the system, and by evaluating the capability of the remaining structure to 
prevent subsequent damage. Therefore, in this section, results of the alternate path analysis carried out on 
the studied configurations are presented. In the analysis, the effects of gradual loss of cables and struts on the 
behavior of the tensegrity systems are investigated. In each self-stress distribution, two critical cables and 
two critical struts are considered successively. Figs. 7, 8 and 9 illustrate some of the load–deflection 
responses of configurations 1, 2 and 3, respectively, due to the gradual loss of critical cables. The nonlinear 
static collapse analysis was performed using ABAQUS (SIMULIA, 2009). For modeling cables and struts as 
pinned-end connections within the whole structure, Truss element was used. In cable elements, the no 
compression option was used to modify the linear elasticity of the material. To trace the equilibrium paths 
through limit points into the post-critical range, the ‘Arc-Length-Type Method’ was adopted since it is the 
most efficient method for this purpose 
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3. Results and discussion 

Fig. 5(a)-(c) illustrate some of the load–deflection responses of configurations 1, 2 and 3, respectively, due 
to the gradual loss of critical cables. By pursuing effect of losing a member, it was observed that two kinds of 
collapse mechanisms, i.e. local collapse due to slacking of cables (mechanism No. 1) and combination of 
slacking of cables and local collapse with dynamic snap-through (mechanism No. 2) occurred.  

According to the results, the maximum strength reduction of the configuration 1 due to removing critical 
cables was 43% and 36% for non-uniform and uniform self-stress distributions, respectively. Furthermore, 
non-uniform self-stress distributions caused the slackening of cables to be postponed and rigidity of the 
systems to be enhanced. Generally, self-stress distributions had no considerable effect on the initial stiffness 
of the configuration 2. Non-uniform self-stress distributions may increase the load carrying capacity of the 
configuration 2 due to removing critical cable up to 25% compared with uniform self-stress distribution. The 
maximum load carrying capacity of the configuration 3 due to gradual loss of critical lower cable for non-
uniform self-stress distributions was 8% more than that of uniform self-stress distribution.  
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(c) 

Fig. 5. Load-deflection responses of the systems due to loss of critical cables considering different self-stress distributions 
with average amount of 50%: (a) Configuration 1, (b) Configuration 2, (c) Configuration 3 

 
4. Conclusions 

It was shown that removing a critical cable or strut may cause severe reduction of strength. However, by 
selecting an appropriate self-stress distribution, it is possible to decrease the sensitivity of the system to 
member loss. The most critical members belonged to cable elements. Removing of these elements may lead to 
reduction of strength seriously. The strength reduction of the configurations 1 and 2 due to gradual loss of 
critical member decreased with the increase of self-stress level in the central region B and C in the non-
uniform-1 and 2 self-stress distributions, up to 75% and 70%, respectively. By decreasing self-stress level in 
the peripheral region A to 40% in the non-uniform self-stress distributions, the strength reduction of the 
configuration-3 due to removing critical strut also decreased  
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