
 

Accepted Manuscript

A dynamic-relaxation formulation for analysis of cable structures with
sliding-induced friction

Nizar Bel Hadj Ali , Ann C. Sychterz , Ian F.C. Smith

PII: S0020-7683(17)30364-5
DOI: 10.1016/j.ijsolstr.2017.08.008
Reference: SAS 9687

To appear in: International Journal of Solids and Structures

Received date: 22 March 2017
Revised date: 15 July 2017
Accepted date: 9 August 2017

Please cite this article as: Nizar Bel Hadj Ali , Ann C. Sychterz , Ian F.C. Smith , A dynamic-relaxation
formulation for analysis of cable structures with sliding-induced friction, International Journal of Solids
and Structures (2017), doi: 10.1016/j.ijsolstr.2017.08.008

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.ijsolstr.2017.08.008
http://dx.doi.org/10.1016/j.ijsolstr.2017.08.008


ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

 1 

A dynamic-relaxation formulation for analysis of cable structures with sliding-

induced friction  
 

Nizar Bel Hadj Ali
a
, Ann C. Sychterz

b
 and Ian F.C. Smith

b
 
 

a LASMAP, Ecole Polytechnique de Tunisie, University of Carthage, B.P. 743, La Marsa 2078, Tunisia 
b Applied Computing and Mechanics Laboratory (IMAC), School of Architecture, Civil, and Environmental Engineering (ENAC), 

École Polytechnique Fédérale de Lausanne (EPFL), 1015 Lausanne, Switzerland 

  

 

 
Structure of the paper  

Abstract  

1. Introduction  

2. Governing equations of a sliding cable accounting for frictional effects 

3. The proposed DR implementation 

3.1 Governing equations 

3.2 Fictitious mass calculation 

3.3 Residual forces 

4. Numerical examples  

              4.1 A continuous cable sliding through fixed nodes      

4.2 A tensegrity-based beam      

4.3 Deployment of a tensegrity footbridge         

5. Conclusions  

 

 

Abstract  

 

In many cable structures, special types of joints are designed to allow cables to slide freely along 

the joints. Thus, a number of discrete cable elements are substituted by a single continuous cable 

that slides over multiple nodes. Continuous cables are employed in engineering applications such 

as cranes, domes, tensioned membranes and tensegrity structures. Most studies involve the 

assumption of frictionless movement of cable elements through pulleys. Nevertheless, frictionless 

sliding is usually an unrealistic hypothesis. In this paper, the dynamic relaxation (DR) method is 

extended to accommodate friction effects in tensioned structures that include continuous cables. 

The applicability of this DR formulation is demonstrated through analysis of three case studies 

that involve both numerical and experimental investigation. Results show potential to efficiently 

accommodate sliding-induced friction.  
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