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Application of discontinuity layout
optimization to plane plasticity problems

By CoriN SmitH AND MATTHEW GILBERT*

Department of Cwil and Structural Engineering, University of Sheffield,
Sir Frederick Mappin Building, Mappin Street, Sheffield S1 3JD, UK

A new and potentially widely applicable numerical analysis procedure for continuum
mechanics problems is described. The procedure is used here to determine the critical
layout of discontinuities and associated upper-bound limit load for plane plasticity
problems. Potential discontinuities, which interlink nodes laid out over the body under
consideration, are permitted to crossover one another giving a much wider scarch space
than when such discontinuities are located only at the edges of finite elements of fixed
topology. Highly efficient linear programming solvers can be employed when certain
popular failure criteria are specified (e.g. Tresca or Mohr-Coulomb in plane strain).
Stress/velocity singularities are automatically identified and visual interpretation of the
output is straightforward. The procedure, coined ‘discontinuity layout optimization’
(DLO), is related to that used to identify the optimum layout of bars in trusses, with
discontinuities (e.g. slip-lines) in a translational failure mechanism corresponding to bars
in an optimum truss. Hence, a recently developed adaptive nodal connection strategy
developed for truss layout optimization problems can advantageously be applied here.
The procedure is used to identify eritical translational failure mechanisms for selected
metal forming and soil mechanics problems. Close agreement with the exact analytical
solutions is obtained.
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1. Introduction

Pioneering theoretical developments in the field of plasticity in the middle of the
last century led to the development of simple wvet practical and powerful
analytical tools which could be used to rapidly estimate the limit loads of simple
bodies and structures. Chen (1975), for example, describes a wide range of
methods of identifying upper- and lower-bound solutions for common geotech-
nical engineering problems, many of which can be partially antomated. Of these,
the method of characteristics (Sokolovskii 1965) has been successfully used to
generate highly accurate solutions for several problem types. However, while this
method is a powerful tool. it suffers from several limitations. For example, it
provides incomplete lower-bound solutions and considerable insight from the
operator is needed to identify the global form of a solution. Solutions thus tend to
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Plastic limit analysis using discontinuity layout optimization (DLO)

Gilbert M, Smith CC, Haslam IW and Pritchard TJ (2009) Plastic limit analysis using discontinuity layout optimizatiorl fLOK Conference on Computatic
Mechanics (ACMEK), 6 8 April 2009, Nottingham.

Plastic limit analysis provides a poweérfneans of estimating the maximum load sustainable by a body or structure. However, various difficulties have m
numerical limit analysis procedures have generally not found widespread use in engineering practice. Discontinuity LieyaatiOp{DLO) is a recently develog
numerical limit analysis procedure which appears to overcome many of the difficulties associated with other methodsulésgraes traditional finite elemer
limit analysis can be sensitive to the mesh arrangement arotnedsor displacement singularities). In the DLO procedure the critical arrangement of discon
which interlink nodes distributed across the body under consideration are identified directly, using an efficient optimization procedinet MATLABCcript
written to accompany the paper demonstrates that the basic method is relatively simple to implement. Finally, varioual pragkimentation issues encounter
when developing a general Difased geotechnical software application are highlightethe paper, along with sample output.
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Bearing capacity of embedded foundations
Lee, YS, Smith CC and Cheuk CY (2008) Bearing capacity of embedded foundations. In 2nd International Céitfenelatiesy ICOF 2008, Dundee, pp 9861

Exact closed form solutions based on plasticity theory are available for a strip footing resting on homogenous Tre&jecsed gupure vertical load. Variatic
from this situation are normally dealt withsing modification factors, such as factors for embedment, load inclination, foundation shape and soil strengtt
While these have been derived numerically for simple footing configurations, few solutions are available-ftamaard footing shapeand for problems involvir
progressive embedment. This paper investigates the plane strain bearing capacity i iflock and cylindrical embedded footings at various depths in
soil and examines the effect of progressive embedment, an igad&ularly relevant in offshore geotechnics. A novel automatic numerical procedure, Discol
Layout Optimization, is adopted to obtain optimal slip line mechanism solutions for footings at various embedment ratiodin@hieal footing simulatios are
compared with a series of 1g experiments on pipelines, both in terms of load capacity and kinematics, which were detarthieezkperiments using digi
imaging through a transparent side wall in conjunction with PIV processing.
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Limit analysis of the stability of foundations on inclined ground

Smith CC and Gilbert M (2008) Limit analysis of the stability of foundations on inclined ground. In 2nd Inte@aifenehce on Foundations, ICOF 2008, Du
pp 16831692.

Analysis of the bearing capacity of footings on inclined ground requires that both local and global stability checksrtakamd®cal stability can be checked u
modified bearing capagitformulae, whilst global stability can be checked using modified slope stability calculations. Alternatively both mdoe<lwacked fc
simultaneously. However such a simultaneous analysis has in the past typically required recourse to finite elatysist(aither elastoplastic or rigid plastic), w
is also necessary when complex foundation groups are involudtlis paper a recently developed and immensely promising limit analysis technique, Discc
Layout Optimization (DLO), is insteappbed to such problems. DLO is able to identify accurate slip line mechanism solutions for a wide range of
geometries. A parametric study of the capacities of single foundations on inclined ground is presented, together withsoompéth solubns obtained usir
conventional baseline analysis methods. Finally, the interaction of multiple footings and the influence of tension adangned.

Keywords:bearing capacity factor; Discontinuity Layout Optimization; DLO; slope stability; ugymemd

New upper bound solutions for layered soil bearing capacity problems using discontinuity layout
optimization

Smith CC and Gilbert M (2007) New upper bound solutions for layered soil bearing capacity problems using discontinafiirtayation.In 10th Australia Ne
Zealand Conference on Geomechanics, Brisbane, October, 25250

The authors have recently developed a generally applicable computational procedure, Discontinuity Layout OptimizatiowhidhQg, capable of robus
identifying hghly detailed optimal upper bound slip line mechanisms. Whilst full details of the DLO procedure are described in aifgrtpobiitation, in thi
paper DLO is applied to a range of bearing capacity problems. The ability of the procedure to treajdreters soils is demonstrated and it is also extend
enable problems involving ground water pressures to be treated. The bearing capacitieslafévalays and frictional soils with varying depths to the water
are analyzed, and parametric sted performed. Comparisons are made with selected published solutions to illustrate the accuracy of the procedure affipéd
DLO output is provided, clearly illustrating the clarity and detail of the slip line mechanism solutions obtainable.
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Discontinuity layout optimization: a new numerical procedure for upper bound limit analysis

Gilbert M and Smith CC (2007) Discontinuity layout optimization: a new numerical proceduppdorbound limit analysis. In IX International Conferenc
Computational Plasticity: COMPLAS IX, Barcelona, September,-pp3L70

Discontinuity Layout Optimization (DLO) is a recently developed and extremely promising alternative to more well edtablisérical limit analysis procedu
(e.g. finite element limit analysis). With DLO a comparatively simple discontinuum problem formulation is considered:pdagarehody is discretized usin
suitably large number of nodes laid out on a grid and failure mechanism is deemed to comprise the most criticatsgibof potential discontinuities inte
connecting these nodes, identified using mathematical programming techniques. Here the procedure is outlined and itsiprdenismstrated by applyinig to
various standard limit analysis problems.
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