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Recent Publications 

LimitState:GEO uses the groundbreaking Discontinuity Layout Optimization (DLO) procedure, originated and 
developed at the University of Sheffield by LimitState co-founders Dr Colin Smith and Dr Matthew Gilbert. 
Presented here is a list of recent publications describing DLO and its applications; if you would like to obtain a 
copy of any of the publications mentioned please contact info@limitstate.com. 

Application of discontinuity layout optimization to plane plasticity problems 
Smith CC and Gilbert M (2007) Application of discontinuity layout optimization to plane plasticity problems. Proceedings of the Royal Society A: 
Mathematical, Physical and Engineering Sciences, 463 (2086), October, pp 2461-2484. 
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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 optimization (DLO). In 17th UK Conference on Computational 
Mechanics (ACME-UK), 6 - 8 April 2009, Nottingham. 

Plastic limit analysis provides a powerful means of estimating the maximum load sustainable by a body or structure. However, various difficulties have meant that 
numerical limit analysis procedures have generally not found widespread use in engineering practice. Discontinuity Layout Optimization (DLO) is a recently developed 
numerical limit analysis procedure which appears to overcome many of the difficulties associated with other methods (e.g. results from traditional finite element 
limit analysis can be sensitive to the mesh arrangement around stress or displacement singularities). In the DLO procedure the critical arrangement of discontinuities 
which inter-link nodes distributed across the body under consideration are identified directly, using an efficient optimization procedure. A short MATLAB script 
written to accompany the paper demonstrates that the basic method is relatively simple to implement. Finally, various practical implementation issues encountered 
when developing a general DLO-based geotechnical software application are highlighted in the 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 Conference on Foundations, ICOF 2008, Dundee, pp 961-972. 

Exact closed form solutions based on plasticity theory are available for a strip footing resting on homogenous Tresca soil subjected to pure vertical load. Variations 
from this situation are normally dealt with using modification factors, such as factors for embedment, load inclination, foundation shape and soil strength profile. 
While these have been derived numerically for simple footing configurations, few solutions are available for non-standard footing shapes and for problems involving 
progressive embedment. This paper investigates the plane strain bearing capacity factor (Nc) of block and cylindrical embedded footings at various depths in a clay 
soil and examines the effect of progressive embedment, an issue particularly relevant in offshore geotechnics. A novel automatic numerical procedure, Discontinuity 
Layout Optimization, is adopted to obtain optimal slip line mechanism solutions for footings at various embedment ratios. The cylindrical footing simulations are 
compared with a series of 1g experiments on pipelines, both in terms of load capacity and kinematics, which were determined in the experiments using digital 
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 International Conference on Foundations, ICOF 2008, Dundee, 
pp 1683-1692.  

Analysis of the bearing capacity of footings on inclined ground requires that both local and global stability checks are undertaken. Local stability can be checked using 
modified bearing capacity formulae, whilst global stability can be checked using modified slope stability calculations. Alternatively both modes can be checked for 
simultaneously. However such a simultaneous analysis has in the past typically required recourse to finite element analysis (either elastoplastic or rigid plastic), which 
is also necessary when complex foundation groups are involved. In this paper a recently developed and immensely promising limit analysis technique, Discontinuity 
Layout Optimization (DLO), is instead applied to such problems. DLO is able to identify accurate slip line mechanism solutions for a wide range of problem 
geometries. A parametric study of the capacities of single foundations on inclined ground is presented, together with comparisons with solutions obtained using 
conventional baseline analysis methods. Finally, the interaction of multiple footings and the influence of tension cracking is examined.  
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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 discontinuity layout optimization. In 10th Australia New 
Zealand Conference on Geomechanics, Brisbane, October, pp 250-255. 

The authors have recently developed a generally applicable computational procedure, Discontinuity Layout Optimization (DLO), which is capable of robustly 
identifying highly detailed optimal upper bound slip line mechanisms. Whilst full details of the DLO procedure are described in a forthcoming publication, in this 
paper DLO is applied to a range of bearing capacity problems. The ability of the procedure to treat heterogeneous soils is demonstrated and it is also extended to 
enable problems involving ground water pressures to be treated. The bearing capacities of two-layer clays and frictional soils with varying depths to the water table 
are analyzed, and parametric studies performed. Comparisons are made with selected published solutions to illustrate the accuracy of the procedure. Finally, sample 
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 procedure for upper bound limit analysis. In IX International Conference on 
Computational Plasticity: COMPLAS IX, Barcelona, September, pp 170-173. 

Discontinuity Layout Optimization (DLO) is a recently developed and extremely promising alternative to more well established numerical limit analysis procedures 
(e.g. finite element limit analysis). With DLO a comparatively simple discontinuum problem formulation is considered: a given planar body is discretized using a 
suitably large number of nodes laid out on a grid and the failure mechanism is deemed to comprise the most critical sub-set of potential discontinuities inter-
connecting these nodes, identified using mathematical programming techniques. Here the procedure is outlined and its promise is demonstrated by applying it to 
various standard limit analysis problems. 
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