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ABSTRACT 

The construction of modern motorways and railways often requires embankments built on soils with 
poor geotechnical characteristics, frequently requiring the installation of vertical drains into the soil 
foundation to accelerate the consolidation process. Despite the developments in modelling, the design 
of vertical drain systems is still often based on Barron’s [1] classical theoretical solution, i.e., 
considering an infinite discharge capacity, which is only realistic for sand drains with permeability 
greater than 500-1000 m/year [3]. 

Some three-dimensional (3D) consolidation analyses of embankments have been performed over the 
last twenty years, using various constitutive models, such as: a linear elastic law [3], p-q- critical state 
model [4] or Modified Cam Clay model [5, 6] to improve the predictions. However, generally, the 
water flow into the system’s soil-drains is still simulated using an equivalent permeability [5], ignoring 
the real flow conditions.  

Thus, this work compares the field measurements of a non-symmetric embankment built on Portuguese 
soft soils improved with prefabricated vertical drains (PVDs), with the numerical predictions of a 3D 
modelling where the PVDs are simulated according to the field flow conditions. The change in the 
permeability with the void ratio and the effect of the smear zone are also included in all numerical 
analyses. The numerical predictions are compared with the field data in terms of settlement, horizontal 
displacement and excess pore pressure. In general, the numerical results are very close of the field 
measurements, namely in terms of vertical and horizontal deformations. 

 

REFERENCES 

[1] R.A. Barron. “Consolidation of fine-grained soils by drain wells”, Trans. Am- Soc. Civ. Engrs 
113: Paper No. 2346, (1948) 

[2]  S, Hansbo, M. Jamiolkowski and L. Kok. “Consolidation by vertical drains”, Geotéchnique, 41(1), 
45-66 (1981). 

[3]  Y.K. Cheung, P.K.K. Lee and K.H. Xie. “Some remarks on two and three dimensional analysis 
of sand-drained ground”, Computers and Geotechnics, 12, 73-87, (1991). 

[4]  J.L. Borges. “Three-dimensional analysis of embankments on soft soils incorporating vertical 
drains by finite element method”, Computers and Geotechnics, 31, 665-676, (2004). 

[5]  D.G. Lin and K.T. Chang. “Three-dimensional numerical modelling of soft ground improved by 
prefabricated vertical drains”, Geosynthetics International, 16(5), 339-353, (2009) 

[6]  C. Rujikiatkamjorn, B. Indraratna and J. Chu. “2D and 3D numerical modelling of combined 
surcharge and vacuum preloading with vertical drains”. See http://ro.uow.edu.au/engpapers/448 
(accessed 23/12/2010), (2008). 

 


