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Stability of coastal slopes in the Basque region 

The vulnerability of an unsaturated slope to rainfall infiltration depends on a number of factors such as the initial 

depth of the water table, the rainfall intensity, the water retention characteristics of the soil and the associated 

unsaturated permeability. It also depends on the geological variability of the ground and, in particular, on the spatial 

arrangement of different material regions with distinct hydro-mechanical characteristics, including the presence of 

permeable pathways or weaker regions. In general, the stability of an unsaturated soil slope relies on the presence of 

a cohesive component of strength, which is generated by capillary bonds inside soil pores partly filled by tensile water 

and partly filled by atmospheric air. This capillary cohesion is not, however, a permanent feature of the material and 

can suddenly vanish if the degree of saturation of the pores increases due to rainfall infiltration, thus leading to 

catastrophic failures. The geotechnical group at UPPA proposes to undertake an investigation of the stability of coastal 

cliffs in the Basque region by means of a combination of experimental and computational activities. The envisaged 

experimental research activity includes a program of triaxial tests on soil samples from the designated site to 

determine the unsaturated failure envelope of the material by assessing the evolution of shear strength at different 

levels of stress confinement and capillary pressure. In-situ experimental campaigns are also currently in progress to 

measure the environmental and soil characteristics that are most important for predicting failure. A coupled hydro-

mechanical model of the slope will be then developed by simulating the geological characteristics and soil properties 

measured at the designated site. The input data to the model will consist of locally recorded environmental 

parameters such as rainfall intensity, evapotranspiration and fluctuations of the water table. The output data from 

the model will be instead the fields of stresses, pore water pressures and displacements, to be be compared against 

in-situ measurements to validate the accuracy of the simulations.  

 

Fig. 1: EZPONDA Investigation Site: Bidart beach, Basque Country (France). 

 



LIST OF PUBLICATIONS 

1) E. Vitale, A. Cuccurullo, S. Dal Vecchio, D. Deneele, G. Russo (2017). Durabilità del trattamento a calce di 

terreni a grana fine. Convegno Nazionale di Geotecnica, CNG Roma 2017. 

2) A. Cuccurullo, D. Gallipoli, A. W. Bruno, C. Augarde, P. Hughes, C. La Borderie (2018). The influence of the 

particle size distribution on the hygro-mechanical properties of hyper-compacted raw earth. Proceedings 

of the 10th International Masonry Conference (10thIMC), Milan (Italy), 9th-11th July 2018. https://doi.org/ 

10.15128/r2ws859f66v 

3) A. Cuccurullo, D. Gallipoli, A. W. Bruno, C. Augarde, P. Hughes, C. La Borderie (2018). The role of particle 

size distribution and suction on hyper-compacted earth material shear strength. Proceedings of the 7th 

International Conference on Unsaturated Soils (UNSAT2018), Hong Kong (China), 3rd-5th August 2018. 

https://doi.org/ 10.15128/r29593tv142 

4) S. Muguda Viswanath, P. Hughes, C. Augarde, A. Cuccurullo, A. W. Bruno, C. Perlot, D. Gallipoli (2018). 

Advances in biologically-stabilised earthen construction materials. Proceeding of the International 

Symposium on Earthen Structures (ISES2018), Bengaluru (India), 22th-24th August 2018. In Earthen 

dwellings and structures. Singapore: Springer, pp. 191-201. https://doi.org/10.15128/r2c534fn95z 

5) A. Cuccurullo, D. Gallipoli, A. W. Bruno, C. Augarde, P. Hughes, C. La Borderie (2018). Influence of particle 

grading on the hygro-mechanical properties of hyper-compacted earth. BPAR 10IMC Special Issue, Journal 

of Building Pathology and Rehabilitation BPAR.  https://link.springer.com/article/10.1007/s41024-019-

0066-4 

6) A. Cuccurullo, D. Gallipoli, A. W. Bruno, C. Augarde, P. Hughes, C. La Borderie (2019). Soil stabilization via 

calcite precipitation by plant-derived enzyme. Proceedings of the 7th edition of the Italian National Congress 

of Geotechnical Researchers (CNRIG2019), Lecco (Italy), 3rd-5th July 2019. In National Conference of the 

Researchers of Geotechnical Engineering (pp. 753-762). Springer, Cham. http://dx.doi.org/10.1007/978-3-

030-21359-6 

7) A. Cuccurullo, D. Gallipoli, A. W. Bruno, C. Augarde, P. Hughes, C. La Borderie (2019). Advances in the 

enzymatic stabilisation of soils. Proceedings of the XVII European Conference on Soil Mechanics and 

Geotechnical Engineering, Reykjavik (Iceland), 1st-6th September 2019. 

http://dx.doi.org/10.32075/17ECSMGE-2019-0987 

8) A. Cuccurullo (2019). Earth stabilisation by plant-derived urease enzyme for building applications. 

Doctoral dissertation, Durham University (United Kingdom) and Université de Pau et des Pays de l’Adour 

(France). 

9) Tarantino, A., El Mountassir, G., Wheeler, S., Gallipoli, D., Russo, G., Augarde, C., ... & Speranza, G. (2020). 

TERRE project: interplay between unsaturated soil mechanics and low-carbon geotechnical engineering. 

http://dx.doi.org/10.1051/e3sconf/202019501002 

10) A. Cuccurullo, D. Gallipoli, A. W. Bruno, C. Augarde, P. Hughes, & C. La Borderie (2020). Earth 

stabilisation via carbonate precipitation by plant-derived urease for building applications. Geomechanics 

for Energy and the Environment, 100230. http://dx.doi.org/10.1016/j.gete.2020.100230 

Under peer-review: 

11) A. Cuccurullo, D. Gallipoli, A. W. Bruno, C. Augarde, P. Hughes, & C. La Borderie (2021). A comparative 

study of the effects of particle grading and compaction effort on the strength and stiffness of earth building 

materials at different humidity levels. Construction and Building Materials, 306, 124770. 


