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Abstract 

Any change in pore pressure (and thus also in the piezometric heads) may induce 

consolidation if the geological formations are compressible. Effective stress and water 

pressure variations at depth are explained for given drawdowns in confined and unconfined 

conditions. Geomechanical aspects are fully coupled to groundwater flow equations with 

specific storage coefficients dependent on the medium compressibility. The induced change 

in hydraulic conductivity may also be expressed by a non-linearity in the considered equations. 

Examples of land subsidence processes in famous ‘sinking cities’ are given. The outline of the 

talk is the following:  

Introduction 

Definitions of aquifers and confining layers 

Piezometric heads and water pressure  

Terzaghi principle 

Consolidation processes 

Land subsidence in unconfined aquifers 

Land subsidence in confined aquifers  

Other causes of land subsidence 

Non linear effects on the hydrogeological properties 

A few example of sinking areas/cities: the crucial truth 

 

References 

► Bear, J. and A.H.D. Cheng. 2010. Modeling groundwater flow and contaminant transport. Springer. 
► Bear, J. and A. Verruijt. 1987. Modeling groundwater flow and pollution. Dordrecht: Reidel Publishing 

Company. 
► Bernoulli, D. 1738. Hydrodynamica. Sumptibus Johannis Reinholdi Dulseckeri. 
► Biot, M.A. 1941. General theory of three-dimensional consolidation. J. of Applied Physics 12:155-164. 
► Carter, M. and S.P. Bentley. 1991. Correlations of Soil Properties, London: Pentech Press. 
► Dassargues, A. 1995. On the necessity to consider varying parameters in land subsidence computations, in 

Proc. of the 5th Int. Symp. on Land Subsidence, ed. Barends, B.J., Brouwer F.J.J. and F.H. Schröder, IAHS 234: 
259-268. 

► Dassargues, A. 1997. Vers une meilleure fiabilité dans le calcul des tassements dus aux pompages d'eau 

souterraine, A) Première partie: prise en compte de la variation au cours du temps des paramètres 

hydrogéologiques et géotechniques (in French), Annales de la Société Géologique de Belgique, 118(1995)(2) : 
95-115. 

► Dassargues, A. 1998. Prise en compte des variations de la perméabilité et du coefficient d’emmagasinement 

spécifique dans les simulations hydrogéologiques en milieux argileux saturés (in French), Bull. Soc. Géol. 

France, 169(5) : 665-673. 
► Dassargues, A. 2018. Hydrogeology: groundwater science and engineering, 472p. Taylor & Francis CRC press, 

Boca Raton.  

► Dassargues, A. 2020. Hydrogéologie appliquée : science et ingénierie des eaux souterraines, 512p. Dunod. 
Paris. 

► Dassargues, A., Biver, P. and A. Monjoie. 1991. Geotechnical properties of the Quaternary sediments in 
Shanghai. Engineering Geology 31(1): 71-90. 

► Dassargues, A., Schroeder Ch. and X.L. Li. 1993. Applying the Lagamine model to compute land subsidence in 
Shanghai, Bulletin of Engineering Geology (IAEG) 47: 13-26. 



► Delage, P. and G. Lefebvre. 1984. Study of the structure of a sensitive Champlain clay and of its evolution 
during consolidation. Canadian Geotechnical Journal 21: 21-35. 

► Freeze, R.A. and J.A. Cherry. 1979. Groundwater, Englewood Cliffs (NJ): Prentice Hall 
► Galloway, D., D. R. Jones and S. E. Ingebritsen (Eds.) 1999. Land subsidence in the United States. U.S. Geol. 

Surv. Circ.,1182, 177 pp. 
► Galloway, D. L. and T. J. Burbey. 2011. Review: Regional land subsidence accompanying groundwater 

extraction. Hydrogeology Journal, 19:1459–1486. 
► Gambolati, G. and P. Teatini. 2015. Geomechanics and subsurface water withdrawal and injection. Water 

Resources Research 51: 3922-3955. 
► Gorelick, S.M. and C. Zheng. 2015. Global change and the groundwater management challenge, Water 

Resources Research. 51: 3031-3051. 
► Gueguen, Y. and V. Palciauskas. 1994. Introduction to the physics of rocks. Princeton University Press. 
► Lewis, R.W. and B.A. Schrefler. 1987. The finite element method in the deformation and consolidation of 

porous media. New-York: Wiley& Sons. 
► Monte, J.L. and R.J. Kritzen. 1976. One -dimensional mathematical model for large-strain consolidation. 

Geotechnique 26(3):495-510. 
► Nishida, Y. and S. Nakagawa. 1969. Water permeability and plastic index of soils. In Proc. of the Int. Symp. on 

Land Subsidence IAHS-UNESCO, 89: 573-578. 
► Poland, J.F. 1984. Guidebook to studies of land subsidence due to groundwater withdrawal, Studies and 

Reports in Hydrology, Paris: IHP-UNESCO.  
► Phien-wej, N., Giao, P.H. and P. Nutalaya. 2006. Land subsidence in Bangkok, Thailand. Engineering Geology 

82: 187-201 

► Poland, J.F. and G.H. Davis. 1969. Land subsidence due to withdrawal of fluids. Reviews in Engineering 
Geology, 2: 187-270. 

► Rieke, H.H. and G.V. Chilingarian. 1974. Compaction of argillaceous sediments. Elsevier. 
► Terzaghi, K. 1943. Theoretical soil mechanics, London: Chapman and Hall. 
► Verruijt, A. 1982. Theory of groundwater flow, 2nd edition. London: MacMillan. 

 


