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Short Description

a theory for the evaluation of the foundation settlements in clay....



Description


Reprinted from Geotechnique, 1957, 7, 168-178



A CONTRIBUTION TO THE SETTLEMENT ANALYSIS OF FOUNDATIONS ON CLAY



PROFESSOR A. W. SKEMPTON and



DR L.



BJERRUM



SYNOPSIS



The settlement of a foundation (Hi a saturated clay is composed chiefly of the " immediate " settlement due to deformations taking place at constant volume, and the " consolidation " settlement due to volume reduction consequent upon the dissipation of pore pressures. This latter component is therefore dependent on the pore Fpressures set up by the F , , J\. . , , ,vf /, foundation load, and these pore pressures are themselves dependent on the type of clay. An approximate theory is described which takes account of the type of clay ; and comparisons with observed settlements in a number of practical cases show the theory to be an improvement on existing methods of calculation.



Le tassement d'une fondation sur une argile saturee se compose principalement du tassement " immediat " du aux deformations ay ant lieu suivant une ampleur constante, et le tassement " de consolidation " du a la diminution d'ampleur par * ul * e d.e la dissipation de la pression mterstitielle. Cette d < ™ e composante depend done des pressions interstitielles provoquees par la charge de fondati e t c e s pre ssions interstitielles dependent d'argile. On decrit une e l l e s . m e m e s d u \ype theorie approximative qui tient compte du type d'argile ; et des comparaisons avec les tassements observes dans un nombre de cas pratiques demontrent cette theorie comme etant une amelioration des methodes de calcul existantes.



INTRODUCTION



If we imagine a footing on a saturated clay to be loaded quite rapidly, then during the load application the clay will be deformed and pore pressures will be set up in the clay. Owing to the extremely low permeability of clays little if any water will be squeezed out of the clay during the load application, and the deformations therefore take place without change in volume. The deformations have both lateral and vertical components, and the vertical component constitutes what is known as the " immediate settlement ". In the course of time, however, some of the pore-water drains out of the clay, leading to a volume decrease, and the vertical component of this volume change is known as the " consolidation settlement ". Now the consolidation of a clay results from the dissipation of pore pressure, with an accompanying increase in effective pressures. But a given set of stresses will cause different pore pressures in different clays. Thus if we have two identical footings, carrying identical loads, and these footings rest on two clays with identical compressibilities, yet if the pore pressures set up in the two cases are different, the consolidation settlements will also be different. And this is true in spite of the fact that no difference would be seen in the results of the oedometer test. This may seem paradoxical. But the explanation is that in the oedometer test no lateral strains are permitted and, under this special condition, the pore pressure set up in a saturated clay by an applied pressure is always equal precisely to that applied pressure irrespective of the type of clay ; provided only that it is fully saturated. It also follows that if, in practice, the conditions are such that no lateral strains can take place during the load application then, other things being equal, the pore pressures will be the same in all saturated clays, and the consolidation settlement (there will be no immediate settlement if there can be no lateral strains) will be directly proportional to the compressibility of the clays. The condition of no lateral strain is approximately true for at least two practical cases : (a) that of a thin layer of clay lying between beds of sand or between sand and rock, and (b) that of a loaded area of horizontal extent which is great compared with the thickness of the underlying clay, when the lateral strain will be negligible except near the edges of the loaded area. Tn cases such as these the consolidation settlement can be estimated with
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reasonable accuracy by a direct application of the oedometer test results, and it is exactly for such cases that Terzaghi (1925) developed his one-dimensional theory of consolidation, the essential data for which are derived from the oedometer. But in the more general case where lateral deformations can occur the pore pressures set up by the stresses depend upon the type of clay, as well as on the stresses themselves ; and the consolidation settlements therefore also depend on the type of clay. Any method of calculating consolidation settlements which does not enable some allowance to be made for this effect is bound to be unsatisfactory in principle. In 1939 the senior Author developed a theoretical approach to this problem but it was expressed in fundamental parameters which cannot readily be measured in ordinary laboratory tests. More recently the concept of pore pressure coefficients has been introduced which, together with simplifications in the analytical work, has made possible a solution yielding results of practical value.* Philosophically, the solution should be regarded as illustrative or semi-empirical. IMMEDIATE SETTLEMENTS



By definition, the immediate settlement takes place without dissipation of the pore pressures. Consequently it is possible to measure the relevant properties of the clay in an undrained triaxial test. According to the theory of elasticity, the settlement of a loaded area is given by the classical expression :



where



q b v E lp



= net foundation pressure = breadth or diameter of the loaded area = Poisson's ratio = Young's modulus — Influence value, depending on the shape of the loaded area and the depth of the clay bed.



For saturated clays there is no volume change so long as there is no dissipation of pore pressure. Consequently in the calculation of immediate settlements v = 0*50. The value of E can be found from the stress-strain curve obtained in the undrained triaxial test, although experience has shown that E is sensitive to sampling disturbance, especially in normally consolidated clays, and a correction may often be necessary (for example, Peck and Uyanik, 1955; Simons, 1957). CONSOLIDATION SETTLEMENTS



If Aa1 and Aas are the increases in the principal stresses at any point, caused by loading the footing, then the excess pore pressure set up in the clay at this point may be represented by the expression u = B[Ao3 + A(Aax - Aa3)] (2) where A and B are the pore-pressure coefficients (Skempton, 1954). For saturated clays B = I. The value of A can be determined from pore pressure measurements in undrained triaxial tests (for details, see Bishop and Henkel, 1957). In general, the coefficient A is not a constant for a given clay, but depends on the magnitude of the applied stresses. Nevertheless for our present purpose a range of values can be quoted for various * Preliminary statements outlining this solution, and giving equation (9) of the present Paper, were published by the Authors in 1956 (see References on p. 178).
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types of clay, as in Table 1. The value of A depends primarily on the geological history of the clay. Table 1 Typical values of the pore pressure coefficient A for the working range of stress below foundations Type of clay Very sensitive soft clays Normally-consolidated clays Overconsolidated clays Heavily overconsolidated sandy clays



o-i-



For simplicity in the analysis only points on the axis of symmetry below a foundation will be considered. The directions of principal stress are then vertical and horizontal. If at the point under consideration p1 is the vertical effective stress before the foundation load is applied, then the vertical effective stress immediately after load application is : &1 = p1 + ^°"i — u As the pore pressure gradually dissipates to zero during the consolidation process, Poisson's ratio (in terms of total stresses) decreases from 0-50 to some smaller value. But this has little effect on the vertical stresses and therefore, so long as the foundation pressures have not changed, the vertical effective stress when consolidation is completed is : °i =Pi+ A 
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