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Pore pressure behavior in undrained triaxial shear tests on joints Comportement de la pression interstitielle dans des essais de cisaillement triaxiaux non drainés sur des joints Porendruckverhalten beim nicht entwassertem Triaxialscherversuch auf Klüften

ABSTRACT : hl jointecl samples the application of a deviatoric stress initially produced an increasing phase of pore pressure during the friction mobilization phase, followed by the roughness mobilization corresponding to the beginning of a progressive decrease of pore pressure. The increase and decrease in pore pressure is different from one sample to the other mainly due to the influence exertecl by the roughness morphology. Stress paths were defined for both intact and jointed specimens, controllecl by initial effective confining pressure, differential stress and maximum induced pore pressure in the first case, while in the latter the controlling factors were the effective normal stress and the roughness morphology on the joint surfaces.

RÉSUMÉ : Dans les échantillons fracturés, l'application d'une contrainte déviatorique produit initialement un accroissement de la pression interstitielle durant la phase de mobilisation du frottement, suivi par la mobilisation de la rugosité, correspondant au début d'une décroissance progressive de la pression interstitielle. La croissance et la décroissance de la pression interstitielle est différente d'un échantillon à l'autre dû principalement à l'influence exercée par la morphologie des épontes de chaque fracture. Les trajectoires des contraintes ont été définies pour les éprouvettes intactes et fracturées, contrôlées par la pression de confinement effective initiale, le différentiel des contraintes et la pression interstitielle induite maximale dans le premier cas tandis que dans le second cas les fac teurs de contrôle sont la contrainte normale effective et la morphologie des épontes du joint. The important role of pore pressure in hydromechanical stability of engineering works in rock masses (intact, jointed or faulted) was recognized since several decades (Lane 1970). However, few experimental studies of pore pressure effects on rock behavior are available in the literature (Aldrich 1969;Goodman & Ohnishi 1973;Mesri et al. 1976;Ismail & Murrell 1976). It was shown that for many porous rocks, the Terzaghi's effective stress law ( cr' = cru) was valid (Terzaghi 1945;Robinson 1959;Aldrich 1969). However, because of the great number of exceptions to the effective stress law observecl in the case of rocks with low porosity and permeability, a more general equa tion (cr'= cr -a•u) was developed by Skempton (1960) and refor mulated by Nur & Byerlee (1971).

The parameter a = 1 -(KIK.) is a function of the bulk moduli of the whole rock (K) and the grain (K.). Few experimental works were dedicatecl to pore pressure behavior and effects, under undrained condi tions in rocks during their deformation, failure and post-failure phases (Aldrich 1969;Ismail & Murrell 1976 ); while Mesri et al. ( 1976) studied the pore pressure response in rock to undrained change in ail-round or isotropie stress. Fewer studies were devoted to the same problem in jointed rock (Lane 1970;Goodman & Ohnishi 1973) but for smooth sawcut joints. No such studies were performed on rough irregular joints.

PORE PRESSURE BEHA VIOR IN UNDRAINED TESTS

Under undrained conditions, interstitial water is trapped within void spaces (pores and micro cracks) in the specimen. Dilation 741 in the sample volume decreases the pore pressure, while con traction increases it. For this condition, it is assumed that water can move freely within the sample but not out of it. As a modi fication of the pore pressure changes the state of appliecl effec tive stress and consequently, the rock behavior; it is important to define the relation between the pore pressure variation resulting from a change in the state of applied stress. Skempton (1954) has developecl such an empirical equation for soils in the fol lowing form ui = B[ôcr 3 + A (ôcr 1 -ôcr 3 )] = B • ôcr 3 + A (ôcr1-ôcr3) where A= A• B. The parameters B and A are respectively the induced pore pressure coefficients for a variation of the isotropie stress (ôcr 3 ) and of the stress deviator (ôcr 1 -ôcr 3 ). As the confining pressure stays constant during an undrained _ triaxial test (ôcr 3 = 0), this study will evaluate the coefficient A only, related to the variation of the stress deviator (ôcr 1 -ôcr 3 ).

Conditions of testing

An experimental verifi cation of pore pressure behavior, under undrained conditions with intact and jointed specimens taken from a rock analog material, was perf ormed through six series of triaxial shear tests under three different confi ning pressures ( cr 3 ) and three initial pore pressures (Uo) for each cr 3 value. The expe rimental program is detailed in Poirier et al. (1994). Profiles were taken on each fracture, around 10 for each surface tested, to characterize the fracture surfaces roughness. On the basis of the relationship between the Z 2 statistical parameter of roughness and the JRC coefficient (Ise & Cruden 1979), JRC values were

  ZUSAMENF ASSUNG : Die Ausführung eines deviatorischen Strepes an klüftigen Bausteine erzeugt anfangs eine zunehmende Porendrucksphase wlihrend der Frictionsmobilisierung, was anschliepend von « Rauheitmobilisierung » gefolgt wird. Das Letztere entspricht die Einleitung einer zunehmenden Abnahme des Porendruckes. Die Zuund Abnahme des Porendruckes ist unterschiedlich zwischen Bausteine wegen des Einflusses der Rauheit der Bausteinsmorphologie. Das Strepverhalten fllr intakte Bausteine wird von den effektiven und augenblicklichen Druck, den differentiellen Strep und den maximalen induzierten Porendruck bestimmt, wiihrend es in klüftigen Bausteine von effectivene normalen Strep und Rauheitsmorphologie der Kluftfüichen controlliert wird. 1 INlRODUCTION