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USING BATHE ALGORITHM AND SIGNORINI CONDITION TO SOLVE
UNCONFINED SATURATED-UNSATURATED SEEPAGE PROBLEMS

LUO Guanyong PAN Hong
(State Key Laboratory of Subtropical Building Science South China University of Technology
Guangzhou Guangdong 510641 China)

Abstract Bathe algorithm converts the locating of the phreatic surface to a nonlinear constitutive problem. And
the implication of Signorini condition can simulate a seepage face as a head-fixed boundary through iterative
calculation. Because an unsaturated seepage problem is also a nonlinear flow problem the implication of Bathe
algorithm and Signorini condition makes it possible to model both saturated and unsaturated seepage problems
with a unified method by a minimal modification to an ordinary finite element method and avoiding solving a
variational inequality system. The followings are discussed mainly (1) the improvements of Bathe algorithm in
converge and its generalized form in a three-dimensional model (2) the implement of the switching algorithm of
Signorini condition to solving seepage problems and (3) the under-relaxation scheme to improve the mass
conservation and converge properties when an unsteady unsaturated problem is solved. Finally some numerical
examples are solved to evaluate the applicability of the proposed method and the results are compared with those
available in the literature.
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