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On principle of effective stress and effective stress

DU Xiu-li, ZHANG Pei, XU Cheng-shun, LU De-chun
(Key Lab of Urban Security and Disaster Engineering, Ministry of Education, Beijing University of Technology, Beijing 100124, China)

Abstract: The principle of effective stress is the key stone of soil mechanics, which becomes the fundamental difference
between soil mechanics and solid mechanics. As it is put forward, the principle of effective stress is always in the debate, and
the discussion focus is its approximation. From the analysis of the assignment of the principle of effective stress, the
connotation of the principle of effective stress is illustrated as the general rule between the measurable effects and external
loads. The effective stress establishes a connecting bond on the external loads and the measurable effects such as strength or
deformation, which is defined as the stress that can influence the measurable effects such as strength or deformation directly.
Therefore, the effective stress is not unique, which is the nominal term of real stress and can be given according to the
equilibrium of forces and the interaction of soil particles. The different formulas correspond to different definitions of the
effective stress, which explains the approximation of Terzaghi principle of effective stress. Then, the physical meanings of the
effective stress related to the strength and the deformation are given respectively, indicating the general law of effective
stress-strength or effective stress-deformation. Based on the Mohr-Coulomb strength theory, the relationship between the
effective stress related to strength and the shear strength is established.
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stresses, o©,, 0,, 05, which act in this point. If the

Terzaghil 3 T T2 SEER A I H2 1 T R0+ 2L voids of the soil are filled with water under a stressu ,
N BB, RS EE R AR TR A4 B the total principal stresses consist of two parts.
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part,u , acts in the water and in the solid in every
direction with equal intensity. It is called the neutral
stress (or the pore water pressure). The
balance o/ =0,-u , 0, =0,-u , and o,=0,—u

represents an excess over the neutral stress u, and it has
its seat exclusively in the solid phase of the soil.”

“The fraction of the total principal stresses will be
called the effective principal stresses...... A change in the
neutral stress # produces practically no volume change
and has practically no influence on the stress conditions
for failure...Porous materials (such as sand, clay, and
concrete) react to a change of u as if they were
incompressible and as if their internal friction were equal
to zero. All the measurable effects of a change of stress,
such as compression, distortion and a change of shearing
resistance are exclusively due to changes in the effective
stresses o/, o, and o;. Hence every investigation of
the stability of a saturated body of soil requires the
knowledge of both the total and the neutral stresses. ”
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