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Abstract: The stress state is the basis for evaluating the deformation and strength of soil. The maximum principal stress and its
direction are the important basis for determining the generation and development process of sliding surface of slopes,
foundation pits and other structures. To study the real three-dimensional stress state of a point in the soil, based on the
calculation relationship between the normal stress and the stress state and considering the test errors caused by the rotation of
the device in the test process, a test device named three-dimensional true earth pressure sensor is designed to measure the
normal stress in 6 directions and 3 angles around the axis in soil. The three-dimensional true earth pressure sensor is composed
of a high-strength polyhedron base, 6 micro earth pressure cells, a micro pore water pressure cell, and a micro inclination sensor.
It can determine the total stress and effective stress in 6 directions, and calculate the total stress state and effective stress state of
soil. The three-dimensional true earth pressure sensor is used in the one-dimensional loading-unloading cycle of a fly ash, and
the test results are compared with the theoretical values calculated by the Boussinesq method. Meanwhile, the 3 principal
stresses and their directions, the Bishop constant (b), and the Lode's angle (¢) are calculated according to the obtained

three-dimensional stress state, and the relationship between the vertical stress and the vertical strain in each loading process is

analyzed. The results show that the rotation angles caused inthe — —
embedment and test processes will cause test errors, and these EEMB: BRABHFREEIH (4187725D; BFELLBEAE
WA R 2 2 G B 05U H (S18406); K 1l £ BF & 1 i 351 H
(19YFZCSF00820); ILTH AR FEEIH (2019-ZD-0187)
direction of the maximum principal stress does not coincide WIS EER: 2019 - 12 - 31
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errors will increase with the increase of the test values. The
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with the loading direction in the one-dimensional loading-unloading process. With the increase of loading- unloading cycle

times, the value and direction of the principal stress will gradually stabilize in a range, and the stress-strain relationship of soil

also tends to be gentle. The mechanical parameters determined by the three-dimensional true earth pressure sensor can be

consistent with the theory of soil mechanics, and the proposed device has a technical basis for the study of soil strength.

Key words: stress state; earth pressure; stress principal axis; direction cosine; earth pressure cell
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Table 1 Direction vectors of three-dimensional true earth pressure
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Table 2 Vectorial representation of test directions
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Fig. 6 Test values of three-dimensional stress state
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Fig. 8 Three-dimensional stress state of soil and relative errors
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Fig. 10 Theoretical and test values of earth pressure
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