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Correlation mechanism between effective stress variation mode
induced by back pressure and soil strength

LI Yong-giang"2, XU Yan!, CHEN Bo!, XIONG Jian-hui!, LU Bin-yu!**
(1. School of Civil and Architecture Engineering, East China University of Technology, Nanchang, Jiangxi 330013, China;
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University of Technology, Nanchang, Jiangxi 330013, China; 4. Engineering Research Center for Geological Environment
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Abstract: The back pressure saturation method, a widely adopted and efficient technique for enhancing soil saturation, can
nonetheless introduce notable deviations in soil strength parameters. Standard spherical glass bead sand was utilized for conducting
benchmark consolidated undrained (CU), consolidated drained (CD), and dry sample tests. Real-time accurate measurements and
comparative analyses of deviatoric stress and pore pressure (or volumetric deformation) data were performed. Utilizing the p'-g stress
path diagram, the influence of back pressure application on soil mechanical properties was significantly demonstrated and
quantitatively analyzed, thereby preliminarily elucidating the mechanism of back pressure influence. The setting of back pressure
significantly impacts the results of CU tests, where the shape of pore pressure development governs the shape of deviatoric stress
development, ultimately influencing the determination of strength parameters. However, the stress path remains constrained within
the framework of the revised Cam-Clay model. The mode and rate of pore pressure development are primarily constrained by the
magnitude of the back pressure setting and the relative density of the sample. As back pressure increases, the potential change in pore
pressure also increases, resulting in a greater amplitude of deviatoric stress change. Similarly, a higher relative density leads to a
faster development rate of pore pressure and an increased rate of deviatoric stress. Under identical initial conditions, the development
of pore pressure in CU tests exhibits high consistency with the development of volume deformation in CD tests, revealing the
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common essence of the sample’s volumetric deformation potential across different boundary conditions. A quantitative prediction

formula for the residual strength of CU tests at the critical state is presented. The residual pore pressure value can be initially

quantified based on the relative density and back pressure measurements, subsequently leading to the determination of the residual

strength of CU.

Keywords: back pressure; deviatoric stress; consolidated undrain (CU) strength; effective stress path; spherical glass sand
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Table 1 Basic material parameters
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Table 2 Parameters of main control components
of the stress path triaxial test system
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Table 3 Test conditions and control parameters

R b Raen R RE WSS Dy ILERNBIH
/ kPa / kPa / kPa
CU-50-215-1 1 mm BEHER CU 265 215 50 0.390 0.514 0.967
CU-50-215-2 1 mm BTk CU 265 215 50 0.442 0.574 0.965
CU-50-215-3 1 mm BTk CcU 265 215 50 0.523 0.652 0.975
CU-50-315-1 1 mm BTk CcU 365 315 50 0.343 0.465 0.976
CU-50-315-2 1 mm BEFSER Ccu 365 315 50 0.448 0.578 0.970
CU-50-415-1 1 mm BEHER CU 465 415 50 0.126 0.250 0.978
CU-50-415-2 1 mm BEHER CU 465 415 50 0.468 0.607 0.978
CU-100-215-1 1 mm BEFEER CU 315 215 100 0.447 0.696 0.968
CU-100-215-2 1 mm BEHER Ccu 315 215 100 0.595 0.806 0.965
CU-100-315-1 1 mm BEHER Ccu 415 315 100 0.417 0.621 0.970
CU-100-315-2 1 mm Bk cu 415 315 100 0.651 0.845 0.980
CU-100-415-1 1 mm BTk Ccu 515 415 100 0.596 0.791 0.985
CU-100-415-2 1 mm BTk Ccu 515 415 100 0.601 0.812 0.982
CU-200-215-1 1 mm Bk cu 415 215 200 0.492 0.769 0.980
CU-200-215-2 1 mm FERSEE CU 415 215 200 0.562 0.821 0.985
CU-200-315-1 1 mm BTk CcU 515 315 200 0.462 0.758 0.987
CU-200-315-2 1 mm EFSBR Ccu 515 315 200 0.559 0.817 0.985
CU-200-415-1 1 mm BEHER Ccu 615 415 200 0.480 0.740 0.985
CU-200-415-2 1 mm BEHER Ccu 615 415 200 0.606 0.874 0.980
CU-300-215-1 1 mm EFSBR Ccu 515 215 300 0.378 0.725 0.985
CU-300-215-2 1 mm BEHER Ccu 515 215 300 0.800 0.992 0.985
CU-300-315-1 1 mm BEHER Ccu 615 315 300 0.525 0.813 0.987
CU-300-315-2 1 mm Bk cu 615 315 300 0.519 0.832 0.985
CU-300-415-1 1 mm BTk CcU 715 415 300 0.544 0.848 0.980
CD-50-1 1 mm BEHER CD 265 215 50 0.456 0.576 0.955
CD-50-2 1 mm Bk CD 265 215 50 0.454 0.587 0.987
CD-50-3 1 mm BTk CD 265 215 50 0.490 0.610 0.960
CD-100-1 1 mm RS EE CD 315 215 100 0.442 0.667 0.983
CD-100-2 1 mm BEFSEk CD 315 215 100 0.533 0.717 0.965
CD-100-3 1 mm BEHER CD 315 215 100 0.609 0.823 0.985
CD-200-1 1 mm BEHER CD 415 215 200 0.381 0.661 0.985
CD-200-2 1 mm BTk CD 415 215 200 0.482 0.751 0.991
CD-200-3 1 mm FEFE Tk CD 415 215 200 0.542 0.811 0.965
CD-300-1 1 mm BTk CD 515 215 300 0.283 0.604 0.963
CD-300-2 1 mm BEFSBR CD 515 215 300 0.417 0.688 0.960
CD-300-3 1 mm BEHER CD 515 215 300 0.470 0.795 0.989
DT-50-1 1 mm FHER DT 50 0 50 0.532 - -
DT-50-2 1 mm BEFSBR DT 50 0 50 0.579 — -
DT-50-3 1 mm BEFSER DT 50 0 50 0.634 - —
DT-100-1 1 mm BEHER DT 100 0 100 0.579 — —
DT-100-2 1 mm FEFS TR DT 100 0 100 0.587 — -
DT-100-3 1 mm RS ER DT 100 0 100 0.649 - —
DT-200-1 1 mm FERIEE DT 200 0 200 0.469 - -
DT-200-2 1 mm IEFSBR DT 200 0 200 0.664 — -
DT-200-3 1 mm EHER DT 200 0 200 0.687 — —
DT-300-1 1 mm EHER DT 300 0 300 0.532 — —
DT-300-2 1 mm FEF TR DT 300 0 300 0.618 — -
DT-300-3 1 mm FEFE Bk DT 300 0 300 0.649 — —

i DT R T =R ki
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