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Bimodal strength criterion and constitutive model for cemented sand and gravel
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Abstract: In order to explore the intricate mechanical properties of the cemented sand and gravel (CSG), large-scale triaxial
shear tests are conducted on the specimens with varying confining pressures and gel contents. A bimodal shear strength
criterion and a double-yield surface constitutive model applicable to the CSG are established. The main conclusions are as
follows: (1) The CSG exhibits a certain level of cohesive strength and structural integrity, demonstrating notable mechanical
characteristics such as softening and pronounced shear dilatancy at the macroscopic scale. (2) The shear strength criterion,
based on the binary medium theory, is developed to describe the evolution of strength in the CSG under varying gel contents. (3)
The shear strength criterion is appropriately transformed into the shear yield surface within the constitutive model, and by
considering the tensile resistance of materials a volumetric yield surface is established based on the modified Cam-clay model.
Additionally, the constitutive model emphasizes to describe the strain softening and strong dilatancy of the CSG. (4) The
stiffness matrix of the constitutive model is derived for the general stress states, and its excellent fitting with the triaxial shear
tests on the CSG is demonstrated. The findings of this study can provide better theoretical guidance for stress-deformation

calculations in CSG dams.
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Fig. 4 Strength criterion on principal stress space
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Fig. 6 Verification of strength criterion

2 RERERAPSRBMEARMIER
2.1 RREWEERNEHYE

B 7 R IR T IR S RO RR AR 1 = i i e
% T NE B SRR LA ) R (AR, B
I A PEEAEL 5 A7 T2 01 TR, AL TR
PR N 22 E BTN A BN, 3R T I B

FEVERR .
101
—o—20 kg/m>

8 L
£ |3

g 6% —o—100 kg/m’
S
¢ 48
N

&%

81/%

2
4
(a) HIFEEARREES R
10
—o—300 kPa
——600 kPa
8r —o—900 kPa
—— 1200 kPa
] S
S
Logb
g 4
2 [
0 >.
§ 2 81/%
&

(b) HFIBEHES BEA IF] Fil
7 RERIRANZHEIIANER
Fig. 7 Triaxial test results of CSG
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Table 1 Relevant parameters of yield surface
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Fig. 12 Test results in Reference [9] and simulated results
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Table 2 Elastoplastic parameters of CSG
eSSt S8 /(kgm3)  c/kPa cp/kPa  c/kPa  @i/(° ) Ap/(C ) @d(C ) Apd(° ) k n X
AL 20 35223 21821 15333 4122 535 3677 327 163265 025 0.52
AL 40 74246 30158 27221 3937 437  37.02 383 195443 027 0.6l
AL 60 1085.51  632.67 38457  36.83  3.93 3421  3.68  2721.78 027 0.67
AL 80 1687.67 95836  427.61  31.45 328 3214 345  4652.64 028 0.77
SCHR[9] 60 1021.36  621.57 36135 3521  3.43 3428 323 383225 029 0.66
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CHR[12] 100 2068.21 122524 48867  30.64 325  31.35 3234 587219 037 0.85
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