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Liquefaction mechanism of saturated gravelly soils based on flowing property

. 1,2 2 11 2 ol 2
WANG Zhi-hua~“, ZHOU En-quan®, LU Cong", CHEN Guo-xing
(1. Research Center of Urban Underground Space, Nanjing University of Technology, Nanjing 210009, China; 2. Institute of Geotechnical

Engineering, Nanjing University of Technology, Nanjing 210009, China)

Abstract: There is still much controversy over earthquake liquefaction of gravelly soils, and the mechanism explanation about
earthquake liquefaction of saturated gravelly soils is similar to that of sand liquefaction. The cyclic dynamic triaxial
experiments on some saturated gravel samples with 3 groups of typical gradations (gravel contents of 37%, 45% and 65%) and
the diameter of 100 mm are carried out by employing the dynamic hollow cylinder apparatus. Based on the relationship curves
of the shear stress-strain rate from experimental results, an obvious phenomenon is discovered that the saturated gravelly soils
possess the similar curve characteristics with the saturated sands. The curve shape is altered from the elliptical shape under low
pore water pressure state to the dumbbell one under high pore water pressure state. According to this phenomenon, the average
flow coefficient and fluidity level describing the flowing property of the saturated gravelly soils are defined. The influences of
the initial dynamic stress ratio, effective consolidation pressure, relative dense and gravel content on the relationship curves
between the average flow coefficient and the pore water pressure ratio are discovered and discussed. The experimental results
show that the initial dynamic stress ratio has little effects on the relationship between the average flow coefficient and the pore
water pressure ratio. The flow level of saturated gravelly soils decreases as the relative density or gravel content increases. The
influences of effective consolidation pressure on the relationship curves between the average flow coefficient and the pore
water pressure ratio are relative to the gravel content. It is conjectured that the fluidity of saturated gravelly soils under cyclic
loading should be determined by the contact state and the scale between gravels in the soils. It might be the fundamental
distinction between the anti-liquefaction performance of saturated gravelly soils and sands that the contact state between gravels
can not be released favorably under high pore water pressure. A new mechanism of the liquefaction of the gravelly soils is
proposed and used to interpret those phenomena mentioned above.
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Table 1 Particle composition of test gravelly soils

R kL 21 i/ Yo
Hi's  10~5 5~2 2~1 1~0.5 0.5~0.25 0.25~0.1 <O0.1

I 37.00 7.76 8.00 11.90 14.6 10.9  10.00
II 45.00 6.76 6.97 1036 12.82 9.39 8.71
1T 60.00 491 5.07 7.54 9.28 6.87 6.33

#2 RWREAFHERZRERTNE

Table 2 Gradation features and classification of test soils

g ppe 0 M0 e Ao + ﬁ
/mm /mm /mm /mm s

I 37.00 3.35 1.323 0.352 0.094 35.64 3.745 GP
11 45.00 5.40 5.240 0.467 0.109 49.54 4.284 GP

I 60.00 630 5.650 0.897 0.152 41.45 5.901 GP
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Fig. 2 HCA and secondary facilities used in experiments
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Table 3 Scheme of dynamic triaxial exprerments
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Fig. 3 Relationship curves of shear stress-strain rate
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