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Liquefaction Resistance of Gravel-Sand Mixtures

A Kim, Bang-Sig
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Abstract

In this research, the effects of the gravel content on the liquefaction behavior for both of the isotropically and X
-anisotropically consolidated gravel-sand mixtures are investigated. For this purpose, the cyclic triaxial tests for the
specimens with the same relative density (Dr=40%) and variations of gravel content were performed. On the other hand,
a series of undrained cyclic triaxial tests were carried out on the isotropically consolidated gravel-sand mixtures with
the same void ratio (¢=0.7) and from 0% to 30% gravel contents. Void ratios of gravel-sand mixtures with the same
relative density (Dr=40%) are found to decrease significantly with the increase of the gravel content from 0% to about
70% and increase thereafter. But the void ratio of the sand matrix among the gravel skeleton increases with the increase
of the gravel contents. Test results are as follows : for the isotropically consolidated specimen with 40% of relative
density and low gravel contents (GC=0%, 20%, 40%), pore water pressure development and axial strain behavior during
undrained cyclic loading show similar behavior to those of the loose sand because of high void ratio, and the specimens
with high gravel content (70%) both pore pressure and strain behaviors are similar to those of dense sand. And the
isotropically consolidated specimens with the same void ratio (¢=0.7) and higher gravel contents show the same behavior
of pore water pressure and axial strain as that of the loose sand, but for the lower gravel content this behavior shows
similar behavior to that of dense sand. The liquefaction strength of the isotropically consolidated specimens with the
same relative density increases with gravel content up to 70%, and the strength decreases with the increase of the gravel
content at the same void ratio. Thus, it is confirmed that the liquefaction strength of the gravel-sand mixtures depends
both on relative density and void ratio of the whole mixture rather than the relative density of the sand matrix filled
among gravels. On the other hand, the behavior of pore water pressure and axial strain for the Aj-anisotropically
consolidated gravel-sand mixtures shows almost the same cyclic behavior of the sand with no stress reversal even with
some stress reversal of the cyclic loading. Namely, even the stress reversal of about 10% of cyclic stress amplitude,
the permanent strain with small cyclic strain increases rapidly with the number of cycles, and the initial liquefaction
does not occur always with less than maximum pore water pressure ratio of 1.0. The liquefaction resistance increases
with the gravel contents between 0% and 40%, but tends to decrease beyond 40% of gravel content. In conclusion,

the cyclic behavior of gravel-sand mixtures depends on factors such as gravel content, void ratio, relative density and

consolidation condition.
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Fig. 1. Grain size distribution curves for gravel-sand mixtures

Table 1. Properties of gravel-sand mixtures
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Gravel contents, GC (%) 0 10 20 30 40 50 60 70
Coefficient of uniformity, C, 1.40 1.50 1.52 1.63 1.87 27.2 27.3 21.7
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Fig. 3. Cyclic stress ratio at liquefaction of the isotropically
consolidated specimens for various gravel contents
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Table 3. Relative density and void ratio of sand matrix in the gravel-sand mixtures

GC (%) 0 10 20 30 40 50 60
e 0.82 0.70 0.56 0.46
D=40% D: (sand) 40 39 23 (—)36
e (gravel—sand) 0.81 0.82 0.87 1.05
Dr (%) 80 74 42 17
e=0.7 Dr (gravel—sand) (%) 80 77 43 10
e (sand) 0.70 0.7 0.81 0.91
Dr (%) 85 45 32
e=0.47 D: (gravel—sand) (%) 80 33 (=27
e (sand) 0.70 0.84 1.02
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