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Figure 4. Oedoraeter compression curves for the soils at the Port of Malamocco test site.

log(e/ e,) = - p cA o g ( a ' J p al) (2)

where ex is the void ratio at c f jp u  = 1 with p zx = 1 atm ~ 101.33 

kPa. Pestana (1994) suggests that the 1-D compression o f clays 

can be described, for numerical purposes, by the same Ko-LCC 

framework. For fully saturated clay-sand mixtures where the 

clay content is higher than 40 to 50%, the model predicts that the 

location o f the curve is dependent on the clay fraction, but the 

slope is uniquely a function o f  the mineralogy o f the clay matrix. 

Under the assumption that the grains behave as “rigid 

inclusions” in a clay-water phase, the model predicts that e x is 

proportional to the clay fraction. Figure 5 shows the proposed 

model for silty clay materials.

At small stresses, the compression o f these soils is dependent 

on the value o f current density as well as confining stress 

(similarly to sands) but the compression curves appear to 

converge to a unique curve at large stresses, which can be 

described by the LCC framework. Similarly to clays, the location 

of the LCC (i.e., e t) appears to be controlled by the fines 

fraction. The compression behavior o f these silty materials is 

nonlinear with the compressibility controlled by the ratio

V ertical E ffective Stress, a 'v (log scale)

Figure 5. Idealized behavior of silty clays soils (modified from 
Pestana, 1994, Pestana & Whittle, 1995).

a 'J a \b  describing the proximity o f the current stress level to the 

corresponding vertical stress at the LCC at the same void ratio. 

Pestana (1994) shows full details o f the model formulation to 

describe the response in the transitional regime.

The compression curves shown on figure 4 were examined in 

the proposed framework and three different groups could be 

identified with very characteristic response in the LCC regime. 

For each group an average value o f p c was selected based on the 

LCC response in the range o f vertical stress 10-100 atm (~1 to 

10 MPa): 0.23 for group 1, 0.17 for group 2 and 0.4 for group 3.

Each curve was then normalized by the corresponding value 

o f void ratio e, at 1 atm. Within each group all the one

dimensional compression curves appear to converge to the LCC. 

The normalized curves for group 1 are shown in figure 6. 

Heterogeneity for these materials appear to be controlled 

primarily by the amount o f clay fines, which in tum determine 

the value o fei.

Figure 7 shows the variation o f the reference void ratio e¡ 

with the fines fraction (defined here as the percent smaller than 5 

|im). For the silty clays o f Malamocco, the value o f 5|im appears 

to describe well the separation between fine and coarse grained 

materials. The correlation between the fine fraction and the 

normalized void ratio is extremely good for group 3, while the 

scatter is larger for group 1 and 2. This discrepancy is partially 

attributed to the fact that the gradation analyses were not 

performed on the material used for the compression experiments 

themselves but on soil material from the same boring at a close 

distance. Variable soil description within 10cm have been 

reported by Cola and Simonini (2000).

Figure 7 shows lines o f equal reference void ratio o f the fine 

fraction, e )C, defined as the ratio o f the volume o f voids to the 

volume o f the clay fraction. For cases in which the specific 

gravity o f the clay and coarse-grained phase are similar, the void 

ratio o f  the clay fraction is approximated as: ec = e/FF (where FF 

is the fine fraction and e is the global void ratio). The graph 

shows that as the percent o f  fines increases the value o f e, for the 

mix increases, while the void ratio o f the fines remains constant. 

Any given clay (or 100% fines) will have a different value o f e, 

= e ic, so when the data points align on a straight line they 

indicate that their fine fraction mineralogical composition is the 

same. Lines o f constant reference void ratio o f  the coarse grained 

fraction (defined as the ratio o f the volume o f the clay + voids to 

the volume o f the coarse grained material) are also plotted in 

figure 7. These lines cut the constant e ,c lines at an angle, 

implying that the change in behavior takes place at different fine 

fractions for different soils.
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Figure 6: One dimensional compression curves and normalized response for silty clay materials.
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Figure 7: Compression parameters for silty clay materials as a function of clay fraction (<5|im).
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4 CONCLUSIONS

The compressibility o f  natural silty clays o f same mineralogical 

origin appears to be described by the same framework proposed 

for cohesionless soils provided that the location o f the LCC is 

adjusted to account for the different clay fraction in the 

specimens. This implies that the slope o f the LCC is nearly 

unique for most practical purposes while the location described 

by the reference void ratio, e¡ is controlled by the fine (i.e., clay) 

fraction (<5 |im). For clay contents exceeding 40% the granular 

phase acts as a rigid inclusion and the behavior o f the soil is 

dominated by the fines fraction. In these cases, the reference 

void ratio is nearly proportional to the fine fraction. The trend in 

e\ for fines fraction below 40% and toward zero is affected by 

the granular phase and requires a full description o f the coarse 

grained-clay mixture.

REFERENCES

Cola S. & Simonini, P. 2000. Geotechnical characterization of Venetian 

soils: basic properties and stress history. Internal Report. Department 

o f Hydraulic, Maritime and Geotechnical Engineering. University of 

Padova, Italy.

Harleman, D.R.F., Bras, R.L., Rinaldo, A. & Malanotte, P. 2000. 

Blocking the Tide, Civil Enginering, ASCE, 52-57.

Pestana, J.M. 1994. A unified constitutive model for clays and sands, 

ScD. Dissertation, Massachusetts Institute o f Technology.

Pestana, J.M. & Whittle, A.J. 1995. Compression model for cohesionless 

soils, Géotechnique, 45 (4), 611-631.

Ricceri, G. 1997. Geotechnical Problems for the Barriers. Symposium on 

“Venice and Florence: a complex dialogue with water”, May 24th, 

Florence, ITCOLD, Comitato Nazionale Italiano Grandi Dighe, 

Patron, Bologna.

38


