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ABSTRACT : Beach sands located above the sea water level exist in an unsaturated rather than a fully saturated or dry state. Within the
unsaturated zone, a steep excavated surface can be sustained for some unknown but finite time, and some slopes may remuin stable for
extended time periods due to capillary forces. These observations clearly indicate small but non-zero values for attraction strength
(tensile strength and cohesion) in unsaturated beach sands, especially apparent but not confined to settings where there are low stress
levels. Thus, experiments were carried out to quantify the magnitude of attraction strength in moist sands (Dr = X %) and to examine
the variation of these values as a function of moisture content, and presence of small amount o fines. Tensile strength, which is
significantly different from zero, increases with increasing moisture content and fines. However, the influences of fines on the tensile
strength are substantially dependent on the water content. Apparent cohesion strength is also identified in moist sands. A simple
relationship between tensile strength and apparent cohesion is proposed using the obtained data
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Fig. 1 (a) Water Bridge Bonding Two Spherical Particles
(From Pierrat and Caram, 1997)
(b) One-Dimensional Free-Body Diagram of Bonding Forces
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Fig. 2 Grain Size Distribution Curve for F-75 Sand
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Fig. 5 Results of Direct Tension Testing: Tensile Strength
versus Water Content:
(a) F-75-C and (b) F-75-F Sands (D, = 30%)
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Fig. 6 Results of the Direct Shear Tests: F-75-C and
F-75-F Sands (D, = 30%)
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Angle for Different Normal Stress Ranges in Direct
Shear Tests

Values of Apparent and Internal Friction

(a) Loose F-75-C Sands (Dr = 30%)
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00 | 113 47 238 28 299 23 209 28
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1.0 | 377 47 431 41 463 38 427 40
(b) Loose F-75-F Sands (Dr = 30%)
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Fig. 7 Comparison of Results of the Direct Shear Tests:
F-75 Sands (Dr = 30%)
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