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1D non-linear consolidation under haversine repeated loading
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Abstract: For the problems of consolidation settlement of subgrade soil caused by traffic loads,
which were considered as haversine repeated loading, on expressways, airports, railways and
other traffic facilities, the paper analyzed soil consolidation process and the influence of loading
rest periods, loading frequency and soil initial excess pore water pressure. By modifying the
Davis’s hypotheses, the 1D nonlinear consolidation governing equation could be applied to
saturated soil consolidation process under the condition of non-zero initial excess pore water
pressure. The general solutions of the governing equation were derived via the separation variable

method under haversine repeated loading. The analytical solutions with three typical initial
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conditions, including initial excess pore water pressure as constant, regular triangular

distribution and inverted triangular distribution were reported. Consolidation process of
homogeneous saturated soil was simulated for different conditions, such as rest periods of
loading, frequencies of loading and initial excess water pressure. The results show that the peak
value of excess pore-water pressure decreases with time, but effective stress and average
consolidation increase with time. The effects of the initial conditions on the consolidation process
happens mainly during the early stages of consolidation. Under zero initial excess pore-water
pressure condition, peaks of effective stress and average consolidation degree are the highest.
Other cases from large to small in order are inverse triangular distribution condition, triangular
distribution condition, and rectangle distribution condition. The differences of rest periods or
loading frequencies have an impact on all stages of the consolidation process. With the increase of
the rest period, the peak of the average consolidation degree decreases when reaching the static
state and the consolidation process is delayed. With the decrease of loading frequency, the

average consolidation peak increases, and the consolidation process is accelerated. 7 figs, 22 refs.
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