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I will present the main conclusion of three recent studies [1-3], based on coupled DEM/RANS numerical simula-
tions, that deal with various aspects of non-suspended sediment transport mediated by the turbulent shearing flow
of a Newtonian fluid over an erodible granular bed:
1. The reference method (i.e. extrapolation of the sediment transport rate to zero or a small reference value)
and the visual method (i.e. visually judging whether sediment transport occurs) used to determine the fluvial
transport thresholds displayed in the Shields diagram are fundamentally different: the former method results in
a threshold that is associated with steady granular dynamics and insensitive to turbulent fluctuations around the
mean turbulent flow, whereas the latter methods results in a smaller threshold associated with the entrainment of
individual particles by turbulent events.
2. A general analytical model predicting the reference method threshold in arbitrary environments (including
viscous and turbulent liquids and air) is derived with the help of the simulations. Both simulations and analytical
model are consistent with available measurements without parameter adjustment.
3. Sediment entrainment by particle-bed impacts dominates entrainment by the mean turbulent flow in most
environments. The relative importance of both entrainment mechanisms is characterized by the values of two
novel dimensionless numbers.
4. A new conceptual picture of sediment transport intermittency is proposed, which combines the gained insights
on impact entrainment and granular dynamics with the critical impulse criterion for incipient motion due to
turbulent events by Valyrakis and coworkers.
5. In contrast to claims of previous studies [4], Bagnold’s two hypotheses, which explain the linear scaling of the
sediment load (i.e. the mass of transported sediment per unit area) with the Shields number found in experiments
and simulations, accurately describe steady non-suspended sediment transport: (i) the friction coefficient (i.e. the
particle-shear-pressure ratio) becomes a universal approximate constant, and (ii) the fluid shear stress reduces
to value near the reference method threshold, at an appropriately defined interface between granular bed and
transport layer. However, the physical reason why these hypotheses work, surprisingly, is fundamentally different
from a yield criterion associated with the rheology of dense granular flows and suspensions.
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