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We investigated the stress strain behavior of confined sand under steady and oscillatory shear with and without small amounts of water. By pushing the
sand through a tube quasistatically with an enforced parabolic or Poiseuille like profile we minimize the effect of avalanches and shear localization. We
found out that the system starts to flow when a critical shear of the order of one particle diameter is exceeded. We observe that under confinement the
resistance against the flow of wet sand is much smaller than that of dry sand. For the dissipative flow we propose a non-equilibrium state equation for
granular fluids. In both systems we measured that the dissipation under flow is originated in an energy barrier. This is confirmed by an analysis with the
classical frictional approach.

ivers

Mystery of How The Egyptians Moved Pyramid Stones Solved PrL112, 175502 (2014)
El Bersheh 1880 BC

Rheological measurements

Our sand was composed of glass spheres of
diameter D = 140—-150 ym with and without
additional deionized water. The content of water in
the paste is defined as the quotient between the
liquid volume and the volume occupied by the
grains.
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<Al LrRCE FIG 1. The wet granular material is poured into a
cylindrical cell with a packing factor 0.63, where

’: P ’n ‘i‘l" -‘.“--' X "‘1(

-
-t 0 ie

.

’

&K ‘;...ur‘* £
[ : _‘.,A~
,.‘;J. 's\ ‘

Wet sand flows better than dry

\ ﬁ@ﬁ v i | i 1Y ol K 4 : _ FIG. 1: Experimental device for
ff ?‘? i a“ " 'm‘h -: the sides of the cell consist of a latex membrane of measuring the differential pressure

L0 “ 300 pm. Two adjacent chambers filled with water

and two pistons complete the set up, which
permits to shear the sample at constant volume

curve. Adjacent chambers and the
plexiglass cell where it is the sand.
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CONCLU SION: In conclusion, we have found that it is much easier to push wet

sand than dry granular matter in a Poiseuille-like profile through a tube. Even if the
capillary forces increase the yield stresses, it looks like the water promotes the cluster
formation and reduces the inter-grain friction. The leading dissipation mechanism
results from the rupture and formation of liquid bridges, and we are able to explain our
data quantitatively within the framework of an excluded volume theory. Finally, we find
indications that the yield of the system is related to the microscopic size of the grains.
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