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Introduction

« flow through granular medium (sand, pebbles)
« two aspects are relevant:

« pressure

« drag
« natural filters and geotextiles
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Examples of loads due to porous flow
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basic equations

Navier-Stokes
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velocities, gradients and averaging
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relation between filter velocity and
gradient for various materials
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relation between velocity and
pressure

1

u, =k(i)e
K permeability in m/s of porous material

for p=1 Darcy’s law
p=2 Turbulent flow
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values of k for various materials

Material dso (< 63.10° m) Permeability, k Character of

or dnso (M) (m/s) flow

Clay <2.10° 10" - 10° laminar

Silt 2.10° -63.10° 10° - 10° laminar

Sand 63.10°-2.10° 10° - 107 laminar

Gravel 2.10° -63.10° 10° - 10% transition

Small rock | 63.10° - 0.4 10" - 5.10" | turbulent

Largerock |04 -1 5.10"- 1 turbulent
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laminar flow

use pressure head instead h— P
=7+ ——
of pressure 0O, 9
Darcy relations y o h y Oh
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Flow force

oh

F, = p,gi=p,g 2
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This Is the force, caused by the flow, acting on
the grains.

Sometimes also called flow pressure.
However, dimension is N/m3 !l
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pressures in case of an impervious
bed protection

pressure
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flow net and pressures under an
iImpervious layer on a slope
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pressures under impervious slope
protection
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simple stability of a block

f *Wcosa




stability of impervious layer on slope
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shear and uplift

above water p,, IS zero
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heave and piping under a structure

undisturbed beginning ; complete
situation of heave pIping
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piping behind a sheet piling

Phase 1 Phase 2 Phase 3 Phase 4
Undisturbed Beginning of Progress of pipe Complete piping
situation heave formation and collapse

= __j
TUDelft ()& (D)

OpenCourseWare | @
\ ocw.tudelft.nl | BY NC SA e




Bligh and Lane

Bligh. L=a+b+c+d+e for c>2b
L=a+c+e for c<2b

Lane: L=L,+1/3L,=a+b+d+e+c/3
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water and grains (static)

effective

| stress

water
pressllu re
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water and grains (dynamic)

stress at bottom:
wet sand: 1*2000*g=20 kN/m?
water: 2*1000*g = 20 kN/m?

effective grain stress:
o’ = o-p = 20-20 = 0 KN/m?
oh

.5.9: Fr=p,01=p,0—
eqg. 5.9: =00 Pgax

= 1000*10*1/1 = 10 KN/m?
which compensates effective water
pressure

weight of grains under water

water
pressure

0 20 0

%
TUDelft




Sellmeijer

sand (0.2mm) L=50m
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forces on a slope with porous flow

sina +i cos(a —6) for porous flow (i=0)
El g . this gives:
cosa —isin(a—06) gives.
O =
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flow gradients and micro-stability

seepage parallel to the slope

Sin ¢ +SIN
tan ¢ > - SN tang > 2tan

COSx
seepage perpendicular to the slope

SIN &
COSco — 1

tan ¢ >

overall assumption:

%
TUDelft




macro stability of slopes
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slip circles
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F-values for various slip circles with
one centre point
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slip circle with high pore pressures

piezometric
level in upper

layers eanill
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a "cut-off” slip
circle

WEAK STRATUM
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flow under gate

sea side estuary side

storm surge barrier

gate (open/closed)

sandbed
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various options of load reduction at
barrier
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Piezometric head compared Percentage of total flow
with downstream waterlevel compared with case A
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