53:030 Class Notes; C.C. Swvan, University of lowa

Period #7: Fluid lew in Soils (1)

A. Motivation:

The ability 6 engineers to undstand and predi¢he flow of fluids(usually
water) in gils is essentialdr many applicatiomn civil engineemg. Some
typical exmnples are as follos

(i) environnental engineering:

When taic liquids are redined in holding lgoons, important gstions that needt
be angered are:

——>At what rate is twic fluid escapinghe holding lagoon?

——>How long might ittake the fluid to@ach the ground wait table?

——3What can be done tslow down the ratof escape of theollutant?
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i) constructim engineering:

When bilding structuresn relatively shallav bodies of wateri is fairly
commio construction prdice to build a temporary sheet—pileafferdam
strutwire around the @tand to pump theater out.

Importat questions that @uld need to be angred are:
——3>What will be the ate of water inflowto the site ? (sthat the pump canebsized)
——3s it possible thiathe soil will liquify and endangeramstruction workerd

Our objective is t@ain an understandy of the mechangof fluid flow insoils so that
engineering prdbms of this type &n eventually be allessed.
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B. Fluid at Restn Soil (No Flow Ocurring)

ground surfaci

p=0

» Beneath the wateable:
* Fluid pressure isydrostatic: p(z) ¥,z

» This fluid pressw is really a "gaug' pressure in thahe atmospheric pssure
has beesubstracted out.

*Immediately abovehie water table ide capillary zone:
In the gaillary zone, watepressure is leshan atmospheric pssure.
——> Thuswe say that thddid pressure is rgative in this regin.
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C. Fluid Flow in 9il

* From fluid mechanis, you might knowhat the Bernoulli Bad measures
the total energyf a fluid at a fixed spatial point.

h =D+ phk,, + vi2g
* The Bernoulli headhas three additiveantributions:

h, represents the elation w.r.t. amrbitrary datum. The values thedistance of the

point atvhich head is beingheasuredésove the datum. This number cahe either
positivef the point is abwe the datum, or mative if the points below the datum

pk,, represents the pssure head of théuid and has unitsf length.

V229 represents tHanetic head of théluid and also hasnits of length.Since water
flowing n soil typically ha very small veloties, the kinetic @ad is typically
negligibk compared to thaif the pressure anglevation energieskFor this reason,
the velaty head is negleed in soil mechang:

Therefore, the so-atled piezometric dad used to measuilee elevation angressure energies
of fluids in sdls is simply: h =h, + pk

The actual value dhe piezometric rad in fluids is natrally dependent um the choice of
the reference dam.
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D. Fluid Flow and Head Gradients
MAJOR CONCEPT:

1) Fluids flow in soils only when there is a gradient in piezometric head h.
Lack of agradient in piezometric head implies that fluid is not flowing

2) Whenever thereisfluid flow in soils, there is energy dissipation.

3) In sails, fluids aways flow down the gradient in piezometric head.
That is, fluids flow from high energy regionsto low energy regions.

Fluid Flow in Soils

Gradient in
£ »" Energy
head h Dissipation
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Example #1: Uniform head distribution in a soil deposit.

reference
datum

« Atpoint1: h= (hZ) 1t Py, = (), + (Y, 2D,
=(h),+z,=H

« Atpoint2: h,= (hz)2 +p,ly,, = (h), + (Y, 2,
=(h),*+2z,=H

 Thehead isidentical at points 1 and 2. Thusthereisno gradient of
head h in the soil. Therefore, thereis no flow of water in this situation.
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Example #2: Fluid flows down the hydraulic gradient, not necessarily downhill.

Confined Aquifer
(h,),
(h,);
reference
y datum W v

*Observethat h, > h,. Therefore water flows down the hiead gradient from point 1
toward point 2.
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Question If itis given hat h=53m that (), = 33m. What is j#

Answe: Since h = (h), + pfy,, it follows that

P, = [h2 - (hz)Z]yW
= (53m-33m) B1kN/m?
=192.2 kN/m

E. Darcy’s Law (Or—dimensional form)
* Typically, the lager the head gradiein soil, the fater fluid will flow.

*In one dimension, Brcy’s Law gives dinear relationshifpetween head
gradient and flow velocity as follows:

v=Ki where:v = thedischarge velocity of watefflowing through sdi
k = thepermeability of the soil; and
| = the aydraulic gradient in the direction oflow.

« Darcy’s Law is tyjcally valid for vdues of the hydraid gradient i lesshan
about 5,rd for laminar flowin the voids.



53:030 Class Notes; C.C. Swvan, University of lowa

A
>

>

'S =
SIE i g 8
> —
o |88/ & 5
& D 5 3
S 8 B =
k2 = 2
©

hydraulic gradient, i

F. Example Problem(s)
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G. Measurement @oil Permeabilities
* A number of testsan be used to measuor estimate thpermeability of sds:
e Laboratory tests:
——> the constartiead test (used fdnghly permeableals)
——> the falling lead test (used faelatively impermehle soils)

eField tests:
——> well draw—-dow tests.

* These tests will bdiscussed in mordetail in the nexperiod.
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