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IMILITUDE RE LTIDVUHIPS

FOR VaﬂfijLR PLOW

1 DAMS

The two most important general considerations in sclecting
the material and profile for an earth dam are now usually conceded to

¢ the resistance to seepage as such and the stability of the slopes.
In addition to the usual considerations of the loss of water and
erosion as a result of seepage, the position of the saturation lin
has an important effect on the eguilibrium of both the upstream and
dovmstream slopes,

In the absence of any conclusive and practical mathematical
method for predetermining the behavior of the saturation line from
properties of the material obtainable through field and laboratory
tests, the use of scwle models may provide a valuable guide. Current
opinion is divided as to the extent to which such studies can be
relied upon, but since they furrish alwmost the only means of increasing
the knowledge of the subject excent for expensive and slow full scale
erperiments, it is probable that their employment will continue to
increase,

In applying the results of model studles to the analyses of

prototypes, it is desirahle to reduce the dimensional relationships

n

to their simplest form., #or the cease of constant or permanent flow,
these similitude ecquations have heen presented by severzl writers
(1)(2)(3)(4) but not, it is believed, in a form readily applicable

to problems associated with vorying reserwveir levels. The following

Silke
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rom tiic point of view of non-permancnt or

0
L

is a brief dcvelopmrent
variable flow,

It is convenicent to predicate the entire analysie upen the
stipulaticn that in two geometricully similar earth dams of unit length,
the instantaneous Tlow nets shall likewise be geometrically similar;
that is to say that with homologous reservoir sad tailwater levels,

L

the saturation curves shall also bhe homonlozous. It is desired

find what relatiomships must maintein bebtween the physical properties

of the materials, thec sizes of the structures, thelr flow prorerctics,

and time in order that this hvrothesis shall he fulfilled.
Oousider the case of +two such similar dems (model and

prototypc) in which the reservoir levels are assumed to descend cftor

having been previously held &t homolegous e¢levations until equilibrium

had bhecen astabli

indicnte dimensions pertaining to the model, and define the nobtation

s follows:

b = an arbitrary dimension parallel to a potential line.
d = diamecter of a capillary tubde,

dy, = headwater depth ut bogimning of period.

n

d: = vertical distance betwcon vneoint of intersection of saturation

line with dovmstrcam foce and tailwater clevetion ot the beg-
innirg of o period.

dy = tailwater depth ot bogiuning of a period.

o
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j =
k =
o =
e, K34

j

L.O =
Tl =
n =
-

acceleration of gravity

vertical drop of reservoir surface during a time lapse, t,
after commencement of draw-down

vertical distance between ianitial reservoir level and crest
of saturation line at the end of the same veriod, ts
potential drop or loss of piezometric elevation between two
adjacent equipotential lines of a flow net

percent gain of water on filling expressed as & fraction of
the volume occupied by the unsaturated soil; a "filling
constant

coefficlent of permecability or the volume of flow through a
unit cross-sectional area under a unit potential gradient
iy REENGEERS

coefficient of permeability as deternined experimentally at
an accepted stendard temperature

o = experimental constants

length of a side of a sqguarc of the instantaneous {low not

length of a side of a scuare at the crest of a desceading or
at the toe of an advzncing flow net

percent loss of water om draining expressed as a fraction of

the volume occupied by +the saturated soil; a "draimage™
constant

scale ratio

. _ 2
absolute viscosity (dimensions, 1b. soc./ft )
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q = volune of water discharged per unit time; or flow

qq = flow through an area having the dimensions b and unity
~J = density of water (dimensious, mass/fts)

t = time lapse from the beginning of the period during which

the reservoir level descends or rises

T = Temperature, degrees Fahrenheit

v = velocity with which any point on the saturation curve
translates

vy, = velocity with which the reservoir surface descends or rises

v, < velocity of percolation

v, = velocity with which the toe of the saturation curve advances

vy = velocity with which the crest of the saturation curve
descends

7) = kinemotic viscosity (dimensions, ftz/éec.)

If we assume that a flow net constructed of squares could
exist, then, as Terzaghi has poiirted out (3) the quantity, q, which
can flow through a rectangular area perpendicular to the direction

of flow and having the dimensions Zo and unity must be

Py

1 ' (1)

=

q=kxlx {_

~2
But if m¢, x 1 1s the volume of water which must flow out of the

volune 2{2 x 1 at the crest as the soil passes from the saturated
o)

-l
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Vg te the draifned state the:m g .o o is the Hime reguired fow
q 2
the seturation boundary to descond through the distance { , and
o)
the velocity with which the crest dcscends is
Z.
T = 3 =] L ) (936
8 22 i J 1
: m S
m (= Ly *
q
s kzoxl By = B L 1 f2)
S i m
SRl s B = e
From our hypothesis that in the two structures the flow nets shall
bepdEkimiil ol
1 Foer by
Hey ™ w5 L3
frem which
y ®
4
dH, = n aH, (4)
But since
P
- ‘I{
H, = | Ty N (5)
w"’
a
dHg = vy db (6)
From (4) and (6)
dH Ve Al
e B (7)
=, t
dm v at'
s s
|



Also, considerizg the original hypothesis,

A
H = nAH (8)
and
'
= B 7 (
B =l (9)
Sior itaags

ag. _ _@af

(10
7 K (10)
a o
Referring to cquations (2) and (10) we sce therefore that
-
g 3 I
: T (T
O '
| mt
Substituting (11) in (7) we obtain
k
n= =2 & (12
: .. Ee )
m!
which upon integration yields
k
' m -
nt = o g ek C (13)
m!
But if £t = o when ' = o, thec constant disappoears, leaving
1
k
——
L =n no (14)
5 k
n

—ais
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This is a fundamental relationshin which mus*t be satisfied if in
two geometrically similar dams with descending reservoir levels, the

instantaneous flow nets are also to be similar,.

L .
m

which is en indieation of the rats ab which a

&

tJe

material can pass from the saturated to the drained state under unit
potential gradient (see equation 2), be described as the "drainego
index" of that material, we sec that, given the drainage indices of
the materials to be used in nrototype and model and given the scnle
ratio, the ratio betwcern the time lepses at which similar flow con-
ditions will obtain in model =nd probtotype is fixed. Jonverscly, if
it is desired to reproduce in a medel within a spocificd time the
conditions which existed in a prototype at the cnd of ancther ‘mown
time, the model materials mumst be se chosen that their drainage
indices satisfy cquation (14).

The values of certain cther useful ratios may be obtained

directly. Since

(15)
- T »
6 & m @l (16)
But
—‘\t
T[h = !
o Vh it (L7)
r_.
from which
i, iy (18)



and

"
g R (19)
iy
From (12) hlﬁ‘d
dt - m!
it i , (20)
ul

50 that combining 16, 19, and 20, we have

k
Vh [
n = =——— p = (21)
v, k
m
thercfore
k
. o
2 PEREIUEE: . (22)
-rl !
"h X
mT

or, in words, the draw-down velocities are directly propertional to
the drainage indices.

The discharge, q,, through any area perpendicular to the
direction of flow and having the dimensions, b, ond unity, will of

course be the product of +hat area by the coefficient of permeability

and the potential gradient, or

[ &)

But by hypothesis,



and as shown for equation (10)

I

I
TN
=
)

so that obviously

P

Ef b s lconceitviedt a5 thel llengih off any peizentziclll lEEe) bk
T ; LB : 3 d Lo : 13
the low net and wlEive 5 @ weighted effectire gradient applicsble

b
to the full length of that line, then g, represents the total flow
=N

throuzh a unit length of dam when we consider the case of cormstant
reservoir level., Thus the rates of percolation through two similar
dams are in proporticn to the product of the scale ratio amd the
ratio of thelr coefficients cf permeability,

Consider the case of a rising reservoir level and an ad-
vancing saturation boundary. .St the impervious foundation line
the saturation boundary will bec verpendicular to the flow lizes so
that the same argument used for the descending reservoir may be

aoplied: +viz., the quantity, ¢, which can flow through a rectangular

area perpendicular to the direction of flowr is

' AH
qg=1=x 7 o (1)
'’ 3
0 7
'L-‘"O
()
£ ’) ” hl 4+ ~r~l A marpy ey S 5 Dl o S omdh B
It j ¢ o xl 1is the volume or water willch must flow into ©tne

0
" 2 . . . .
volume Z“ x 1 at the toe of the advancing saturation line in order
i

for that volume %o pass from its initial to the saturated state, then,



following the same reiso:r

5
1-11,,-

with which equation (2) was developed,

a
w e el -
i ‘70
imilarly all of the equations determined {or the descending
reservoir level can be duplicated for the rising level using
instead of m,
Reen

copitulating,

Hhel sigmilfilcanit

\
descending rsservoir,

equations are there

rore, for

1
k
5 1
oe: - i B (14)
T
: X
m
I
T, eReEs
Gl o I (22)
¢
2 k!
h ——
]:1..
v k
= T LY (11)
!
for rising reservoir,
I
=
_{%ﬂ= o __..;’_._ (28)
J
L
v~| _:
T T -, (29)
1; k!
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2 o (30)
(- L=
j!
and for constant reservoir level,
£
i, k
= n
G Ll (2€)
Haturally
?
d d
h ( b
a a!
t % must also n E t (31)
§ 1
) S ( a,
i Al
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In the vreceding discussion no allowance has been node for
the effects of temperature upon Xk, m, and J; that is te say, the
equations avply only to the case of constant and identical temperaztures
in model and prototype. Furthermore, various investigators (5)(6)(7)

which Darcy's law, upon which

do nol agree as to the
cquation (1) is vased, may be valide, Poiseuille's formula of which

Darey's may he said to he a swnecial case, is

pa’ Al
-|'|- =
I 39 Pl E (52)
If Darcy's law,
= A -
0 Ik = (33)
L

is to be acccptnd, the coefficlent of permeability corresvonds to

-11=
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i = (34)
but according to Lindquist (5) this is not the case, his oxperiments
indicating rateher that
k = (35)
It may nevertheless be desirable to introduce a correction
for the effect of temperature upon the vpermeability, accezting
tontatively the validity of Larcy's law., £Since ¢/ is defined
as _ —— and Poiscuille (8) has given
2 = 0,0000371.6 (56)
. 0.4712 + 0401435 T + C,0000882 2
Tor water, vwe may write
Ly = OO r 2
= 0,4712 +0,01455 Ty + 0,0000682 T, (57)
0.4712 + 0,01455 T, + 0.0000682 T2
92
where — is the ratio between the kinematic viscositics of any
s
2 .
two bodies of water at tomneraturcs Tl and Ty, the variation of
density with temperaturc being considered negligible, Yor any two
identical soils, the, the ratio of their permeabilities at different
tomperatures is, from (34)
ai kl (2}
-2 (38)
B 5!



The permeability of o given soil at any temperature may therefore
be expressed in terms of 1ts wermeabllity at some standard temperaburce

aid the ratio of the kinematic viscosities, so that

n : . . ‘ o)
in which the subscripts, s, denote a standard temperaturc (c.f SR

and the subscripts, T, signify any temperature.

The ratio between he neormoabilitics of any two matorials

s L ab

at any temperaturc can readily be scon from cquation (39);

(B

F o
i= 'ks e k 7_»’1
e B L = —S. - (40)
]C’ ’ 7)“ -.__’ -1

T

The previounsly suwmmarized cgaietions winich contain the ratio

1t

:

cou hus b wribtten incluide the effe of tempera i LG
could thus be reowritten to imclude the effects of temperature on the

permeadllity as follows:

] |
. ey = kg m /: (14a)
+1 gy &
Vo - I _m‘__ 2 (226.)
E ' m it
i a

-1
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= Iz m! 1L
TP Dol I < WO I (11a)
! 1,1 m 2
s LS 4 {.e

e e (282)
t . A1 b=
o ! Ll -
- 0 5}
h_- = 1CS Jr _’/' '

v k ;
B = E ! 771 ;
= e e — (30a)
w k! 3 iy
5 S
da I ?/},
o re— n g T ( 25&)
>y qf 1{;, :’/'
a [S)
L . d 3
L till lacking is amy corrcction for the influcnce of
temperaturc on the drainage and constants, m and je. it is
recasonahle to supnosc that both mav he considerably affected by changes
in the viscosity, and that they 2rc rclated in some simple way to
the capillary height, £additional cxperimental work is neceded, nowecver,
to further eclarify this reolatiomshin,
Throughout the wpreceding discussion, the prcescance and
JE ) 3 o
cffeet: of the capillary zone above the saturation line have heen
neglecteds That this zone cxcrts a significant influciice on the
flow which camnot practically bc made to conform to the other similitude
Ay .
. relations™is clearly demonstratod by B. Xornor (2). The same writer
-
e

i+ Ll
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