WTATION

height of the filter,

height of the free water surface, measured from
the impervious base, at the beginning of the
filter,

the upstream retained water depth,

permeability coefticient,

length of the horizontal intersection of the free
water surface with the horizontal filter,

spacing of the filter, measured from the heel of
the dam to the beginning of the filter,

| the seepage discharge entering the filter,

the total height of the dam, and

angle of inclination of the upstream face of the
dam, (o = 45°).

INTRODUCTION

The problem of earth dam with horizontal filter, was
uthematically studied by Hathoot [4]. The Case of a
im on an impervious base, has been studied
aperimentally in this paper. Hathoot derived the
licharge formula and established equation of the free
nter surface which is plotted and put in comparison
jith that plotted one according to Numerov [7]. Fathi
bdrabbo [2] used the direct boundary element method
jr finding the position of the entire line of seepage,
e position of exit point of the line of seepage and the
i of seepage for steady flow through isotropic earth
im with horizontal filter. The same problem was
udied before by Casagrande [1] and Kozeny [5].

_
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An experimental study is carried out to evaluate the height of the horizontal filter in earth dams based
| on an impervious base. Height of the filter is recommended as a relative value of its distance measured
from the heel of the dam to the beginning of the filter. Also filter’s height can be estimated as a relative
value of the dam height. The maximum length of intersection of the free water surface with the horizontal
filter is obtained. Parameters affecting on the seepage discharge entering the filter, such as, height of the
filter, spacing of the filter and the upstream retained water depth, are studied.

Height of the horizontal filter was not taken into
consideration in the above mentioned works. The aim
of the present experimental study is to investigate the
required height of the horizontal filter and its spacing.
Also it is required the maximum iength of intersection
of the free water surface with the horizontal filter.

Figure 1. Geolgical section

SAND MODEL

A sand model, Figure (2), is used to perform the
experimental runs on an earth dam with horizontal
filter. The grain size distribution of the used sand is
shown in Figure (3). The mean diameter of the sand
equals 1 mm and has permeability coefficient equals
0.04 cm/sec at wet density which is equal to 1.47
gm/cm>. The front face of the dam is represented by a
perforated steel plate (5), which has an inclination
(x=45°) to the horizontal, and is covered with a
synthetic material. The synthetic material allows water
easily to seepage through the sand. The sand (6) is put
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in the sand box almost by the same manner in each
experiment so, permeability of the sand does not
change. The filter (7) is fabricated from a perforated
steel plate, and is covered with the same synthetic
material used in the upstream face of the dam. The
seepage discharge entering the filter passes through a
hole (8) located at the box bottom, and is measured by
a graduated tube (9). A main tank (1) is used to supply

--9—#—;1

water through feeder tube (2) to the model, o
water is controlled by a value (3). The overfloy
(10) is used to fix the required head in the feeds
(4). The head is kept constant in the main tank(
an overflow tube (10). Seventeen piezometi
constructed and distributed along the front face
model to record the free water surface.

1_Main tank
2_Feeder tube
3_Control valve

4_Feeder tank

5_The front face of the dan

6_The sand

L

123456789 (v e vaalV

7_.The f{ilter

8_Hole

9_Graduated tube

10_Overflow tube

side view

20am

4

f=—-20C M-~

of the model

C 118

UL

-6

16x3 =48 cm-
17 puezggweters

Distribution of the pmometers
in the front face of the model.

Figure 2. Sand model.
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fo0

ROCEDURE OF EXPERIMENTS AND
MRAMETERS TESTED

| For a constant spacing (L), height of the filter (F),
and head of water (H), the seepage discharge to the
| filter is measured and the free water surface is
recorded using piezometers.

The retained upstream water depth is changed, and
step No. 1 is repeated.

> The spacing (L) is changed and steps 1 and 2 are
repeated.

it For a constant spacing, effect of the filter height is
sudied by changing it several times. In each
experiment, steps 1 and 2 are carried out.

iNALYSIS OF RESULTS

An experimental study is carried out using a sand
miel to estimate the minimum required height of the
lrizontal filter constructed in an earth dam based on
0 impervious base. Free water surface in each
mperiment is recorded and drawn at the beginning of
iehorizontal filter, Figure (4). The free water surface
hanalized and both of its height (h) at the beginning
itthe filter and its intersection with the filter to the
lrizontal (£) are measured and recorded in Table (1).
figure (5) shows the relationship between the relative
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Figure 3. Grain size distribution of the used sand dsy = 1.0 cm and
k=0.04 cm/sec at y=1.47 gm/cm>.

height of the filter (F/L) versus the relative height of
the free water surface at the beginning of the filter
(h/H) for H/T ranging from 0.21 to 0.95. It is clear
that, the relative height of the free water surfaces (h/H)
increases with increasing the relative height of the filter
(F/L), and reaches a maximum value at F/L = 0.12,
after which (h/H) decreases. It means that, the required
height of the horizontal filter "F" in the case study may
be taken about "0.12" of the spacing of the filter, (F =
0.12 L). Figure (6) explains the relationship between
the relative height of the filter (F/L) and the horizontal
relative intersection of the free water surface with the
filter (¢/F). From Figure (6), for the relative height of
the retained upstream water depth (H/T) which ranges
from 0.84 to 0.95 at F/L = 0.12, the free water
surface intersects with the filter at its beginning, where
¢/F = 0.0. It has a maximum length of intersection
(£/F) which equals 1.15 at F/L = 0.04. The values of
the maximum length of intersection (£/F) appear at
F/L= 0.04. For H/T = 0.74, 0.63 and for H/T
ranging from 0.53 to 0.21, the maximum value of
(£/F) equals 1.0, 0.8 and 0.5 respectively.

The relationship between the relative height of the filter
(F/T)and(h/H), for different values of (H/L) ranging
from 0.16 to 0.72, is shown in Figure (7). In the case
study, the relative height of the horizontal filter also
can be estimated as 0.16 of the total height of the dam.
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Figure 4. Intersection of the free water surface with the filter.
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Table 1.

F/L = 0.04|F/L =0.08| F/IL=0.12 | F/L=0.16 | F/L =0.24

h/H| ¢/F | W/H | ¢/F | h/H

¢/F h/H ¢/F h/H |¢/F

0.097{ 1.15 {0.166]0.425( 0.167
0.100} 1.150,169{0.325| 0.169
0.100 1.000.171{0.250{ 0.179
0.108{ 0.800.1831 0.00 | 0.192
0.125} 0.50 10.190( 0.00 | 0.210
0.144} 0.50 {0.219] 0.00 | 0.238
0.1831 0.50 {0.267] 0.00 | 0.283
0.250}f 0.00 10.313| 0.00 | 0.375

0.0 | 0.161 | 0.0 | 0.117 }0.0
0.0 | 0.163 | 0.0 | 0.119 0.0
0.0 | 0.171 | 0.0 | 0.129 {0.0
0.0 | 0.183 | 0.0 | 0.142 {0.0
0.0 | 0.190 | 0.0 | 0.160 {0.0
0.0 | 0.200 | 0.0 | 0.188 [0.0
0.0 | 0.233 | 0.0 | 0.225 {0.0
0.0 | 0313 | 0.0 | 0.300 {0.0

0.00

HIT=0.21

0. 74,0 R 97-0

'R 1 1

0.05 0.10 0.15 20(F/L)

ure S. The relative height of the filter (F/L) versus
relative height of the free water surface (h/H) at the

inning of the filter.

ample

ven: the total height of the dam T = 5.5 m for
maximum retained water depth H = 5.0
m

quired: height of the filter F and its spacing L

lution: to find height of the filter, substitute in

the term F/T = 0.16 .. F = 0.88 m
spacing of the filter L is given from the

term F/L=0.12.". L=988 —733 1y
012

It can be said that F = 0.9 m and L = 7.35 m for
the values of the upstream angle of inclination which
equals 45°.

1.20
1.00 }

080
0.60

R |

,0.42,0.32,0.21

(2 F)

040

]

A

0.20
0.00

0.05 0.10 0.15 0.20
(F/L)

Figure 6. The relative height of the filter (F/L) versus
the relative horizontal intersection of the free water
surface (¢/F) with the filter.

Table (2) indicates some results of the height (F)
and spacing (L) of the horizontal filter, constructed in
earth dams, for different values of the dam height (T)
and the maximum upstream retained water depth (H).
The angle of the upstream face of the dam is constant
and equals 45°.
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HIL=016

030
T
~ 020
£
010
1 A A
0.10 0.20 0.30
(FIT)

Figure 7. The relative height of the filter (F/T) versus the relative height of the
free water surface (h/H) at the beginning of the filter.

Table 2.
max H | T, | F, 1.20 | H/r

1 125020 1.70 100 |

2 225035 2.95 PR

3 3.50 [ 0.50 | 4.20 - 08}

4 4.500.65| 5.45 g

5 5.50|0.80| 6.70 o

6 7 |1.00]| 835 ~ 040 y

7 8 |1.15] 9.60 e ;

8 9 [1.30] 10.85 00 F "M L e1pe ':ﬂ
77 1IIL_IIIIIIIIIIIII ] ’ ’
20 5 30 K}

(LIF)

Figure (8) is plotted showing the relationship between -
Figure 8. Spacing (L/F) versus discharge (Q/KH).

spacing of the filter (L/F) and the seepage discharge to
the filter (Q/KH), for (H/T) ranges from 0.21 to 0.95.
It is shown that the discharge decreases with increasing

the spacing. A comparison between experimental discharg

(Q/KH) and that given by Hathoot [4] is made, &
shown in Figure (9) and recorded in table (3).
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Table 3.
H/T | L/T (Q/KH)
Experiments | Hathoot [4]
0.95 | 1.05 1.16 1.086
1.32 1.04 0.832
1.58 0.74 0.665
1.84 0.37 0.549
H/T=095
1.2
1.0
0.8
206
X
904
0.2
OO ol 1 L. .
1.0 1.2 14 1.6 1.8

(LeT)

Figure 9. Comparison between discharge given by
Hathoot [4] and that measured from experiments.

Photo (1).

The difference between experimental results and
theoretical one, given by Hathoot, ranges from 6 to
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20% for (L/T) < 1.6. This difference increases with
increasing (L/T). The two results of (Q/KH) are equal
atL/T = 1.7.

A Sample of the photographed free water surface is
shown in Photo (1).

CONCLUSIONS

From the previous analysis of an earth dam, based on
an impervious base, with a horizontal filter, and for the
angle of inclination of the upstream face of the dam
which equals 45°, the following conclusions may be
made:

1- The height of the horizontal filter can be estimated
as 0.16 of the total height of the dam. The spacing
of the filter can be recommended to be 8.5 times
the total height of the filter.

2- The values of the maximum length of the free water
surface intersection (¢/F) with the horizontal filter
appear at F/L = 0.04. The maximum value of its
intersection (£/F) equals 1.15 at H/T = 0.95.
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