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ABSTRACT

Canal lining is usually constructed in soil of high permeability, so that loss of water from canals is to be
as minimum as possible. In lands subjected to high ground water table, the lining suffers from a great
value of uplift pressures which leads to a thick canal lining and a big cost. To save this big cost of
lining,the use pressure relief valves are recommended . In this paper the optimal position of the relief
valves in plain concrete lined canals is studied experimentally on a sand model, and their locations are
recommended to get a minimum thickness of the canal lining. Also the optimal number of the relief valves

along canal cross section is investigated.
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NOTATION

b position of the relief valve measured from P
canal center, Pp

B Canal bed width, S

[CH]p horizontal distance of the calculated pressure
affecting on the prototype bed,

[CI]p inclined distance of the calculated pressure V. velocity of water through the porous medium
affecting on the prototype slope, of the sand model,
d valve diameter in model, equals 3 mm, A velocity of water through the porous medium
E. Euler's number in model, of the prototype,
vE, Euler's number in prototype, T.UF. total uplift force (t/m’),
h head loss in general, CTL. critical thickness of lining (in cm),
h, head loss at the point of measuring pressure Ye Specific weight of the plain concrete =2.2
on the model in cm, t/m3,
h, head loss at the point of measuring pressure Ys Specific weight of the sand, and
on the prototype in m, o Inclination angle of the side slopes for the
H total head of water in general, models and prototypes with horizontal,it is
. total head of water affecting on model in cm, taken as a constant value equals, « = tan’
Hp total head of water affecting on the canal 0.5.
lining in m,
K., permeability coefficient in experiment, INTRODUCTION
cm/sec,
K, permeability coefficient in prototype,m/s, Canal lining has a main function such as coatings to
? half width of the canal cross section , prevent scour of both bed and sides, damage from
denoted by Eq. (8), floating bodies, and reducing quantity of water
I length of the canal side slope (L=H/sin«), percolating from the canal [4]. Canals can be lined with
Loy model length, hard surface linings such as unreinforced concrete,
L, prototype length. asphaltic material, pitching in morter or with flexible
L, model ratio (Lm/Lp), lining like asphalt, cement morter, and plastic sheets.

vertical pressure in model, gm/cmz,
vertical pressure in prototype, t/m?,
position of the relief valve measured from the
lower point of the canal side slope, Figure

G,
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Canals also are lined with soil material like clay with
less permeability . The various types of linings
available were examined and described by Richard [10],
The respective advantages, disadvantages, and
limitations were enumerated. Graphs were prepared by
Thomas [12] based on a direct algebraic technique to
determine open channel cross sectional designs which
minimize lining costs when base and side slope unit
costs are different. Ronald [11] described the methods
used in investigation, designing, and constructing the
P.V.C lining, He also summarized the construction
costs from 1973 to 1982 on the Riverton unit in central
Wyoming. Seepage rate from a large, concrete-lined
canals with unsealed contraction joints was evaluated
through full-scale field tested by Kishel [6]. The
observed seepage rate was compared with that reported
for similar canals with sealed contraction joints. The
comparison indicated that contraction joint seals have
little significant mitigating effect on canal seepage rate.
Abdrabbo et al [1] showed that stability of a heading-
up structure is greatly affected by the formation of the
upstream and/or downstream cracks in the canal lining.
They used the boundary element method to analyze the
uplift pressure on the floor and on the lining itself. El-
Fitiany et al [3] studied the problem of seepage under
the floor of a pumping station, resulting from limited
upstream and downstream cracks in the canal lining
using the boundary element method. Characteristics and
observed stability of fine and coarse soils for covering
layers which placed on 16 selected canal reaches to
resist water erosion and to protect asphalt, plastic
member one, and compacted earth linings were reported
by Chester [2]. The purpose of his investigation was to
establish  guideline, particularly for grain-size
distribution, for the selection of future covers based on
past experience on canals in USBR (Bureau of
Reclamation). A theoretical analysis of flap-valve
performance was undertaken by Mevorach and Zanker
[8] to provide the necessary guidance for the laboratory
experiments that followed and to aid in the
interpretation of the results of the experiments. The
present work aims to safe costs of canal lining, for the
case under study shown in Figure (1), by choosing both
of the optimum numbers and positions of the relief
valves along the canal cross section, which gives the
minimum uplift force. The following assumptions are
considered in the study:

1- The canal is to be constructed in a highly permeable
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soil overlying an impervious layer with high
ground water table.The depth of the impervious
layer below the canal bed equals (d).

2- For the worst case, canal is considered to be empty,
so that maximum external load can be achieved.

3- The side slope of the canal is taken 2 horizontal to
1 vertical.

4- Permeability coefficients are equal in both model
and prototype.

5- The assumed valve in the present study is nonreturn
valve.

DRY CANAL

. Highly Permeablc Soil

Duv 0 Impervious Layer' st T e es L
PRI T Y TR T

YIPITIIIVTITTIIY

Figure 1. Geological section of the case under study.
The sand Model

The sand model Figure (2) is used in the experimental
work to study the optimum position of the relief valves
in lined canals. It consists of two prespex boxes. The
internal box contains the canal model resting on a
sandy soil of specific weight and permeability
coefficient as shown in Table (A-3) . The grain size
distribution of the used sand also given in Figure (A-
1).For symmetry half of the canal section is to be
considered in the internal box . The canal model
includes piezometers distributed along the wetted
perimeter of the canal model. Height of water in
piezometers are read on a fixed vertical scale. The
valves are represented by holes perpendicular to the
surface of the prespex, and distributed along the wetted
perimeter of the canal model. Vertical steel bars with a
screw ends are used to close or to open the valves. A
constant head of water can be achieved, in the outer
box, using an overflow tube. Water moves through the
perforated bottom of the internal box to satisfy the
same constant head in the outer box. To keep sand in
the inner box, a synthetic material is stuck on the
perforated bottom. In case of opened valves, a side hole
is used to get rid of excess water entering the model.
Four models are used in the present study with the
dimensions, B/H=8,4,2, and 1.2, Figure (3).
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Figure (2).The Sand Model.
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1-Steel Bors With g Screw Ends.
2-Piezometers.

3-Bed of the Canal Model .-

4-Sid Slope of the Canal Model-
S-Sand.

6-Source of Water.

7-Side Hole.

8-Internal box-

9-Outer box-
10- Support.
11- Perforated Bottom of theInternal box

12-0Over Flow Tube.

Procedure of experiments

1- For the used model of the half canal cross section,
B/H = 4, the two values No (1,7), Figure (3), are
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opened and the heights of water in the piezometers
are measured and recorded. (This means that four
valves are opened along the canal cross section).
2- Step No "1" is repeated several times with opening
the valves No (2,7), (3,7), (4,7),. (5,7) and (6,7).
3- The mentioned procedure in steps "1" and "2" is
followed in the following groups of valves:
a- (1,8), (2,8), (3,3), (4,8), (5,8) and (6,8),
b- (1,9), (2,9), (3,9), (4,9), (5,9) and (6,9), and
c- (1,10), (2,10), (3,10), (4,10), (5,10) and (6,10).

4- The value of B/H is changed into 8,2 and 1.2 and in
each case, steps "1", "2" and "3" are repeated.

5- The recorded data is put in a table form as shown
in Tables (A-I-a,b,c and d).

6- Some experiments are carried out using only two
opened valves along the canal cross section instead
of fourThey are located at the same optimum
distance resulted from using four valves. This is
carried out to see effect of the relief valves,
constructed on the side slope of the canal, on
thickness of lining and to evaluate the optimum
number of valves used along canal cross section.
Table (A-2) shows results for using two valves only
along canal cross section.

Modeling of pressures

To estimate the actual total uplift force affecting on
the prototype and to find the critical thickness of lining,
the measured pressure from experiments must be
transformed into the prototype one using Euler's and
Darcy's formulae.” Euler's number is used to find the
similarity between model and prototype in calculation
of water pressures:

2
Ma p.V )

E= Ref.[9]
P- P

>

Darcy's low is used to calculate velocity in porous
media

V= K.i=k% Ref[5] @)
. Ep =E,
Via 22Ny
p — - P —
T =

C 377



REZK: Optimal Numbers and Positions of the Relief Valves in Lined Canals

L(: 8/2 :20¢m Model 182 2 ———e BiNH34648 —HWem,Scm.
i : Mogel 3  —— BIMa2 Wt .
| | i.l!l.u.w..wcu 4 e MMt  ——aHeNem
o2 3 « s 6 2l s 0 mom w13 e 718 e 20 20 w— Plnometers sumbers
M
e

v, v, v,

\ Y2 8 5| %

1 | ], 1 L LA _u;!xu.l_l

Points 1,2.3,.....10 21 are Peints of Load
applic otion,

V.,Vx,\l,,....‘.h Vpare Positions of the Reliet
Vabes,

Side Slopes are 2 Horizemtal o 1Vertical.

Figure 3. Dimensions of the models used in the experiments, (in cm).
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From Eq. (7), head loss at the point of measuring
pressure in prototype can be determined, and from Eq.
(4), pressure can be calculated.

where:
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Four prototypes are prepared Figure (4), based on the
experimental models, and put under study to satisfy the
main purpose of the present work.

The opposite procedure can be also applied, if
modeling required to be done for any prototype under
study.

The following Table (1) shows the models and the
corresponding prototype dimensions.
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Figure 4. Prototypes used in analysis.
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Table 1. Dimensions of both models and the corresponding prototypes.

BH L

. Models Prototypes
B H B H [Cyl (Gl 1)
cm cm m m m m m
8 60 40 5 24 3 12 0.6 20.33
4 30 40 10 12 3 0.6 0.6 1433
2 25 22 11 55 2.73 0.5 0.5 10.52
12 15 12 10 1.8 1.5 0.3 0.3 532

¢=(B2) + 5 HH05)+ 05 m 8)

A sample of the measured and calculated pressures on
both model and prototype, respectively, is shown in
table (A-I) for B/H=4.

The actual total uplift force (T.U.F) acting on the half
section of the canal lining can be calculated from the
following formula using the data recorded in table
(A-I):

10 n
TUF =} PP[cH]p+E PICl,| ton/m' (9)
1 11

where n is the total number of piezometers.
The critical thickness of lining, to resist the total uplift
force can be expressed as follows:

CTL=(TUF/({y,) cm (10)

Analysis of experimental data

The purpose of study is to save costs of lining
construction in canals of the shown situation in Figure
(1). Therefore, relief valves are recommended to reduce
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some of the acting pressure on lining. To get the
minimum value of pressure on lining, the optimum
position of the valves is studied using four prototypes.
A sample of the recorded and calculated pressure, P,
and P_ respectively, is put in table (A-1) for B/H=4.

Table (2) shows values of the total uplift force
(T.U.F) and the critical thickness of lining (C.T.L) for
B/H=1.2, 2, 4 and 8, respectively, in case of opening
four valves along the canal cross section.

Prototype No 1. B/H=4

It is clear from table (2) that, the minimum total uplift
force can be found at the opening valves (5,7), (5,8),
(5,9) and (5,10) and has the value 1.31, 1.79, 1.92 and
1.65 ton/m’ respectively, and the corresponding critical
thickness of lining is 4.16, 5.7, 6.1 and 5.2 cm,
respectively. The opened valves (5,7) give the
minimum total uplift force and the minimum thickness
of lining which equal 1.31 ton/m’and 6.14 cm,
respectively. Valves (5,7) are located at b/B = 0.45 and
S/L = 0.09 and it can be considered the optimal
position for B/H=4, Table (3).

Prototype No 2. B/H=8

In this case the minimum total uplift force equals 2.81
and 2.83 ton/m’ and the corresponding critical thickness
of lining equals 6.3 and 6.3 cm,as shown in Table (2).
The difference in (T.U.F) in this case is not effective,
therefore an equal (C.T.L) is obtained. The optimum
horizontal position of valves (5,7) and (5,8) is located
at b/B = 0.45 and 0.45, respectively. For the inclined
position the corresponding S/L = 0.09 and 0.27, Table
Q3).
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Prototype No 3, B/H=2

The working horizontal valves in this case are numbers
3,4,5 and 6, this is because of the reduction in model to
satisfy B/H =2. The optimum position of valves is
found at b/B=0.41 and S/L=0.08 which corresponds
T.U.F=0.36 ton/m’ and C.T.L=1.55 cm, as shown in
Table (2)

Prototype No 4. B/H=1.2

More reduction in the model is done to get (B/H=1.2,
and two horizontal valves only are tested in this case.
As shown in Table (2), the minimum (T.U.F) equals
0.97 ton/m’ and the corresponding (C.T.L) equals 8.3
cm at b/B = 047 and S/L = 0.27. The optimum
position for each values of B/H analyzed above can be
summarized in Table (3).

Table 2. values of the total uplift forces and critical thickness of lining in case of four opened valves along the
canal cross section.

prototype

No. 4 1 2

B/H 1.2 4 8
valves T.UF. CELSORUE 1 CT L+ TUE. C.TL. "T"BRLF 4-CT 1
No. ton/m’ cm ton/m’ cm ton/m’ cm ton/m’ | cm
1,7 - - - - 10.51 33 2487 | 55.6
2.7 - - - - 8.16 259 7.9 17.7
3:7 -- - 453 19.6 5.15 16.4 3.38 7.6
4,7 - - 1.49 6.4 3.28 104 5.93 13.2
5.7 2.85 243 0.36 1.55 1.31 4.16 2.81 6.3
6,7 1.98 169 145 6.3 8.84 28.0 4.06 9.1
1,8 - - - -- 5.62 17.8 33.58 75
2,8 - - - - 8.17 259 4246 | 54.7
3.8 - - 1.42 6.14 5.92 18.7 5.99 134
4,8 - -- 0.49 2.1 8.54 27.1 2.22 5
5,8 133 11.4 0.38 1.6 1.79 5.7 2.83 6.3
6,8 0.97 83 0.55 24 6.03 19.1 6.37 142
1,9 -- - - - 1948 61.8 -- --
2,9 - - - -- 10.7 339 - -
39 -- - 343 14.8 9.28 294 - --
4.9 - - 0.72 3.1 11.18 355 - -
5,9 1.66 142 0.47 2 1.91 6.1 - -
6,9 1.32 11:3 0.98 4.2 517 18.3 - -
1,10 - - - - 10.38 329 - B
2,10 - - -- -- 12.56 39.8 - -
3,10 - -- 4.46 19.3 10.88 345 - -
4,10 - - 0.99 43 4.15 13.2 - -
5,10 2.2 18.8 0.46 2 1.65 5.2 - -
6,10 1.66 14.2 1.14 49 7.73 245 - -
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Table 3. Optimum position if four valves are used along the canal cross section.

BH 1.2 2 4 8 8
T.U.F ton/m’ 0.97 0.38 1.31 281 2.83
CTL cm 8.3 1.6 4.16 6.3 6.3
b/B 0.47 0.41 0.45 0.45 0.45
S/L 0.27 0.24 0.09 0.09 0.27

l Valve Position

I R

I Figure S. Canal Crass Scction

From Table (3), the optimum position of the valves on
both horizontal and side slope can be denoted by the
term : b\B =0.45 and S/L =0.19, respectively. This
means that to get the minimum value of uplift force
and minimum thickness of lining, two valves must be
constructed at b/B = 0.45 and another two at S/L =
0.19.

Study extended to compare the above work in Table
(3) which include four valves along the canal cross
section, with that of two valves only,Table(4), located
at the same horizontal distance of the optimum position
mentioned in Table (3)

Table 4. Values of (T.U.F) and (C.T.L) at the same
horizontal distance of optimum position shown in
Table 3, if two valves are used along the canal cross

section.
B/H 1.2 2 4 8
T.UF | 207 | 044 2.08 33
t/m’
CTL | 177 1.9 6.6 7.4
cm
b/B 047 | 041 0.45 0.45

Alexandria Engineering Journal, Vol. 34, No. 5, December 1995

It is evident from Tables (3 and 4) for B/H=2,4 and

8 that, there is no noticeable difference can be
considered for use of two valves along the cross section
instead of four valves, if comparison is made according
to the required critical thickness of lining. It is also
noticed from the comparison that, the calculated
thickness of lining in the above two cases, Table (3 and
4), is less than that the actually constructed in field.
Therefore for B/H 2,4 and 8, it can be recommended to
use two valves along the cross section of the canal at
b/B = 0.45, so that excess costs of the valve filter can
be saved.
For B/H = 1.2 Tables (3,4), if two valves should be
used, more increase in the thickness of lining about
1.13 is resulted than that obtained from using four
valves. Then economical study must be done to give
the best solution.

The following Table (5) indicates the required
thickness of unreinforced portland cement concrete
lining, based on the section capacity in ft’/sec, Ref. [7].
The recommended thickness of lining shown in Table
(5) is also less than the actually constructed in field.

Table 5. The recommended thickness of lining as
given from Ref. [7], for unreinforced portland cement
concrete.

B/H 121 2 4 8
Q ft¥/sec 254 106719063176
thickness of lining ininch | 1.9 | 3 |35 ] 35
thickness of lining in cm |4.57]7.62|8.89| 8.89

Canal velocity is assumed 1 m/sec = 3.28 fi/sec in
calculating Q
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CONCLUSIONS

1-

For lining canals of the case under study, an
experimental model is designed with a certain scale
ratio From the experimental results, the actual
pressure on lining can be calculated from the
deduced equation No (4) and from which both of
the total uplift force and critical thickness of lining
can be evaluated using equations No (9) and (10),
respectively.

For B/H = 2,4 and 8; two relief valves can be used
instead of four valves, along the canal cross section
at optimum distance equals b/B = 045, to safe
excess costs of the relief value filters.

For B/H = 1.2 and b/B = 0.47, an increase in the

thickness of lining about 1.13 is resulted, if two

valves are used instead of four valves, therefore

~ evaluation study must be done to give the best

economical solution.

RECOMMENDATIONS

1-

2-

C 384

The optimum valve distance in the longitudinal
direction of flow in the lined canals must be
studied.

Dimensions of the relief valve in the case study
must be researched.
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APPENDIX (I)
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Table (l-a) values of uplift pressure on both model and prototype, (P, gm/cm2) and
2, t/m?), respectively for B/H=4. [Using four valves along the canal cross section].

Alexandria Engineering Journal, Vol. 34, No. 5, December 1995

Valve 17 27 37 47 57 6.1
No
Piz. [P, | P | Pn [ P | Po | P | P | Po | P | Pp | P | P
No
1 8.0 0.94 80 | 094 | 74 | 0.66 (6.7 044 |48 0.15 |82 |1.06
2 8.7 142 80 | 094 7.7 1079173 0.62 |5.1 0.18 {85 |1.26
3 8.7 142 80 1094 | 79 (0.88 |73 062 5.1 0.18 |85 |1.26
4 8.7 1.42 82 | 106 | 7.7 [0.79 |73 062 |53 020 |84 |1.19
5 8.7 |142 82 | 106 | 7.7 (079 |7.1 055 |53 1020 |84 |1.19
6 8.7 142 82 | 106 | 7.6 |0.74 |6.7 044 |50 0.47 5|83 - ]1.12
7 8.6 1.34 82 | 1.06 | 7.2 [0.59 |6.1 032 |5.0 0.17 |82 |[1.06
8 8.5 1.26 82 | 106 | 73 |0.62 |64 0.37 |5.0 0.17 |82 |1.06
9 8.5 1.26 82 | 106 7.0 [052 |6.1 032 |5.0 0.17 |82 |1.06
10 8.5 1.26 82 | 106 | 73 (062 |64 037 |50 0.17 |82 |[1.06
11 85 1.15 82 | 096 | 7.2 |0.51 |6.0 025 |53 0.16 |82 0.96
12 8.5 |0.95 80 | 0.67 | 6.8 |0.30 |6.0 0.17 |53 0.11 |82 |0.77
13 84 0.70 82 | 060 | 74 ]0.33 |6.5 0.17 |53 0.08 |82 |0.60
14 85 0.57 82 | 045 74 (022 |65 0.11 |53 0.05 |82 |[0.44
15 8.5 041 82 | 031 | 74 [0.14 |65 0.07 |53 0.02 |82 031
16 8.5 0.26 82 | 019 74 {0.09 |6.5 0.03 82 |0.19
17 8.7 0.20 82 | 0.12 82 |]0.11
18 8.8 0.11 82 | 0.05 82 |0.04
19 82 | 0.01
T.UF. 10.51 8.16 5.15 3.28 1.31 8.84
ton/m’
CT.L. 33 259 16.4 104 4.16 28
Cm
| Both of T.UF. and C.T.L. are calculated from Eqs. (O and 10) respectively.
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Table 1-b. values of uplift pressure on both model and prototype, (P, gm/cmz) and
(P, t/m?), respectively for B/H=4.

Valve 1,8 2,8 38 48 58 6,8

TR e Po P APk B I K By |1 P |58 | Phaalily
1 i 0.53 7.8 0.48 1 0.70 |8.0 1.94 9.2 0.20 |7.6 0.75
2 7.5 0.70 8.1 1.0 77 0.79 |83 1.12 5.5 034 |78 0.84
3 7.6 0.75 8.3 1.12 7.7 10.79 |83 1.19 5.7 030 |8.0 0.94
4 7.6 0.75 8.2 1.06 7.7 10.79 |84 1.19 57 026 |7.8 0.84
5 7.6 0.75 8.2 1.06 7.6 10.75 |83 1.19 5.7 026 |7.8 0.84
6 7.6 0.75 8.2 1.06 76 (075 |82 1,12 5.5 0.26 |7.7 0.79
7 7.6 0.75 8.2 1.06 76 10.75 |82 1.06 5.4 022 |77 0.79
8 7.6 0.75 8.2 1.06 76,1075, . 182 1.06 5.4 022 |76 0.75
9 7.4 0.66 8.0 1.94 7.5 10.70 |8.0 0.94 5.4 020 |75 0.70
10 7.6 0.75 8.1 1.0 7.7 10.79 |82 1.06 53 020 |76 0.75
11 7.7 0.70 83 L1102 80 |0.84 |83 1.02 53 020 |7.7 0.70
12 7.7 0.45 8.1 0.72 74 1045 |83 0.83 5.6 0.14 |74 0.45
13 7.4 0.41 8.1 0.56 76 1038 |8.0 0.52 5.6 0.10 |75 0.36
14 7.7 0.29 8.2 0.45 7.6 10.28 8.0 0.38 5.6 006 |7.5 0.25
15 7 0.20 8.2 0.31 7.6 10.18 |8.0 0.26 5.6 003 |75 0.16
16 17 0.12 8.2 0.20 7.6 10.10 |82 0.20 7.5 0.09
17 7.7 0.06 8.2 0.10 7.7 10.06 |82 0.10 7-3 0.05
18 7.7 0.02 8.2 0.05 7.9 0.02 |8.2 0.05
TUE. 5.62 8.17 592 8.54 1.79 6.03
ton/m’
aTIL. 17.8 25.9 18.7 2741 5.7 19.1
Cm
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REZK: Optimal Numbers and Positions of the Relief Valves in Lined Canals

Table (1-c) values of uplift pressure on both model and prototype, (P gm/cmz) and
P, t/m?), respectively for B/H=4.
1 4

Valve | 19 29 39 49 C 7 GARDE S )
No
Pz |- Py | Py Po ]l P | Pm | P | Pu] Po | Pa | Pp | P | Po
No
t 9.1 1.79 83 1.12 80 (04 |80 0.94 54 022 170 0.74
2 9.5 2.26 8.4 119 | 83 [1.12 |84 .19 |56 024 |78 083
3 9.6 24 8.5 1.26 83 |12 |87 1.42 57 026 |27 0.79
4 9.7 2.5 8.3 1.26 83 |L12 |89 1.60 6.0 030 2.7 079
S 9.7 2.5 8.5 1.26 83 |(1.12 |88 1.50 6.1 0.32 J17 0.79
3] 9.7 25 8.7 1.42 83 J1.12 |88 1.50 56 024 |77 0.79
7 9.5 2.26 8.6 1.34 83 |1.12 |47 1.42 3.5 023 |27 .79
8 9.5 2.26 8.6 1.3 | 83 |12 |87 1.42 |55 023 |76 074
9 9.5 2.26 8.6 1.34 8.3 |1.12 |86 1.34 55 023 |73 0.62
10 9.5 2.26 8.6 (.34 84 |1.19 |86 1.34 55 023 |73 0.62
11 9.4 201 8.7 1.46 85 |[i.16 |88 1.40 5.8 023 |78 0.75
12 9.5 1.87 8.6 1.01 85 (095 |87 109 d.0 019 174 045
13 94 1.50 8.6 1.81 85 076 |8.6 0.81 6.0 012 17.5 0.36
14 9.4 1.25 8.6 0.63 85 058 |86 0.63 6.0 008 |75 0.26
15 94 1.02 8.6 0.45 8.5 {(04] 8.6 045 6.0 004 |75 0.16
16 94 0.77 T 8.6 031 85 {028 |86 031 j6.0 0 7.5 0.09
17 94 0.55 8.6 0.18 85 |0.16 |86 0.18 7.5 0.04
18 94 0.3s 8.6 0.09 85 008 |8.6 Q.09
19 94 0.16
T.L.E 19.48 10.7 9.28 11.18 191 .
tonym’
C.TL. 61.8 339 29.4 355 6.1 18.3
Cm
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REZK: Optimal Numbers and Positions of the Relief Valves in Lined Canals

Table (1-d) values of uplift pressure on both model and prototype, (P, gm/cm?) and
(P_p t/m?), respectively for B/H=4.
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REZK: Optimal Numbers and Positions of the Relief Valves in Lined Canals

Table (1-¢) values of uplift pressure on both model and prototype, (P, gm/cmz) and

(P? t/mz), respectively for B/H=4.

b/B S T e G s SSS SRG  REIST e G i ®
g/u 1.2 2 4
picz Pn P, r P, P P, r P,
No
1 56 0.24 3.0 0.17
2 58 0.27 34 027
3 59 029 35 0.3t
4 6.0 030 3.5 031
5 6.0 0.30 35 0.31
6 44 o1l 58 027 3.4 027
7 4.4 0.1 5.8 0.27 33 0.24
8 8.0 0.64 45 0.12 5.8 027 i3 0.24
9 8.0 0.64 4.6 0.12 5.7 0.26 33 0.24
10 8.0 0.64 4.5 0.12 5.8 027 33 0.24
1 8.4 072 4.7 0.11 6.0 0.26 34 0.20
12 8.5 0.63 50 049 6.0 0.19 34 0.10
13 9.5 0.89 53 007 6.0 0.12
14 95 077 53 0.03 6.1 0.09
15 9.5 0.64 6.1 [y
16 9.5 0.50 6.1 00
17 9.5 038
18 95 027
19 95 0.15
20 9.5 0.05
T.UF 2.07 0.44 2.08 i3
ton/m’
CTL 17.7 1.9 6.6 14
cm
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REZK: Optimal Numbers and Positions of the Relief Valves in Lined Canals
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Figure (1. Appendix)Sieve Analysis for the Used Sand.

Table (3). Values of v, & K as Examined in the Laboratory of Soil Mechanics in the Faculty of Eng., ALex. Univ.

¥,t/m’ K, Cm/Sec.
1.586 3.47 (10)*
1.690 2.50 (10)*
1.798 2.04 (10)*
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