g

b (" i ’> |
/.’/ . 1 |
‘ g P"' i I,.‘_,-..\‘-—m- ‘npvdohw-‘obmﬂbv‘oh \’/ —— \,/ " \9’ o \?/ Cotomss ?/ /‘@ :

PRl ] {il i




XS AN O DS EXS XSS AXH
L, W et G- —c— e e e o B - ~<om— ‘5%‘ Ité i 4 b4
SE 0 S, ¥ ST L O ST ¢ ST ST W ST, P ST O (S5 2V ST = W ST 8 ST S ST S ST e A

e ] e ] i
@ ASUNET

Al

M
&
- o
e

o

Slaglea
iy

-

.....
Bt e
oa

3

o S |
@ ASUNET

vy
adl
e

L
alad




\-Q»MPW.»_)@(.“)@(_”—)@(_‘O— =

ity Saaly (g SN (3

Lo

it

by Lol ad Al Balal) ()f aulind) Al s
it Al (90 cisel B DY) o1 o

i | o el | A
@ ASUNET

Qiua.:

4 &
DL 0 Iy ADEY) 038 Jadal

%ot =¥+ O dgad Ayl Agsia Y010 (e Bl dage
To be Kept away from Dust in Dry Cool place of
15-25- ¢ and relative humidity 20-40%

@

)

=

e O oyl W o

@




A==

et ] e
@ ASUNET
o

—— W—-‘OW—-

-

O

E: —:o%—-o-—ﬁ—-oh—m—c‘ﬁ‘c n-vqo)—-
/ > X 7

e’




O

2 -

a . 7
7 Nt

e )

pP—

—
e

N

&=
O e

—_— p— =
O - -
S
X -

—

=
——

7

O —

-4

—_

N

N
—_——

—-—

==
4




HYDRAULIC ROUGHNESS OF EGYPTIAN
CANALS AND ITS EFFECT ON THE FLOW

poite
. | BY ;
ENG . HALA ABU- EL-FATH BADAWY

-
“,

M.Sc. Civil Eng. Ain Shams University
National Water Research Center,
Research Institute Of Channel Maintenace

Thesis Submitted in Fulfillment of the Requirements for the
Degree of Doctor of Philosophy in Civil Engineering
(Irrigation and Hydraulics Dept.) N

ALY

Supervised by

Prof. Dr. M. El-Niazi Hammad Prof. Dr. Ahmed Fakhry Khattab
Irrigation and Hydraulic Department, Resarch Institute of Channel maintenance,
Faculty of Engineering, . National Water Research Center.

Ailn Shams University.

Prof. Dr. Ali. Mohammed Talat Prof. Dr. Mahmoud Abd EI-L;teef
Irrigation and Hydraulic Department, Irrigation and Hydraulic Department,
Faculty of Engineering, Faculty of Engineering,

Ain Shams University. ' Ain Shams University.

AIN SHAMS UNIVERSITY
1997 '












xaminers Committee

Signature

Prof. Dr. M. EL-NIAZI HAMMAD

Professor of Irrigation Design,
Faculty of Engineering,

- Ain Shams University, Cairo.

Prof. Dr. AHMED F. KHATTAB

Professor of Irrigation Design,

Research Institute of Channel Maintenance,
National Water Research Center,

Ministry of Public Works and Water
Resources, Cairo.

m)"

:/. g
Prof. Dr. MOHAMED HAMDY EL-KATEB AZ-/4- 24-
Professor of Irrigation Design,

Faculty of Engineering,
Cairo University '

Prof. Dr. Abd El-Kawi Ahmed Mokhtar Khalifa
. Professor of Irrigation Design,
Faculty of Engineering,

N\

Ain Shams University, Cairo

Date:






STATMENT

- This thesis is submitted to Ain Shams University for the degree
of Doctor of Philosophy in Civil Engineering .

- The work included in this thesis was carried out by the author
in the Department of Irrigation & Hydraulics, Ain Shams

University, From December 1994 to April 1997,

- No Part of this thesis has been submitted for the degree or
qualification at any other University or Institution.

—

Date: 25/;’//,'7;7
Signature: yﬁ%ﬁ%ﬂ/‘%

Name : Hala Abu-El-Fath Badawy






CONTENTS

ACKNOWLEDGEMENTS I
LIST OF FIGURES 1|
LIST OF TABLES X1
LIST OF SYMBOLS X
ABSTRACT XVII
CHAPTER 1 INTRODUCTION .................... 1
CHAPTER 2 REVIEW OF LITERATURE . ............ 4
2.1 INTRODUCTION ...............c...... 4
2.2 REVIEW OF LITERATURE .............. 4

2.2.1 Resistance to Flow in Open Channels with -
Flat Bed and Rigid Boundaries ......... 5
2.2.2 Resistance to Flow in Open Channels with
Movable Boundaries and Bed Forms . ... 15
CHAPTER 3 EXPERIMENTAL WORKS . ......... , .. 44
3.1 INTRODUCTION .................... 44
3.2 EXPERIMENTAL CHANNEL (FLUME) AND THE
USED EQUIPMENT .................. 45
3.2.1 Swinging or Tilted Gate .. ... e e 52
3.2.2 Plat form and Measuring Carriage . ... .. 52
3.3 MEASUREMENT OF THE FLOW ......... 53

3.3.1 The Measurement of Water Surface Level . 53
3.3.2 Measurements of Velocity . . ......... 56



3.4
3.5
3.6
3.7

3.8

3.9

3.10

3.11

3.3.3 Electromagnetic Current Meter . . ... ... 56
EXPERIMENTAL PROGRAMME . ... ... .. 60
PROCEDURE OF THE EXPERIMENTS .. ... 63
FIELD EXPERIMENTS AND COLLECTED DATA65
DESCRIPTION AND CHARACTERISTICS OF THE

SELECTED CANALS ................. 67
MAIN CANALS .. ... ... ... ... ... .. .. 67
3.8.1 Rayah EL-Monoufy (RM.) . ......... 68
3.8.2 Rayah El-Behery (R.B.) ............ 68
3.8.3 Rayah El-Nassery (R.N.) . .......... 71
3.8.4 Rayah El-Tawfiky (R.T.) ........... 73
3.8.5 Ismaelia Canal (I.LC.) .. ............ 73
31.8.6 Sharkawia Canal (Sh.C.) . ... ........ 76
3.8.7 Bassusia Canal (B.C.) ............. ~ 76
388 DarawaCanal (D.C) ... ........... 79
3.8.9 Nagael Canal (N.C.) .............. 79
FIELD MEASUREMENTS .............. 80
3.9.1 Velocity and Discharge Measurements . .. 81
3.9.2 Measurements of Water Surface Slop'e ... 82
3.9.3 State of Aquatic Weeds . ........... 89
LABORATORY TESTS ................ 91
3.10.1 Grain Size Distribution . ........... 92
3.10.2 Solid Suspension . .. ............. 96
TABULATION OF RESULTS AND COLLECTED
DATA . ... . . e 96
4 ANALYSIS AND DISCUSSIONS OF THE
................................. 98
INTRODUCTION .. .................. 98
RATING CURVES OF CANALS UNDER STUDY 98
. 4.2.1 Rayah El-Tawfiky ................ 99
422 RayahEl-Nassery ................ 101

4.2.3 Rayah El-Behery ................ 103



