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0.8 |0.103 0202 0292 0373 0441 0499 0.546 0.584 0.615 0:639 0.674 0,703 0:725
0.9 {0,108 0.211 0306 0391 0463 0.524 0.574 0.615 0.647 0.673 0.711 0:742 0:766
1.0 [0.112 0219 0318 0405 0481-0.544 0.597 0.639 0.673 0.701 0.740 0.774 0:800
1.2 [0.117 0.229 0333 0.425 0.505 0.572 0.628 0.674 0.711 0740 0.783 0:820: 0:849
1.5 |0.121 0238 0345 0440 0.525 0.596 0.650 0.703 0.742 Q774 0:320 0:864 0:894
2.0 |0.124 0244 0355 0454 0.540 0.613 0.674 0.725 0.766. 0:800° 0.849 0.894 0:930:

* Influence coefficients for solution of Holl's and Newmark's integration of the wamﬂgﬁﬂcwng@ﬂ vertical’ stresa:
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Fraction of Value of x
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to Lateral Pres- Class A Bedding Other than Class A Bedding

sure Circular Pipe Circular Pipe

0.150
0.743
0.856
0.811
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(V) o3, Jles

s U el b (SJpyadl paadly Gpadl Oles b
Lt} 3,5 paing badly 2 0 -0 - JUT bslaws S dnal )20

Al Leelio At 1A 555 of 3l oo 2w ¥ by lake

t Volzams fadl ppadiny el SN 2a2 plus : ¥,
2l L Gl o o i 11 5 Kl sae DAk detzgd] Dslall ks
Ll i\
S * 9 { R SO | RSV RRY :
(v InP, = InP, + K, (t,-1;)
In P, = In (500,000) + 30 x 2.7/100
- P, =1,123,954
- P, =1,124,000
o bt Jams B33 . VAAY i s Las ¥, Koaal) (5500 5Lt staid) Wby |
VAR
Silasl 3g2y e Dl (3 /7 - ¥ G 3 Tyl Bl Jams B3y
| - oMKt saad
Mgz el ol Jaas e - U
: Olshany SV Sl Do 5 )

(£) % increase in consumpuion = (P /P! - T x 100

% increase. in cons. = { (1123000 /500000 )™ - 1} x 100 =10




Olslae 2y pae Al> 3 -

(6) % increase in consumption = {(P, /P)?125 -1} x 100

% increase. in cons. = {(1124000 /500000 )*25 -1} x 100 =9

e PORR ,-_mmwrlmn -

oS U Jaad el il e Y = @Y S el daal Tttt
R O}

{\) % increase. in cons. = { [1+(2.7 /1000)]30 -1} x 100 =8.4
- SAst Jpm ol dams of
N | : S s JWL,
78 5350 Jaw 5,50 Olslumy O 3 Ul 5 -V
7 5ol Jams 55 Slolang SN ol pte Do i =
/A 35U damn 55 el sl plainzal, -¥
Lol Y Wl p ] T gl a8 S
:L_.n. e Lual (average consumption) e el Mgz daogze -
(Y/\) o3, d5an
average consumption at present = 300 l/c/d
average consumption in future = 300 x 1.084 = 325 l/c/d
Wity Wlo Jil) Lapoatll SUpadlt = WU
Q.. present = (500.000 x 300 lc/d) / 86400 = 1736 s
- Q,, future = (1,124,000 x 325 l/c/d) / 86400 = 4232 I/s

Qaer = Quman daly Qlire (5L b yb>)
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P G G s (0-1) (3, dsd
Qe =50 Vs
Qmax uaiiy (present) = 1.6 x 1736 = 2778 U/s.
Quax daity (future) = 1.6 x4232 = 6771 I/
Ques; (present) = 2778 + 50 = 2828 1/s.

" Ques, (future) = 6771 + 50 = 6821 Ifs.
1yl

NN e L lze VI i 35y of Kongs Ui adl ik sie el
L...J!J el Jlad ou

Jell « ldl W5 ) el b SKJded! peeadl

(Lol ¢ (Selusdedd]

Ques, = 2828 I/s : JU G pad]
V=10m/s : s el ok

Q=AxV=(nD?/4)x 1.0=2.828 m%/s.
. D = 1900 mm
choose D = 1800 mm.

ol G2ks eyl bl S50 Sy Reudl ineadd Iy IS Doles ks
TR e L LG5 Bk W ol Y1 A b A e l,liu,-,..»!,llh»

K e (T) 3, dab oo

(K= 0.03 mm J) (V) 3, Gobe (S gphadl! pemadll Oliiois (e
S (hydraulic gradient) = 0.04 % |
V (velocity) = 1.13 m/s. < 1.5 m/s ('safe)

J
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= Ol Ly &y S Uslas Gk Wb S

V = -2 V2gDS log{(K/3.71 D) + (2.51 v/D\/2gDS)}

o P
(V=¥) o3, dpaz -
v (Kinematic Viscosity) = 1.148 x 10 °m?2/ sec
| - G Al
g =081 m/s2 . S=0.00]
V=-2/2x981 x 1.8 x 0.001 x log {[(0.03 x 10-3)/
(3.71 x 1.8)] + [(2.51 x 1.148 x 100) /
(1.8 /2 x 9.81 x4 .8 x 0.001)]}
= 1.84 m/s.

s S Dbl b WS (S) dad ek o205 23V, 5

V (m/s) S (mm/m)
1.84 0.001
1.52 0.0007
1.27 0.0005
1.13 -0.0004

Ques, (future) = 6821 Vfs. ‘ heizeal! O mazl!

: il Ollas VU Lid oa VA - b3 5T s Jiy
Que= 6821 ;5 = 341051/ |

= 3.4105 m3/s.




T - ‘ rall 2,831

V= Q/A 3.4105 /( nD? /4) = 3.4105 /( t x 1.8 2 /4)
= 1.34 m/s.

ol o bl ek S atagll Sy Byl Spundd Sy LS Dolen 3o
Ll 2 e L0 4,05 b Ldy slga ¥ Tigls Tl 21 Lol oo aual 11 Lo
| K @ _‘_,..LJI,_,,.HI (Y-%) 3, Jyas e
(K, = 003mmuw (¥) 3, Gonde (Kl pbagl! comaall iz o

S (hydraulic gradlent) 0.06 %
V (velocity) = 1.40 m/s. < 1.5m/s (safe)

F Olsinie plibnaed e g oS Uslas Goelts o 5
V=-2V2gDS log{(K /3.71 D) + (2.51 WDV 2gDS)}
| | ' - Yoy
(V=Y) o3, Jyie e

v (Kinematic Viscosity) = 1.148 x 10 6m 2/ sec

R v P
g=9.81 m/s2 S =0.001 '
-——2\/2x981x18x0001xlog{[(003x103)/
(371x18)]+[(251x1148x10")/
18V 2x98I x18x 0001y} °

1 84 m/s | .
v ggy S) i S (mm/m) () PO S LTk [P
15 - ,On. 7 g N LS
140 0.0006 u’ skl e




sl 3,51 " : . Yy

5sSds S/¥ YAYA wliies JUI O padl Jams o A i, b i
Sk & e 3 s Lan 3 /et (Sdapangdl Judly &/p VY 2l
Bl g5 /Y VLN oL aylaiey Jeizeadl (5 Gpadl Jand o0 VA
' v oV S Sl &/Fp Vot

ol 33 Dolae pliiil el da Slapied peradl il
V=0355CD%3 (H/L)%*

| V=10m/s :ieudl o
Q=AxV=(D?/4)x1.0=2828m’/s
. D = 1900 mm |
choose D = 1800 mm.
V = 1.13 m/s.

= 1 saldey 03l Uslas Gk
15l 3] eulpall C = 145 dad innss
| (£=¥) (3, Jsad o0
V=113m/s. el jo i
- 1.13=0.355x 145 x 1.8 %63 (H/L)%*
. H=004% | |

J)Jg J;nabaég,k:“ﬁwl "‘Ju U’J.
— Jekzdl et Ul

il Olalas YU i e VA kil T s i
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Ques = 6821 ;9 =3.4105 m’/s.

V=0Q/A=34105/( D% /4)=3.4105/(mtx 1.8 2/4)
= 1.34 m/s.

2 salley 95 Dolas Gohzy
(£-¥) 53, dot Tl Al polal) € =145 L s
V=134m/s el o
- 1.34=0355x 145x 1.8 063 (H/L) %
. H=0.06%

Iy dsS Uolas Gaks aze W g5ly 425

(Y) 3, i
O o 'leﬂ't—’.'luge).u-\ﬂ” r-.——ad'r:u‘ebd' G paill Gl Py

g‘j;ﬁr@ubu °")"' u’u’bahﬁkﬁhf.\%gw
A\ Teelo Tl Dl 555 of @yl pay - T ¥ jlike

(V) o3, Ul

Qav. cons. (present) = 1736 1/s.
Qav. cons. (future) = 4232 1/s.

Qav. sewage (Present) = 0.8 x Quv vons

=0.8 x 1736 = 1389 I/s.
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Qu. pwr (present) = 0.2 x (500)"*x 1389 = 783 Us.
Qmax. p wE (present) = {1 + 14 /(4+,/300 )} x 1389

| = 2127 Us.
Quin. pow . (future) = 0.2 x (1124)9x 3386 = 2184 Us.

Quax. p.wE (future) = {1 + 14 [(4+J 1124 )} x 3386
= 4649 1/s.

t S laed¥l pulpe Jab ppead
3 ] OVl O
oo 2aSy i)l slem ZeaS lze¥l 5 Joge Y ‘...4¢ SN D
by slon g domsed g7 g DU Dl ) StV
| e 1 550l 218 O e
D =23 . Qus/Quuu =08 Suted)! et Ssine
Bl b pplpal 2l Il i)
- Qe = 1.25 x 4649 = 5811.25 Us
| ; ok Bl Bpgall]
Ks%0.06mm (Y-Y) 3, J;Jq‘y
Q=AxV:, V=15m/fs. ok
5811.25 = (7D? /4) X 1.5 (m/s)
b = 2500 mm P A

KS=O.06mm_ e (Y-¥) o3, dptor 0
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¥ ‘_,JW&:;....; |
$=0.35m/100m = 3.5m/1000m
. b shadl ok el gall Loy G pazll pmie
Ve=12m/s , V/Vi=1.12
 V=12x112=1344mjs < 1.5mfs.

el s ppullly ie i V
- ¢ I L
spmey S Dyl Do) w2l s LS Jlas¥l (5 2550 bl e
| " Aty obea (Qip)
~ (Qint ) ol L s
~ Qinry =95 (m? /day / 1krﬁ of pipe line) x 5 km
'=475m/day—5 5 1fs

me @ = 0.46 (m /day /1 cm of diam. / 1km of pipe
line ) x S km

=046%x250x 1 x S=6.71/s
'Qinfz 67 s - Ll S o3
S G adl o ek ety

Qaes = Qumax DwW.F + Qins
- =4649 + 6.6 = 4654.6 1/s

L,V!ucl,,_;l Ol Ol I pad! s u_,f‘_).&hﬁf—w




srall 2,5 Ye
| _ 1wl Ou

DU s i Dl ey LY als 1S L] b e bkl e
_ il
Qaes = Qmax Dwr + Qini (a5 oD+ Qrain
I Jait! sl — ¢ ¥l LS Ol
Quin=CiA
t.=L/(60V() +1t
= (5000 m /0.75 m/s ) + 180 sec

= 114 minute
i =1000/(114 + 20) = 7.46 mm/hour

Quin = 0.8 x 7.46 mm/hour x 200,000 m?
=332 1/s
1ol s,

Togaidl oLl 5,855 - 2e £ (ol I o8+ (5 0 A b3 b

Area served = 5000 x 40 = 200,000 m’
'Qdcs = Qmax, pwEg * Q'mf + Qrain

= 4649 + 6.7 + 332 =4987.7 Vs

| ~ L eiadl b e
Qpau = 5811 Vs

Quex = 49877 /s
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S =0.0035 m/m
D =2500 mm

(Y 3, 5o} (Sdpyiustll prmaddl Sliionis oo
» K, =0.06 mm | |
Van=12m/s
Ques /Qrun = 4987.7/5811 =0.86 V/Vi=1.15
V=115x12=138m/s < 1.5m/s (safe)
| : Zag )l UL
Ol i ol Ul
Qdes = Qmin. DWE.

=831
Qmin. p.wr/Q ¢y =783 /5811 =0.135

(¥ 3, Gonde) el i anlyall G padll Lo pudl e
VNV =070 , Vg =12m/s
. V=07x12 = 0.84 m/s
> 0.6 m/s (safe)

IS5 Thdaadl Olalaa¥ i oo Yoo ki dnbs Glp elys i
e/e 'J"V°J-:-€u'b.o$~ule’u"¢l?té’?l~:'
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S (9) 3 Lol i) t,ﬁ Wl M sy A..t,; RIS
Gaes Sz V0 @l S Ll haoy e Yo ol b3 il s e i _
| ool WS hodl 3 olgiy o 1 s o 20 4,50 D] jpos
"o / oA = (1) BLS)
CLigileans WY = (@) LB IV Dyl

| (Fp) gl o8 oles -\
P=15b=15tm? sl Jill
D=025m sl Ll
=900
F,.=2P (®D?/4) sin (/2)
=2x15x {m (0.25) /4} sin (90/2)
= 1.04 ton

FRTE'Y m slayf praad — ¥
1

\\
N
. 3
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a ihndl i3l ol -¥
K, = tan’(45 + 6/2)
= tan?(45 + 30/2) = 3.0
e= YK, h
;= 1.8 x 3 x1.275 = 6.885 t/m?
£, =1.8x3x 1.625 = 8.79 t/m?
£,=18x3x 1975 = 10.665 t/m*
| (F) 3,3 Laiss
F, =6.885x 0.7 x 0.7 = 3.37 ton
, = (1/2) x (10.665 - 6.885) x 0.7 x 0.7 = 0.926 ton

. plod! 2SI lgt Lulys —¢
N, =(0.42x0.7/2)x 045 x 0.7 x (2.4 t/m*)
=0.42 ton




sradl 2,

N, = {(0.42+0.2)/ 2} x035x035x(24t/m3=0.09ton ,

S —(045/3)x{07+(2x 042)]/(07+042)—0206m
=(0.35/3) x {0.42 + (2x 0.2)}/(0.42 +0.2) + 0.45 = 060m

(a) Ikl aal e oY1 Luls -0
(Moz) bb}-\”‘(}ln‘i’
Mm =FTxl “
=1.04x0475=049 m.t.

(M) ‘;,'i ,-m»f 5

M= NS, +NS, +F L +F]l |
—042x0206+009x()60+337x(07/2)+0926x(07/3)

= 1.5 m.t.

sl 3o / ¥ p3e = (B.S) ol Jotas
=FS=M_/M =15/049= 3.06 >1 safe
.,v,w Ll -1
| (F ) u’f’*d:’

| (F ),\ «uJ'W«sy

—337+092L 4.3 ton
| (Ff) IV 4 3
Fr=(N, + N, )tan @

= (0.42 + 0.09) tan 30 = 0.294 ton
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‘ | Ff s.‘}&:»\ﬁéd,i + Fpi{,‘ﬂ'wd)j‘—’ Fslb';?td);
‘Fsl:' Fp+Ff

=43 +0.2904 = 4.594 ton

o SV g3 / o151 58 = pLoY! Jolaa
FS=F_ /F, =4594/104=4417> | safe
Il WSU LB Olslea¥l Lulys -V
S - Lpde (M) il e
M =1.04x0.252 - {(e, x 0.35 x 0.70) x 0.35/2

o+ 12x (e - )x035x0.7x 0353

M = 1.04 x 0.25/2 - {(6.885 x 0.35 x 0.70) x 0.35/2
. +1/2x (8.79 - 6.885) x0.35x0.7x0.35/3} = 0.19 m.t.

F_ o F Gl gl ol

F=F =MY/I

A

= ((0.19% 12 )/(0.70 x 0.45%)} x (0.45/2) = R.042 t/m?
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‘W =CwB?
w=18t/m'=1800kg/m’
B=16m
C=(l-g 2Kn B Ky
K=(I-sin30)/(1+sin30)=0.333
g =tan 30 = 0.577

C= {1 e 2r03xOSTTS0L00 /(9 x 0.333 x 0.577) = 1.82
W =182 x 1800 x 1.6 = 8382.697 kg /m’

i 05 o Jlr ! Ol
W=C PFB,

B\: 1 10m
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P=220x0.2=0.44 /m? =440.0kg / m’
F=1.5 (Y-£) o3, Jyadl o

0 5y e e
(D) 2o Ay =5kl 20

(M) axt gkl dub
D/2H=8/(2x$)=08
M/2H =50 3y
C,= 0.740

W = 0740 x 440 x 1.50 x 1.10

= 537.24 kg/m’
S 03y o Js Yl Olr
W= C xPxF/L

')\=(L) .l.’-p

L=090m
F=1.5 , (F—£) o5, Jyde o pieall Julas
P=4535.9 kg “

» (£-£) o5, Jyan oo
B,/ 2H = 1.1/(2x5.2) = 0.105
L/2H = 0.9/ (2x5.2) = 0.086
C.=0019

W =0.019 x (45359 x.1.5) /0.9 = 143.64 kg/m

b /e VSN = APAY S aFVOYY 4 N =l e Jle Yl e
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w = 1800 kg/m3
B=16m

- Be=1.0m

C:H-e-QKu (H/Bn}/(zKu‘)
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K= (1-sin30)/(1+:sin 30) = 0333
o =tan 30 = 0.577
C= {1- " 2x 0333 %0577 (5.0116)} /(2 x 0.333x0.577) = 1.82
W=182x1800x 1.6x 1.0 =5241.6 kg /m

ALY 53 o0 oY s
| W=C,PFB,
B=10m
 P=220x02=0.44¢m? =340.0 kg / m>?
F=1.5 (r—t)'rs,d,.u,.t(,,
| (£-£) (3, dyar o0

(D) oo A= = Gohl o e

(M) ax okl b
D/2H=8/(2x5 =038
M/2H>>5.0
C,=0.740 Y

W =0.740 x 440G x .50 x 10
= 488.4 kg/my

18 4 03y o S Glm

W= CxPxF/L




Srall 5,5

Yeu
A =(L) By

L=090m

F=1.5 (r—z)‘.sjd,.\?o..rul‘);u,

P =4535.9 kg

(£-£) 3, Jyar oo
B_/2H = 1.0/(2x5.2) = 0.096
L/2H =0.9/(2x5.2) = 0:086
C,=0.019
W =0.019 x (4535.9 x 1.5) /0.9 = 143.64 kg/m’
b JomS OAVY N = 0¥ AN 4 LAALL + VEV L = 5l e Jlol g e
AX =De x (K Werd) / (EL + 0.61E°13)
De = 1.38
K=0.110 W: 0 xe) (V=£) o3, Jyir o
Wc=5873.16kg /m’
r =05m
" Pg=0.63 kg / cm?
El =0.149 x 0.63 x 0.5°
=1.173 kg /cm
el 5 e 70 55l sl B3

AX =5/100x 1.0=0.05m

0.05=138 x (0.110 x 5873.16 x 0.573)/ .
(117 +0.61 x E x 0.5Y)
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 E'=292156.6 kg /m?
'=29.22kg/cm?
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Water Supply , A.C. Two;t, F. M. Law and F. W. Crowley.

Design and Construction of Sanitary and Storm Sewers, Water
Pollution Control Federation Manual of Practice - Number 9.

Charts for the Hydraulic Design of Channels and pipes, Hydraul-
" ics research Station, Department of the Environment. '

GREATER CAIRO WASTEWATER PROJECT - Final Master
' Plan Report, Volume 4:: Design Data and Criteria, John Taylor & -
Sons Binnie & Partners m assocmtxon with Dr. A. Abdel-Warith.

Desng__,n‘, Elwyn E. Seelye.

B.S.
CP.
C.P.

DIN -
' - 2001

4033
AWWA '

C 200
- 206

C 400

2005  Sewerage _
2010 British Standard Code of Praaétice for Pipelines.
Part | Installanun of Pipelines in Land -
‘PartII  Design and Construction of Steel Pipelines in Land

Part Il Design and Construqnon of Iron Pipelines in Land.

- Part IV Design and Construction of Asbestos Cement Pipe-

lines in Land.

Part V  Design and Construction of Prestressed Concrete
: Pipelines in Land.

'livxivatc'aind Individual Drinking Water Supply.

Design, Construcuon and Opcrauon of the Supply System Code
of Practice. -

Sewers and Sewage Pipelines. Code of Practice for Construction.

Steel water plpe 6 mchcs and largcr

Field welding of steel water plpe

Asbestos Cemem distribution pipe, 4 inches through 16 inches,
s for wter dnd other liquids. : :
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- C 401 The selection of Asbestos Cement distribution pipe, 4 inches
through 16 inches, for water and other liquids.

C 402 Asbestos Cement transmission pipe, 18 inches through 42 inch-
es, for potable water and other liquids.

C 403 The selection of Asbestos Cement transmission and feeder main
_ pipe, 18 inches through 42 inches.

C 600 Installation of ductile iron water mains and their appurtenances.
C 603 Installation of Asbestos Cement pressure pipe.

C 950 Glass fiber reinforced thermosetting-resin pressure pipe.
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