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 ٢}١٢אאאאFire demand
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• אאאZאאאHאאאK
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א،אאאאא
אאאK٩}٠٣Lא،

א٤٠٠K
F٢}٣WEאאאאאאאK

אאאאא
FE

אאאא
FLE

٥}٣٠١٨٩٠

٥}٣٠٥}٩٣٧٨٠J٢٨٣٥

٥}٩٤}٣٥٦٧٠J٣٧٨٠

٤}٣٧٥٦٠J٥٦٧٠




F٢}٤WEאאאאאאK
אאאא

FLE
אא

FE
٣٧٨٠٤

٣٧٨٠J٤٧٢٥٥
٤٧٢٥J٥٦٧٠٦
٥٦٧٠J٦٦١٥٧
٦٦١٥J٧٥٦٠٨
٧٥٦٠J٨٥٠٥٩

٨٥٠٥١٠
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אאאא
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אא א        ٥   א
١٥٠٠٢Kאא٣٠٠٠٠אא

٦٧٠LLK


אW
• אאFZ٣٠٠٠E×F٦٧٠ZE20.1× 106L 
• א Z١٨٠٪אא  

Z(106 . 20.1) (1.8) Z 36.18 × 106L


• אאאאאאW 

( ) 5.018 ACF =
F    =(1.8) 0.5 [(1000) . (10.76) . (6)] . (3.78)

 17.29 = FL 
= F٨٩}٢٤× 106 L

• אZ36.18×  106 H24.89×106 Z61.07 × 106LL
• אאאאZ١٨}٣٦×106H٨٩}٢٤× 106× 10/24 

Z  46.55×  106L
Z1551LL


אא  א א   א א אא     

٢٠٠٠٠٠W


F٢}٩E( )PPQ 01.01.64.231 −=
W

QWאאF٣LKE
PWאאאFKE

אא١٠K
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F٢}٣WE
אאא١٠٠٠٠K


אW

( ) hrmQ /76.208410001.0110064.231 3=−=         
אאאאFZ٧٦}٢٠٨٤KE١٠Z٢٠٨٤٨٣LK

٢}١٣אMethods of Water Distribution
אאאאאאא

אאאW


٢}١٣}١אאאאGravity distribution  
א  א   אא א א  א   א  

 א     אF٢}٥KEא   א   אא  
Fא א    Eא   א א א   

אאאאאאא
אאאאאאאאK


F٢}٥WEאאאאK

א 

 

אא

אא 

Waterhead
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٢}١٣}٢אאאא Distribution by means of pumping with storage 
  א     א א    אא א

אאאאאא
אאאאאאא

 א א  א אאאF٢}٦KE
  אאא א אא  

אאאאאאאאK




F٢}٦WEאאאK

 ٢}١٣}٣אאא   Distribution by means of pumping without storage
   א   א א א  א   א  

אאF٢}٧Eא٢٤Kא
 א   א א 

אKאאאאאK



א

אא אא

אאא 




٢٠٧אא
אאאא

 
 

- ٣٨ - 


F٢}٧WEאאאFKE

٢}١٤אאאElevated storage
   א א      א  ١٢

א،אאא
אא،אאאא

אאאאאK
א אא א א א    א      ،

אF٢}٨E،אאאאא
אאאאאאא،אK

אאאאאאאאאF٢}٩KE
אא،אאא،אאא

אאא،א،אK



 א 

אא 
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F٢}٨Eא

אאW

١K אאאWאאאאאא
אK 

٢K אאאWאאאאK 

٣K אWאאK 

א 


 

א 
א 
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F٢}٩WEאאאK
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אאאא

 
 

- ٤١ - 

٢}١٥אאStorage necessary
אאאאאW

١K אZאאאHאאאHאK 

٢K אאאWא٢٥٪אאK 

٣K אאאWאאW 

( )PPQ 01.01.64.231 −=hrmQ /270 3≤K 

٤K א  Wא  אא  א א   ، 
W 

  אא א   
אאאF٢}١٠KE 

0
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7000
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ساعة اليوم

س)
/٣
 (م
لاك

ته
لاس
ل ا
عد
م

منتصف الليلمنتصف النهارمنتصف الليل

(I)

(II)

(III)
A

B

C

D

أقصى معدل الاستهلاك

أدنى معدل 

متوسط الاستهلاك اليومي
E

F

P Q

 

F٢}١٠WEאאK 



٢٠٧אא
אאאא

 
 

- ٤٢ - 

 אאWאאא
אא(PCEQ)K 

 (I)،(II)،(III)א 

 אZא(I)Hא(II)Zא(III) 

٥K אFZ٢٥}١EאHאאא 


 

٢}١٦אאאאPressure in pipes
אאאא

א،אאW

• ١٥٠٢٠٠ kPa א אאא א 
אK

• ٤٠٠kPaאאאK

• ٥٠٠kPaאK
אאW

•    א אא  ٣٥٠kPa  ،אא א
א٦אא١٥٠kPaK

• אאא٢٠٠kPa،אאאא
אאK

אאאאאא٤٠٠٥٠٠kPa
אאW

 אאאא١٠אK 
 אאאאK 

 אאאאאאאאא
אאK 



٢٠٧אא
אאאא

 
 

- ٤٣ - 

٢}١٧אאPressure zones
אאאאאא

א ،א  א אאא 
אF٢}١١EW

١K א،אאאאאאא
אא،F٢}١٢KE 

٢K אאאאאאאאK 

 


F٢}١١WEאאK




F٢}١٢WEאאאK 

FE 

FE

FE FE 

FE 

 

 

א

א 



٢٠٧אא
אאאא

 
 

- ٤٤ - 

אאאאא 
،אF٢}١٢KE


٢}١٨אWater distribution systems 

אאאאW

  א א Primary Feeders W א א   
אא  א אא  א אא  א  א

        אF٢}١٣ KEא א   
אאאאא،א

אאK 

  א אSecondary Feeders Wא א 
אאאאאאK

אF٢}١٣KE 

 א א Small Distribution Mains  W  א  
אאאאאK 


F٢}١٣WEאK 


 

 
א 


א 
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 ٢}١٩אPlanning of Water distribution systems
א،אאאא

 אאBranching SystemWאאF٢}١٤KE 
 אאGrid SystemWאאF٢}١٥KE 
 אא(Composite System)אFF٢}١٦KEE




F٢}١٤WEאאאK




F٢}١٥WEאאא

א 

א 

 

א א 
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F٢}١٦WEאאא


٢}٢٠אBasic Design of Water Supply Networks

אאאא،אא
אאא،אאא

אKאאאW

١K אאK

٢K אאאאK

٣K אאK

٤K אאאאK

٥K אאאאאK



٢}٢١אאאFlow Computations
 אא א    א   א    ،

אא(Reynolds) אא،
א(velocity)אאK

א

א 
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 א  א(headlosses)   ،א (Hazen-Williams) 
אאאא W



F٢}١٠EA
QSCRv == 54.063.0849.0

W

vWאאFLE.(Velocity)

RWאאFE.(Hydraulic Radius) 

C W     ، א   .(Hazen-Williams 

Coefficient)אF٢}٥ECK 

SWאא.(Hydraulic Gradient) 

QWאFLE.(Flow) 

AWאאFE.(Hydraulic Area) 

אאאאאW 

RFZאאאE÷FאאE،W

 RW 


 RW 

 

4
4/2 D

D
DR ==
π

π D 

D 
42/

8/2 D
D
DR ==
π
π
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F٢}٥WEאאK

אאC
Extremely smooth and straight 140
Cast iron: 
New 
5 years old 
10 years old 
20 years old 
30 years old 

 
130 
120 
110 

90-100 
75-90 

Concrete or cemented: 
Welded steel, as for cast-iron pipe, 5 years older 
Rived steel, as for cast-iron pipe, 10 years older 

120-140 
 
 

Plastic 150 

Asbestos 120-140 

 

אאאאאאא، אF٢}١٧WE 



F٢}١١E54.063.2278.0 SCDQ = 

 

F٢}١٢EL
hS L= 

 

F٢}١٣E
54.0/1

63.2278.0 ⎥⎦
⎤

⎢⎣
⎡=

CD
Q

L
hL
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F٢}١٧EאאאK


F٢}٤WE

١٠٠٠،W(headlosses)אאא

D = 500 mm, Q = 0.25 m3/s, C = 130  

אW

2
2

2.0
4

mDA ==
π  ,  sm

A
Qv /25.1

2.0
25.0

===  

54.0
63.254.063.2 278.0278.0 ⎟

⎠
⎞

⎜
⎝
⎛==

L
h

CDSCDQ L  

54.0/1

63.2278.0 ⎥⎦
⎤

⎢⎣
⎡=

CD
Q

L
hL  

87.485.1

85.17.10
DC

LQh L =  



Q 

D 
Z1 Z2 

Q1, v1, A1 

Q2, v2, A2 
L 

hL 

Energy of grade line 
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kPah

mh

L

L

301096.2

96.2
)5.0()130(
1000)25.0(7.10

87.485.1

85.1

≅×=

=
×

××
=





٢}٢٢אאChart Method
א א  א  א F٢}١٨ E     

אא،אא(Q, D, S, v)C = 100
 אא א א אא(Hydraulic Gradient)

،،אאאאא
אאאאאKKא

אאאאאאאא،אK 

אאC١٠٠אאאאW

 v  DSW

F٢}١٤E
85.1

100
100

⎟
⎠
⎞

⎜
⎝
⎛=

C
SS c



  QSDW

F٢}١٥E
38.0

100
100

⎟
⎠
⎞

⎜
⎝
⎛=

C
DDc



  DSQW

F٢}١٦E⎟
⎠
⎞

⎜
⎝
⎛=
100100
CQQc
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F٢}١٨WEאא(Hazen-Williams) K
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- ٥٢ - 

F٢}٥WE

٢א١٠٠٠٢٠٠אאא
אK


אW 

 אאW L = 1500 m,  D = 200 mm,  Q = 2 m3/min

 אאאאF٢}١٨KE  

  א א      (Q, D, S, v)
W 

D = 200 mm,  Q = 2 m3/min 
   S  Z   א א  א SZ

10.(10-3)K 

310.10 −=
∆

=
L
LS 

kPamLSL 15015)1500()10.10(. 3 ≅=×==∆ 


 

 ٢}٢٣אאאאאTypes of Pipes
 א א    א    א אא 

אא،
،אאאאאאאאW

١K אאאאK

٢K    א אא  Fא
אאKE

٣K אK
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٤K אאאK 

אאאW

١K א א א W א   אא  
  אא    ،  א١٠٠ ،  

١٢٠K 

٢K אא Wאא  אאא
א،א،

٢٥٠K 

٣K  א W  א  א א  אא  
אאא١٨٠،אא

  אא א    א ،
  א א אאא  

אK 

٤K אWא٣٠،
،אא

אKא
אK 


 

٢}٢٤אPumps
אאאאאאאאא

  א א א  א א א  
אא،אאאא

אאאאאK
א ،א א א  א    א א  
 א אא א א    א א   א א
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،אאא٩}١٧}٥L
   אא ٨}٢   L  א     

١٠٠٠٠K


KאאW
 (Centrifugal Pumps)،אF٢}١٩KE
 (Reciprocating Pumps)  K
 א(Rotary Pumps)K 




F٢}١٩WE(Centrifugal Pumps)



  א    א א   א א א  א
א אא  א א  א، א    F٢}٢٠ Eא 

  א א  א      א   
אאאא،אא،
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(Head) א א א א    ،א א 
אאאאW



F٢}١٧EVFL HHHTDH ++=

W

:TDHאא(Total dynamic head) 

:HLאא(Total static head) אא
אאאK 

:HFאאאא(Total friction headloss)  

:HVא(Velocity head: v2/2g)  

 


F٢}٢٠WEאאK

P 

Total 
static 
head 

Static 
suction 
head 

Static 
discharge 
head 

Pump 
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אאאא(Net output)،
אאאW

F٢}١٨EKQHPw =
W

:PwאFאE(Water Power, kW)K 

: QאFLE(Flow, m3/min)K
:Hאא،(Total dynamic head, m)K 

:Kא א א   ، א    ٢٠
אא(kW, m3/min, m)K١٦٣}٠K

אאאאאאK
אאאאW

F٢}١٩E
p

w
p E

P
P =

W

:PpאFאE(Power input to the pump, kW) 

:PwאFאE(Water Power, kW) 

:Epא(Pump efficiency)
F٢}٦WE

  א     א   ٩}١א Lא 
٧٠Kא٩٠K٪

אW

KQHPw =
Pw = (0.163).(1.9).(70) = 21.68 kW                         

p

w
p E

P
P =

Pp = 21.68 / 0.9 = 24.9 kW 
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٢}٢٥אValves
אאאאאא

א  א א  א  א א א   א ،א
אF٢}٢١KEאא

אאא،אאW

 (Sluice valve)Wאא
אאאאאאK 

   (Non-return valve) W א     א א 
אאאאאא

אאK

 


           
F٢}٢١EאאK
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٢}٢٦אאExcavation and Backfill  
   א     א   א  אא  

אאא،אאא
אא،אאא٥}١٢אא٢٣

אאK
אאאאאאKא

א٤٦٠٥٠١٧٦٠١٢٢٠KאF٢}٢٢E
אK


F٢}٢٢EאK

 

א 


 

 

D

٩٠

٣٠ 

١٥ 



 

 

 

אא  

 

אאאאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א






 

 ٣ 
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אאWאאאאאאאK 
 

אאW

אאאאאW

٦K אK 

٧K   אא  א א
אאK 

٨K אאאK 
٩K אאאK 

١٠K אK 
 

אאאWאאא٩٠K٪


אאאאW٦K
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٣}١Introduction 
אאאאאאא

אאא،א
אאKאאאWא

אאאאאא،אאא
אאאא

Kאאא
א،א،אאK،א،אא

אאא،אא
אK

אאאאאאא
א،אFrainfallEאFrunoffKE

אאאאW


אא
• אאא
• א

150 mm 
• אא

0.75 m/s 
• 

א 
• א 



א
• אא
• א

mm  ٣٠٠ 
• אא

1 m/s 
• 


א 

• א 
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٣}٢אAmount of Storm Water 
אא،אא

אאאאאאא
Wאאאאאאאאא

• אאK
• אאK
• אאK
• אאK 

אאאאא،אאאK
אאאאאא

א،W


F٣}١EiAQ =


W
Q:אאFhrm /3E
i:אאFhrmm/KE

A:אאF2mKE


אאא،
אא

אא،אאאאאא
אאא،אאא

אאאאW


F٣}٢ECiAQ =
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Cאאאאא
אF٣}١KE

אא،אא
אאW



F٣}٣E
∑

∑ ⋅
=

i

ii
avg A

AC
C


F٣}١WEאא

א C 
FאE ٩٥}٠–٧٠}٠ 

א ٩٠}٠–٨٠}٠ 

א ٢٥}٠–١٠}٠ 

א ٨٥}٠–٧٥}٠ 

א ٣٠}٠–١٥}٠ 

٢٪١٠}٠–٠٥}٠
٢٧٪١٥}٠–١٠}٠

٢٠}٠٪٧–١٥}٠
٢٪١٧}٠–١٣}٠

٢٧٪٢٢}٠–١٨}٠
٣٥}٠٪٧–٢٥}٠




F٣}١WE
٥،} km2٠אאאא

٣٥א٪אאאא٤٠٪،אא
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Kאאאא
64 mm/hr؟


אW

אאאאאאאK


א
אE٪F

אא
iAFm2E 

אiC
F١J٣E∑

∑ ⋅
=

i

ii

A
AC

C 

٣٥ 175000 ٩٥}٠–٣٣٢٥}٠ ٧٠}٠J٢٤٥}٠ 

א٤٠ 200000 ٨٥}٠–٣٤٠}٠ ٧٥}٠J٣٠٠}٠ 




١٠}٠ ١٢٥٠٠٠ ٢٥–٠٢٥}٠٥٠}٠J٠١٢٥}٠ 

٦٩٧٥}٠ אJ٥٥٧٥}٠ 


אאאא٥٥٧٥}٠

٦٩٧٥}٠Kאאאאא
אאאאK

אאW


hrmm
hr
mCiAQ /22320105.0

1000
1006975.0 326 =×××==




٣}٣אTime of Concentration 
אאאא

אאאאאאא
Ftime of flowEאFinlet timeKE
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אאאאא،
אאאאאא

א،אא 5 min20 minKאא
Wא،אא،אא،אאאK

א،א5 minא m٥}١٢א
א 20 mKאאאא

אאK



F٣}٢WE
אF٣}١Eאאאא

FwatershedKEאאאאא0.75 m/sK


F٣}١WEF٣}٢E

א

B

A

א
5 min 

א
8 min

א
6 min    

١مدخل

٣مدخل

٢مدخل

C

١٢
٠

 
 m

١٥٠m
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אW
אאאאאא

W
אאא١א٢W


min67.2

min
sec6075.0

120
=

×
=

s
m

m


אאא٢א٣W


min33.3

min
sec6075.0

150
=

×
=

s
m

m


אאאF٣WE
AW

min1133.367.25 =++=
BW

min33.933.36 =+=
CW

min8=
 

11 minאאאK


٣}٤אאRainfall Intensity 

אאאאא،אא
א،אאאאא،א
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אאאF٣}٢Eא
אא٥א،١٠،٢٥K

א٥אא،١٠א
א،٢٥אאאא

אK
אאאאא،

אאאW


F٣}٤EBt
Ai
+

=


W
i:אאFhrmm /KE
t:א–אFminKE

BA&:אאK
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אF٣}٢WE–א




F٣}٣WE
א٢٥} km2٠אאאא

אC = 0.30،א12 minא25
4830
+

=
t

iK





אW
אW

hrmm
t

i /5.130
2512

4830
25

4830
=

+
=

+
=
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אאW


hr
m

km
mkm

mm
m

hr
mmCiAQ

3

2

26
2 98001025.0

1000
5.13030.0 ≅××××==




٣}٥אאFlow in Sewers 
אאאא

אKאאWא،،
א،א،אאK

אאFEאאא،
FManning EquationEאאW
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٣}٧אSewer Appurtenances 
אManholes
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٣}٨אDesign of Storm Sewers 
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• אאאא1.0 m/sK
• אאאא300 mmK
• אאא،אאK

 



 

 

 

אאאא  

 

אאאאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א


א









 

٤



٢٠٧אאא
אאאאא

 
 

- ٨١ - 

אאW
אאאאאא

אאK 
 

אאW

אאאאאW

١١K אאאK 
١٢K אאK 
١٣K אאK
١٤K אאאאאאK

 
אאאWאאא٩٠٪


אאאאW٦



٢٠٧אאא
אאאאא

 
 

- ٨٢ - 

٤}١Introduction
 א אאאא  א  אא،

W

١K א א א Wאא  א א  א   
אאאא א،אאא א

K 

٢K אאאWאאאאא
א א ،  א אא א    

אאא،
אאאאאK 

٣K א  Wא   א     א א ،
אאאאאK 

٤K אWאאאאאא
אאאאKאא

אאאאאאK 

    א  א א א א   
אאאK 


 ٤}٢אאאאאPrimary Studies of Sewerage Systems

אאא،אאאW

 אאאאK 

 אK 

 אאאK 

 אאאאאאK 
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 אאK 

 אאאאאK 

 אאאאאK 

 אאאK 


 ٤}٣אאPrimary Planning of Sewerage Networks
    א אא       

אא   א Kא    אא   א   
אאאאF١}٤KEא

אאאאאאאאK
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אא
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 4.4אאThe profile  

אאאאאא
אF٣}٣KEאאאא

אאאא١אW٥٠٠١W١٠٠٠
 אא Kאא ١٠א

אKאאאאאאא
אאאאאK 


 

٤}٥אאDesign of Sewerage Systems
אאאאW

١K     א א א٢٠٠אא     
אא١٥٠אK 

٢K אאK 

٣K אאאאאK 

٤K אאK 

٥K אאאK 

٦K אאאK 

אאאאW

١K אאאאW 

 ٩٠Lאא٢٠٠K 
 ٨٠L אא ٢٠٠ ٥٠٠
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 ٧٥Lאא٥٠٠K 

٢K אאאאK 
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٣K אאא٤٥LK 

٤K אאאאא٣٠٠LK 

٥K א٠٠٣٣}٠אא٢٠٠٠٠٠٨}٠א٩٠٠K 


٤}٦אאWaste Water Flow Rate
א א א     א א   

אא    א  Kא א     
W

א

F٤}١E=אא× א×אא×٧٥}٠

 

F٤}٢E=א×P 

W
PWא(Peaking factor)62 ≤≤ P 


אאאא٨٠٠٠٠W 
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+=
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٤}٧אאDesign Equation   

،אאאאאאאאאאא
אא(Manning Equation)אאאאא

،אאW



F٤}٥E2/13/2397.0 SD
n

v =


F٤}٦E      2/13/8312.0 SD
n

Q =
W

:vאFLE(Velocity) 

:DאאFE

:Sאא(Hydraulic gradient) 

:QאFLE(Flow) 

:nZ٠١٣}٠אא٠١٥}٠אאK


 ٤}٨אאאאאאאTypes of Pipes and its Properties
א   א    ،א א   א 

אאאKאאאאאאW

١K אאאאK 

٢K אאאK 

٣K אK 

٤K אאK 

٥K אK 
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אאאW

•  א א א(Verified clay pipes: VCP) W  א  ١٥٠
٦٠٠אא،אאKא

אאאאאאאא
 אא   א א א ، אF٤}٣ E  

אאK 

• אאא(Plain concrete pipes: PC) W٣٠٠
אאא

אK 

•  א א א(Reinforced concrete pipes: RC)W  
א٦٠٠٣٠٠٠אאK 

• אא(Glass fiber reinforced pipes: GRP) W 
٦٠٠٣٠٠٠

٨٠٠K 

• אא(Polyvinyl chloride pipes: PVC)  W א
١٥٠٣٠٠אא،،אF٤}٣EK 


F٤}٣WEאאא.(VCP)
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F٤}٥WEאא(PVC)K

٤}٩אאאLoad and Supporting Strength  

אאאאאאW

١K אאאאא(Earth load)K 

٢K אא(Live load)K 

٣K א(Bedding)אK 

٤K א(Load factor)K 

٥K א(Factor of safety)K 

٦K א(Pipe strength)K 


٤}٩}١אאאDetermination of Earth Load  
אאא

אF٤}٦EאאאW



F٤}٧EWBCW dE =
W

:WEאאאK

:Wאאאא،אF٤}١EWאאא
אאK
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:Bא،אWB = 1.5 D + 300K

:CdאK

F٤}١EאאאאK
אאא(kg/m3)

(Dry sand)١٦٠٠
 (Ordinary sand)١٨٤٠
  (Wet sand)١٩٢٠
(Damp sand)١٩٢٠

(Saturated clay)٢٠٨٠
(Saturated topsoil)١٨٤٠

(Sand and damp topsoil)١٦٠٠




FFEE
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FE

F٤}٦FWEE،FE،FEJאאאK
אאCd אF٤}٧EאאאW

F٤}٨Euk
eC

BHuk

d ′
−

=
′−

2
1 /2


W

:HאאאK

:kאאאא(Active internal pressure)א(Vertical Pressure) K 

:u’אאאאK


F٤}٧WEאאCdK 

B

D 

H WE 
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אF٤}٢E(ku’)אאאאK 


F٤}٢Eku’אא
אku’

(Cohesionless granular soil) ١٩٢}٠
(Sand and gravel)١٦٥}٠

(Saturated topsoil)١٥٠}٠
(Saturated clay)١٣٠}٠

(Saturated clay) ١١٠}٠

F٤}١WE
Wאא،א

 אZ٦٠٠K 
 אZ٦}٣K 
 אZ٢}١K 


אW

אאWEW


WBCW dE =  

uk
eC

BHuk

d ′
−

=
′−

2
1 /2

 

 
ku’ = 0.11 
 
W = 1920 kg/m3 
 

2.2
)11.0(2

1 2.1/3)11.0(2

=
−

=
−eCd  

 
WE = 2.2 × (1920) × (1.2)2 = 6082 kg/m 
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٤}٩}٢אאאאאאApplied Live Load  on Pipes 
،אאאאאאKא

א   א אאF٤}٨  KE 
אאאאאאF٤}٣EF٤}٤KE






F٤}٨EאאאאK
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F٤}٣WEאאFאEאאאK
Proportion of (long) superficial loads pipes in trenches

א
א













0.01.001.001.001.00
0.50.850.860.880.89
1.00.720.750.770.80
1.50.610.640.670.72
2.00.520.550.590.64
3.00.370.410.450.51
4.00.270.310.350.41
5.00.190.230.270.33
6.00.140.170.200.26
8.00.070.090.120.17
10.00.040.050.070.11
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F٤}٤WEאאFאEאאאK
Proportion of (short) superficial loads pipes in trenches

א
א













0.01.001.001.001.00
0.50.77 0.780.79 0.81
1.00.590.610.630.66
1.50.460.480.510.54
2.00.350.380.400.44
2.50.270.290.320.35
3.00.210.230.250.29
4.00.120.140.160.19
5.00.070.090.100.13
6.00.040.050.060.08
8.00.020.020.030.04
10.00.010.010.010.02
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٤}٩}٣אLoad Factor 

אאאאW



F٤}٩E
[ ]

B

LE
f W

WW
L

+
=

W
LfWא

WLWאאאאK

WBWא.(Three-edge bearing strength) 
٤}٩}٤א Factor of Safety 

אאאאFS  אW
• אאאWFS = 1 
• אאאWFS = 1.25 - 1.5 


 

 ٤}٩}٥אאאRequired Bearing Strength for Pipes  

אאאאאW



F٤}١٠ES
L

f

E
B F

W
L
W

W .
5.1 ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+=


W

WBWא.(Three-edge bearing strength) 
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  אא א F٤}٥ E F٤}٨ Eא  א א א א 
אאאא(ASTM)K


F٤}٥WEאאאK 

Minimum crushing strength of clay pipe (ASTM) 
 

Nominal size 
(mm) 

Extra strength clay pipe, 
kgf/linear (m) 

Standard strength clay pipe, 
kgf/linear (m) 

100 2980 1790 

150 2980 1790 

200 3270 2080 

250 3570 2380 

305 3870 2680 

380 4320 2980 

460 4910 3270 

530 5730 3570 

610 6550 3870 

690 6990 4170 

760 7440 4910 

840 8190 5360 

915 8930 5960 
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F٤}٦WEאאאאאא
אאK

Physical and dimensional requirements for non-reinforced concrete pipes (ASTM) 
           

Class 1 Class 2 Class 3 

Internal 
diam., 
(mm) 

Minimum 
thickness 
of wall, 
(mm) 

 

Minimum 
strength, 

kN/linear m, 
three-edge 

bearing 

Minimum 
thickness 
of wall, 
(mm) 

 

Minimum 
strength, 

kN/linear m, 
three-edge 

bearing 

Minimum 
thickness 
of wall, 
(mm) 

 

Minimum 
strength, 

kN/linear m, 
three-edge 

bearing 

100 15.9 21.9 19.0 29.2 22.2 35.0 

150 15.9 21.9 19.0 29.2 25.4 35.0 

200 19.0 21.9 22.2 29.2 28.6 35.0 

250 22.2 23.3 25.4 29.2 31.8 35.0 

310 25.4 26.3 34.9 32.8 44.5 37.9 

380 31.8 29.2 41.3 37.9 47.6 42.2 

460 38.1 32.1 50.8 43.8 57.2 48.1 

530 44.5 35.0 57.2 48.1 69.9 56.2 

610 54.0 37.9 76.2 52.5 95.3 64.2 
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    F٤}٧WEאאאאא 
Supporting strength of concrete pipe       

 
 Standard strength  

Concrete sewer pipe, C14 
Safety factor = 1.5 

Extra strength  
Concrete sewer pipe, C14 

Safety factor = 1.5 
Bedding 

class D C B A D C B A 
Load 
factor 1.1 1.5 1.9 3.0 1.1 1.5 1.9 3.0 

Internal 
diameter 
of pipe, 
(mm) 

 
Supporting strength, (kN/m) 

150 11.68 16.06 20.44 32.12 21.90 29.20 36.50 58.40 

200 13.14 18.98 23.36 37.96 21.90 29.20 36.50 58.40 

250 14.60 20.44 26.28 40.88 21.90 29.20 36.50 58.40 

310 16.06 21.90 27.74 43.80 23.36 32.12 40.88 65.70 

380 17.52 24.82 32.12 51.10 29.20 40.88 51.10 80.30 

460 20.44 29.20 36.50 58.40 35.04 48.18 61.32 96.36 

530 23.36 32.12 40.88 64.24 40.88 55.48 71.54 113.88 

610 42.82 35.04 43.80 70.08 42.34 58.40 74.46 116.80 
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F٤}٨WEאאאאאא 
Design loads for reinforced concrete pipe (ASTM) 

 
Design load, (N/m per mm diameter) 

Class To produce a 0.25 mm crack Ultimate 
I 38.3 57.4 
II 47.9 71.8 
III 64.6 95.8 
IV 95.8 144.0 
V 144.0 180.0 


 ٤}١٠אאאאManholes 

אא אא،א א 
אאאאאאאא

אאאאKאאאW

١K אK 

٢K אאK 

٣K אK 

٤K אאK 

٥K אאK 

   א  ،   א    ١٢٠٠א
אא ١٢٠ א  א ،٦٠٠

א60٨٠Kאאא٧٠٠١٢٠٠
א١٠٠אKא،אאא

אK
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W،،אK٦٠
٧٠א،אא،א

אאKאאאאאאW

• F١× ١KE 
• F٨}٠×٢}١KE 
• א١K 


٤}١١אאWater Pressure Testing 

  א   א אאא א
אא Kאא אאא
אKאאאאW

١K אאאאK 

٢K אאאא،אאא
אK 

٣K אאK 

٤K אאא٦٠٣א١٠٠
אK 

٤}١٢אאאStages of Pipe Construction
١K אאאאאW

אאאK 

٢K  א   א   ،  א  ، 
אF٤}٩Eא،אאאאK 

٣K   א  א ١٠   אא    
،אאK 
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