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(Equivalent Accumulated 18,000 Ib Single Axle Load) ESAL «tes )
ESAL = f; * Gf x AADT % 365 * N; * fg cooviiiniinne, 6.1

e ESAL: Equivalent Accumulated 18000 Ib Single Load.
e f, :design lane factor
e Gy : growth factor.
e AADT: first year annual average daily traffic.
e N, : Number of axles on each vehicle.
e fz :load equivalency factor.
:dsal) e fgded e Jaall oty

( Percentage Of Total Truck Traffic in Design Lane ) )5l cjuall 3 <l pall dd (1-7) Jgaa

Number Of Traffic Lanes Percentage Truck in Design Lane(%)

( Two Directions)

2 30
4 45 (35-48)
6 or more 40 (25-48)

2258 (513,125 (i ym o pase IS5 olai) JS (8 aal 5 e sf) G pase o (5 5in Lapana 3 all (5 5kl L
900+ A dsall G ¥ a8 I AL fy dad
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Design Annual Growth Rate (%)

period No. 2 4 5 6 7 8 10

years growth
1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
2 2.0 2.02 2.04 2.05 2.06 2.07 2.08 2.10
3 3.0 3.06 3.12 3.15 3.18 3.21 3.25 3.31
4 4.0 4.12 4.25 431 4.37 4.44 4.51 4.64
5 5.0 5.20 5.42 5.53 5.64 5.75 5.87 6.11
6 6.0 6.31 6.63 6.80 6.98 7.15 7.34 7.72
7 7.0 7.43 7.90 8.14 8.39 8.65 8.92 9.49
8 8.0 8.58 9.21 9.55 9.90 10.26 10.64 11.44
9 9.0 9.75 1058 11.03 1149 11.98 12.49 13.58
10 10.0 10.95 12.01 1258 13.18 13.82 14.49 15.94
11 11.0 1217 1349 1421 1497 15.78 16.65 18.53
12 12.0 13.41 15.03 1592 16.87 17.89 18.98 21.38
13 13.0 1468 16.63 17.71  18.88 20.14 21.50 24.52
14 14.0 1597 1829 19.16 21.01 22.55 24.21 27.97
15 15.0 17.29 20.02 2258 23.28 25.13 27.15 31.77
16 16.0 18.64 21.82 23.66 25.67 27.89 30.32 35.95
17 17.0 20.01 23.70 25.84 221 30.48 33.75 40.55
18 18.0 21.41 2565 28.13 30091 34.00 37.45 45.60
19 19.0 22.84 2767 3054 33.76 37.38 41.45 51.16
20 20.0 2430 29.78 33.06 36.79 41.00 45.76 57.28
25 25.0 32.03 4165 4773 5186 63.25 73.11 98.35
30 30.0 40.57 56.08 66.44 79.05 9446  113.28 164.49

w
(8}

35.0 4999 73.65 90.32 11143 13824 17232 271.02

0
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Aad 4S8 0 £ A sandl by 3l A a8 g5 ¢ Shlite Wle Yo Gkl 2aBla o) el o 3ale 3kl aranal dic
.29.78 = Gy

s/ 3ok VY = (AADT) (oosdl) Ll Jana

a5/ 5 ks YAVE = T£ V4 YA VARAE V=ole Yo b s mperail) el 18 il asll g el Jone J Al L)
aveaill 8o /5 e T a8 slaie] Sy Cogass

Pt @]
by m2
cilals m3

g oYl ol (Ao il Cuua LS jall dae (Y27) Jga

e waby 8 by
7 1 62 JENW
9 1 83 aay)
7 1 76 Sy
8 1 85 Ul
7 0 80 glag Y
7 2 94 el
2 1 183 dzanll

g 31 ol g 5T Cauin LS el s (£21) gt

O ek 3 ALy

10% 1.43% 88.57% Capad)
9.68% 1.08% 89.25% Yl
8.33% 1.19% 90.48% Cpiy)
8.51% 1.06% 90.43% £ LD
8.05% 0% 91.95% sl )
6.79% 1.94% 91.26% usadl)
0.54% 0.54% 98.39% daaal)
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LS il Syl g5 Apulall Jaat) e Jemal) iy s ¢ Al Jlaal (Il jall ol 5l st o ol nas
Y

load equivalency factor for a cars (fE(car)) = 0.0003135 (single axle)
load equivalency factor for a busses (fE(bus)) = 0.198089 (tandem axle)
load equivalency factor for a trucks (fE(truck)) = 0.29419 (tandem axle)

{(ESAL)J) ad 3 L
ESAL(car) = 0. 5 * 29.78 * 365 * 2500 * 0.95 * 2 * 0.0003135 =0.0A+ 471 Y1 %106
ESAL(buss) = 0. 5 * 29.78 * 365 * 2500 * 0.01 * 2 *0.198089 =0.°¥AY4Y*106
ESAL(truck) = 0. 5 * 29.78 * 365 * 2500 * 0.04 * 2 * 0.29419 =3.197757*10°
TOTAL ESAL = 3.82%10°

sl e Ak
ikl JICBR J)aad :'(0-1) Jssa
daaiioa) 3alal) CBR dall)
Crushed Stone 90 Base Coarse
Clay and Stone Soil 35 Sub Grade

¢ I Y abaal aadios AL Jalaall ol y

- R : Regional Factor

AASHTO Guide for Design of Pavement Structures 1993 '
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- Ng4: Number of dry months in a year
- Ry : Regional Factor for soils dry
- Ng: Number of saturated months in a year

- R, : Regional Factor for soils saturated

s sl aladin) 54 (Ry) s (Ry) J Aesd Ay

bl Jaleall 4o ‘(1-%)‘534+

case Suggested Regional Factor
Roadbed soil frozen 5in or more 0.2-1.0
Roadbed soils dry 03-15
Roadbed soils saturated 40-50

(bl 5l e 85 JS) Al el Ay dnha ) sedl € Lead ()5S QA dibia O Jliie Y g 330

R=2409+2445=21
12 12

a8l A (1« S-s0il support value J) dad slagl Ji <lld aay

AASHTO Guide for Design of Pavement Structures 1993 '
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— 4000
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foge — =2 3000
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2 [ 6.0 — 2000
_1 —
S-soil support value:(¥-7) Jsadl
Dol Ml

(S1-soil support value) = 10.1

(S2-soil support value) = 8.3
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% g .
c v = < | R
87 53 8 € z g
w as w2 T 2
> < s L =8 o
f $ g IOCO s 2- o) o - I~ S
§ - T v G = : 4
© ) = 3
B EX 5003 S
= o= — s
S | = = -
a 28 100 2
w4 8§ 50 = 2 E
| B2 »E
= -
L 3 F 4
— 9 -
- a — 5
-6
Design chart for flaxible paverneanls, pp =25
SN dalaall dag: (£-7) Jodl)
SN (Base Course) = 2.2 SN (Asphalt) = 2.93
s Al s @iy g sl S dlan a2 Gl ey
SN=al*D1+a2*D2* Mi....cccooervrrrirennnn. 6.3

o) G
- SN: Structural Number.
- a. a2 : layer coefficients representative of surface, base course respectively.
- D, D2: actual thickness, of surface, base course respectively.

- Mi: drainage coefficient for layer i.

s dshaall e (al, a2 ,a3) JI dad Clea o Cua
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al daleall dad ()
(al) Sabaall dad; '(V-1) Jsi
Case of Pavement a; suggested
Road mix ( low stability) 0.20
Plant mix (high stability) 0.44
Sand Asphalt 0.40

Al Aad ol G Lo Sl sl

a2 Jdalaall dad (¥
(2) Jabadd) dad 1(A-%) Jgaa
Case of base course a2 suggested

sandy gravel 0.07
Crushed stone 0.14
Cement- treated (650psi or more) 0.23
Cement- treated (400-650psi) 0.20
Cement- treated (400psi or less) 0.15
Coarse- graded bituminous-treated 0.34
Sand asphalt 0.30

Lime -treated 0.15-0.30

) 6232 A la Dl o5 LS g*
LY (6 s e (8 Cigeia Gy jaaliy 5 ¢ (5-2500) gLt aa die Gy el Jaleal Al L
s i) elew Gld Jull

1- D1= f)% =5.0in=5.0*2.54 = 12.7 cm Select 13 cm

2.93-2.20
0.7x0.14

2- D2= =7.4in=7.4%*254 =18.8 cm Select 20 cm

+ IS ) 585 Clilall ASLaws (8 Ml 5

AASHTO Guide for Design of Pavement Structures 1993 '
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(pas) Shandl dia )
7 (Wearing Course)<lis|
7 (Binder Course) <au)
20 (Base Cource) (stus¥!

~>~ (Wearing Course) <liny) ddda g (il ) ws ansy (3585 (Binder Course) ciliny) dsdal 4l

SR AN

e Adla sl e e oo B olie el Al (50 (e Ay 85 550 0l g0 ladial Cancd a1 o) gl dailly
To e e by sadlS Jaat A JE Y g (o) _geall) 4y puaal) 45 53l
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) Jay ia Al clada Jat A ¢ jall s g hall e Jund sluall a3 (e e ja jUacY) i Lenind
Surface ) bl o pally oy okl asa (e Tages dada il oLl A1) 5 G yum dles 5 ¢ gl oluall
.Sub-Surface Drainage " el <o pall " oans 45 5L dandiall oluall Al 3] 5 4ua 53 4kee 5 <(Drainage

) ) (3 sl 5 (e sty oLl (e i gl el 8 Y1 g bl la s LS 1)

A o Gy ) (e el jlaall (8 a0 138 Jap gl ) Gl Cilaial 8 sy 5l 1)
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@ 2l jaillAami b Jled) (A daell 5 LeISE (8 dadaiad) obyal) Gy sy 5 Allal) gl Alla (3 0

sibll (ra obiall Ui e cildlatia YoV
OOl s (9555 5 (Cross Slope) Gahll ghas (o8 (Shee daam @lld g 3y plall mhas (g ol iy oai )
Super — il ) cliheiall die (3o yhall mda M Lal (lisa ) LS LalS 2l 339 20 sale
a5 olail o <4 (Elevation

Gkl aa ) dlaadl ol Y e dgaid) dadand) syl alal (5 k) adad Y
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: uki.d\ i pal) YoV

oLt o5 31 elsall o5 i 3 sl el 8 e g Ly A s ) S 3 il

A bl b el Gl aladiad s as gl ol A el dpalally dpca ) sluall 48 a5 e

gm0 a3l ans A paiall Aam 1 olpall iy iy Gl s cham R 308 6 iy 2 5l A sl
alhaall Co jloaal) alaaiuly s

s Uaa) olua dsaS £V

dasi iy ¢ Aibuial) LB AL JsaY) 5 4l jal) daplal) e dima ddlaial el slse iy paai dakail <5 i
slae ClLaaS & yaa s ¢ (RUNOFF) ) o (Ao il slsa (021 53 La s (RaiNfall) i) slae cilaaSs
laS Glual 48 5l e ST a5 ¢ Uaal) slie iy jeai A0k ppanail aga el sp mhnd) e 4l asY)

:(Rational method) Gkl s3a el e s JUaal) ol

Q=CIA
DO G
Q: quantity of storm water (s2xdl) ( Liter /Second).
C: run off coefficient. (>l LVl Jalas)
A: area (4alwdl) (hectare).
I: rain fall intensity (,hll 285<)( Liter/Second .hectare).

randl a3 130 4l W) dilaie (5 5S35 Y 28 il il 034 ¢ il ji de sama (5 A Y] iy Hlaill LS 4 kil o3¢ 2 1

;Q\z\;b)ﬁ\olﬁﬁiY\ut_\#\.@_Ac
Leale el i 3 dalaiall JS 8 (5 glutia JUaaY) a5
Jshel) 358 JS 8 (5 sluie IS8 de ) g J shgll 305

Ledy yuaiy e Al danl aand o 33U a8 5l g 5 ¢ A kil 028 L3 (time concentration) - (e b Slaic) ol
(G 0035 S e )

tc=ti +tf

ti : inlet time (5_15 min) , depend on ground slope and the nature of the ground.

tf : flow time = length of pipe/velocity

\A
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i sl (e 23] 2 (€ ) eatandl Clasi¥) Jalaal il

(C) eaband) Glaas¥) Jalas Az '(V-Y) Jgia

(C) bl btV Jalrs 4 chull ¢ g
0.95-0.75 (Al o
0.90-0.80 3 Ciua ) 48 s jo ciladroia g £ ) g
0.85-0.75 A gally 3 jaal) i gl Cia
0.70-0.50 ddga ok blaal) of wighall Cia
0.60-0.25 Ll 5 Gk
0.30-0.15 4t ok
0.30-0.10 B gaym e 3ok
0.20-0.10 48 b clalun g dpde )

. 0.7 3le salaic) a1y Lia3L @

O a8 siall (e @llad ¢ shagll ) el 330 o jUae¥ da s 58 Clsn 48y yha aaialid 1 (1) daal) A5SD dpilly Wl
Cliaie JS& o Jael) o s cila slae el caliall (o g ¢ 3 a3 ()5S Lavie lle pladll 5 ) 2 (5SS
Jibaal ol 4aS Sl Jalii (a5 ¢ 2w (5, 10, 25 ) Ao <l 8 Lyl 52 ae el da i 3ae day 53 Sl
) Az el Bl (345625 (el e daaiaal) ciliaial) aladinl (1S s ¢ 4y sall ol il A culad

Dlilagd

Rl 18 (L/S ) st 52 1 e pmall s (MM Lt 0558 imiall (30 o) Sl L
Al 53l e o 166,7 48l e o« (i) 8L Aol sl 60 Lo

mm*min*1000 m?*1 m*1000L
min*60S+ha*1000mm+*1 m3

=166.7 L/S.ha

1)}_;1.&\&‘)\.&&“3
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Rainfall Intensity
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a0
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20 e =

—=— Twpical [i=0223(0.091)"T]
T]

—=— Hebron [ 1=78.70(0.962)"

—+— Gaza [i=37.33(0.921)"T]

——— Jeddzh[ 1 = 47.88(0.992)"T]

Intensity (mm/hr)

15 —

10
5
0

0 15 30 45 o0 75 90 105 120 135 150 165 180 195

Time {min)

S s ;' (1) Jea

oaa o skl Clalie e dalie S (Q) Ghaill Aad Clua 23y Ml
s iy palll A< aanali 0.V

praail) die Mg Al ga¥) aal V-0V
s sal de sana Jliie W) Cpm 24T Gang AN reall) Jary oLl vie
Layout (1

s adadi eaidl g adai el aaaty ¢ (water divider) 1 e s Ailaially Aame Jalis e aaad 25y Cua
&= (catchment area) 4 &l (flow direction) 48 jall sladl aaas 5 4y ) Sl dda Al Cua Lagin Jua 53l o4
Al JIL Ll s

i) &S5 e OBl Lo 5 LS 55 coliimaall ¢l ) ALK il 13 Y] Al cam i) e o @
OSa be ST 55 of Juady (catchment area) I o

Inlets (2
s do s il aad (38a3 13 daa g Ay g ¢ A8 1 HUaeY) sl galadl Jaadl) e 5 jle A

el pwidie )
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(pipe) I pkd yiixe ¥
Sie (VA VY ) Al clS 1Y g

.(gutter inlet) alasiul 25 38 Lie 4 da S5

gutter inlet’ : (Y-V) Jsall

Pipe diameter (3

Al 8 Allaxiod 2l A o suY) LB s
Dypin = 10 inch = 250 mm.

Velocity (4

. (Sewer cad) gz 2 (S) el i Gasha e L oSaill Wy e ey Ao o JiL Slaia¥) oy Cus

Vinin =1 mls.
Vinax =5 m/s.
Slope (5

e pudly il S8 il ye Legdl Cua ¢ Jae Jil 5 el alaia¥) 24 aild) LS

V=20 RY3% SY2 i, 6.6
n

http://www.maxg.com.au '
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Vimax 0252 Sy ) i edie 5 Vi G sad S ) 253 Ladiad

B

;Q\u_a:s;

> V :velocity of flow.

» n:manning coefficient = 1/75.
» R : hydraulic radius (by tables).
» s design slope.

Depth of sewer (d i) (}

ie) sl 585 ¢ oY) s e sl Gae B a

location of sewer pipes in road section (VY
&Ju‘f.aﬂ\ tbs.d\ dwo@pbwu:l)aaﬂ\ i) eéje::\

Gaohll il s e i) i s s 1A ¢ ol Y s g JLAID S e (e 5S daall (8 Lie 5 5l A

o &~ w0 bp e

: el Ja) e 12V

Lay out.
Calculate flow capacity (Q = CIA).

elevation of upper inlet—elevation of downer inlet )

Calculate ground slope (G =

distance
Assume diameter (D = D,,;, = 10 inch).
Choose sewer slope : hear 4 cases :
. G>Smin—S = Smin-
. G =Smin— S = Snin-
.  G>Spux — S=Smax -
IV.  Spin< G <Smax — S=G.
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8 0 63 71 112 e
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8 1 85 94 7-10 Y
12 3 88 103 11-2
11 0 70 81 2-5
3 1 87 91 5-10
12 1 71 84 7-10 )
5 2 89 97 11-2
9 1 65 75 2-5
2 0 80 82 5-10
13 1 78 92 7-10 LN
7 1 98 108 11-2
8 0 73 81 2-5
3 3 91 97 5-10
9 0 79 88 7-10 Sy
7 0 96 103 11-2
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